National Academies of Science and Engineering
National Research Council
' of the
United States of America

UNITED STATES NATIONAL COMMITTEE
International Union of Radio Science

National Radio Science Meeting

Bioelectromagnetics Symposium
June 18-22,1979

Sponsored by USNC/URSI
held jointly with
International Symposium of
Antennas and Propagation Society
. Institute of Electrical and Electronics Engineers

University of Washington

Seattle, Washington
U.S.A.




Next year

Visit historic Quebec
Attend the 1980

INTERNATIONAL IEEE/AP-S
SYMPOSIUM

and

NORTH AMERICAN
RADIO SCIENCE MEETING

at

UNIVERSITE LAVAL, QUEBEC
' June 2-6, 1980 ’

For information write to

J.A. Cummins

Département de Génie Electrique
Université Laval

Sainte-Foy Québec, Canada G1K 7P4



United States National Committee

INTERNATIONAL UNION OF RADIO SCIENWCE

PROGRAM AND ABSTRACTS

1979 Spring Meeting
June 18-22

Held Jointly with

ANTENNAS AND. PROPAGATION SOCIETY
INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS

Seattle, Washington




NOTE:

Programs and Abstracts of the USNC/URSI Meetings are available
from:

USNC/URSI

National Academy of Sciences
2101 Constitution Avenue, N.W.
Washington, D.C. 20418

The full papers are not published in any collected format;
requests for them should be addressed to the authors who may
have them published on their-own initiative. Please note
that these meetings are national and they are not organized
by international URSI, nor are the programs available from
the international Secretariat.



U.S. National Committee
for the
International Union of Radio Science

MEMBERSHIP
Officers
Chairman ‘ *Dr. C. Gordon Little
Vice-Chairman *Mr. George H. Hagn
Secretary *prof. Thomas B. A. Senior

Members Representing Societies, Groups and Institutes

American Geophysical Union Dr. Christopher T. Russell
Institute of Electrical &

Electronic Engineering Dr. Ernst Weber
IEEE Antennas & Propagation

Society Mr. Robert C. Hansen
IEEE Circuits & Systems Society Dr. Mohammed S. Ghausi
IEEE Communications Society Mr. Amos E. Joel
1EEE Electromagnetic

Compatibility Society (Vacant)
IEEE Information Theory Group Dr. Aaron D. Wyner
IEEE Microwave Theory &

Techniques Society Dr. Kenneth J. Button
IEEE Quantum Electronics

Application Society Dr. Robert A. Bartolini
Optical Society of America Dr. Steven F. Clifford

Members-at-Large

Professor Leonard S. Taylor
Dr. Donald E. Barrick
Professor Arthur W. Guy

Liaison Representatives from Government Agencies

National Telecommunications &

Information Administration Mr. Samuel E. Probst
National Science Foundation Dr. Wilfred K. Klemperer
Department of Commerce (Vacant)

National Aeronatutics &

Space Administration Dr. Erwin R. Schmerling
Federal Communications Commission (Vacant)

Department of Defense Mr. Emil Paroulek

i-3




Liaison Representatives from Government Agencies (Cont'd)

Department of the Army Mr. Allan W. Anderson
Department of the Navy Dr. Leo Young
Department of the Air Force Dr. Allen C. Schell
Voting Ex-Officio Members
a. Chairmen of the USNC-URSI Commissions
~Commission A Dr. Ramon C. Baird
Commission B Prof. George A. Deschamps
Commission C v Prof. Mischa Schwartz
Commission D Dr. Kenneth J. Button
Commission E Dr. Arthur D. Spaulding
Commission F Dr. Robert K. Crane
Commission G Dr. Jules Aarons
Commission H Dr. Robert W. Fredricks
Commission J Dr. Alan T. Moffet
b. Foreign Secretary of the U.S.
National Academy of Sciences Dr. Thomas F. Malone
c. Chairman, Office of Physical
Sciences - NRC Dr. Ralph 0. Simmons
Non-Voting Zx-Officio Members
a. Immediate Past Chairman of
USNC-URSI *Dr. John V. Evans

b. O0fficers of URSI resident in the United States
(including Honorary Presidents)

Vice President *Prof. William E. Gordon
Honorary President *Prof. Henry G. Booker
(o Chairman & Vice Chairman of

Commissions of URSI resident
in the United States

Prof. Leopold B. Felsen
Prof. Jack K. Wolf

Mr. George H. Hagn

Prof. Alan T. Waterman, Jr.
Prof. Frederick W. Crawford

Chairman of Commission
Chairman of Commission
Chairman of Commission
Chairman of Commission
Chairman of Commission

MmO

Honorary Members

Dr. Harold H. Beverage
Prof. Arthur H. Waynick

* Members of USNC-URSI Executive Committee

i-4




DESCRIPTION OF
INTERNATIONAL UNION OF RADIO SCIENCE

The International Union of Radio Science is one of 18 world
scientific unions organized under the International Council of
Scientific Unions (ICSU). It is commonly designated as URSI
(from its French name, Union Radio Scientifique Internationale).
Its aims are (1) to promote the scientific study of radio communi-
cations, (2) to aid and organize radio research requiring co-
operation on an international scale and to encourage the discussion
and publications of the results, (3) to facilitate agreement upon
common methods of measurement and the standardization of measur-
ing instruments, and (4) to stimulate and to coordinate studies
of the scientific aspects of telecommunications using electro-
magnetic waves, guided and unguided. The International Union
itslef is an organizational framework to aid in promoting these
objectives. The actual technical work is largely done by the
National Committees in the various countries.

The officers of the International Union are:

President: Prof. W. N. Christiansen
(Australia)

Past President: M. J. Voge (France)

Vice-Presidents: Prof. W. E. Gordon (USA)

Dr. A. P. Mitra (India)
Prof. A. Smolinski (Poland)
Prof. F. L. Stumpers

(Netherlands)
Secretary General: Prof. P. Hontoy (Belgium)
Honorary Presidents: H. G. Booker (USA)

B. Decaux (France)

W. Dieminger {West Germany)
J. A. Ratcliffe (UK)

R. L. Smith-Rose (UK)

The Secretary's office and the headquarters of the organi-
zation are located at Rue de Nieuwenhove, 81, B-1180 Brussels,
Belgium. The Union is supported by contributions (dues) from
36 member countries. Additional funds for symposia and other
scientific activities of the Union are provided by ICSU from
contributions received for this purpose from UNESCO.

The International Union, as of the XVIII General Assembly
held in Lima, Peru, August 1975, has nine bodies called
Commissions for centralizing studies in the principal technical
fields. The names of the Commissions and the chairmen and vice-
chdairmen follow.
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A. Electromagnetic Metrology
Chairman: Prof. S. Okamura (Japan)
Vice-Chairman: Prof. V. Koss (West Germany)

B. Fields and Waves

Chairman: Prof. L. B. Felsen (USA)
Vice-Chairman: Prof. H. G. Unger (West Germany)
C. Signals and Systems
Chairman: Prof. V. Zima (Czechoslovakia)
Vice-Chairman: Dr. J. K. Wolf (USA)
D. Physical Electronics
Chairman: Prof. G. W. Farnell (Canada)
Vice-Chairman: Dr. J. LeMézec (France)
E. Electromangentic Noise and Interference
Chairman: Mr. G. Hagn (USA)
Vice-Chairman: Prof. S. Lundquist (Sweden)
F. Wave Phenomena in Non-ionized Media
Chairman: Prof. A. T. Waterman (USA)
Vice-Chairman: Dr. D. Gjessing (Norway)
G. Ionospheric Radio and Propagation
Chairman: Dr. B. Hultqvist (Sweden)
Vice~Chairman: Dr. P. Bauer (France)
H. Waves in Plasmas
Chairman: Prof. F. W. Crawford (USA)
Vice-Chairman: Dr. M. Petit (France)
J. Radio Astronomy
Chairman: Prof. H. Tanaka (Japan)
Vice-Chairman: Dr. V. Radhakrishnan (India)

Every three years, the International Union holds a meeting
called the General Assembly. The next General Assembly, the XX
will be held in Washington, D.C., USA in August 1981. The
Secretariat prepares and distributes the Proceedings of these
General Assemblies. The International Union arranges inter-
national symposia on specific subjects pertaining to the work of
one Commission or to several Commissions. The International
Union also cooperates with other Unions in international symposia
on subjects of joint interest.

Radio is unique among the fields of scientific work in
having a specific adaptability to large-scale international
research programs, for many of the phenomena that must be studied
are woridwide in extent and yet are in a measure subject to
"control by experimenters. Exploration of space and the extension
of scientific observations to the space environment is dependent



v

on radio for its communication link and at the same time expands

the scope of radio research.

One of its branches, radio astron-
omy, involves cosmos-wide phenomena.

URSI has in all this a

distinct field of usefulness in furnishing a meeting ground for
the numerous workers in the manifold aspects of radio research;
its meetings and committee activities furnish valuable means of
promoting research through exchange of ideas.

STEERING COMMITTEE

Irene C. Peden, Chairperson
James Lambert, Vice Chairperson
James Yee, Treasurer
Technical Program
Akira Ishimaru  Thomas Senior
Arthur Guy
Arrangements

Thomas Blakney Rubens Sigeimann

Registration
Douglas Connell

Publications

Mervin Vincent Hudson Burke

Programs
Eliza Wojtaszek

Advisers

C.-K. Chou Walter Curtis
Thomas Dalby Vernon Westburg
Donald Reynolds .Myron Swarm
James Meditch

Publicity
Ronald Trainer
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. C. Baird
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. A. Deschamps

. J. Fremouw
Kobayashi

Itic

D. Martin

. M. Morris

D. Spaulding
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Bioelectromagnetics Symposium
A. W. Guy
Non-Linear Electromagnetics
Symposium
P. L. E. Uslenghi







Dr. Hendricus Bremmer

The U.S. National Committee of URSI, together with the
Antennas and Propagation Society of IEEE wish to honor the 75th
birthday of Dr. Hendricus Bremmer, and welcome his presence at
the 1979 combined meeting of these societies in Seattle, Washington.

It is hardly necessary to 1ist the many scientific and
technical achievements of this man. Dr. Bremmer is recognized
throughout the world for his contributions, which he has shared
with the scientific community through well over 100 publications
spanning a period of nearly 50 years. As one of the world's
foremost authorities on electromagnetic wave propagation, Dr.
Bremmer has made significant contributions in practically every
branch of this field. It is characteristic of this man that he
did not terminate his career in 1965 upon retirement from 30 years
of service at the Phillips Research Laboratories, Eindhoven, but
continued as a scientist and educator for another decade at
Eindhoven Institute of Technology. During this latter period he
has been a prolific contributor to the technical literature,
particularly in the field of wave propagation in stochastic media.

Dr. Bremmer, we salute you on your 75th birthday and wish
you many more prosperous years in which to continue your work,
and to savour the reward of observing the continued development by
other scientists of the many lines of investigation which you
pioneered.




1979 MEETING
CONDENSED PROGRAM

' ROOM
SUNDAY, JUNE 17 S
8:00 p.m. ASNI C95.4 Meeting : Condon Rm.
(Univ. Tower)

MONDAY, JUNE 18

8:30-12:00 a.m.
AP-S 1 Array Synthesis KANE 130
B 1 High Frequency Scatter1ng KANE 120
F 1 Scattering by Turbulence KANE 110
C/E * (Combined Session)
Telecommunication Systems in Non-
Gaussian Environments HUB 106B
8:30-10:00 a.m.
BEMS 1 Opening Session HUB Aud.
10:20-11:50 a.m.
BEMS 2 Thermoregulation HUB  Aud.
1:30- 5:00 p.m.
AP-S 2(a) Reflector Antennas: Analysis and
Synthesis KANE 130
AP-S 2(b) Part I: Microstrip Antenna
(Theoretical)
Part II: Microstrip Antenna i
(Experimental) KANE 210
AP-S  2(c) Numerical Techniques KANE 220
B 2 Waves in Random Media I KANE 120

AP-S/F-2 (Combined Session)
John W. Wright Memorial Session on

Radio Oceanography KANE 110
C 1 High Time-Bandwidth Product Signals:
Theory and Applications HUB 106B
6 1 Diagnostics, Effects, and Mod1f1cat1ons
of the Ionosphere HUB 309A
1:30- 3:00 p.m.
BEMS 3 Nervous System - HUB  Aud.
3:20- 4:50 p.m.
BEMS 4 Physiology , ' HUB Aud.
5:00 p.m. _
: Commission B Business Meeting KANE 120
Commission G Business Meeting HUB 309A
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MONDAY, JUNE 18 (Cont.)

5:30 p.m.
Bioelectromagnetics Society Board
Meeting
6:30 p.m. .
Wave Propagation Standards Committee
Meeting
8:00 p.m. H. Bremmer: Walker-Ames Lecture on

Wave Propagation

TUESDAY, JUNE 19
8:30-12:00 a.m.

AP-S 3 Adaptive Techniques and Synthetic
Aperture Radar

B 3 Antennas {Arrays)

F 3 Propagation Within the Earth

c 2 New Satellite Systems for the 80's
and Beyond

G 2 Transmission and In-Situ Measurements
of Natural and Enhanced Ionospheric
Irregularities .

8:30-10:00 a.m.
BEMS 5 Theoretical/Experimental Dosimetry (I)
9:00 a.m.

CCIR US Study Group Meeting

10:20-11:50 a.m. .
BEMS 6 Theoretical/Experimental Dosimetry (11)
12:00-12:30 p.m.
AP-S "Meet your Ad Com" Meeting
1:30- 4:50 p.m.
BEMS A Poster Session on Medical Applications

1:30- 5:00 p.m.

AP-S 4(a) Inverse Problems
AP-S 4(b) Reflector Antennas and Feeds
AP-S 4(c) Part I: Guided Waves

Part II: Atmospheric Propagation
B 4(a) Field Penetration and Scattering
B 4(b) Waves in Random Media II
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ROOM

Pres. Rm.

(Univ. Tower)

HUB 106B

KANE 120

KANE 130
KANE 120
KANE 110

HUB 1068

HUB -309A

HUB Aud.

KANE
Walker-Ames

HUB Aud.

KANE 130

HUB 108
West Lounge

KANE 130
KANE 210

KANE 220
KANE 120
HUB Aud.




ROOM

TUESDAY, JUNE 19 (Cont.)
1:30- 5:00 p.m.

AP/B A
Foo4
E

G 3

Poster Session on Antennas KANE
Walker-Ames
Scattering from Rough Surfaces KANE 110

Characterization and Measurement of Noise HUB 1068
Polarization Effect and Large-Scale
Structures of the Ionosphere HUB 309A

5:30~ 6:30 p.m.

Boarding for Salmon Bake on Blake Island

WEDNESDAY, June 20
9:00-11:30 a.m.

Plenary Session . KANE 130
12:00 noon
Conference Luncheon HUB
Ballroom
2:30 p.m.
Antenna Standards Committee HMeeting EEB 420
2:00- 5:30 p.m.
AP-S 5(a) Lens and Horn Antennas KANE 130
AP-S 5(b) Part I: MWicrostrip Antennas
(Theoretical)
Part II: Electrically-Small Antennas KANE 210
AP-S 5(c) Scattering and Electromagnetic Theory KANE 220
BREMMER Bremmer Commemorative Anniversary
Session KANE 120
AP/B B Poster Session on Wave Phenomena KANE
Walker-Ames
F 5 Earth-Space Propagation KANE 110
H Observed and Predicted Phenomena in
Laboratory and Natural Plasmas HUB 1068
BEMS 7 Blood Brain Barrier HUB Aud.
5:00 p.m.
Bioelectromagnetics Society Membership
Meeting HUB Aud.
AP-S Local Chapter Chairman's Meeting Pres. Rm.
(Univ. Tower)
5:30 p.m.

Commission C Business Meeting HUB 309A
Commission F Business Meeting KANE 110
Commission H Business Meeting HUB 1068
AP-S Ad Com Meeting Condon Rm.

(Univ. Tower)
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ROOM
THURSDAY, JUNE 21

8:30-12:00 a.m.
AP-S 6 Space Antenna Systems and Measurements KANE 130

B 5 Transients KANE 120
F 6 Part I: Propagation Above Surface: :
Modes and Rays .
Part I1: Scattering by Snow and Ice KANE 110
A 1 Measurements of Electromagnetic
Parameters and Materials HUB  309A

8:45-11:50 a.m.

NL 1 Nontinear Electromagnetics I HUB 1068
8:30-10:]5_a.m.

BEMS 8 Dielectric Properties: Physical

Measurements HUB Aud.
10:35-11:50 a.m. '
BEMS 9 Special Topics HUB  Aud.
12:00 noon

URSI International Working Group
Meeting on "Measurements Related
to Interaction of Electromagnetic
Fields with Biological Systems" Regents Rm.
(Univ. Tower)

1:30- 4:50 p.m.

BEMS B Poster Session on Celiular Effects:
Raman Spectra and Millimeter Waves HUB 108
West Lounge
1:30-5:00 p.m.
AP-S 7(a) Environmental Effects on Electro-
magentic Propagation KANE 130

AP-S 7(b) Part I: High Frequency Diffraction
- Part II: Near Field Calculations
. and Measurements KANE 210
AP-S 7{(c) Part I: Transients
Part II: Composite Dielectrics/Radomes  KANE 220

B 6 Antennas II KANE 120
Ap/B8 C Poster Session on Scattering KANE
Walker-Ames
F 7 Radiooceanography KANE 110
NL 2 (Co-sponsored by B and BEMS)
Nonlinear Electromagnetics II HUB 106B
A 2 Measurements of Radar Cross Sections,
Antenna Properties, and Electro- .
magnetic Emissions HUB 309A |
5:30 p.m. )
Commission A Business Meeting Pres. Rm.

(Univ. Tower)
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ROOM
FRIDAY, JUNE 22

8:30-12:00 a.m.

AP-S 8 Array Analysis/Design KANE 130
B 7 Guided Waves KANE 120
F 8 Propagation Modeling KANE 110
NL 3 Nonlinear Electromagnetics III HUB 106B

8:30-10:00 a.m.
BEMS 10 Round-Table: Cellular Effects, Raman

Spectra and Millimeter Waves HUB Aud.
10:20-11:50 a.m.
BEMS 11 Medical Applications HUB Aud.
1:30- 3:00 .p.m.
BEMS 12 Reproduction, Growth, and Develop-
ment (I) HUB Aud.
3:20- 5:05 p.m.
BEMS 13 Reproduction, Growth, and Develop-
ment (II) HUB  Aud.
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PLENARY SESSION

JOINT USNC/URS! - AP-S - BEMS
WEDNESDAY AM 9:00-11:30

KANE HALL 130

Chairman:

Opening Remarks:

Welcome:

A. Ishimaru
University of Washington
Seattle, WA

I. C. Peden, Steering Committee Chairperson
University of Washington
Seattle, WA

G. M. Beckmann, Provost
University of Washington
Seattle, WA

I. J. Stampalia

Director of Engineering Technology
Boeing Aerospace Company

Seattle, WA

1. Rays and Modes in Guided Propagation
L. B. Felsen, Polytechnic Institute of New York, Farmingdate, NY

2. The Interferometer Array in Radio Astronomy

G. W. Swenson, Jr., University of illinois at Urbana-Champaign,

Urbana, IL

3. Historical Overview and State-of-Art on the Quantification

of EM Bio-Effects
A. W. Guy, University of Washington, Seattle, WA

4, Satelliteborne Synthetic Aperture Radar
K. Tomiyasu, General Electric Co., Phiiadeiphia, PA

5. The Activities of the Antenna Society of the Chinese

Electronics

Mao Yu-Kuan, Northwest Telecommunication Engineering Institute,

Institute

Xian, Shanxi, People’s Republic of China
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BREMMER SESSION
WEDNESDAY P.M. 2:00 - 5:30
KANE HALL 120

BREMMER BIRTHDAY CELEBRATION
Chairman: J. R. Wait

ERL/NOAA
Boulder, CO Page
1. Ground Wave Theory Via Normal Modes - An Historical Perspective 8

J. R. Wait, ERL/NOAA, Boulder, CO

2. Propagation Along Concave Surfaces 9
L. G. Felsen, Polytechnic Institute of New York, Farmingdale, NY

3. Speckle Interferometry for a Partially-Coherent Source 10
R. L. Fante, Rome Air Developement Center, Hanscom AFB, MA

4. A, Wigner-Distribution Matrix for a Stochastic Medium 11
H. Bremmer, Emeritus Professor, Technical University,
Eindhoven, The Netherlands

5. Waves in Random Media: Limiting Irradiance Distribution ‘ 12
D. A. de Wolf, RCA Laboratories, Princeton, NJ
6. Forward Scatter Theory and Diffusion Theory for Waves in 13

Random Media
A. Ishimaru, University of Washington, Seattle, WA
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SESSION A-1
THURSDAY AM 8:30-12:00
HUB 309-A

MEASUREMENTS OF ELECTROMAGNETIC PARAMETERS AND MATERIALS
Chairman: D. G. Dudley

University of Arizona

Tucson, AZ Page
A Coaxial Line Technique for One-Sided Nondestructive 15

Material Measurements
F. E. Gardiol, J. C. E. Besson, J. R. Mosig, Ecole
Polytechnique Federale, Lausanne, Switzerland

TM Cylindrical Cavity Measurement of Dielectric Constant and 16
Loss Tangent

D. G. Dudley, University of Arizona, Tucson, AZ, J. A. Fuller,
Georgia Institute of Technology, Atlanta, GA and R. G. Semels-
berger, Science Applications, Inc., Tucson, AZ

Electromaghetic Interaction Between a Conducting Cylinder and 17
a Solenoid in Relative Motion
J. R. Wait and D. A. Hill, U.S. Department of Commerce, Boulder,CO

Copper Conductiviﬁy at Millimeter Wave Frequencies 18
L. W. Hinderks, Corporate Computer Systems Inc., Aberdeen, NJ
and A. Maione, Bell Laboratories, Holmdel, NJ

Applications of the Infrared Detection of Surface Currents 19
R. W. Burton and C. V. Stewart, U.S. Air Force Academy, CO

Analysis of the Quantum Limited DC Squid Magnetometer and 20
Voltage Amplifier
C. D. Tesche, LuTech, Inc., Berkeley, CA
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SESSION A-2
THURSDAY PM 1:30-5:00
HUB 309A

MEASUREMENTS OF RADAR CROSS SECTIONS, ANTENNA PROPERTIES, AND
ELECTROMAGNETIC EMISSIONS

Chairman: C. F. Stubenrauch
National Bureau of Standards
Boulder, CO

1. Performance of Broad-Band Radar Scattering Measurement System
Using Amplitude and Phase Post Processing Techniques
E. K. Walton, The Ohio State University ElectroScience
Laboratory, Columbus, OH

2. Broad Band Scattering Signatures of Cone-Like Objects
E. K. Walton and J. D. Young, The Ohio State University
ElectroScience Laboratory, Columbus, OH

3. Use of Orbiting Wire for Calibration of Circularly Polarized
Radar Returns
H. Inada, M.1.T. Lincoln Laboratory, Lexington, MA

L, Far-Field Estimation from Near-Field Measurements Taken Along
a Straight Line Segment
M. T. Martins da Silva, SP, Brazil and A. R. Panicali,
University of Sao Paulo, SP, Brazil

5. The Use of King-Type Current Probes for Broadband Transient

Measurements _
L. W. Pearson, Y. M. Lee, University of Kentucky, Lexington, KY
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SESSION B-1
MONDAY AM 8:30~12:00
KANE HALL 120

HIGH FREQUENCY SCATTERING

Chairman: Y. Rahmat-Samii

Jet Propulsion Laboratory
Pasadena, CA

Application of the Uniform GTD to the Diffraction by
Aperture in a Thick Screen

R. Tiberio, University of Florence, Florence, ITALY and

R. G. Kouyoumjian, The Ohio State University, Columbus, OH

High Frequency Electromagnetic Fields on Perfectly Conducting
Concave Surfaces
E. Topuz and L. B. Felsen, Polytechnic Institute of New York,
Farmingdale, NY

Scattering by Resistive Strips
T. B. A. Senior, The University of Michigan, Ann Arbor, Mi

Ray-Optical Theory of Coupling between and Radiation from
Adjacent Parallel Plate Waveguides

P. F. Driessen and E. V. Jull, University of British Columbia,
Vancouver, B. C., Canada

Edge Currents on Rectangular Plates
V. V. Liepa, The University of Michigan, Ann Arbor, M|

Scattering from a Corner Formed by Two Line Elements

29

30

31

32

33

K. M. Mitzner and S. A. Sloan, Northrop Corporation, Hawthorne, CA

Radiation from Sources on Smooth Convex Surfaces with Edges -
a Spectral Domain Approach

S. Safavi-Naini and R. Mittra, University of Illinois, Urbana IL

Evanescent Wave Tracking in a Slab Waveguide with Transverse
and Longitudinal Refractive Index Variation

G. Jacobsen and L. B. Felsen, Polytechnic Institute of New York,

Farmingdale, NY

On the Asymptotic Theory of Inhomogeneous Wave Tracking and its
Relevance to the inverse Scattering of Gaussian Beams

P. Einziger, The Technion~israel institute of Technology and

S. Raz, The Technion-lIsrael Institute of Technology, Currently
on Sabbatical Leave at the University of Houston, Houston, TX

GTD Analysis of the Near-Field Patterns of Pyramidal Horns

J. S. Narasimhan and K. Sudhakar Rao, Indian Institute of
Technology, Madras, INDIA
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SESSION B-2
MONDAY PM 1:30-5:00
KANE HALL 120

WAVES IN RANDOM MEDIA |
Chairman: D. deWolf

RCA David Sarnoff Lab
Princeton, NJ

Depolarization and Scattering of Electromagnetic Waves by
Irregular Boundaries for Arbitrary Incident and Scatter Angles
--Full Wave Solutions

E. Bahar and G. G. Rajan, University of Nebraska, Lincoin, NB

Scattering and Absorption Spectra for Platelike Hydrometeors
H. Weil and C. M. Chu, University of Michigan, Ann Arbor, Ml

Near-Forward Multiple Scattering by a Random Slab of Large
Particles

E. A. Marouf, Stanford University, Stanford, CA and University
of Alexandria, Alexandira, Egypt

Effects of Anisotropic Irregularities on Phase Scintillations
R. Woo and J. W. Armstrong, Jet Propulsion Lab, Pasadena, CA

High-Altitude Turbulence Measurements for Optical Propagation
Predictions

Page
39
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42

h3

C. A. Levis and J. P. Serafin, Ohio State University, Columbus, OH .

Detection Effects on Higher Order Statistics of Light Fluctua-
tions Due to Atmospheric Turbulence

A. Consortini and L. Ronchi, Istituto di: Ricerca sulle Onde
Elettromagnetiche of CNR, Firenze, Italy

Resolution Through the Atmosphere of Optical Adaptive Systems
A. Consortini, F. Pasqualetti and L. Ronchi, Istituto di
Ricerca sulle Onde Elettromagnetiche of CNR, Firenze, ttaly ~

il

L5

Backscattered Pulse Shape Due to Small-Angle Multiple Scattering L6

from a Slab of Random Medium
K. J. Painter and A. lIshimaru, University of Washington,
Seattle, WA
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SESSION B-3
TUESDAY AM 8:30-12:00
KANE HALL 120

ANTENNAS | (ARRAYS)

Chairman: K. G. Balmain

10.

University of Toronto
Toronto, Canada

Linear Array Synthesis Using Prony's Method
E. K. Miller and G. J. Burke, University of California,
Livermore, CA

An Array Thinning Technique
D. Y. Ho and B. D. Steinberg, University of Pennsylvania,
Philadelphia, PA

On the Current Distribution on Printed Parasitic Thin Wire
Arrays

I. E. Rana and N. G. Alexopoulos, University of California
Los Angeles, CA

Analysis of a Phased Array of Dipoles Printed on Periodic
Dielectric Slabs Over a Ground Plane

R. S. Chu, Hughes Aircraft Company, Fullerton, CA, and

S. S. Wang, The Aerospace Corporation, El Segundo, CA

Periodic-Structure-Ray Approach to Analysis of Arrays on
Concave Surfaces
#. Ahn, B. Tomasic and A. Hessel, Polytechnic Institute of

- New York, Farmingdale, NY

Currents on a Yagi Structure of Inclined Dipoles
W. K. Kahn, Naval Research Laboratory, Washington, D.C.

Resonance Phenomena on Yagi. Arrays
J. M. Tranquilla, University of New Brunswick, Fredericton,
Canada and K. G. Balmain, University of Toronto, Canada

Analysis of the Loop-Coupled Log-Periodic Dipole Array
J. M. Tranquilla, University of New Brunswick, Fredericton,
Canada and K. G. Balmain, University of Toronto, Canada

The Influence of a Borehole on the Mutual Impedance of an
Array of Coplanar Loops

R. G. Olsen and N. A. Sanford, Washington State University
Pullman, WA

An Analysis of the Mutual Coupling Between Antennas on a
Smooth Convex Surface

P. H. Pathak and N. N. Wang, The Ohio State University,
Columbus, OH
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SESSION B-4 (a)
TUESDAY PM 1:30-5:00
KANE HALL 120

FIELD PENETRATION AND SCATTERING

Chairman: R, F. Harrington

Syracuse University

Syracuse, NY Page
Field Penetration Through Small Apertures: The First-Order 59
Correction

J. Van Bladel, Rijksuniversiteit Gent, Gent, Belgium

Diffraction by a Narrow S1it in an Impedance Plane.. 60
R. A. Hurd, National Research Council of Canada, Ottawa, Canada

Penetration and Scattering'of EM Fields by Advanced Composite 61
Bodies of Revolution
H. Kao and K. K. Mei, University of California, Berkeley, CA

Scattering by a Hemisphere 62
P. L. E. Uslenghi, University of Il1linois, Chicago IL and
V. Daniele, CESPA, Torino, ltaly

An Efficient Approach for Computing Fresnel-Zone Fields 63
A. M. Rushdi and R. Mittra, University of I1linois, Urbana IL
and V. Galindo-israel, Jet Propulsion Lab, Pasadena, CA

Nearfield Scattering by a Finite Dielectric Rod 64
G. Tricoles, R. A. Hayward and E. L. Rope, General Dynamics
Electronis Division, San Diego, CA

Radar Cross Section of Loop Antennas Above Finite Conducting 65
Half-Space

A. S. Abulkassem and D. C. Chang, University of Colorado,

Boulder, CO

Uses of the Nonlinear Optimization in Field and Scattering 66
Problems

Y. L. Chow and S. K. Chaudhuri, University of Waterloo,

Waterloo, Canada

Scattering by Material Bodies of Revolution with a Metallic 67
Core
S. K. Chang. EMtec Engineering, Inc., Berkeley, CA

On Electrically Thick Cylindrical Antennas of Finite Length 68
L. Rispin and D. C. Chang, University of Colorado, Boulder, CO

, 123




SESSION B-4 (b)
TUESDAY PM 1:30=5:00
HUB AUDITORIUM

WAVES IN RANDOM MEDIA Il

Chairman: . M. Besieris

1.

Virginia Polytechnic Institute and State University
Blacksburg, VA

A Functional Path-lIntegral Approach to Stochastic Wave
Propagation

I. M. Besieris, Virginia Polytechnic institute and State
University, Blacksburg, VA

Propagation in a Two-Mode Randomly Perturbed Waveguide
Werner Kohler and S. Patsiokis, Virginia Polytechnic
Institute and State University, Blacksburg, VA

An Intensity Probability-Density Function of Plane Waves
Propagated Through RandomMedia
M. Tateiba, Nagasaki University, Nagasaki, Japan

Coherrent Wave Propagation and the Foldy-Twersky Integral
Equation

G. S. Brown, Applied Science Associates, Inc., Apex, NC

An Analytical Theory of Pulse Wave Propagation in Turbulent
Media

K. Furutsu, Radio Research Laboratories, Tokyo, Japan

Backscattering of a Picosecond Pulse from a Dense Scattering

Medium
K. Shimizu, A. {shimaru and A. P. Bruckner, University of

Washington, Seattle, WA
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SESSION B-5
THURSDAY AM 8:30-12:00
KANE HALL 120

TRANSIENTS

Chairman: F. M. Tesche

Science Applications Inc.
Berkeley, CA

Transients on Lossy Transmission Lines
A. H. Mohammadian and C. T. Tai, University of Michigan,
Ann Arbor, M|

The Response of a Transmission Line |lluminated by Lightning-
Induced Electromagnetic Fields

H. J. Price, A. K. Agrawal, H. M. Fowles, and L. D. Scott,
Mission Research Corporation, Albuquerque, NM

On the Low Frequency Asymptotic Behavior of SEM-Derived
Equivalent Circuits for Wire Antennas

C. W. Streable, Bell Laboratories, Holmdel, NJ and

L. W. Pearson, K. A. Michalski, University of Kentucky,
Lexington, KY

Transient Electromagnetic Field of a Vertical Dipole Located
on a Dissipative Earth Surface
H. A. Haddad and D. C. Chang, University of Colorado, Boulder,CO

A Geometric Theory of Natural Oscillation Frequencies in
Exterior Scattering Problems
A. Q. Howard, Jr., University of Arizona, Tucson, AZ

Is Prony's Method an 111 Posed Problem and Pencil-of-Function
Method a Well Posed Problem in System Indentification?
T. K. Sarkar, Rochester Institute of Technology, Rochester, NY

Pulse Response Waveforms of Aircraft
D. L. Moffatt and K. A. Shubert, The Ohio State University
ElectroScience Laboratory, Columbus, OH

EMP Interaction of a Low-Altitude Missile with an Inhomogeneous

Plasma Plume
S. K. Chang and F. M. Tesche, LuTech, Inc., Berkeley, CA

Resolution of Closely Spaced Point Targets

G. S. Sandhu, Teledyne Brown Engineering, Huntsville, AL
and N. F. Audeh, The University of Alabama in Huntsville,
Huntsville, AL
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SESSION B-6
THURSDAY PM 1:30-5:00
KANE HALL 120

ANTENNAS 11

Chairman: W. V., T. Rusch
University of Southern California
Los Angeles, CA Page

1. Vector Secondary Patterns of Non-Parabolic Reflectors--Some 90
Novel Observations
Y. Rahmat-Samii, P. Cramer and V. Galindo Israel, Jet
Propulsion Lab, Pasadena, CA

2. Comparisons Between Different Methods for Subreflector 91
Analysis
N. Chr. Albertsen and K. Pontoppidan, TICRA ApS, Copenhagen,
Denmark )

3. Design of Cluster Feed for Multibeam Reflector Antennas 92

P. Cramer and K. Woo, Jet Propulsion Lab, Pasadena CA and
S. W. Lee, University of t1linois, Urbana IL

4. Generalized Geometrical Optics 93
R. Mittra and A. M. Rushdi, University of I1linois, Urbana, IL

5. On the Validity of Thin-Wire Theory 94
C. D. Taylor, Mississippi State University, Mississippi State, MS

6. Analysis of a Monopole Near the Edge of a Half-Plane 95
D. M. Pozar and E. H. Newman, Ohio State University, Columbus, OH

7. Effect of Taper Profile on Performance of Dielectric Taper 96
Antennas

S. T. Peng, Polytechnic Institute of New York, Brooklyn, NY
and F. Schwering, U.S. Army Communication Research and
Development Command, Ft. Monmouth, NJ

8. Maximizing the Gain-Bandwidth Product of a Lossy Linear 97
Antenna
R. M. Bevensee, Lawrence Livermore Lab, Livermore, CA

9. Experimental Investigation of the Radiated Fields of a Buried 98
Antenna ’

F. Vaziri, S. A. Long and L. C. Shen, University of Houston,
Houston, TX

10. Optimized Launching of the Ground Wave: A New Look at the 99
Beverage Antenna
D. C. Chang and E. F. Kuester, University of Colorado, Boulder,CO
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SESSION B-7
FRIDAY AM 8:30-12:00
KANE HALL 120

GUIDED WAVES

Chairman: K. Casey
Kansas State University
Manhatten, KS

1. Leaky Modes on Open Dielectric Waveguides

A. A. Oliner and S. T. Peng, Polytechnic Institute of New York,

Brooklyn, NY

2. Coupling Between Triangular Optical Waveguides
P. L. E. Uslenghi, University of Illinois at Chicago Circle,
Chicago, IL

3. Junction Effect of Two Thin, Coaxial Cylinders of Dissimilar
Radius
D. C. Chang, University of Colorado, Boulder, CO

4, Waveguide Modes with One-Dimensional Transverse Inhomogeneities
W. A. Davis, Virginia Polytechnic Institute and State University,

Blacksburg, VA and R. B. Kaplan, Wright-Patterson AFB, OH

5. On Using the I. Q. of Waveguides Intelligently
D. L. Jaggard, University of Utah, Salt Lake City, UT

6. Propagation Characteristics of a Two-Layer Dielectric Wave-
guide with an Azimuthal Asymmetry
T. C. K. Rao, Florida Atlantic University, Boca Raton, FL

7. Scattering of Surface Waves by a Notch in a Perfectly Conduct-
ing Ground Plane Covered by a Dielectric Slab
R. D. Nevels, Texas A&M University, College Station, TX and
C. M. Butler, University of Mississippi, University, MS

8. Integral Operator Analysis of Coupled Dielectric Optical
Waveguide System - Theory and Application
S. V. Hsu, E-System Inc., Dallas, TX and D. P. Nyquist,
Michigan State University, East Lansing, Ml

9. Dielectric-Lined Metal Rectangular Waveguide
R. Chatterjee, Indian institute of Science, Bangalore, India
and G. K. Deb, Electronics and Radar Development Establish-
ment, Bangalore, India

10. Scalar Wave Approach for Single-Mode inhomogeneous Fiber

Problems
W. P. Brown and C. Yeh, Hughes Research Laboratories, Malibu,
CA
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AP/B POSTER SESSION A
TUESDAY PM 1:30-5:00
KANE HALL - WALKER AMES ROOM

ANTENNAS

Chairman: C. M. Butler

University of Mississippi

University, MS Page
Some Considerations to the Divergence Problem of Antenna 112

Integral Equation Solutions
G. Greving, Technische Hochschule Aachen, Aachen, West Germany

Current on Thick Cylindrical Antennas. Improved Solution of 12
the Generalized Boundary Condition Integral Equation by

Le Foll's Algorithm

J. Ch. Bolomey, S. E1 Habiby, F. Hillaire, D. Lesselier, C.N.R.S.
-E£.S.E. Gif-sur-Yvette, France

GTD Solution of the Input Admittance of a Slot on a Cone 112
E. K. Yung Hong Kong Polytechnic, Hung Hom, Hong Kong,
S. W. Lee, and R. Mittra, University of I1linois, Urbana, IL

Shaped Beam Reflector Feed Network for Clutter Reduction and 112
Angle Estimation
C. F. Winter, Raytheon Company, Wayland, MA

Study of Batwing Radiator of the Superturnstile Antenna for 112
TV Broadcasting

R. W. Masters, Antennas Research Associates, Inc. Beltsville, MD

and G. Sato, H. Kawakami, and M. Umeda, SophiaUniversity,

Tokyo, Japan

The Characteristics of a Modified Duoconical Monopole with 112

Curved Surface Transition
K. Fukuzawa and R. Sato, Tohoku University, Sendai, Japan

Best Possible Thermal Noise Sensitivity of Electrically Small 112
Loop Antennas
M. Dishal, ITT Avionics, Nutley, NJ

Dual-Beam Waveguide Slot Array for Monopulse Application 112
G. A. Hockham and R. I. Wolfson, ITT Gilfillan, Van Nuys, CA
Peak Cross Polarization of Reflectors with Surface Errors 112

S. I|. Ghobrial, University of Khartoum, Khartoum, Sudan

A Multimode Dielectric Coated Horn For Circularly Polarized 112

Elliptical Beam
S. H. J. Ouboa, S. C. Cupta, University of Mosul, Mosul, Iraq

Horn-Reflector Antenna Performance at 2 GHz with Simultaneous 112
Operation in the 4, 6 and 11 GHz Bands

J. E. Richard, Bell Telephone Laboratories, Inc., North Andover

MA
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AP/B POSTER SESSION A
ANTENNAS (cont.)

12.

13.

20.

21.

22.

23.

24,

Astigmatic Correction by a Deformable Subrefiector
W. Y. Wong and S. von Hoerner, National Radio Astronomy
Observatory, Green Bank, WV

A Decoupled Antenna System with a Lossless Network
H. lwasaki, Y. Mikuni, and K. Nagai, Toshiba Research and
Development Center, Kawasaki, Japan

Performance of Reflector Antennas with Absorber-Lined Tunnels
R. B. Dybdal, H. E. King, The Aerospace Corporation, Los
Angeles, CA

Sidelobe Reduction with Horn-Antennas
F. M. Landstorfer, R. R. Sacher, Technical University of
Munich, Munich FRG.

Radiation by Microstrip Patches

N. G. Alexopoulos and |. Rana, University of California,
Los Angeles, Los Angeles, CA, and N. K. Uzunoglu, National
Technical University of Athens, Athens, Greece

Microstrip Antennas for Airborne Radar Systems
A. W. Biggs, University of Kansas, Lawrence, KS

A Microstrip Analysis Technique
E. H. Newman and P. Tulyathan, The Ohio State University
ElectroScience Laboratory, Columbus, OH

A Circularly Polarized Microstrip Resonator Antenna
J. Vandensande, H. Pues, E. Van Lil, A. Van de Capelle
Katholieke Universiteit Leuven, Heverlee, Belgium

The RN2 Multiple Beam Array Family and the Beam Forming

Matrix
J. L. McFarland, Lockheed Missiles and Space Compnay,
Sunnyvale, CA

Frequency Selection for Reliable, Low-Cost Satellite Links
P. F. Christopher, The MITRE Corporation, Bedford, MA

Far-Field Antenna Pattern Calculation From Near-Field
Measurements Including Compensation for Probe Positioning
Errors

L. E. Corey and E. B. Joy, Georgia Institute of Technology,
Atlanta, GA

A Maritime Communications Subsystem (MCS) for Intelsat V

Satellites
W. J. English, INTELSAT - Space Segment Engineering,
Washington, DC

Automated Probing for Outdoor Antenna Ranges
S. M. Sanzgiri, G. Crain, and R. C. Voges, Texas Instruments

tnc., Dallas, TX

i-29

Page

113

113

113

113

13

1k

115

116

113

13

113

117

113



AP/B POSTER SESSION-A
ANTENNAS (cont.)

Page
25. On the Accuracy of the Transmission Line Model of the Folded 113
Dipole
. G. A. Thiele, E. P. Ekelman, Jr., and L. W. Henderson, The
Ohio State University ElectroScience Laboratory, Columbus, OH
26. A Circularly Symmetric Dual-Reflector-Type Multibeam Antenna 113
H. Kumazawa, Nippon Telegraph and Telephone Public Corp.,
Yokosuka, Japan, and M. Mizusawa, Mitsubishi Electric Corp.,
Kamakura-City, Japan
27. Air Launch Cruise Missile Instrumentation Antennas 113

R. E. Lantagne, J. P. Grady and G. E. Miller, Boeing Aerospace
Company, Seattle, WA
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AP/B POSTER SESSION B
WEDNESDAY PM 2:00-5:30
KANE HALL - WALKER AMES ROOM

WAVE PHENOMENA

Chairman: C. M. Butler

University of Mississippi
University, MS

On Convergence of the Method of Moments
T. K. Sarkar, Rochester Institute of Technology, Rochester, NY

The Non Uniqueness of Inverse Problems and Partial Coherence
B. J. Hoenders, State University at Groningen, Groningen,
The Netherlands, H. P. Baltes, L. G. Z. Landis, and G. Zug,
Zentrale Forschung und Entwicklung, Zug, Switzerland

Exact and Approximated Time-Domain Deductive Reconstruction of
Conducting Multilayer Slabs
D. Lesselier, C.N.R.S. - E.S.E., Gif-sur-Yvette, France

Multiple Wavelength Aperture Synthesis for Passive Sensing of
the Earth's Surface
E. Schanda, University of Berne, Berne, Switzerland

The Backward Transform of the Near Field for Reconstruction
of Aperture Fields

J. D. Hanfling, G. V. Borgiotti, and L. Kaplan, Raytheon Co,
Bedford, MA

A Study of Adaptive Sidelobe Canceller
C. A. Chuang, Harris Government Communications System Division,
Melbourne, FL

To Theory Wave Propagation in W-Fiberguides with Rectangular
Core
V. V. Cherny, University of California, Berkeley, Berkeley, CA

SEM Characteristics of a Log-Periodic Dipole Array
K. D. Rech, K. J. Langenberg, Universitat des Saarlandes,
Saarbrucken, FRG

SEM Investigation of Transient Acoustic Scattering from a Fixed
Finite Rotationally Symmetric Body

G. Bollig, K. J. Langenberg, Universitat des Saarlandes,
Saarbrucken, FRG

Doppler Spectrum of Extended Objects
J. B. Andersen, Aalborg University Centre, Aalborg, Denmark
Measured and Calculated Field Within Partitioned One and Two-

Port Coaxial Cavities
M. G. Harrison, USAF Weapons Laboratory, Kirtland AFB, NM
C. M. Butler, University of Mississippi, University, MS

A Dual Polarization Broad-Band Waveguide
J. Tourneur, Thomson-CSF, Malakoff, France
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AP/B POSTER SESSION B
WEDNESDAY PM 2:30-5:30
KANE HALL - WALKER AMES ROOM

WAVE PHENOMENA
Chairman: C. M. Butler

13. Resonance, Phase Front and Polarization-independence
Constraints of Inhomogeneous Fabry-Perot Interferometers
S. Raz, University.of Houston, Houston, TX and Y. Leviatan
Technion-Israel institute of Technology, Haifa, lsrael
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AP/B POSTER SESSION C
THURSDAY PM 1:30-5:00
KANE HALL - WALKER- AMES ROOM

SCATTERING

Chairman: C. M. Butler

10.

University of Mississippi
University, MS

Coupling of Electromagnetic Waves to a Cable Through Long
Slots

T. C. Tong, TRW Defense and Space Systems Group, Redondo
Beach, CA

A New Surface-Current Model for Metallic Scattering Surfaces
A. Mendelovicz, Hughes Aircraft Company, Canoga Park, CA

Design of Cylindrical Shields: An Application of the Uniform
Geometrical Theory of Diffraction

B. S. M. C. Galvao and C. S. Pereira, Instituto de Pesquisas
Espaciais, Sao Jose dos Campos, Brazil

Radiation by Sources on Perfectly Conducting Convex Cylinders
with an Impedance Surface Patch
L. Ersoy and P. H. Pathak, The Ohio State University Electro-
Science Laboratory, Columbus, OH

An Interpretation of Variation in the Slot Electric Field of
a Slot-Perforated Dielectric~Slab-Covered infinite Conducting
Screen

R. D. Nevels, Texas A&M University, College Station, TX and
C. M. Butler, University of Mississippi, University, MS

Reflection and Transmission Characteristics of Multilayered
Lossy Periodic Strips
T. K. Wu. Lockheed Missiles and Space Company, Sunnyvale, CA

Surface-Wave Excitation on a Bonded Mesh
K. F. Casey, Dikewood Corporation, Los Angeles, CA

Edge Behavior for a Thick Half Plane

V. Daniele and |. Montrosset, Politecnico di Torino, ltaly
and P. L. E. Uslenghi, University of lllinois at Chicago
Circle, Chicago, IL

An Angle Filter Containing Three Periodically Perforated,
Metallic Layers

E. L. Rope and G. Tricoles, General Dynamics Electronics
Division, San Diego, CA

On the Response of a Terminated Twisted-Wire Cable Excited

by a Plane Wave Electromagnetic Field

C. D. Taylor, Mississippi State University, Mississippi State,
MS and J. P. Castillo, Air Force Weapons Laboratory, Kirttand
AFB, NM

New Quasistatic Representation for Sommerfeld Integrals
J. N. Brittingham, G. J. Burke, Lawrence Livermore Laboratory,

Livermore, CA
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AP/B POSTER SESSION C
THURSDAY PM 1:30-5:00
KANE HALL - WALKER AMES ROOM

SCATTERING (continued)

12.

13.

7.

i8.

20.

21,

22.

23.

Cross Polarization Discrimination Characteristics During
Multipath Fading at 4 GHz

S. Sakagami and K. Morita, Nippon Telegraph and Telephone
Public Corporation, Yokosuka-shi, Japan

Boundary Conditions for a Thin Resistive Eltiptic Cylinder
R. K. Ritt, Illinois State University; Normal, IL

A Differential-Integral Method for Scattering Calculations
H. C. H. Chen, University of Utah, Salt Lake City, UT

M. A. Morgan, University of Mississippi, University, MS
and P. W. Barber, University of Utah, Salt Lake City, UT

Receiving and Trasmitting Properties of Some Reflecting
Surfaces

K. M. Romberg, R. L. Fante, Rome Air Development Center,
Hanscom AFB, MA ’

Aperture Excitation of a Wire in a Rectangular Cavity
W. A. Johnson, University of Mississippi, University, MS
and D. G. Dudley, University of Arizona, Tucson, AZ

Space-Time Integral Equation Solution for Scattering by Thin
Flat Surfaces

C. L. Bennett and H. Mieras, Sperry Research Center, Sudbury, MA

An Update on Naval Vessel ldentification
D. L. Moffatt and C. M. Rhoads, The Ohio State University
ElectroScience Laboratory, Columbus, OH

Simple Theory of Electromagnetic Shielding of Enclosures
K. S. H. Lee, Dikewood Corporation, Los Angeles, CA

Loading/ Imaging Effects on Resonance Region Scattering

N. A. Howell, Technology Service Corporation, Santa Monica, CA

The Thickness Criterion for Single-Layer Radar Absorbents
E. F. Knott, Georgia Institute of Technology, Atlanta, GA

Half-Plane Diffraction at Oblique Incidence of an Electro-
magnetic Plane Wave of Arbitrary Polarization

G. A. Deschamps and S. W. Lee, University of illinois,
Urbana, IL '

Predicting Average/Median-Value Scattering from Cylinders

N. A. Howell, Technology Service Corporation, Santa Monica, CA
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SESSION C-1
MONDAY PM 1:30-5:00
HUB 1068

FIGH TIME-BANDWIDTH PRODUCT SIGNALS: THEORY AND APPLICATIONS

Chairman: R, Price
Sperry Research Center
Sudbury, MA

1. Reduction of Out-of-Band Splatter of Pseudonoise Spread
Spectrum
C. R. Cahn, Magnavox Government and Industrial Electronics

Company, Torrance, CA

2. Design and Application of Large Time-Frequency Coded Signal
Sets
G. R. Cooper, Purdue University. W. Lafayette, IN

3. Large Time-Bandwidth Product Signals for Spread-Sprectrum
Multiple-Access Communications
M. B. Pursley, University of I1linois, Urbana, IL

4., Pseudo-Noise Matched Filters in Adaptive Arrays
M. P. Ristenbatt and E. K. Holland-Moritz, University of
Michigan, Ann Arbor, MI

5. Surface-Acoustic-Wave Convolvers for Processing Spread-
Specturm Signals
R. C. Williamson, Lincoln Laboratory, Lexington, MA ,
6. Applications of Chirp Transform Networks Based on Large TB

Saw Reflective Array Filters
T. W. Bristol, Hughes Aircraft Company, Fullerton, CA

7. Chebyshev-Low Pulse Compression Sidelobes Via a Nonlinear FM
R. Price, Sperry Research Center, Sudbury, MA
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SESSION C-2
TUESDAY AM 8:30-12:00
HUB 106B

NEW SATELLITE SYSTEMS FOR THE 80's AND BEYOND

Chairman: H. Staras
RCA Laboratories
Princeton, NJ

1. Large Active Satellite Antennas Based on Solar-Microwave
Array Technology (SMART)
F. Sterzer, RCA Laboratories, Princeton, NJ

2. The Effects of Rain Attenuation on 18/30 GHz Communications
Satellite Systems
D. 0. Reudink, Bell Laboratories, Holmdel, NJ

3. Some Factors that Influence EHF Satcom Systems
L. J. Ricardi, MIT Lincoln Laboratory, Lexington, MA

4. Large Aperture Solid State Antenna for Space-Radar
D. Staiman, RCA, Moorestown, NJ

5. A Closed Form Solution to the Problem of Adaptive Jammer Nulling
H. Waldman, RCA Laboratories, Princeton, NJ

6. Global Planning in the Fixed-Satellite Service
H. J. Weiss, COMSAT, Washington, D.C.
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COMBINED SESSION C/E
MONDAY AM 8:30-12:00
HUB ROOM 106B

TELECOMMUNICATION SYSTEMS IN NON-GAUSSIAN ENVIRONMENTS

Chairman: J. M. Morris

Naval Research Laboratory
Washington, D.C.

Asymptotic Performance of Nonlinear Demodulators in Impulsive
Noise

D. F. Freeman, GTE Sylvania, Needham Heights, MA

Estimation of Mean and Standard Deviation from Quantities in

Interference Modeling
D. B. Sailors, Naval Ocean Systems Center, San Diego, CA

Robust Signal Detection for Asymmetric Departures from the

Gaussian Noise Density
S. A. Kassam and J. G. Shin, University of Pennsylvania,

Philadelphia, PA

Antenna Superresolution Revisited
R. L. Fante and R. V. McGahan, RADC, Hanscom AFB, MA

High Frequency Communications Enhancement Study Using Spatial

Filtering Techniques
P. M. Hansen and G. J. Brown, Naval Ocean Systems Center,

San Diego, CA

Effects of High-Order Phase Errors on Synthetic~Aperture Radar
Performance

W. D. Brown, Sandia Laboratories, Albuquerque, NM

A Demodulation Method for Use in Computer Simulation of
Communication System Characteristics

J. M. Kelso, Honeywell, Inc., Annapolis, MD

Higher-Order Data Processing Algorithms Realizable in Optics
F. P. Carlson, Oregon Graduate Center, Beaverton, OR, and

R. E. Francois, Jr., Lincoln Laboratories, Lexington, MA

Measurement of Signal Strengths Transmitted by a Portable VLF

Antenna at 3.125 kHz
R. J. Dinger, W. D. Meyers and J. A. Goldstein, Naval Research

Laboratory, Washington, D.C.
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SESSION E
TUESDAY PM 1:30-5:00
HUB ROOM 106B

CHARACTERIZATION AND MEASUREMENT OF NOISE
Chairman: A. D. Spaulding

Office of Telecommunications
Boulder, CO

The Radio Environment at 800 km as Viewed by a DMSP Satellite
C. M. Rush, R. K. Rosich and C. Mellecker, U.S. Department of
Commerce, Boulder, CO

Simultaneous Radio Observations of Auroral Electrons from
Satellite and Ground-Based Stations

S. Y. Peng, Hughes Aircraft Co., Fullerton CA and J. S. Kim,
State University of New York, Albany, NY

Rate Statistics for Radio Noise from Lightning

D. M. Le Vine and R. Meneghini, NASA Goddard Space Flight
Center, Greenbelt MD and S. A. Tretter, University of
Maryland, College Park, MD

Amplitude Probability Distribution Measurements and Noise
Excision Studies of 0.5-4.5 kHz Ambient Noise

R. J. Dinger, J. R. Davis, W. D. Meyers and J. A. Goldstein,
Naval Research Lab, Washington, D.C.

Distribution Pattern of Polar VLF Hiss Emission Observed by
Polar Orbital-Satellites

T. Yoshino, University of Electro-Communications, Tokyo, Japan
and H. Fukunishi, Mational Institute of Polar Research,

Tokyo, Japan

Rocket and Balloon Observation of Power Line Radiation Over
Japanese lIslands :

T. Yoshino, 1. Tomizawa and T. Shibata, University of Electro-
Communications, Tokyo, Japan

Prediction of Solar Induced Currents and Effects on Power
Transmission Systems in Central Canada ‘

W. R. Goddard, University of Manitoba, Winnipeg, Canada

and W. M. Boerner, University of [1linois at Chicago Circle,
Chicago, IL
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SESSION F-1
MONDAY AM 8:30-12:00
KANE HALL 110

SCATTERING BY TURBULENCE
Chairman: T. E. VanZandt

1.

NOAA, Boulder, CO

Precision of Tropospheric/Stratospheric Wind Measurements
N. J. Chang, SR! International, Menlo Park, CA

Continuous Measurement of Upper Atmospheric Winds and Turbu-
lence Using a VHF Doppler Radar: Preliminary Results
W. L. Ecklund, D. A. Carter, and B. V. Balsley, NOAA, Boulder, CO

Radar Measurements of the Vertical Component of Wind Velocity
in the Troposphere and Stratosphere

V. L. Peterson, Centennial Sciences, Inc., Colorado Springs, CO
B. B. Balsley, NOAA, Boulder, CO

Early Results from the Poker Flat MST Radar
B. B. Balsley, W. L. Ecklund, D. A. Carter, P. E. Johnston,
NOAA, Boulder, €O

High Resolution Wind Measurements Using the High Powered Radar
at Kwajalein

R. K. Crane, Environmental Research and Technology, Corcord, MA
G. Weiffenbach, M.1.T. Lincoln Laboratories, Lexington, MA

An Improved Model for the Calculation of Profiles of Mean
Turbulence Parameters from Background Profiles of Wind,
Temperature, and Humidity

T. E. VanZandt, K. S. Gage, and J. M. Warnock, NOAA, Boulder, CO

Measurements of the Phase Structure Function at 35 GHz on a
28-KM Path

R. R. Rogers, McGill University, Montreal, Quebec and R. W. Lee
and A. T. Waterman, Stanford University, Stanford, CA

Comstar and CTS Angle of Arrival Measurements
R. A. Baxter, D. M. J. Devasirvatham, and D. B. Hodge, The
Ohio State University ElectroScience Laboratory, Columbus, OH

Simultaneous Measurements of Angular Scattering and Intensity
Scintillation in the Atmosphere
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W. A. Coles and R. Frelich, University of California at San Diego

La Jolla, CA

Effect of Meteorological Variables on Radiometric Sensing of
Atmospheric Temperature

P. Basili, P. Ciotti, and D. Solimini, Universita di Roma,
Rome, ITALY
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COMBINED SESSION AP-S/F-2
MONDAY PM 1:30-5:00
KANE HALL 110

JOHN W. WRIGHT MEMORIAL SESSION ON RADIO OCEANOGRAPHY
Chairman: C. T. Swift

NASA Langley Research Center
Hampton, VA

Introduction
C. T. Swift, NASA Langley Research Center, Hampton, VA

Review of Collaborative Efforts with Jack on Ocean Surface
Physics and Radar Return
0. H. Shemdin, California Institute of Technology, Pasadena,

Remoteé Sensing of the Air-Water Interface: The Legacy of
John W. Wright

W. J. Plant and W. C. Keller, U.S. Naval Research Laboratory
Washington, DC

SAR Imaging of the Ocean Surface - an Asymtotic Eulerian
Formulation
G. R. Valenzuela, Naval Research Laboratory, Washington, DC

Electromagnetic Scattering Pattersn from Sinusoidal Surfaces
A. K. Jordan and R. H. Lang, Naval Research Laboratory,
Washington, DC

Tank Measurements of Radar Return from 0il-Covered and Rain-
drop Impacted Water

R. K. Moore, A. K. Fung, G. J. Dome, K. Soofi and Y. S. Kim,
The University of Kansas, Lawrence, KA

Modulation of Radar Backscatter by Ocean Waves

W. L. Jones and A. E. Cross, NASA Langley Research Center,
Hampton, VA and W. J. Plant and W. C. Keller, Naval Research
Center, Washington, DC

Aircraft Radar Doppler Spectrometer and Dual Frequency
Backscatter Wave Spectrometer for the Measurement of Ocean
Surface Spectrum

D. E. Weissman, Hofstra University, Hempstead, NY and

J. W. Johnson, NASA Langley Research Center, Hampton, VA
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SESSION F-3
TUESDAY AM 8:30-12:00
KANE HALL 110

PROPAGATION WITHIN THE EARTH

Chairman: R. G. Olsen

Washington State University
Pullman, WA _ . Page

Remote Sensing of Dielectric Medium 188
S. Coen and K. Mei, University of California, Berkeley, CA :

Electromagnetic Scattering from an Earth wnth a Buried 189
Cylindrical Inhomogeneity

S. F. Mahmoud, Cairo University, Giza, Egypt and S. M. Ali,

Military Technical College, Cairo, Egypt

Induction Sounding Response of Finite Buried Conducting Models 190
E. A. Quincy and M. M. Rahman, University of Wyoming, Laramie
WY and" J. H. Richmond, Ohio State University, Columbus, OH

In Situ Microwave Measurements of Lossy Dielectrics 191
R. J. King, €. D. Kim and J. B. Beyer, University of Wisconsin,
Madison, WI ’

Electromagnetic Response of Ore Deposits 192
M. Cauterman, P. Degauque and R. Gabillard,Lille University,
Villeneuve d'Ascq, France .

An Improvement on a Microwave Technique to Locate Economically 193
Producible Hydrocarbons in a Drill Hole
G. S. Huchital, Schlumberger=Doll Research Center, Ridgefield, CT

Comparison of Loop and Dipole Antennas in Leaky Feeder Commu- 197
nication Systems
D. A. Hill and J. R. Wait, U.S. Department of Commerce, Boulder,CO0

Bounding the Propagation Characteristics of TEM Modes in Tunnels 198
of Arbitrary Shape

D. L. Jaggard and M. F. Iskander, University of Utah,

Salt Lake City, UT.

Surface Transfer Impedance of a Loosely Braided Coaxial Cable 199
R. S. Tomar and A. Paul, Indian institute of Technology,
Kanpur, India : :

Reconstruction Algorithms for Geophysncal Appllcatlons in Noisy " 200
Environments

R. D. Radcliff and C. A Balanls, West Vlrglnla University,
Morgantown, WV
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SESSION F-4
TUESDAY PM 1:30-5:00
KANE HALL 110

SCATTERING FROM ROUGH SURFACES

Chairman: R. H. Lang

10.

George Washington University
Washington, D.C.

Backscattering from a Vegetated Half Space
R. H. Lang, George Washington University, Washington, D.C.

Multiple Scattering Effects on Backscattering of a Pulse from
Terrain
A. ishimaru, University of Washington, Seattle, WA

Polarized and Cross Polarized Scattering by an [nhomogeneous
Layer with a Slightly Irregular Interface )
A. K. Fung and H. J. Eom, University of Kansas, Lawrence, KS

Experimental Data Matching for Active and Passive Microwave
Remote Sensing
J. A. Kong, M. Zuniga, L. Tsang and R. Shin, MIT, Cambridge, MA

Theoretical Models and Approaches for Active and Passive
Microwave Remote Sensing
J. A. Kong, L. Tsang. M. Zuniga and R. Shin, MIT, Cambridge, MA

A Radar Clutter Model: Average Radar Backscatter from Land,
Sea, Snow, and Sea lce :

R. K. Moore, K. Soofi and S. M. Purduski, University of Kansas
Lawrence, KS

New Effects in Forward Scattering from Water Waves
C. |. Beard, Naval Research Lab, Washington, D.C.

On the Role of Shadowing in Forward Scatter from the Sea at
Extreme Grazing Angles
L. B, Wetzel, Naval Research Lab, Washington, D.C.

Effects of Scatter Depolarization on Optical and Microwave
Holographic Image Degradation i

H. Ghandeharian, University of British Columbia, Vancouver,
Canada and W. M. Boerner, UICC, Chicago IL and University of
Manitoba, Winnipeg, Canada

The Effect of Salt Solubility and Salinity on the Response of

a Microwave Remote Sensor :
R. P. Jedlicka, New Mexico State University, Las Cruces, NM

Microwave Remote Sensing of Saline-Seeps
K. R. Carver, New Mexico State University, Las Cruces, NM
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SESSION F-5
WEDNESDAY PM 2:00-5:30
KANE HALL 110

EARTH-SPACE PROPAGATION

Chairman: D. C. Cox

1.

Bell Labs
Hoimdel, NJ

A Summary of Rain Attenuation Experiments on Earth-Satellite
Paths in Georgia and Illinois

S. H. Lin, J. H. Bergmann and M. V. Pursley, Bell Labs,
Holmdel, NJ

COMSTAR 19-GHz Beacon Reception at Spaced Locations in Tampa,
Florida .

D. D. Tang and D. Davidson, GTE labs, Waltham MA and S. C. Bloch
University of South Florida, Tampa, FL

Observations of Orientation-Dependent Depolarization of 19 GHz
Earth-Space Signals by Atmospheric Hydrometeors ’

H. W. Arnold, D. C. Cox, H. H. Hoffman and R. P. Leck, Bell
Labs, Holmdel, NJ

Update of the Results of the 28.56 GHz COMSTAR Experiment at
Wallops lIsland, Virginia
J. Goldhirsh, Johns Hopkins University, Laurel, MD

Measurement of Rain Attenuation and Depolarization of the CTS
Satellite Beacon Signal at Holmdel, New Jersey
A. J. Rustako, Jr., Bell Labs, Holmdel, NJ

Depolarization Measurement at Various Locations Across Canada
Using the - 11.7 GHz CTS Beacon

J. J. Schlesak, J. I. Strickland and W. L. Nowland,
Communications Research Centre, Ottawa, Canada

Some Measurement of CTS 11.7 GHz Cross Polarization Comparing
a Fixed and an Adjustable Polarization Receiver
W. J. Vogel, University of Texas, Austin, TX

CTS Beacon Rain Attenuation Measurements
D. Davidson and 0. G. Nackoney, GTE Labs, Waltham MA

Summary of 1978 Attenuation and Depolarization Measurements. Made
with the CTS (11.7 GHz) and COMSTAR (19.04 and 28.56 GHz)

Beacons

C. W. Bostian. W. L. Stutzman, E. A. Muus, P. H. Wiley,

R. E. Marshall and P. Santago, Virginia Polytechnic Institute
and State University, Blacksburg, VA

Cumulative Statistics of 11.7 and 28.56 GHz Rain Attenuation

From CTS and COMSTAR Satellite Beacon Measurements
L. J. Ippolito, NASA Goddard Space Flight Center, Greenbelt, MD

s I
g
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SESSION F-6
THURSDAY AM 8:30-12:00
KANE HALL 110

PART 1: PROPAGATION ABOVE THE SURFACE: MODES AND RAYS

Chairman: R. J. King
University of Wisconsin

Madison, WI Page
1. Zenneck-Like Wave for the Spherical Earth 225

K. Mano, Deputy for Electronic Technology RADC, Hanscom AFB, MA

2. An Experimental Study of Surface Wave Propagation on a Low 226
Permittivity Medium
J. Appel-Hansen, Technical University of Denmark, Lyngby,
Denmark and R. J. King, University of Wisconsin, Madison WI

3. RF Ray Tracing in an Atmospheric Ducting Environment 227
F. T. Wu, W-M P. Yu and A. Shlanta, Naval Weapons Center,
China Lake, CA

4, Hybrid Ray-Mode Formulation of Propagation in a Tropospheric 228
Duct
S. H. Cho, G. Migliora and L. B. Felsen, Polytechnic Institute
of New York, Farmingdale, NY

5. A Numerical Study of Tropospheric Ducting at HF 229
C. L. Goodhart and R. A. Pappert, Naval Ocean Systems Center,
San Diego, CA

6. A New Set of Solutions for the Modal Equation for Propagation 230
in a Trilinear Tropospheric Duct
R. H. Ott, U.S. Department of Commerce, Boulder, CO

PART 11: SCATTERING BY SNOW AND ICE

1. Measurement of the Microwave Properties of Sea lce at 90 GHz 231
and Lower Frequencies
B. E. Troy, J. P. Hollinger, R. M. Lerner and M. M. Wisler,
Naval Research Lab, Washington, D.C.

2. Aircraft Microwave Radar and Radiometric Measurements of the 232
Electromagnetic Properties of Lake lce
C. T. Swift, R. F. Harrington, J. C. Fedors and W. L. Jones,
NASA Langley Research Center, Hampton, VA

3. Experimental Evaluation of the Microwave Response to Snow 233
_F. T. Ulaby and W. H. Stiles, University of Kansas,
Lawrence KS

4. Characterization of Polar Terrain Features Through Satellite 234
Microwave Radiometry
S. R. Rotman, A. D. Fisher and D. H. Staelin, MIT, Cambridge, MA

5. Emission from a Snow Layer with a Slightly lfrregular Interface 235
A. K. Fung and M. F. Chen, University of Kansas, Lawrence, KS
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SESSION F-7
THURSDAY PM 1:30-5:00
KANE HALL 110

RADI0OCEANOGRAPHY
Chairman: J. R. Apel

NGAA
Seattle, WA Page
1. Radar Altimetry for Use in Measuring Sea Surface Slope 237

H. M. Byrne, NOAA, Seattle, WA

2. The SEASAT Radar Altimeter - A Study of Wave Height Measurements 238
L. S. Fedor and J. A. Leise, NOAA, Boulder, CO

3. The Computation of Wind Speed and Wave Heights from GEOS 3 Data 239
N. Mognard, JISAO, Seattle, WA and B. Lago, GRGS- CNES,
Toulouse, France

L. Air Sea Temperature Difference Effects on Microwave Scattering 240
W. C. Keller and W. J. Plant, Naval Research Lab, Washington, DC

5. Double-Modulation Experiments on Ocean Wave Systems Using a 247
Dual-Frequency Microwave Radar
D. L. Schuler and W. J. Plant, Naval Research Lab, Washington, DC

6. Side-Looking Radar Images of Dispersive, Homogeneous Waves 242
R. 0. Harger, University of Maryland, College Park, MD

7. Measurement of Surface Roughness from Nadir Using Dual Frequency 243
Correlation and Spatial Resolution with a $.A.R. Chirped
Signal
D. E. Weissman, Hofstra University, Hempstead, NY, J. W. Johnson
and W. L. Jones, N.A.S.A. Langley Center, Hampton, VA, and
W. F. Townsend, N.A.S.A. Wallops Flight Center, Wallops, VA

8. Synthetic Aperture Radar Imagery of Moving Ocean Waves 244
C. L. Rufenach, NOAA, Boulder, CO and W. R. Alpers, Umiversity
of Hamburg & Max-Planck-Institute of Meteorology, Hamburg,
West Germany

9. SeaSat-A Synthetic Aperture Radar Imagery of Ocean Waves 245
F. 1. Gonzalez, R. A. Schuchman, D. R. Ross, J. F. R. Gower,
and C. Rufenach, NOAA, Seattle, WA and Boulder, CO

10.  Synthetic Aperture Radar Observations at Various Aspects of 246
Ocean Waves
J. F. Vesecky and H. Assal, Stanford University, Stanford, CA
and R. H. Stewart, University of Aclifornia, La Jolla, CA




SESSION F-8
FRIDAY AM 8:30-12:00
KANE HALL 110

PROPAGATION MODEL ING
Chairman: W. J. Vogel

10.

University of Texas
Austin, TX

Effective Path Length and the Frequency Scaling of Rain
Attenuation

H. N. Kheirallah, Carelton University, Ottawa, Canada and
R. L. Olsen, Communications Research Centre, Ottawa, Canada

The Impact of Uncertainties in Rain Fade Estimates on the
Design of 20/30 GHz Satellite Communication Systems

R. R. Persinger, Hughes Aircraft Co., Los Angeles, CA and
W. L. Stutzman, Virginia Polytechnic Institute and State

University, Blacksburg, VA

Prediction of Rain-Induced Fades Along Earth-Space Millimeter
Wave Links

W. L. Stutzman, Virginia Polytechnic Institute and State
University, Blacksburg, VA and R. R. Persinger, Hughes Air-
craft Co., Los Angeles, CA

Global Rain Attenuation Model
R. K. Crane, Environmental Research & Technology, Inc.,
Concord, MA

Measurement of Cloud Liquid Content Using the 28 GHz COMSTAR
Beacon
J. B. Snider, NOAA, Boulder, CO -

Phase and Amplitude Dispersion for Earth-Space Propagation in
the 20 to 30 GHz Frequency Range
D. C. Cox, H. W. Arnold and R. P. Leck, Bell Labs, Holmdel, NJ

Microwave Depolarization of an Earth-Space Path
T. S. Chu, Bell Labs, Holmdel, NJ

Multiple Scattering of Millimeter Waves in Rain
R. L.-T. Cheung and A. Ishimaru, University of Washington,
Seattle, WA

Effect of Adverse Sand-Storm Media on Microwave Propagation
H. T. Al-Hafid and S. C. Gupta, Mosul University, Mosul, lraq
and K. Buni, lraqi Ministry of Telecommunications, Baghdad,
Iraq

QPM-Digital Signal Multipath Fading

H. S. Hayre, University of Houston, Houston, TX
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SESSION G-1
MONDAY PM 1:30-5:00
HUB 309A

DIAGNOSTICS, EFFECTS, AND MODIFICATIONS OF THE IONOSPHERE

Chairman: E. J. Fremouw
Physical Dynamics Inc.

Bellevue, WA Page
1. Which lonospheric Parameters can we Really Measure with 259

Incoherent Scatter Radar?
J. B. Hagen, National Astronomy and lonosphere Center,
Arecibo, Puerto Rico

2. Long-Term Observation of Polar D-Region lonization 260
W. J. Helms, University of Washington, Seattle, WA and
A. S. Chandler, John Fluke Manufacturing Company, Mountlake
Terrace, WA

3. Backscatter Inversion in Spherically Asymmetric lonosphere 261
R. E. DuBroff, Phillips Petroleum Company, Bartiesville, OK
and N. N. Rao and K. C. Yeh, University of I1linois at Urbana-

Champaign, Urbana, IL

4, Specific Properties of Backscattering of Radio Waves on 262
Magneto-Oreinted lonospherical Irregularities at Frequencies
below Critical Frequency
S. A. Namazov, Institute of Radiocengineering and Electronics,
Moscow, USSR, and Yu. A. Kravtsov, The Moscow Lenin State
Teacher's Training Institute, USSR '

5. . Effects of Magnetospheric Disturbances on the Geoelectric 266
Field in Sub-Auroral Regions and its Interaction with HV-DC/AC
Electrical Power Lines
W. M. Boerner, U.1.C.C., Chicago, IL and University of Manitoba,
Winnipeg, Canada, J. Cole, U.1.C.C., Chicago, IL, D. E. Olson,
University of Minnesota, Duluth, MN, W. R. Goddard, and
D. H. Hall, University of Manitoba, Winnipeg, Canada

6. An Update of the Program to Assess the Impact of the Operation 267
of the Satellite Power System
C. M. Rush, U. S. Department of Commerce, Boulder, CO
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SESSION G-2
TUESDAY AM 8:30-12:00
HUB 309-A

TRANSMISSION AND iN-SITU MEASUREMENTS OF NATURAL AND ENHANCED
{ONOSPHERIC IRREGULARITIES

Chairman: C. Rino

Stanford Research Institute
Menlo Park, CA

On the Ratio of Intensity and Phase Scintillation Indices
E. J. Fremouw, Physical Dynamics, Inc., Bellevue, WA

Longitudinal Sensitivity of Equatorial Scintillation as
Discovered in the 1978 Equatorial Scintillation Campaign

J. P. Mullen, H. E. Whitney, J. Aarons, Air Force Geophysics
Laboratory, Hamscom AFB, MA and K. C. Yeh, University of
I1linois, Urbana, IL

Observations of lonospheric Bubbles at the Magnetic Equator
C. H. Liu, K. C. Yeh, University of lllinois, Urbana, IL
and H. Soicher, U. S. Army Communication Research and
Development Command, Fort Monmouth, NJ

Direct Comparison of In-Situ Plasma Density and VHF/UHF
Phase Scintillation Measurements

M. Kelley, Cornell University, lthaca, NY, D. L. Knepp,
Mission Research Corporation, Santa Barbara, CA and

K. D. Baker, Utah State University, Logan UT

On the Signal Statistics of Scintillation
E. J. Fremouw, Physical Dynamics, INc., Bellevue, WA

Signal Coherrence Properties Obtained from Wideband .

Satellite Data
D. L. Knepp, Mission Research Corporation, Santa Barbara, CA

Some Characteristics of Phase and Intensity Scintillation in
Alaska

E. J. Fremouw and J. M. Lansinger, Physical Dynamics, Inc.,
Bellevue, WA
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SESSION G-3
TUESDAY PM 1:30-5:00
HUB 309-A

POLARIZATION EFFECT AND LARGE-SCALE STRUCTURES OF THE IONOSPHERE

‘Chairman: J. Aarons

Air Force Geophysics Laboratory
Hanscom AFB, MA

Distortion and Depolarization by the lonosphere of L. Band
Signals Coded by Phase Reversals: Full Wave Solutions
E. Bahar and B. S. Agrawal, University of Nebraska, Lincoln, NE

Antenna Polarization Considerations for HF Broadcast Systems
Near the Geomagnetic Equator

P. M. Hansen, W. J. Fay, Naval Ocean Systems Center,

San Diego, CA

A New Approach Based on Physical Optics for Computing Field
Strengths in the Region of a Caustic with a Comparison with
Full Wave Theory in the Region of the lonospheric Skip

H. Hoogasian, GTE Sylvania, Needham, MA, D. B. Odom and

T. 1. S. Boak, !l1, Raytheon Company, Wayland, MA

Concave-Mirroring by Curved Field-Aligned Irregularities in
the F Region .

J. A, Ferguson, Naval Ocean Systems Center, San Diego, CA and
H. G. Booker, University of California, San Diego, La Jolla, CA

Estimation of the Effects of Horizontal Gradients in
Refractive Indexon lonospheric Propagation Parameters
S. Silven, GTE Sylvania Incorporated, Mountain View, CA

A Study of the Propagation and Dispersion of Traveling
lonospheric Disturbances
K. A. Ballard and M. G. Morgan, Dartmouth College, Hanover, NH
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SESSION H
WEDNESDAY PM 2:00-5:30
HUB 106-B

OBSERVED AND PREDICTED PHENOMENA IN LABORATORY AND NATURAL PLASMAS

Chairman: F. W. Crawford

1.

Stanford University
Stanford, CA Page’

A Method for the Evaluation of Solar Coronal Plasma Propagation 284
Speeds by Radio Occultation of Space Probes

E. Luneburg, Institut fur Hochfrequenztechnik, Oberpfaffenhofen,

West Germany, P. B. Esposito, Jet Propulsion Laboratory,

Pasadena, CA

Some Features of Pararesonance (PR) Whistlers ‘ 285
M. G. Morgan, Dartmouth College, Hanover, NH

Dispersion Characteristics of Plasma Wave- Packets 286
R. J. Vidmar and F. W. Crawford, Stanford University, Stanford, CA

Transmission and Reflection of Waves from a Magnetoplasma by an 287
Invariant Method
H. C. Chen, Ohio University, Athens, OH

Resonant Absorption of Radiation in the Sheath of a Cold Plasma 288
Surrounding a Wire Carrying a Prescribed Periodic Driving

Current

M. P. H. Weenink and S. Nagarajan, Technische Hogeschool

Eindhoven, The Netherlands

Electromagnetic Pulse (EMP) Propagation Through a Plasma 289
R. N. Carlile, A. Cavalli, W. L. Cramer, M. E. Dunham, and
W. A. Seidler, University of Arizona, Tucson, AZ

Fluid Theory of Plasma Double-Layers 290
J. S. Levine and F. W. Crawford, Stanford University, Stanford, CA

Nonlinear Effects in Waveguide Excitation of Lower Hybrid Waves 291
R. W. Motley and W. M. Hooke, Princeton University, Princeton, NJ

Amplitude and Phase Modulation of a Wave due to Nonlinear Wave- 292
Wave Interactions ,

Y. C. Kim and E. J. Powers, University of Texas at Austin,

Austin, TX
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" SESSION NL-1
THURSDAY AM 8:45-11:50
HUB ROOM 106B

NONL INEAR ELECTROMAGNETICS 1

Plenary Session, Co-Sponsored by AP-S, URS| COMMISSIONS B, D, and H
and the Bioelectromagnetics Society

INVITED PAPERS
Organizer: P. L. E. Uslenghi

Chairman: N. Marcuvitz
Polytechnic Institute of New York
Farmingdale, NY

. Introductory Remarks
P. L. E. Uslenghi, University of lllinois at Chicago Clrcle,
Chicago, IL

2. History of the Solitary Wave
A. C. Scott, University of Wisconsin, Madison, Wl

3. Solitons as Particles and as Collective Excitations
D. W. MclLaughlin, University of Arizona, Tucson AZ

L4, Quasiparticle Method in Nonlinear Wave Propagation
N. Marcuvitz, Polytechnic Institute of New York, Farmingdale, NY

5. Largrangian Methods in Nonlinear Plasma Wave Interaction
F. W. Crawford, Stanford University, Stanford, CA

6. HNonlinear Interactions Between Electromagnetic Waves and
Biological Materials in the Frequency Range Below 10GHz
F. S. Barnes, University of Colorado, Boulder, CO
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SESSION NL-2

(Co-sponsored by B and BEMS)
THURSDAY PM 1:30-5:00

HUB 106B

NONL INEAR ELECTROMAGNETICS |1

Co-chairmen: F. S. Barnes, University of Colorado, Boulder, CO
W. R. Adey, Veterans Adminstration, Loma Linda, CA Page

1. Biological Sensors for the Detection of Electric and 301
Magnitic Fields
A. J. Kalmijn, Woods Hole Oceanographic Institution, Woods
Hole, MA

2. The Sensitivity of Biochemical Reactions to Weak Oscillating 302
Stimuli
L. K. Kaczmarek, California Institute of Technology, Pasadena CA

3. Low Frequency Electromagnetic Induction of Electrochemical 303
Information at Livng Cell Membranes: A New Tool for the Study
and Modulation of the Kinetics of Cell Function
A. A. Pilla, Columbia University, New York, NY

4. Nonlinear Impedance and Low Frequency Resonance of Polyelec- 304
trolyte Under High Sinusoidal Fields
C. J. Hu, University of Colorado, Boulder, CO

5. Neuronal Membranes as Detectors of RF Fields 307
H. Wachtel, Duke University, Durham, NC
6. A Nonlinear Microwave Radiation Effect on the Passive Efflux 308

of Sodium and Rubidium from Rabbit Erythrocytes ‘
R. B. Olcerst, New York University Medical Center, New York,NY

7. Induction of Calcium lon Efflux from Brain Tissue by R. F. 309
Radiation: Effect of Sample Number and Modulation Frequency on
the Field-Strength Window
C. F. Blackman, S. G. Benane, J. A, Elder, D. E. House,
J. A. Lampe and J. M. Faulk, US Environmental Protection Agency
Research Triangle Park, NC

8. Nonlinear Mechanisms in Electrical Transductive Coupling at 310

Nerve Cell Membranes
A. R. Sheppard and W. R. Adey, VA Medical Center, Loma Linda, CA
and Loma Linda University School of Medicine, Loma Linda, CA
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SESSION NL-3

(Cosponsored by AP-S and B)
FRIDAY AM 8:30-12:00

HUB 1068

NONL INEAR ELECTROMAGNETICS ]I
Organizer: P. L. E. Uslenghi
Chairman: A. C. Scott -

University of Wisconsin
Madison, WI

Analysis of Mild Nonlinearities in Electromagnetic Systems
Using the Volterra-Series Approach

T. K. Sarkar, Rochester Institute of Technology, Rochester, NY
and D. D. Weiner, Syracuse University, Syracuse, NY

Nonlinearly Loaded Antennas
G. Franceschetti, University of I1linois at Chicago Circle
and University of Naples, Italy

The Characteristics of a Traveling-Wave, Linear Antenna with
a Nonlinear Load
M. Kanda, National Bureau of Standards, Boulder, CO

A Time-Domain Computer Code for Nonlinear Circuits and Thin-
Wire Antennas
J. A. Landt, Los Alamos Scientific Laboratory, Los Alamos, NM

Transient Corona Effects on Long Wire Antennas

K. C. Chen, J. P. Castillo, C. E. Baum and H. A. Goodwin,

Air Force Weapons Laboratory, Kirtland AFB, NM and P. S. Book,
Kaman Sciences Corporation, Colorado Springs, CO

The Inverse Problem for a Nonuniform and Nonlinear Transmission
Line

C. Q. Lee, B. C. Phan and P. L. E. Uslenghi, University of
I1linois at Chicago Circle, Chicago, IL

Bispectral Study of Nonlinear Wave-Wave Interactions
E. J. Powers and Y. C. Kim, University of Texas at Austin,
Austin, TX

Solitons in Randomly Inhomogeneous Media
I. M. Besieris, Virginia Polytechnic Institute and State
University, Blacksburg, VA

The Effects of Dielectric and Soil Nonlinearities on the
Electromagnetic Transient Response of Cables Lying on the
Surface of the Earth

R. A. Perala and R. B. Cook, Electro Magnetic Applications,
Inc., Golden, CO

Variation of the Internal Electric Field in a Steel Cylinder
Resulting from an impulse Surface Current

W. J. Croisant and P. Nielsen, U.S. Army Construction
Engineering Research Laboratory, Champaign, IL
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SESSION NL-3
FRIDAY AM 8:30-12:00

HUB 106B _
NONL INEAR ELECTROMAGNETICS 111 (continued) Page
11. The Geometric Optics in Non-Linear Wave Theory 322

A. B. Shvartsburg, IZMIRAN, Academgorodok, Moscow Region, USSR

12. The Non-Linear Resonances in the Lower lonosphere 323
A. B. Shvartsburg, IZMIRAN, Academgorodok, Moscow Region, USSR
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SESSION BEMS - 1
MONDAY AM 8:30-10:00
HUB AUDITORIUM

OPENING SESSION

Chairperson: A. W. Guy
University of Washington

Seattle, WA
WELCOMING REMARKS
1. A. W. Guy, Chairman, Technical Program Committee
2. R. Baird, Chairman, Commission A. USNC/URSI
3. E. L. Alpen, President, The Bioelectromagnetics Society

ADDRESSES

1. Keynote Address, W. A. Goeffrey Voss
From Mice to Man

2. USA-USSR EM Research Exchange Program: Progress Report,
D. !. McRee, USA
M. G. Shandala, USSR

3. EM Research Program: Institute of Biological Physics,
Academy of Sciences, USSR
I. G. Akoev, USSR
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SESSION BEMS - 2
MONDAY AM 10:20-11:50
HUB AUDITORIUM

THERMOREGULAT ION

Chairperson: D. R. Justesen

Veterans Administration Medical Center
Kansas City, MO

Metabolic and Physical. Scaling in Microwave/Radiofrequency
Bioeffects Studies

Sol M. Michaelson and Shin-Tsu Lu, University of Rochester
School of Medicine and Dentistry, Rochester, NY

Differential Heating of the Cortex, Hypothalamus and Rectum
in Three Species by 2450-MHz Microwaves

Virginia Bruce-Wolfe, Dennis L. Reeves and Don R. Justesen,
Veterans Administration Medical Center, Kansas City, MO

Thermal Effects on Colonic and Regional Brain Temperature

in Unanesthetized Rats Exposed to 2450 MHz CW Microwaves

W. M. Williams, Shin-Tsu Lu, and S. M. Michaelson, University
of Rochester School of Medicine and Dentistry, Rochester, NY

Modification of Microwave Biological End-Points by Increased
Resting Metabolic Heat Load in Rats

Shin-Tsu Lu, Nancy Lebda, Sue Pettit, and Sol M. Michaelson,
University of Rochester School of Medicine and Dentistry,
Rochester, NY

Microwave Modification of Thermoregulatory Behavior:
Threshold and Suprathreshold Effects

Eleanor R. Adair, John B. Pierce Foundation Laboratory and
Yale University, New Haven, CT

Microwaves Affect Thermoregulatory Behavior in Rats

S. Stern, L. Margolin, B. Weiss, §.-T. Lu, $. M. Michaelson
School of Medicine and Dentistry, University of Rochester,
Rochester, NY
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SESSION BEMS - 3
MONDAY PM 1:30-3:00
HUB AUDITORIUM

NERVOUS SYSTEM

Chairperson: R. H. Lovely
University of Washington

Seattle, WA Page
1. Microwave Effect on the Parameters of the Model Synaptic 334
Membrane
0. V. Kolomitkin, V. |. Kuznetsov, and I. G. Akoev, institute

of Biological Physics, USSR Academy of Sciences, Pushchino
Moscow Region 142292, USSR

2, Evidence of Neuropathology in Chronically Irradiated Hamsters 335
by 2450 MHz Microwaves at 10mW/cm2
Ernest N. Albert, George Washington University Medical Center,
Washington, DC

3. Elimination of Microwave Effects on the Vitality of Nerves 336
After Active Transport Has Been Blocked
Donald 1. McRee, National Institute of Environmental Health

Sciences, Research Triangle Park, NC and Howard Wachtel,
Duke University, Durham, NC

L. Effects of Radio Frequency Fields on the EEG of Rabbit Brains 337
Shiro Takashima and Herman P. Schwan, University of Pennsylvania
Philadelphia, PA

5. In Vitro Study of Microwave Effects on Calcium Efflux in Rat 338
" Brain Tissue
W. W. Shelton, Jr., Florida Institute of Technology, Melbourne,
FL and J. H. Merritt, USAF School of Aerospace Medicine,
Brooks AFB, TX

6. Retinal Ganglion-Cell Activity Induced by ELF- Fields 339
P. LOvsund, P. A. Uberg and S. E. G. Nilsson, Llnkoplng
University, Llnkoplng, Sweden
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SESSION BEMS - 4
MONDAY PM 3:20-4:50
HUB AUDITORIUM

PHYSIOLOGY

Chairperson: J. A. Elder
Environmental Protection Agency

Research Triangle Park, NC Page
1. Bioeffects at the lmpact of Low Level Electromagnetic Micro- 34

wave Field of 9400 MHz

Yu. D. Dumansky, N. G. Nikitina, I. P. Loss, L. A. Tomashewskaya,
E. R. Holyavko, L. G. Andrienko, S. A. Lyubchenko, S. V. Zotov
Kieve A. N. Marzeev Scientific Research Institute of General

and Communal Hygiene, Kieve, USSR

2. Microwave Short-Time Exposure Effect on Gonads 342
A. Ch. Achmadieva, E. N. Smirnova, and [. G. Akoev, Institute
of Biological Physics, USSR Academy of Sciences, Pushchino
Moscow Region 142292, USSR

3. Changes in the Electrocardiograms of Rats and Dogs Exposed 343
to DC Magnetic Fields
C. T. Gaffey and T. S. Tenforde, Lawrence Berkeley Laboratory,
University of California, Berkeley, CA

L, Cardiovascular Response of Rats Exposed to 60-Hz Electric 344
Fields
D. |. Hilton and R. D. Phillips, Pacific Northwest Laboratory,
Richland, WA

5. Dual Actions of Microwaves on Serum Corticosterone in Rats 345
Shin-Tsu Lu, $. Pettit and S. M. Michaelson, University of
Rochester School of Medicine and Dentistry, Rochester, NY

6. Endocrine Function in Rhesus Monkeys and Rats Exposed to 1.29 346
GHz Microwave Radiation
W. G. Lotz, Naval Aerospace Medical Research Laboratory, -
Naval Air Station, Pensacola, FL
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SESSION BEMS - 5
TUESDAY AM 8:30-10:00
HUB AUDITOR UM

THEORETICAL/EXPERIMENTAL DOSIMETRY (1)

Chairperson: R. A, Tell
Environmental Protection Agency

Las Vegas, NEV Page
1. Measurements of the RF Power Absorption in Human and Animal 348

Phantoms Exposed to Near-Field Radiation

J. F. lIskander, H. Massoudi, C. H. Durney, University of Utah,
Salt Lake City, Utah and S. J. Allen, U.S.A.F. School of
Aerospace Medicine, Brooks Air Force Base, TX

2. Real Time Measurement of RFR Energy Distribution in the 349
Macaca Mulatta Head
J. G. Burr and J. H. Drupp, USAF School of Aerospace Medicine,
Brooks Air Force Base, TX -

3. A Method of Calculating Electromagnetic Absorption Under 350
Near-Field Exposure Conditions
I. Chatterjee, O. P. Gandhi, M. J. Hagmann, and A. Riazi,
University of Utah, Salt Lake City, UT

L. Near-Field lIrradiation of Cylindrical Models of Humans and 351
Animals
C. K. Han, M. F. Iskander, C. H. Durney, and H. Massoudi,
University of Utah, Salt Lake City, UT

5. Experimental and Analytical Study on Interaction Between 352
Near-Zone EM Field of CB-Radio Antenna and Human Body
K. Karijuliah, D. P. Nyquist, and Kun-Mu Chen, Michigan State
University, East Lansing, Ml

6. A Thermal Model of the Human Body Exposed to an Electromagnetic 353
Field
D. M. Deffenbaugh, R. J. Spiegel, and J. E. Mann, Southwest
Research Institute, San Antonio, TX
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SESSION BEMS - 6
TUESDAY AM 10:20-11:50
HUB AUDITOR UM

THEORETICAL/EXPER IMENTAL DOSIMETRY (11)
Chairperson: J:. C. Mitchell

USAF School of Aerospace Medicine
Brooks AFB, TX

Far-Field Microwave Dosimetry in a Rhesus -Monkey Model
R. G. Olsen, T. A. Griner, and G. D. Prettyman, Naval
Aerospace Medical Research Laboratory, Pensacola, FL

A System for Determining the Radiofrequency Absorption
Coefficient of the Human Body in the High Frequency Band

D. A. Hill, Defence Research Establishment, Ottawa, Canada
H. M. Assenheim, G. W. Hartsgrove, National Research Council
of Canada, Ottawa, Canada and G. A. Grant, Scientific
Consultant LTD, Ottawa, Ontario

Electromagnetic Absorption in Multilayered Cylindrical Models
of Man

H. Massoudi, C. H. Durney, P. W. Barber, and M. F. Iskander,
University of Utah, Salt Lake City, UT

Electromagnetic Interaction with Human Phantom Models;
Applications to Mobile Radios

L. H. Belden, Major Appliance Laboratories, Louisville, KY
and J. A. Bergeron, Corporate Research and Development,
Schenectady, NY

Modification of .the Extended Boundary Condition Method for
Models of Man at and Above the Resonant Frequency

M. J. Hagmann, F. S. Stenger, and P. W. Barber, University
of Utah, Salt Lake City, UT

Electric and Magnetic Field Intensities and Associated Induced
Body Currents in Man in Close Proximity to a 50 kW AM

Standard Broadcast Station

R. A. Tell and E. D. Mantiply, Electromagnetic Radiation
Analysis Branch, Las Vegas, NV, C. H. Durney and H. Massoudi,
University of Utah, Salt Lake City, UT
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SESSION BEMS - 7
WEDNESDAY PM 2:00-4:35
HUB AUDITORIUM

BLOOD BRAIN BARRIER

Chairperson: E. L. Hung

. Walter Reed Army Institute of Research
Washington, DC

Is the Blood-Brain Barrier Altered by RF Irradiation?

D. H. Spackman, V. Riley, Pacific Northwest Research Founda-
tion and Fred Hutchinson Cancer Research Center, Seattle, WA
A. W. Guy and C. K. Chou, The University of Washington,
Seattle, WA

Cerebrovascular Permeability to II'C—Surcrose in the Rat
Following 2450 MHz CW Microwave Irradiation

E. Preston and G. Prefontaine, Division of Biological Sciences,
National Research Council of Canada, Ottawa, Canada

Studies on Microwave and Blood-Brain Barrier Interactions

J. €. Lin and M. F. Lin, Department of Electrical Engineering
and Department of Physical Medicine and Rehabilitation, Wayne
State University, Detroit, MI

Effect of Low-Level Microwave Irradiation on the Uptake of
Horseradish Peroxidase by Synaptosomes

L. M. Irwin, J. L. Lords and C. H. Durney, Departments of
Biology and Electrical Engineering, University of Utah,
Salt Lake City, UT

Drug Studies of MWR Effects on the Blood Brain Barrier
R. M. Lebovitz, Department of Physiology, University of Texas,
Dallas, TX

Effects of Low Power Microwaves on the Local Cerebral Blood
Flow of Conscious Rats

K. J. Oscar, U.S. Army Mobility Equipment Research and Develop-
ment Command, Fort Belvoir, VA and Department of Physics,
American University, Washington, DC

S. P. Gruenau, M. Folker, Behavioral Sciences Department,

Naval Medical Research Institute, Bethesda, MD

S. I. Rapoport, Laboratory of Neurosciences, National

Institute on Aging, Gerontology Research Center, Baltimore

City Hospital, Baltimore, MD

Ultrastructural Neuropathology in Areas of Increased Blood-
Brain Permeability after Microwave Irradiation

E. N. Albert, Department of Anatomy, George Washington
University Medical Center, Washington, DC

Microwave Fever: An Attempt to Transfer Pneumococcal Antibody
Across the Cerebrospinal-Fluid (CSF) Barrier

G. R. Hodges, S. E. Worley, D. L. Reeves, Veterans Administra-
tion Medical Center, Kansas City, MO

D. R. Justesen, University of Kansas School of Medicine,
Kansas City, KS
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SESSION BEMS - 7
WEDNESDAY PM 2:00-4:35
HUB ADUITORIUM

BLOOD BRAIN BARRIER (Continued) Page
9. The Effect of Power Deposition Rate on Blood-Brain Barrier 370
Disruption

C. H. Sutton, Q. Balzano, F. B. Carroll, University of Miami
School of Medicine, Miami, FL and Motorola, Inc., Plantation,
FL )
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SESSION BEMS - 8
THURSDAY AM 8:30-10:15
HUB AUDITORIUM

DIELECTRIC PROPERTIES: PHYSICAL MEASUREMENT

Chairperson: J. C. Lin
Wayne State University

Detroit, Ml Page
l. Tissue Impedance Measurements Using the Microwave Network 372

Analyzer

J. R. Schepps, K. R. Foster, Department of Bioengineering/D2,
University of Pennsylvania, Philadelphia, PA

A. W. Friend, Jr., Naval Medical Research Institute,
Bethesda, MD

2.  Microwave Dielectric Absorption of Muscle Tissue: Evidence 373
for Multiple Absorption Mechanisms between 1 and 18 GHz
K. R. Foster, J. L. Schepps, H. P. Schwan, Department of
Bioengineering/D2, University of Pennsylvania, Philadelphia, PA

3. Efectromagnetic Dosimetry: Development of Analysis and 374
Measurement Techniques for Three-Dimensional Complex-Shaped
Dielectric Bodies
E. C. Burdette, F. L. Cain, and J. J. Wang, Electromagnetic
Effectiveness Division, Georgia Institute of Technology,

Atlanta, GA

b, Automated Dielectric Measurements with a Small Monopole 375
Impedance Probe
T. W. Athey, Bureau of Radiological Health, Rockville, MD

5. A Temperature Monitor for Microwave Bioeffects Research and 376
Electrothermia Therapy
R. R. Bowman, Vitek, Inc., Boulder, CO

6. Measurement of Electric and Magnetic Field Strengths from 377
Industrial Radiofrequency (6-38 MHz) Plastic Sealers
D. L. Conover, W. E. Murray, Jr., E. D. Foley, J. M. Lary,
and W. H. Parr, National Institute for Occupational Safety
and Health, U.S. Department of Health, Education, and Welfare,
Cincinnati, OH

7. Electromagnetic Hazards in Safety Zone of Radio- and TV 378
Transmitters
H. R. Korniewicz, Centralny Instytut Ochrony Pracy, Warszawa,

Poland
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SESSTON BEMS - 9
THURSDAY AM 10:35-11:50
HUB AUDITORIUM

SPECIAL TOPICS
Chairman: E. N. Albert

George Washington University
Washington, DC

Immunological Effects of Low Microwave Exposure

M. G. Shandala, M. 1. Rudnev, G. I. Vinigradov, N. G. Belonozhko,

N. M. Gonchar, Kieve Research Institute of General and
Municipal Hygiene after A. N. Marzeev, Kiev, USSR

Microwave Effect on Lipid Bilayer Modified by Polyene Anti-
biotics

V. V. Tyashelov, S. |. Alekseev, and V. 1. Mirutenko,
Institute of Biological Physics, USSR Academy of Sciences,
Pushchino Moscow Region, USSR

The Biological Effects of the Low Frequency Electromagnetic
Field (50 Hz)

M. G. Shandala, Yu. D. Dumansky, Ye. V. Prohvatilo, |. P. Loss,
L. A. Tomashewskaya, S. A. Lyubchenko, |. S. Bezdolnaya,

Yu. 1., Vasilenko, Kieve A. N. Marzeev Scientific Research
Institute of General and Communal Hygiene, Kiev, USSR

The Possible Mechanisms of the Biological Effects of the
Electromagnetic Fields of Low Frequency

G. I. Evtushenko and F. A. Kolobub, Kharkov Research Institute
of Labour Hygiene and Occupational Diseases, Kharkov, USSR

Microwave Gastric Ulcer

V. V. Tyazhelov, V. P. Safronov, and B. K. Gavriliuk, Institute
of Biological Physics, USSR Adademy of Sciences, Pushchino
Moscow Region 142292, USSR
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SESSION BEMS - 10
FRIDAY AM 8:30-10:00
HUB AUDITORIUM

ROUND TABLE:

Moderator:

Panel:

CELLULAR EFFECTS, RAMAN SPECTRA AND MILLIMETER WAVES

0. P. Gandhi
University of Utah
Salt Lake City, UT

T. W. Athey
Bureau of Radiological Health
Rockville, MD

K. H. I1liger
Tufts University
Medford, Ml

S. Motzkin
Polytechnic Institute of New York
Brooklyn, NY

L. M. Partlow
University of Utah
Salt take City, UT

J. P. Sheridan
Naval Research Laboratory
Washington, DC
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SESSION BEMS - 11
FRIDAY AM 10:20-11:50
HUB AUDITORIUM

MEDICAL APPLICATIONS

Chairperson: S. M. Michaelson

University of Rochester

Rochester, NY Page

Dynamics of Organism Behavioral Reactions Changes Caused by 387
Microwave Radiation

M. I. Rudnev, M. A. Navakatikian, Kiev A. N. Marzeev

Scientific Research Institute of General and Communal Hygiene,

Kiev, USSR

Measurements of Electromagnetic Activities of the Human 388
Body in the Frequency Region | KHz - 2 GHz
B. Enander .and G. Larson, Royal Institute of Technology,

. Stockholm, Sweden

Microwave Diathermy Treatment of the Human Thigh: The 389
Simultaneous Measurement of Muscle Blood Flow (MBF) and

Temperature of the Human Thigh During Microwave Diathermy

K. M. Seknins, A. F. Emery, Department of Mechanical Engineering,
University of Washington, Seattle, WA

J. F. Lehmann, D. Dundore, Department of Rehabilitation

Medicine, University of Washington, Seattle, WA

W. B. Nelp, Department of Nuclear Medicine, University of
Washington, Seattle, WA

Immunologic Aspects in Cancer Treatment by Microwave Hyper- 390
thermia

W. Roszkowski, S. Szmigielski, and M. Janiak, Center for
Radiobiology and Radioprotection, Warsaw, Poland

Microwave Effects on Energy Levels of Brain and Malignant 391
Brain Tumor )

A. P. Sanders, D. J. Schaefer and W. T. Joines, Department

of Radiology and Department of Electrical Engineering,

Duke University, Durham, NC

Electrical Stimulation of Alveolar Bone 392
D. B. Harrington, T. A. Chen, P. Mollica and F. Davis,

School of Dentistry, Fairleigh Dickinson University,

Hackensack, NJ
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SESSION BEMS - 12
FRIDAY PM 1:30-3:00
HUB AUDITORIUM

REPRODUCTION, GROWTH, AND DEVELOPMENT (1)

Chairperson: Z. R. Glaser
National Institute for Occupational Safety and Health
Rockvilie, MD Page

1. In Vivo Study of 60 Hz Electric Field Effects 394
D. M. Koltun, S. N. Ackerman, D. M. Weissfeld, J. M. Seto,
Y. J. Seto, Electroscience and Biophysics Research Laboratories,
Tulane University, New Orleans, LA

2. Growth of Rats and Mice Exposed to 60-Hz Electric Fields 395
R. D. Phillips, J. H. Chandon, D. I. Hilton and R. L. Sheldon,
Biology Department, Pacific Northwest Laboratory, Richland, WA

3. Effects of Exposure to 60 Hz Electric Fields on Growth and 396
Development in the Rat
L. D. Montgomery, L. G. Smith, and M. R. Sikov, Pacific
Northwest Laboratory, Richland, WA

k.  Chronic Exposure of Rats to 100-MHz (CW): Assessment of 397
Biological Effects
R. J. Smialowicz, E. Berman, S. J. Bursian, J. B. Kinn,
C. G. Liddle, L. W. Reiter and C. M. Weil, Experimental
Biology Division (MD-72), Research Triangle Park, NC

5. The Effect of Prenatal Microwave Exposure on the Development 398
of Behavioral Responses in the Mouse
J. C. Monahan, Bureau of Radiological Health, Rockville, MD

6. Development Alterations in Rats Following In-Utero Exposure 399
to 500 uw/cmz, 2450-MHz Microwaves
S. J. Y. Mizumori, R. H. Lovely, R. B. Johnson and A. W. Guy,
Departments of Rehabilitation Medicine and Psychology,
University of Washington, Seattle, WA
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SESSION BEMS - 13
FRIDAY PM 3:20-5:05
HUB AUDITORIUM

REPRODUCT ION, GROWTH, AND DEVELOPMENT (i)

Chairperson: M. L. Shore
Bureau of Radiological Health

Rockville, MD Page
1. The Effect on the Heart Rate of Embryonic Quail of 2450 MHz 401
Electromagnetic Waves
P. E. Hamrick and D. I. McRee, Department of Health, Education,

and Welfare, National Institute of Environmental Health
Sciences, Research Triangle Park, NC

2. Teratogenicity of 27.12 MHz Radiofrequency Radiation in Rats Lo2
J. M. Lary, D. L. Conover, E. D. Foley, and P. L. Hanser,
National Institute for Occupational Safety and Health, U.S.
Department of Health, Education, and Welfare, Cincinnatti, OH

3. Studies Concerning the Effects of Non-Thermal Protracted 4o3
Prenatal 2450 MHz Microwave irradiation on Prenatal and
Postnatal Development in the Rat
R. P. Jensh, W. H. Vogel, J. Ludlow, T. McHugh, and R. L.
Brent, Departments of Anatomy, Pharmacology, and Radiology,
Thomas Jefferson University, Philadelphia, PA

LR Exposure of Pregnant Mice to 2.45 GHz Microwave Radiation Lok
D. 1. McRee, P. Nawrot, National Institute of Environmental
Health Sciences, Research Triangle Park, NC

5. Teratogenic Effects. of RF Radiation on Mice 405
J. C. Nelson, J. C. Lin, Department of Electrical and Computer
Engineering, Wayne State University, Detroit, M}

E. Ekstrom, Department of Comparative Medicine, Wayne State
University, Detroit, Ml

6. Observations of Rat Fetuses after lrradiation with 2.45 GHz 406
(CW) Microwaves
E. Berman, H. B. Carter, U.S. Environmental Protection Agency,
Health Effects Research Laboratory, Research Triangle Park, NC
D. House, U.S. Environmental Protection Agency, Statistics
and Data Management Office, Research Triangle Park, NC

7. Teratology in Rats Exposed to 2450 MHz Microwaves at Intense Loy
and Intermediate Dose Rates
M. E. Chernovetz, University of Tulsa, Tulsa, 0K
D. L. Reeves and D. R. Justesen, Kansas City Veterans Admini-
stration Medical Center, Kansas City, MO
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BEMS POSTER SESSION A
TUESDAY PM 1:30-4:50
HUB 108 WEST LOUNGE

Co-Chairperson: P. Kramar

University of Washington
Seattle, WA

Co-Chairperson: W. A, G. Voss

University of Alberta
Edmonton, Alba., Canada

MEDICAL APPLICATIONS (Paper Nos. 1 - 15)

DOSIMETRY (Paper Nos. 16 - 24)
CELL BIOLOGY (Paper Nos. 25 - 36)
BEHAVIOR (1) (Paper Nos. 37 - 48)

1.

A Microwave Diathermy Applicator

M. A. Stuchly, Health and Welfare Canada, Ottawa, Ont.,

S. S. Stuchly, University of Ottawa, Ottawa, Ont., G. Kantor,
U. S. Dept. of Health Education and Welfare, Rockville, MD

Measured Patterns of Stray Radiation Produced by Therapeutic
Microwave Applicators When Applied to Tissue-Substitute
Models and Human Subjects

J. F. Lehmann, A. W. Guy, and J. Wallace, University of

Washington, Seattle, WA

Comparative Study of 2450 MHz and 915 MHz Diathermy Applicators
with Phantoms .
G. Kantor and D. M. Witters, FDA, Rockville, MD

Evaluation of 915-MHz and 2450-MHz Direct Contact Diathermy
Applicdtors

J. Wallace, A. W. Guy, J. A. McCougall, and J. F. Lehmann,
University of Washington, Seattle, WA

Microwave Diathermy Treatment of the Human Thigh: The
Experimental Measurement of the Muscle Blood Flow Response
and the Numerical Simulation of the Tissue Temperature
Response

A. F. Emery, K. M. Sekins, D. Dundore, J. F. Lehmann,

P. W. McGrath, and W. B. Nelp, University of Washington,
Seattle, WA

A Broadband and Compact Applicator for Deep Tissue Heating
Using Focused Microwaves
J. F. lIskander, C. H. Durney, D. A. Christensen, and A. Riazi,

University of Utah, Salt Lake City, UT

Deep Visceral Hyperthermia in Man Without Surface Tissue Injury
F. K. Storm, W. H. Harrison, R. W. Elliott, D. L. Morton,
University of California School of Medicine, Los Angeles, CA
and Veterans Administration Hospital, Sepulveda, CA
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10.

12.

13.

1k,

17.

Localized RF Hyperthermia on Hamster Cheek Pouch Carcinoma
D. P. Colvin, B. S. Burgess, and A. L. Patra, Becton,
Dickinson Research Center, J. D. Doss, Los Alamos Scientific
Laboratory, Los Alamos, NM, and B. R. Marsh and J. K. Frost,
Johns Hopkins University Medical Center, Baltimore, MD

Localized Microwave Hyperthermia at X-Band on External
Tumors in Mice

A. Feldman, University of Hawaii, Honotulu, HI, and L. H.
Piette, Cancer Center of Hawaii, Honolulu, HI

Localized Hyperthermia in Dog Brain Using an Invasive
Microwave Probe

D. DeSieyes, B. §. Trembly, R. Matic, Thayer School of Engi-
neering, D. W. Roberts, Dartmouth College Medical School,

J. W. Strohbehn, E. B. Douple, S. Brown, Thayer School of
Engineering and Dartmouth College Medical School, and

P. Runstadler, Creare, inc., Hanover, NH

Electrical Properties of Tissue Equivalent Bolus for Microwave
Hyperthermia :

A. Y. Cheung, G. H. Harrison and L. S. Taylor, University of
Maryland, College Park, MD, and P. D. Hrycak, Westinghouse
Electric Corp., Baltimore, MD

A System for Producing Localized Hyperthermia in Brain Tumors
Through Magnetic Induction Heating of Ferromagnetic Implants

P. R. Stauffer, T. C. Cetas, R. C. Jones, and M. R. Manning,

University of Arizona, Tucson, AZ

Validation of Microwave Pulmonary Edema Detection by Isolated
Lung and Phantom Measurements

M. F. lIskander, C. H. Durney, B. H. Ovard, and D. G. Bragg
University of Utah, Salt Lake City, UT

Technical Aspects of Electromagnetic Techniques for Recovering
Cryogenically-Preserved Large Organs

J. Toler, J. Seals, and E. McCormick, Georgia Institute of
Technology, Atlanta, GA

Influence of Microwave-Induced Temperature Gradients on the
Uptake of Chemotherapeutic Agents by Experimental Brain
Tumors in Mice

C. H. Sutton and F. B. Carroll, University of Miami School
of Medicine, Miami, FL, and Q. Balzano, Motorola, Inc.,
Plantation, FL

Tensor Integral Equation Method Combined with Interation
Technique for Quantifying Induced EM Fields in Biological
Systems

K.-M. Chen and S. Rukspollmuang, Michigan State University,
East Lansing, Ml

Surface Integral Equation Method for Interaction of Microwave
with Biological Body

J.-H. Lee and K.-M. Chen, Michigan State University, East
Lansing, MI
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18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

Specific Absorption Rates in Mice Exposed to 918 and 2450 MHz
Circularly Polarized Guided EM Fields

A. W. Guy, C. K. Chou, J. F. Lehmann, W. Farnham, and J. A.
McDougall, University of Washington, Seattle, WA

Specific Absorption Rates Measured in Rats and Mice Exposed
to 2450, 425 or 100 MHz Radiofrequency Radiation

J. B. Kinn, U.S. Environmental Protection Agency, Research
Triangle Park, NC :

Waveguide Dosimetry Data on Mice, In Vivo, 2.5 - 4.2 GHz

Page

426

427

428

R. Turner, W. A. G. Voss, W. R. Tinga, P. Fisher and R. Rajotte,

University of Alberta, Edmonton, Alberta

A Study of the Heating Pattern of a Biological Body Inside a
Rectangular Waveguid

J. J. H. Wang, Georgia Institute of Technology, Atlanta, GA
and L. E. Larsen, Walter Reed Army Institute of Research,
Washington, DC

Estimation of Internal Power Absorption by Human Heads in
Presence of Electromagnetic Radiation

K. Quboa, H. T. Al Hafid and S. C. Gupta, University of Mosul,
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Energy Absorption from Small Radiating Probes in Lossy Media
M. L. Swicord, Bureau of Radiological Health, Rockville, MD
and C. C. Davis, University of Maryland, College Park, MD

Numerical Solutions for Microwave Power Absorptions in Body-
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Experimental Model for Detecting and Amplifying Subtle RF
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Hutchinson Cancer Research Center, and the University of
Washington School of Medicine, Seattle, WA
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J. Toler, J. Seals, and E. McCormick, Georgia Institute of
Technology, Atlanta, GA, and R. Vogler and L. Winton, Emory
University School of Medicine, Atlanta, GA
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A. Pilla, Columbia University, New York, NY
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E. Moody, C. McLerran, J. W. Frazer, and V. A. Segreto,
University of Texas Health Science Center, San Antonio, TX
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Submaxillary Salivary Gland of Rats
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and L. M. Partlow, Departments of Bioengineering, Electrical
Engineering, Microbiology, and Pharmacology, University of

Utah, Salt Lake City, UT
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M. J. Ottenbreit, S. Inoue, and M. Fracassa, Department of
Pediatrics, Wayne State University, Detroit, Ml

J. C. Lin, Department of Electrical Engineering, Wayne State
University, Detroit, Mi
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Effects of High Intensity 60 Hz Electric Fields on Primate 484
Behavior Exposure Facility, Field Measurement Techniques, and
Individual Performance
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An Optical Non-Perturbing Probe for Temperature Measurements 491
in Biological Materials Exposed to Microwave Radiation

F. Cavatorta, P. E. Schoen, J. P. Sheridan, Naval Research
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Plenary 1

RAYS AND MODES IN GGUIDED PROPAGATION

L.B. Felsen
Polytechnic Institute of New York
Route 110, Farmingdale, N. Y. 11735

Various physical environments permit guiding of high-
frequency signals, Examples are provided by tropospheric,
jonospheric or oceanic ducts formed by refractive index in-
homogenecities or by snterfaces separaling regions with
different material properties. Guiding also occurs along
concave surfaces and in dielectric waveguides, The prop-
agation characteristics of a signal radiated in such an
environment may be analyzed etlhor in ferms of raye or in
terms of guided modes. In many instances, Lthe required
number of multiply reflected rays or of modcs may be ex-
ceedingly large, thercby making calculation cumbersome
and necessitating truncation of cither the ray series or the
modes series, Quantitative estimates of the truncation
error have generally not been available, We shall demon-
strate that the truncation in either case can Lo accounted for
by a hybrid ray-mode field formulation, This judicjously
chosen mixture of rays and modes may be interpreted in two
ways: a certain numbor of guided modes accounts for rays
omitied from a truncated ray series, while a certain number
of rays accounts for modes omitted from a truncated mode
series. Appealing physical criteria determine the proper
ray-mode combination, Numerical advantages accrueé since
the number of rays and modes v equired in the hybrid
formulation is far less than when either the ray series or the
mode series is used individually. The utility of the hybrid
approach is demonstrated in various examples, (T.Ishihara,
1..B, Felsen and A, Green, IEEE Trans. Ant. Prop.,AP-26,
757-767, Nov, 1978; L. B, Felsen and T. Ishihara, J.Acoust,
Soc, Am. (to be published) ).




Plenary 2
THE INTERFEROMETER ARRAY IN RADIO ASTRONOMY

G. W. Swenson, Jr.
Departments of Electrical Engineering and Astronomy
University of Illinois at Urbana-Champaign
Urbana, Illinois 61801

Modern interferometer arrays (or correlator arrays),
as used for radio-astronomical research, differ in
several fundamental respects from "phased" antenna
arrays as used in radar and broadcasting services. The
interferometer arrays are used for receiving only, and
are non-reciprocal. They depend upon the incoherent
nature of cosmic radio waves and would be of limited
usefulness for receiving coherent signals from man-made
transmitters. However, they represent the most powerful
method for study of natural cosmic radio emitters at
very high angular resolution.

In this paper the basic theory of the correlator
interferometer is derived from first principles, and
the basic "transfer-function" method of array design
is described. Existing arrays of both "connected-element"
and "independent-local-oscillator” (VLBI) types are
illustrated.




Plenary 3

HISTORICAL OVERVIEN AND STATE OF THE ART
ON QUANTITATION OF EM BIO-EFFECTS

Arthur W. Guy, Ph.D.
Depar tment of Rehabilitation Medicine
University of Washington, Seattle, WA 98195

Investigations of EM Bio-effects beginning with the work of
physician-physiologist d'Arsonval have dealt principally with
the heating of tissues. The character of the heating became
better understood with the characterization of dielectric
properties of various tissues as a function of frequency
between 1927 and the mid-1950s. The EM fields and associated
heating patterns in exposed tissue were first analyzed in the
early 1950s with the use of simple models consisting of plane
layers of muscle, subcuntanious fat, and skin. BAnalyses after
1960 on prolate spheroid tissue models using static solutions
to determine low-frequency quasi-static field coupling and .
.spheres using the Mie theory to determine plane wave field
coupling characteristics with the bodies of humans indicated
that the absorption cross . section varies markedly with
frequency, displaying sharp minima and maxima.

In the mid-1960s experimental phantom models of various tissues
were developed and used for experimentally verifying the
theoretical analyses and determining field coupling and
absorption characteristics for more complex tissue structures
not amenable to theoretical analysis. From the late 1960s
until the present, thermography has played a powerful role in
measuring the EM field induced temperature changes in both
phantom and actual biological tissues allowing for a rapid and
accurate quantitation of the absorbed energy and electric field
distributions within the tissues. Both theoretical work and
the development of new instrumentation increased substantially
in the 1970s. Complex spherical models of the human head
consisting of a core of brain tissue and spherical shells
simulating the skull and the scalp indicated that hot spots or
localized regions of high energy absorption could occur in the
center of the brain with magnitudes much higher than observed
at the surface of the head due to the focusing of energy by the
high dielectric constant and spherical shape of the head. More
extensive analyses using spherical, prolate spherical, and
ellipsoidal models has recently created a much better
understanding of the absorbed energy patterns in the bodies of
man and animals exposed to EM fields. Theoretical work is
being backed up by careful experiments utilizing special
temperature sensing probes composed of microwave transparent
materials such as fiber optics and miniature leads of low
electrical oonductivity. Finite difference techniques and
other rumerical methods are being used for calculating EM field
and associated heating patterns in arbitrarily shaped bodies
more closely simulating man.




Plenary 4

SATELLITEBORNE SYNTHETIC APERTURE RADAR

K. Tomiyasu
General Electric Company
P.0. Box 8555
Philadelphia, Pa. 19101

The principles of operation of a synthetic aperture radar
(SAR) will be briefly reviewed, and examples of SAR borne by
satellites will be discussed. The SAR comprises a pulsed trans-
mitter, an antenna, and a phased coherent receiver. SAR
operation requires relative motion between the radar and the
scene. The antenna beam axis is oriented typically at right
angle to the satellite velocity vector. The amplitude and phase
of the received signals are collected for the duration of an
integration time after which the signal history is processed
to produce a high resolution two-dimensional image of the scene.
. High resolution in azimuth is achieved by focusing with a signal
processing technique, an extremely long antenna that is syn—
thesized from the coherent phase history.

In 1978 NASA launched the SEASAT satellite which carried
and L-Band SAR. From this highly successful experiment, numerous
images of oceanic, polar ice and terrestrial surfaces were
produced. For the Shuttle era, SAR sensors are being planned for
flight, and these Shuttle Imaging Radars are referred to as SIR-A
and SIR-B. A wide swath SAR employing an electronically scanned
phased array is being configured to map the polar ice caps. A
SAR has been configured to operate from a satellite in a 24-hour,
inclined and eccentric orbit. This SAR in geosynchronous orbit
can map the United States every 4.5 hours with 100-meter resolu-
tion. By using separate transmitting and receiving antennas in
two satellites a bistatic radar can be configured, and by mapping
the same scene from different orbits a holographic or bistatic
SAR image can be produced.




Plenary 5

The Activities of the Antenna Society
of the Chinese Electronics Institute

Mao Yu-Kuan
Department of Electromagnetic Engineering
Northwest Telecommunication Engineering Institute
Xian, Shanxi, People's Republic of China
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Bremmer 1

GROUND WAVE THEORY VIA NORMAL MODES - AN HISTORICAL PERSPECTIVE
A Tribute td Professor H. Bremmer on His 75th Birthday

James R. Wait, ERL/NOAA, U.S. Dept. of Commerce, Boulder, Colo. 80303

Ever since the pioneering work by.Zenneck [Ann. Phys., 23, 846-866, 1907]
and Sommerfeld [Ams. Phys., 28, 665-737, 1909; 81, 1135-1153, 19267, the pro-
pagation of radio waves along the earth's surface has captured the fancy of
theoreticians. The subject reached a state of some maturity in the 1930-1940
period when Van der Pol and Bremmer [Phil. Mag., 24, 141-176, 1937; 25, 817-
834, 1938; 26, 261-275, 1939] exposed a general theory for the diffraction
of a dipole field by a finitely conducting spherical earth. Their approach
also reached a pinnacle of complexity because they wished to retain mathema—~
tical generality. But they did clearly identify the nature of a number of
approximations that led to simplified working formulae (i.e., the residue
geries) that have been used by many for numerical studies. This subject is
very clearly and exhaustively described by Bremmer [Terrestrial Radio Waves,
Elsevier, 1949]. Benefiting by handsight a series of papers by Fock [JETP,
15, 480-490, 1945; EM Propagation and Diffraction Problems, Pergamon, 1965] and
his Soviet colleagues appeared about this same time that essentially rederived
the Van der Pol-Bremmer theory by introducing various physical approximations
at the outset rather than at the end of the analysis. In a parallel develop-
ment based on wartime research in the early 1940s, Booker and Walkinshaw
[Meteorological Factors in Radio Prop., Physical Society, London, 1946] showed
that the residue series representations were really nothing more than a sum of
normal modes. When the problem was formulated in this fashion for a perfectly
conducting earth, the modal spectrum was discrete and no need arose to intro-
duce a continuous spectrum of modes. Sommerfeld was apparently very conversant
with this approach [e.g., see Sommerfeld, Partial Diff. Equs. in Phys., Aca-
demic Press, 1949].

Here we present an exposition of the normal mode approach to ground wave
propagation over a spherical earth when excited by either a vertical or a
horizontal antenna. The derivation incorporates the essential features of
prior analyses without becoming embroiled in the mathematical niceties of
improper poles, branch cuts and intricate (and tricky) deformations of inte-
gration contours in the complex wave number planes. Previous papers that deal
generally with the topic are as follows: Wait,[J. Math. Phys., 8, 920-925,
1967], Cho and King [IEEE Trans., GE-10, 96-105, 1972], Zucker [Antenna Theory,
Chap. 21, McGraw-Hill, 1969], Wait [Proc. IEEE, 62, 1061-1072, 1974}, Bahar
[Radio Science, 5, 1069-1076, 1970], King, et al, [IEEE Trans. AP-22, 551-556,
1970], Wait [J. Math. Phys., 11, 2851-2860, 19701, Spies and Wait [IEEE Trams.,
AP-14, 515-517, 1966], Wait [EM Probing in Geophysics,163-207, Golem, 19711,
and King and Wait [Symposia Mathematica, 18, 107-208, Academic Press, 1976].
Many of these papers also contain additional references. Here we will deal
explicitly with an airless earth since the physics of the diffraction process
is not changed when a smooth gravitationally stratified atmosphere is allowed
for [Bremmer, Jour. Res. NBS, 63D, 75-86, 1959; loc. cit. 1965; Wait, EM Waves
in Stratified Media, 2nd Ed. Pergamon, 1972]. However, this can be regarded
as a convenient starting point in the more elaborate analysis of tropospheric
ducting [Bremmer, Handbuch der Phys., 16, 423-639, 1958; and Fock, loc. cit,
1965}. A further natural extension deals with the laterally varying tropospheric
duct where mode conversion plays a significant role [s.H. Cho and J.R. Wait,
Pure and Appl. Geophys. 116, 1118-1142, 1978]. A closely related problem that
we call attention to is VLF transmission in the earth-ionosphere via waveguide
modes and/or wave hops [e.g., see J.R. Wait, Reviews of Geophys. and Space Phys.,

16, 320-726, 1978].




Bremmer 2

PROPAGATION ALONG CONCAVE SURFACES

L.B. Felsen
Polytechnic Institute of New York
Route 110, Farmingdale, N, Y, 11735

High frequency propagation along concave surfaces cannot
be analyzed by geometrical optics when rays from the source
to the observation point experience too many reflections, It
is then necessary to account for these multiply reflected rays
in some other manner, Various alternative field representa-
tions, which include whispering gallery modes, rays and con-
tinuous spectrum integrals, have been developed to describe
the propagation phenomena, These results are reviewed for
previously investigated cases in two and three dimensions
when source and observation points are both on the boundary
(T. Ishihara, L,B. Felsen and A, Green, IEEE Trans.Ant.
Prop., vol,AP-26, 757-767, Nov. 1978). Substantial modi-
fications are encountered when the source, the observer or
both move off the boundary. Numerical results demonstrate
the utility of the various field formulations.




Bremmer 3

SPECKLE INTERFEROMETRY FOR A PARTIALLY-COHERENT -SOURCE

By
Ronald L. Fante
Rome Air Development Center
Hanscom AFB, MA 01731

Speckle interferometry is a technique developed to circumvent
the deleterious effects of turbulence on the imaging of incoherent
sources. In this paper we will demonstrate that this method is
also applicable to partially coherent sources, and will obtain
results for the generalized frequency transfer function. We will
examine this transfer function in the limit of high and low
spatial frequencies, and show that it reduces to previous results
in the limiting case when the source is completely incoherent.
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Bremmer 4

A WIGNER-DISTRIBUTION MATRIX FOR A STOCHASTIC MEDIUM

' H. Bremmer
tmeritus Professor Technical University Eindhoven (Netherlands)

Abstract ’
Wigner distribution functions W(¥,t;K,w) describe the distri-
bution of the local energy density of waves over the propa-
gation directions (K spectrum) and the frequencies w.
"'ransport equations"” give the rate of change of these
functions in the direction of the K vector considered. The
paper concerns a time dependent medium with a stochastic
permittivity. Its Wigner functions fix a tensor the elements
Wik of which concern the product of two special electric-field
components. After having derived wave equations for the
corresponding correlation functions, a statistical averaging
is performed, based on two assumptions: a normal distribution
of the permittivity fluctuations, and a ccherence scale much
smaller than the mean free path for scattering. By a Fourier
transform the resulting equations pass into corresponding
ones for the Wigner tensor. The latter are simplified by
forward~scattering approximations, while the medium
fluctuations should be slow enough. The final equations thus
obtained for the Wik's indicate resonance effects interpre-
table in terms of Bragg reflections against periodic
structures generated by the travelling waves contained in the
Kw spectrum of the fluctuations. The vectorial treatwent
involves transport equations in which all Wik elements appear
coupled. The neglect of all cross correlations between the
tieid components reduces the main transport equations into a
single one that has been presented in (M.S. Howe, Phil. Trans.
Roy. Soc., 274A, 523-549, 1973), using a scalar treatment for
3 stochastic medium depending on a Helmholtz equation instead
of our Maxwell equations.

i




Bremmer 5

WAVES IN RANDOM MEDIA: LIMITING IRRADIANCE DISTRIBUTION

D. A. de Wolf
RCA Laboratories
Princeton, N,J. 08540

As the light path through a weakly-scattering medium of
small, random, dielectric fluctuations is increased, it seems
intuitively clear that the irradiance of a propagating bundle
of light must tend to an exponential distribution. Calcula-
tions of irradiance moments, even in a limit procedure of
increasing cumulative randomizingl?f a light beam, are diffi-
cult when the Fresmel length ()\L) , defined by pathlength L
and wavelength ), is sandwiched between the two extreme
scales of turbulence. The second moment has been analyzed
for beams in Kolmogorov turbulence (M. H. Lee, et al.,

J. Opt. Soc. Am., 66, 1389-1392, 1976), and all higher-order
moments have been shown by selective summation of diagrams

to yield an exponential distribution for plane waves

(D. A. de Wolf, J, Opt. Soc. Am,, 63, 171-179, 1973). However,
the error analysis of disregarded terms is difficult. We now
utilize a recently developed formalism to write the irradiance
moments as formal solutions of operator integro-differential
equations, Relatively simple, straightforward, mathematical
approximations can then be shown to yield the moments corres-
ponding to an exponential distribution, The procedure is -
easily expanded to spherical waves, hence also to beams under
reasonably nonrestrictive conditions. The analysis of the
approximation is simplified because it rests upon the cluster-
separation property that the 2N point correlation of electric
fields <u(r1),u*(rz),.....,u(rZN_l),u (er)> separates into
<u(rpu (ry,)> times the remaining (2N-2) point correlation
whenever r and r, are distant from the other points. The
wave structure function is utilized to define a decorrelation
distance for this separation. _The expamnsion parameter then is
shown to be the expected 02~Cn2k7/6L1 /6 for Kolmogorov turbu-
lence (i.e. as o 2> 0, one may expect irradiance moments to tend
to those of an exponential distribution). The analysis can also
be utilized to see why, in gemeral, it is so difficult to predict
an irradiance probability distribution for large but finite values
of g%
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Bremmer 6

FORWARD SCATTER THEORY AND DIFFUSION THEORY
FOR WAVES IN RANDOM MEDIA

Akira Ishimaru
Department of Electrical Engineering
University of Washington
Seattle, Washington 98195

The scale sizes of atmospheric turbulence are usually so
large compared with a wavelength that the angular broadening is
smail and the forward-scatter theory is applicable. For waves in
scatterers such as clouds and fog, the particle sizes are compar-
able to a wavelength and the diffusion phenomena become dominant
at relatively short optical distances. The paper reviews recent
progress in the study of the two distinct states of propagation
and scattering in random media: Forward scatter and diffusion.
In forward scatter region, backscattering is negligible compared
with forward scattering while there is as much backscattering as
forward scattering in diffusion region. The forward scatter theory
is based on parabolic approximation where the scattering is con-
fined in a small forward angular region. In contrast, the diffusion
theory is based on an approximation where the angular spectrum is
almost uniform. They are two asymptotic theories which can be
derived from a general radiative transfer equation. This paper
presents formulations and some approximation solutions in these
two regions for both cw and pulse cases. For a Tine-of-sight
problem, the diffusion solution is seen to be applicable for
optical scattering distance of greater than one. The transmitted
flux, the angular spectrum and the pulse broadening are obtained.
For backscattering, the diffusion solution is stili applicable
except for a short initial time. This is to be expected as the
diffusion theory is not applicable near the boundary. This paper
also outlines some outstanding theoretical problems in this area.

13
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MEASUREMENTS OF ELECTROMAGNETIC PARAMETERS AND MATERIALS

Chairman:. D, G. Dudley
University of Arizona
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A COAXIAL LINE TECHNIQUE. FOR ONE-SIDED NONDESTRUCTIVE
MATERIAL MEASUREMENTS

Fred E. GARDIOL, Jean-Claude E. BESSON, Juan R. MOSIG
Ecole Polytechnique Fédérale
Chemin de Bellerive 16

CH-1007 LAUSANNE SWITZERLAND

ABSTRACT:

The permittivity of materials can be determined in

a nondestructive and non-invasive manner with the
help of an open-ended coaxial line terminated by a
flat metallic flange placed in close contact with

the material to be measured. The coaxial line pro-
vides the possibility of very broad frequency range
analysis and consequently, investigations can be

made at variable depth into the material being tested.

The relationship linking the complex permittivity of
the material with the reflection factor measured in
the line are obtained from a theoretical analysis of
the fields near the aperture. An extension of the
theory given by J. GALEJS (Antennas in inhomogeneous
media, Oxford 1969, pp 39-44) over the higher-order
evanescent modes generated in the aperture plane
(discontinuity) is used. A computer program was
elaborated to carry out the necessary calculations.

A probe was built and the first measurements are
in good accordance with the numerical results.

The electromagnetic field injected by the probe
within the material tested can be calculated at the
same time: it is possible in this manner to determine
the heating pattern produced by a coaxial diathermy
applicator.
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TM CYLINDRICAL CAVITY MEASUREMENT
OF DIELECTRIC CONSTANT AND LOSS TANGENT

D. G. Dudley, University of Arizona, Tucson, AZ 85721;
J. A. Fuller, Engineering Experiment Station, Georgia
Institute of Technology, Atlanta, GA 30332; R. G.
Semelsberger, Science Applications, Inc., Tucson, AZ
85711.

The measurement of the electrical properties of a
dielectric sample that is thin compared to a wave=-
length continues to be a difficult problem. In our
application, we require the material to be sprayed

on a metallic plate. To measure the electrical prop-
erties, we use the material-covered plate as an end
plate in a circular cylindrical cavity excited in the
lowest TM mode. We perform a modal analysis to de-
termine the fundamental limitations on measurement
accuracy and give supportive measurement results over
a wide range of dielectric constants. Finally, we
discuss applications to dielectric covers for antenna
arrays. :
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APPLICATIONS OF THE INFRARED DETECTION OF SURFACE CURRENTS

R.W. Burton and C.V. Stewart, Department of Electrical Engineering
U.S. Air Force Academy, CO 80840

A method has been developed that permits the rapid measurement of
the magnitudes of charge and surface current distributions using
an infrared scanner (R.W. Button and J.D. Selim, Proc of the 1977
Intnl Microwave Symposium). Thermal distributions due to IR heat-
ing are detected and displayed on a color video monitor. Not all
surfaces and materials, particularly metals, are sufficiently
emissive in the infrared region to be useful. The figure illus-
trates the regions of acceptable thermal conductivity vs electri-
cal resistivity as a function of the frequency and power density
of the incident field.

The technique described here should be particularly useful in re-
search concerned with the reduction of aircraft radar cross sec-
tions or EMP effects. The feasibility of using these methods on
scale model aircraft and composite materials is explored.
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ANALYSIS OF THE QUANTUM LIMITED DC SQUID
MAGNETOMETER AND VOLTAGE AMPLIFIER

Claudia D. Tesche
LuTech, Inc.
P.0. Box 1263, Berkeley, CA 94701

Superconducting Quantum Interference Devices (SQUIDs) are now
the most sensitive detectors of changes in magnetic flux available.
Commercially available rf SQUIDs employing a single Josephson junc-
tion are widely used as magnetometers, gradiometers and voltage
amplifiers, with applications in such diverse fields as magnetotel-
lurics and magnetocardiology. However, recent advances in thin
film Josephson tunnel junction technology now permit development of
even more sensitive double junction dec SQUIDs. A careful analysis
of the noise sources in the dc SQUID is presented, which indicates
that a shot noise limited voltage preamplifier could now be fabri--
cated with a noise temperature, TN’ approaching the minimum value

consistent with the uncertainty principle, TN 2 hf/kB.

The voltage at the SQUID output as a function of the input
applied flux is determined by the development in time of the quantum
mechanical phase differences across the Josephson junctions. A set
of coupled, non-linear, partial differential equations for the phases
is presented. Two white random noise sources, corresponding to
either thermal or shot noises, are explicitly included. The equations
are integrated stepwise in time on a computer, and the device forward
transfer function and voltage and current noise spectral densities
determined. In addition, a simple thermal-activation model solution
is presented.

The device characteristics are used to compute the noise tem-
perature of the SQUID coupled inductively to an input circuit.
Optimization of the noise temperature in terms of the SQUID and input
circuit parameters is discussed. For an untuned input circuit with
source resistance Ri in series with an inductance Li coupled to

the SQUID, the optimal source resistance at frequency wo is
R, =~ 1.4 woLi' The optimal noise temperature for the amplifier

operated at 4.2K with presently available Johnson noise limited dc

SQUIDs is Ty ~ 5.9 X 1077(£/1H2)K. This corresponds to R, ™ 90
and Ty~ 5.9 mK for f - 10tz and 1, = 107 H. The noise
temperature can be reduced by a factor of 8 at the expense of band-
width by tuning the input circuit. Optimization of the SQUID itself

would yield TN ~ 17 hf/kB in the shot noise limit. For magneto-

meter applications, an untuned input circuit with a solenoid pick-up
coil of length 0.2m and radius 0.05m would have a magnetic field

resolution over a bandwidth Af, of B~ 10'16(Af/1Hz)1/2T

1/2T

in the

Johnson noise limit and Bo =~ 3 X 10_18(3/1Hz) in the shot noise
limit. :
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PERFORMANCE OF BROAD-BAND RADAR SCATTERING MEASUREMENT
SYSTEM USING AMPLITUDE AND PHASE PQST PROCESSING TECHNIQUES

E.K. Walton
The Ohio State University
ElectroScience Laboratory
Electrical Engineering Department
Columbus, Ohio

An experimental system for the broad band measurement of the
complex radar scattering from targets in an anechoic chamber

has been developed at the Ohio State University. The measure-
ments yield absolute radar cross-section magnitudes as well as
the absolute phase (with respect to a particular point in space)
of the signal scattered from the target. A vector calculation
method is used for calibration. In this system, measurements of
the ampiitude and phase of the radar return are made over a
broad band of frequencies for the target in question, for a cal-
ibration sphere, and for the background (target support pedestal
empty). The background data at each frequency is then subtract-
ed (vector components} from the target and the sphere. Finally,
the sphere data in conjunction with theoretical values for the
sphere are used to calibrate the target data in absolute mag-
nitude and absolute phase (relative to the center of the sphere
in this case).

A discussion of the specific problem areas for this type of
"system and the solutions developed is presented. Details of the
performance for a known target (sphere) are given over a fre-
guency ranging from one to 16GHz. Errors are discussed with
respect to their origin and mitigation.

22




A2 - 2 Commission A

BROAD BAWND SCATTERING
SIGNATURES OF CONE-LIKE OBJECTS

E.K. Walton and J.D. Young
The Ohio State University ElectroScience Laboratory
Department of Electrical Engineering
Columbus, Ohio 43212

The radar cross section amplitude and phase of a group of

cone and cone-like objects was measured at each of 59 harmon-
jcly related frequencies. At the fundamental frequency, the
wavelength ranged from 17 to 33 times larger than the base
diameter of the various cones, and was well into the Rayleigh
region. The highest frequency, at 60 times the fundamental,

was well into the resonance region for each cone. The system
used a bistatic angle of 20 degrees, with aspect angles of

0, 10, 20, and 30 degrees. Both vertical and horizontal polar-
jzations were used. The measurement system used a unique vector
subtraction technique to remove effects of system background and
system distortion. The data presented will be compared with

GTD results in the frequency domain before conversion to the
time domain.

Using an FFT, transient scattering signatures can be generated
from these data. Time-domain, impulse, step and ramp response
waveforms are defined and illustrated for these targets. Tran-
sient signature features related to body geometry and specific
scattering phenomena are discussed. A comparison of measured
and calculated transient waveforms is presented.
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USE OF ORBITING WIRE FOR CALIBRATION OF CIRCULARLY POLARIZED
RADAR RETURNS *

Hitoshi Inada
M.I.T. Lincoln Laboratory
Lexington, MA. 02173

An orbiting wire will be examined for a possible candidate
to be used as an external object to calibrate left (principal)
PP - and right (orthogomal) OP - circularly polarized radar
return. The Haystack LRIR (Long-Range Imaging Radar) was used in
this investigation. However, this type of calibration may be
used for any radar with circular polarization. The backscattering
characteristics of a long thin wire illuminated by a circularly
polarized wave will be discussed. For a long thin wire when ka is
less than 0.05 (a is the radius of wire), the ratio of OP to PP
RCS (radar cross section) assumes unity (0 dB) at normal incidence.
For LRIR, almost all orbiting wires have ka=0.166, for which the
theory for an infinitely long cylinder indicates that the .OP RCS
exceeds the PP RCS by 1.36 dB at normal incidence. Accurately
calibrated PP and OP RCS would be useful in estimating target
size, shape, orientation and motion.

CW data on a wire in orbit were recorded by LRIR during
several tracks. The wire is a TIROS despin cable with a length of
3 m (100 wavelengths long). Over a data interval of 1 minute,
approximately 25 broadside speculars at normal incidence were
observed and the average value of (OP/PP) RCS is 1.27 dB with a
standard deviation of 0.2 dB. In addition, the peak RCS of
normal incidence is 49 degrees with a standard deviation of 9.7
degrees. The phase difference is somehow related to the wire
orientation. Measured wire RCS at normal incidence is compared
with those obtained by using Ufimtsev's solutions for a long thin
wire. The calculated and measured X-band RCS are in good agree-
ment to an accuracy within 1 dB and the initial results support
the conclusion that the wire in orbit may be used as a relative
(OP to PP) RCS calibration target as well as an absolute OP and
PP RCS calibration target.

*This work was sponsored by the Space and Missile Systems
Organization (SAMSO) of the Air Force.
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"FAR-FIELD ESTIMATION FROM NEAR-FIELD MEASUREMENTS
TAKEN ALONG A STRAIGHT LINE SEGMENT"

MARCO TULIO MARTINS DA SILVA - FINEP/BRAZIL
ANTONIO R. PANICALI - UNIV. DE S. PAULO, FINEP/BRAZIL

This work describes a method of estimating antenna
far-field characteristics from near-field data measured
along a straight line segment oriented along the direc

tion at which the far-field is desired.

A truncated series of base functions is used to
expand the antenna field outside the volume containing
the sources; the series coefficients are then estimated
by requiring the series to be a constrained least squa
res approximation to the measured data. The approach
can be described as a near-field synthesis where power
constraining was found necessary in order to avoid the

ill-posedness of the problem.

The method has been numerically tested for circu
lar apertures up to 60 wavelengths (A) with a great va
riety of aperture distributions; in all cases fields we
re computed at 101 points uniformely distributed between
5601 and 600); independent random errors within ¥ 1% we
re added to the real and imaginary parts of the computed
near-field in order to simulate a real experiment ; ex
pression {(21) in "M.M. Rabello, S.L.G. Nobili, Radio
Science, 8, 677-680, 1973" with n = 0 and D = 61, 1221,

., 60X, were used as base functions. In all cases the
main beam gain could be estimated within b 0,27 dB ,

with 99.7% probability
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THE USE OF KING-TYPE CURRENT PROBES FOR BROADBAND
TRANSIENT MEASUREMENTS, L. Wilson Pearson, Y. M. Lee,
Department of Electrical Engineering, University of
Kentucky, Lexington, KY 40506

A miniature balanced loop current probe fabricated from semi-
rigid coaxial tubing is described by King (R.W.P. King, The
Theory of Linear Antemnas, 1956) and has been used with great
success in time harmonic current probing. The Air Force
Weapons Laboratory has, more recently, developed a family of
transient sensors comprising the so-called B-dot and D-dot
probes. These probes offer excellent bandwidth. They are,
however, fixed station probes.

The present work stems from an attempt to gain the position
agility offered by the King probing scheme in a transient
measurement application. The probe is to be used, ultimately
in transient data collection for extraction of the SEM de-
scription of a scatterer as reported by Pearson and Roberson
at the January 1978 National Radio Science Meeting.

The first comnstraint placed on the design by the transient
application is the need to maintain a flat 50 ohm transmission
line from the probe gap to the instrumentations. This is
readily achievable by means of using a continuous section of
0.020" semi-rigid coax for fabrication of the probe and its
feed. The transition from 0.020" cable to a subminiature con-—
nection is observed to be the only significant source of mis-—
match.

In this presentation, we describe the probe as it is applied
in transient measurements. The calibration of the probe by
means of transient techniques in a transmission line section
is described and analyzed and specimen results are given.

The possibility of using the probe as an excitor as well as a
sensor is discussed.
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APPLICATION OF THE UNIFORM GTD TO THE
DIFFRACTION BY AN APERTURE IN A THICK SCREEN

Roberto Tiberio
University of Florence
Florence, Italy

Robert G. Kouyoumjian
The Ohio State University
Columbus, Ohio

A uniform GTD solution is presented for the diffraction
of a plane wave normally incident on a slit in a perfectly-
conducting thick screen. This problem involves the diffrac-
tion of ray-optical fields, as well as fields which do not
exhibit a ray-optical behavior. The diffraction of the ray-
optical fields is determined by means of the uniform GTD
{Kouyoumjian and Pathak, Proc. of IEEE, 62, 1448-1461, 1974)
together with slope diffraction. However, the rays doubly-
diffracted at grazing incidence from the two thick edges of
the slit are treated by means of a recent extension of the
uniform GTD (Tiberio and Kouyoumijian, 1977 USNC/URSI meeting
at Stanford University). In this case the transition region
fields incident on the trailing edges are represented by a
superposition of inhomogeneous, cylindrical waves whose
diffraction can be determined by the uniform GTD alone. In
addition, approximate closed-form expressions are found for
the interaction between the two thick edges. This inter-
action is obtained from doubly- and triply-diffracted rays
which may also be muitiply reflected.

I1lumination by both TE and TM plane waves is con-
sidered and results are given for the diffracted near and
far fields. An integral occurs in the near field for the
TM case which cannot be evaluated in closed form, except
in the forward direction; however, it can be evaluated
numerically without difficulty. Calculations of the trans-
mission coefficient and radiation patterns are compared
with numerical results from a moment method solution pro-
vided by R. F. Harrington.
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HIGH FREQUENCY ELECTROMAGNETIC FIELDS ON PERFECTLY CONDUCTING
CONCAVE SURFACES

E. Topuz L.B. Felsen
Polytechnic Institute of New York

This investigation deals with high frequency fields on the concave
surface of a perfectly conducting circular cylindrical segment exci-
ted by an arbitrarly oriented magnetic dipole located on the surface.

The vector fields are derived from two scalar Green's functions which
are constructed as contour integrals and evaluated asymptotically in
two alternative ways. 1In one representation an appropriate number
of geometrical optics rays is extracted to provide canonical remain-
der integrals with highly improved convergence characteristics. In
the second approach a properly determined combination of rays to-
gether with E and H type angularly guided (whispering gallery) modes
is utilized. It is found that this latter hybrid field representa-
tion developed and applied previously to scalar problems (T.Ishiha-
ra,L.B.Felsen, IEEE Trans.AP,AP.26,757-767,1978) retains advantages
also for vector fields in that it furnishes much higher computa-
tional efficiency together with a better understanding of the un-
derlying physical phenomena.

Extensive numerical results are presented to exhibit the relevant
vector features of the fields, Magnitude and polarization have
been investigated as functions of dipole orientation and observation
point location. As for the planar boundary the magnitudes of the
surface fields are sensitive to the soukce orientation with respect
to the geodesic to the observation point. However, the polarization
with respect to geodesic may differ markedly from that for the pla-
nar case. The results are interpreted in terms of the physical mo-
dels implied by the various field representatioms.
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Scattering by Resistive Strips

Thomas B.A. Senior, Radiation Laboratory
The University of Michigan, Ann Arbor
Michigan, 48109

For an E- or H-polarized plane wave incident on a resistive strip of electri-
cal width kw, a high frequency asymptotic technique is used to derive expres-
sions. for the far field amplitude through second order terms. The results
are valid for all angles of incidence and scattering other than grazing, and
can be cast in terms of functions analogous to those appearing in the uniform
expressions derived by Fialkovskiy (Radio Eng. Elect. 2 (150) 1966) and
Khaskind and Vainshteyn (Radio Eng. Elect. 10 (1492) 1964) for E- and
H-polarizations respectively in the special case of perfect conductivity.

It is shown that each function is directly related to the diffracted portion
of the relevant current on a half plane, and using representations for the
currents valid for all angles of incidence, uniform expressions for the far
field amplitude of the strip are obtained which hold even at grazing angles.
In the particular case of edge-on backscattering, the contribution from the
rear edge of the strip is proportional to the square of the current at the
corresponding point on a half plane. The constant of proportionality involves-
the 'split' function produced by the Wiener-Hopf method of solution of the
half plane problem and, for E-polarization and real resistivities, differs

by no more than 6 percent from the constant empirically derived by the author
(National Radio Science Meeting, Boulder, 1978).
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RAY-OPTICAL THEORY OF COUPLING BETWEEN AND RADIATION
FROM ADJACENT PARALLEL PLATE WAVEGUJTDES

Peter F. Driessen and Edward V. Jull
Department of Electrical Fngineering
University of British Columbia
Vancouver, B.C., Canada VAT 1W5

The coupling between two immediately adjacent
semi-infinite parallel plate waveguides (Fig. 1) is
calculated by ray-optical methods. The procedure of
Yee et al (SIAM J.Appl.Math (29)1,1A4=175), which
avoids shadow boundary singularities by wusing 1line
source diffraction, is employed. Both single and
multiple diffraction terms are calculated. Numerical
values of the coupling coefficient using only single
diffraction terms provide the average behaviour.
Adding the multiple diffraction terms reveals & fine
structure with minima near cutoff of the waveguide
modes.

The radistion pattern of a small array of coupled
waveguides (Fig.2) 1is calculated using a2 combination
of ray-optical methods and the known exact radiation
pattern for a single guide. The coupling coefficient
between two adjacent guides in the array may be
modified to take into account the presence of the
other guides in the array. Radiation from the edges of
the waveguide not implicitly included in the radiation
from the feed and parasitic guides can also be added
to yield the total radiation pattern.
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Edge Currents on Rectangular Plates

Valdis V. Liepa, Radiation Laboratory
The University of Michigan, Ann Arbor MI 48109

The back scattering from a rectangular plate at edge-on incidence is
due essentially to individual contributions of edge currents on the front and
rear edges. The behavior of the current on the front edge is analogous to
that on a finite Tength wire excited by a plane electromagnetic wave, but
the current on the rear edge is entirely determined by the current waves
along the sides. Quantitative behavior of the currents on the plate has been
measured and described by Knott et al for a case of fixed frequency and
plate size (T-AP, Nov. 71, 788-789), but here the currents measured at various
points along the edges_as a function of frequency are presented. From these
data relatively simple formulae are then deduced to characterize these currents.

It is shown that the current on the front edge can be considered as
consisting of the half-plane edge current and the reflected waves from the
corners, Along the sides the current consists of a component transmitted
from the front around the front corner and one excited directly by the in-
cident wave. The currents at the rear edge result from the side edge
current transmitted around rear corners.
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SCATTERING FROM A CORNER FORMED BY TWO LINE ELEMENTS

K. M, Mitzner and S. A. Sloan, Aircraft Group,
Northrop Corporation, Hawthorne, CA 90250

In a recent paper (IEEE Trans. on Antennas and Propagation,
AP-25, 406-409, 1977), Knott showed how to calculate the radar
cross section of the dihedral corner formed by two intersecting
plates.

In this paper, we present a similar study for another kind
of reflecting corner, the cormer formed by two intersecting
straight line elements. The elements, which may be wires or may
be the edges of a body, are of finite length and are assumed to
be sufficiently long so that resonances can be neglected.

For an obtuse corner angle, there are no directions of
retrodirectivity. For a 90° cormer angle and incidence in the
plane which contains the two elements, the scattering is retro-
directive just as for the analogous dihedral corner. For a given
acute corner angle, there is a locus of directions of incidence
for which the corner is retrodirective. Only two points on this
locus lie in the plane containing the elements.

By working with incremental length diffraction coefficients
we develop a simple formulation in which the double bounce contri-
bution is given by a one-dimensional integral. We then evaluate
the integral asymptotically to get a simple but accurate closed
form approximate solution. We use this solution to study the
reduction in backscatter as either the corner angle or the
direction of observation is changed from a value which gives
retrodirectivity.

The approach is readily extended to bistatic scattering.
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RADTATION FROM SOURCES ON SMOOTH CONVEX
SURFACES WITH EDGES — A SPECTRAL DOMAIN APPROACH

S. Safavi~Naini and R. Mittra
University of Illinois
Electrical Engineering Department
Urbana, Illinois 61801

In this paper, we consider the problem of radiation from
sources on a finite, smooth, convex surface, e.g., a truncated
cylinder. The problem of deriving an asymptotic solution for the
surface currents excited by a magnetic dipole placed on the surface
of an infinite cylinder has recently been investigated by Lee and
Safavi-Naini [IEEE Trans. Ant. Prop., pp. 539-598, 1978] and a solu-
tion has been derived in a convenient, closed form. This solution
has been verified to be accurate for cylinders of large radius
(ka > 10). In this paper, we use these knmown currents to derive
the far-field pattern of the source, taking particular account of
the edge contributions at the ends of the truncated cylinder, We
employ an approach based on STD - the spectral theory of diffraction
- and show that it circumvents the difficulties associated with GTD
when applied to the same problem. The GTD edge~diffraction formula
for the finite cylinder problem is derived using a diffraction co-
efficient for a right-angle wedge, one of whose faces is a plane
tangent to the surface of the cylinder. The GID diffraction co-
efficient is singular at certain observation angles and is therefore
non-uniform. In the STD method, the radiated field is associated
with the spectrum of the surface current induced on the finite
cylinder. The surface current consists of two parts - one is the
excess current due to the edge, and the other is derived by truncat-
ing the induced current on an infinite cylinder excited by the given
source. Because of the curvature of the cylindrical surface, the
second component of the current is substantially different in
character than the corresponding one in GTD for the wedge with
planar surfaces. 1In addition, this current produces finite fields
everywhere in space and is therefore uniform. The excess current
on the cylinder due to edge diffraction also radiates uniform fields
which are readily derivable through a simple modification of the GID
formulas. To effect this modification, one merely subtracts out the
far-field contribution of the fictitious semi-infinite, physical
optics type of half-plane current used in the GTD formula and iden-
tifies the remainder as the contribution of the excess edge current.
The physical optics current contribution is next replaced by the
far-fields derived from the curved-surface currents on the infinite
cylinder excited by the given source. Thus, while the simplicity
of GTD formulas is essentially preserved in the spectral approach,
the STD formula does not suffer from the difficulties at certain
observation angles and is more accurate as well, The paper presents
illustrative numerical results and also discusses a method for cir-
cumventing the difficulties along the caustic directions using the
STD approach.
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EVANESCENT WAVE TRA_CVKVING IN A SLAB WAVEGUIL
WITH TRANSVERSE AND LONGITUDINAL
REFRACTIVE INDEX VARIATION

G. Jacobsed'and L, B, Felsen
Polytechnic Institute of New York
Route 110, Farmingdale, N,Y, 11735

The theory of evanescent waves has previously been applied
to determine the high frequency behavior of modal fields guided
in slab waveguides with transversely varying refractive index,
{(S. Choudhary and L.B, Felsen, J.Acoust.Soc.Am, 63, 661-666
1978). The method, which involves the tracking of local
evanescent plane waves along parallel phase path trajectories
and avoids the caustic correction problems inherent in con-
ventional ray-optical or WKB procedures, provides systemati-
cally the asymptotic expansions for the modal propagation :
coefficients and field amplitudes in inverse powers of the large
wavenumber k., The present study generalizes the method to
waveguides with gradual transverse and longitudinal refractive
index variations, the latter being characterized by a perturba-
tion parameter 8, A local orthogonal curvilinear coordinate
system is employed to describe in terms of & either the
deformed phase paths or the deformed contours of constant
refractive index. From the resulting eikonal and transport
equations, one may determine the profile shape to match a
specified modal field or the modal field perturbation caused
by a specified index variation., To the lowest order in & , the
contours of constant refractive index are found to coincide with
the perturbed phase paths, but deviations are encountered to
higher orders in &. The tracking procedure is illustrated for
transitions from uniform to tapered waveguides, for different
""smoothness' conditions at the junction. Numerical results will
be presented for various profile shapes.

“On leave from the Electromagnetics Institute, Technical
University of Denmark, Lyngby, Denmark.
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ON THE ASYMPTOTIC THEORY OF INHOMOGENEOUS WAVE TRACKING
AND ITS RELEVANCE TO THE INVERSE SCATTERING
OF GAUSSIAN BEAMS

P. Einziger
The Technion-israel Institute of Technology
Department of Electrical Engineering

and S. Raz
The Technion-lsrael Institute of Technology
Department of Electrical Engineering
Currently on Sabbatical Leave
At The University of Houston,
Department of Electrical Engineering

This work presents alternative formulations of the asymptotic, inhomo-
geneous wave tracking theory (IWT) initially proposed by Felsen and
Choudhary [IEEE Trans. Antennas & Prop., AP-21, 827-842, 1973], and
investigates the basic analytical features of the ensuing operators.
The outstanding deviations from classical ray theory are traceable to
the fact that the generalized system of equations is of the quasi-
linear, elliptical type. Consequently, representation via an initial
value formulation, standardly posed by geometrical optics (and, in the
quasi-homogeneous limit, by IWT) must be approached with caution and
an appropriate boundary value formulation should be considered. .Ques-
tions of existence, uniqueness, stability and locality are discussed
and related to the problem of inverse scattering of Gaussian beams.
The following alternative, but by no means equivalent, formulations
are considered: .

(a) A first order, quasi-linear system of equations cast
into a canonical form, the existence, uniqueness (but. ,
not the stability) of whose solution are ensured by
the Cauchy-Kowalewsky conditions.

(b) A quasi-linear, second order, elliptical differential
equation subject to Dirichlet boundary conditions and
to the requirements of elliptic uniformity.

(c) As (b), but posed as a two-dimensional variational
" problem.

(d) Quasi-linear, second order, phase trajectory equation

obtained from (b) via the, so called, Hodograph
Transformation.
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GTD ANALYSIS OF THE NEAR-FIELD
PATTERNS OF PYRAMIDAL HORNS

M. S. Narasimhan and K. Sudhakar Rao
Centre for Systems and Devices
Indian Institute of Technology

Madras-600036, India

A novel technique of analysing the principal piane near-
field amplitude and phase patterns of pyramidal horns excited
in the dominant mode for 0 s || s 180° based on the UTD (Uniform
Theory of Diffraction) [1] and its Modified Slope Diffraction
(MSD) version [2], which have been shown to closely follow the
most rigorous Spectral Theory of Diffraction for simple GID
calculations involving a line source and a straight edge [3],
is presented in this paper. The geometrical optics field is
derived by approximating the horn as a quasi-pyramidal horn-
waveguide [4]. While the E-plane near-field (amplitude and
phase) pattern is derived by considering only diffraction by the
E-plane edges, the H-plane near-field (amplitude and phase)
pattern is calculated taking into account the diffracted field
contributions from the E-plane edges also for O < || s ey and
(w-8y) < |8] s =, where 8y is the semiflare angle of the horn
in tﬁe H-plane. Numerica? computations of the near-field
patterns, taking into account both singly and doubly diffracted
fields, based on the GTD technique detailed here well correlate
with the measured patterns of a typical pyramidal horn (with
rﬂ = 13.1a; rg = 13.772;5 6 = 17.5° and oy = 16.5°, where r is
the flare-length in the particular plane and ep is the E-plane
semi-flare angle) for several near-field distances of observa-
tion.

References

{11 R. G. Kouyoumjian and P. H. Pathak, 'A uniform geometrical
theory of diffraction for an edge in a perfectly conduct-
ing surface,' Proc. IEEE, Vol. 62, pp. 1448-1461, 1974.

[2] Y. M. Hwang and R. G. Kouyoumjian, 'A dyadic coefficient
for an electromagnetic wave which is rapidly varying at an
edge,' URSI 1974 Annual Meeting, Boulder, Colorado.

[3] Y. Rahmat-Samii and R. Mittra, 'A spectral domain analysis
of high frequency diffraction problems,’ coordinated
science 1ab., Report R-770 May 1977, Univ. of I1linois, USA.

{4] M. S. Narasimhan, 'Eigenvalues of a class of spherical wave
functions,' IEEE Trans. Antennas and Propagation, Vol.
AP-20, No. 1, Jan. 1973, pp. 8-14.
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DEPOLARIZATION AND SCATTERING OF ELECTROMAGNETIC WAVES
BY IRREGULAR BOUNDARIES FOR ARBITRARY INCIDENT
AND SCATTER ANGLES--FULL WAVE SOLUTIONS

E. Bahar and G. G. Rajan
Electrical Engineering Department
University of Nebraska, Lincoln, Nebraska 68588

ABSTRACT

Explicit expressions are presented for the radiation fields
scattered by rough surfaces. Both electric and magnetic dipole
sources are assumed, thus excitations of both vertically and
horizontally polarized waves are considered. The solutions are
based on a full wave approach which employs complete field
expansions and exact boundary conditions at the irregular
boundary. The scattering and depolarization ceefficients are
derived for arbitrary incident and scatter angles. When the
observation point is at the source these scattering coefficients
are related to the backscatter cross section per unit area.

Solutions based on the approximate impedance boundary
condition are also given, and the suitability of these approxi-
mations are examined.

The solutions are presented in a form that is suitable for
use by engineers who may not be familiar with the analytical
techniques and they may be readily compared with earlier solu-
tions to the problem. The full wave solutions are shown to
satisfy the reciprocity relationships in electromagnetic theory
and they can be applied directly to problems of scattering and
depolarization by periodic and random rough surfaces.
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SCATTERING AND -ABSORPTION SPECTRA FOR
PLATELIKE HYDROMETEORS: -

. H. Weil and C. M. Chu
Dept. of Electrical and Computer Engineering
The University of Michigan
Ann Arbor, Michigan 48109

To obtain information on polarization and orienta-
tion influences on scattering and absorption of elec-
tro magnetic waves by platelike hydrometeors or aero=
sols the individual particles are modeled as flat' cir-
cular absorptive. discs of thickness much less than a
wavelength. An integral equation for the current den-
sity (including the transverse component) induced in the
disc by an incident wave is solved by a partly analytic,

partly numerical method which is a hybrid of the finite -

element and moment methods. The procedure. is tailored -
to be efficient for thin discs of radius to wavelength
ratio in the range of roughly 1/5 to 2. The current
densities thus determined can be used to compute all
elements of the bistatic scattering or Stokes matrices
as well as total scattering absorption and extinction
cross-sections for both the individual particles or
polydispersions. The latter is possible because arbi-
trary directions and elliptical polarizations for the
incident waves are handled by the theory and. the compu-
tational program and this is the chief difference be--
tween the present work and an earlier effort (C. M. Chu
and H. Weil, J. Comp. Phys, 22, 111-124, 1976) where
only the cases of broadside and edge-on incidences with
plane polarization parallel to the flat disc surface
were developed. The present procedure also models the
physics more accurately in computing the circumferen-
tial components of the induced current density and so
gives more accurate as well as more extensive results.

Curves of the matrix elements and cross-sections
for a single disc of ice with fixed radius to wave-
length ratio are given as wavelength, and hence complex
refractive index, is varied through the infrared. Ef-
fects of variation in incident wave directions and
polarizations are explored.
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NEAR-FORWARD MULTIPLE SCATTERING BY A
RANDOM SLAB OF LARGE PARTICLES

Essam A. Marouf, Center for Radaf Astronomy, Stanford University,
Stanford, CA 94305 and University of Alexandria, Egypt

For large particles, direct numerical solution of the equation
of transfer is hampered by the need for a highly accurate integra-
tion scheme to compute the rapidly varying intensity component in
near-forward directions. It is possible, however, to separate
this component analytically. The solution is an infinite series
sum, with each term representing a successive order of scattering
and expressed as the product of an angular functionand aweighting
function that depends only on the optical depth of the random
slab. The solution is sometimes referred to as Hartel's multiple
scattering theory. Analytic evaluation of the angular functions
requires expanding the phase function of a single particle in
spherical harmonics, resulting in considerable increase in compu-
tational complexity for large particles. Using the convolutional
properties of these angular functions, an explicit sum of the
infinite series is derived in the Hankel transform domain. The
closed form solution for the intensity transform is identical to
a solution obtained by Ishimaru. In general, a numerical inverse
transform is needed to recover the intensity. However, the
analytical approach is further pursued by modeling the phase
function of a spherical particle by its forward diffraction
pattern plus an isotropic component chosen so as to satisfy the
normalization condition of the phase function. The model Teads
to good approximate formulas for the variation of the directly
transmitted intensity and the width of the forward lobe as a
function of optical depth of the slab.
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EFFECTS OF ANISOTROPIC IRREGULARITIES ON PHASE SCINTILLATIONS

R. Woo and J. W. Armstrong
Jet. Propulsion Laboratory,
California Institute of Technology

There has been considerable interest in phase scintillations in
the solar wind because they contain information over a wide range
of electron density scale sizes and are invaluable for probing
the solar wind. The purpose of this paper is to.investigate the
effects of anisotropy in the density. irregularities on phase
scintillations. A closed form solution is obtained for the phase
scintillations using the Rytov approximation for fluctuation
frequencies lower than the frequency corresponding to the Fresnel
zone size (scale size larger than the Fresnel zone size). It is
seen that anisotropy causes the phase scintillations to increase
over those in the isotropic case. It is also shown that the
effects of anisotropy on phase scintillations (large scale sizes)
are similar to those on spectral broadening (small scale sizes).
As a result, simultaneous observations of phase scintillations
and spectral broadening will not provide a means of measuring

the anisotropy of the electron density fluctuations. The
effects of velocity fluctuations on.phase scintillations will
also be discussed.
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HIGH-ALTITUDE TURBULENCE MEASUREMENTS FOR OPTICAL PROPAGATION PREDICTIONS

Curt A. Levis and John P. Serafin, The Ohio State University
ElectroScience Laboratory, 1320 Kinnear Road, Columbus, OH 43212

Much progress has been reported on the propagation of coherent
electromagnetic waves through turbulent media in recent years, but
relatively Tittle information is available on the turbulence prop-
erties of the atmosphere, particularly in the presence of orographic
effects and at high altitudes. This paper reports on measurements
of turbulence at high altitudes from aircraft using hot-wire anemom-
eters to measure the temperature structure parameter and to infer
from it the refractive-index structure parameter.

It is shown that under typical conditions it is not easy to
distinguish between temperature structure and velocity structure.
The reason is that the instrument responds not to the ambient air
but to the stagnated air surrounding the probe, which has been
compressively heated by the aircraft motion. In the process, velo-
city fluctuations are converted to equivalent temperature fluctua-
tions, resulting in a higher temperature (and therefore refractive-
index) parameter value than that actually existing in the ambient
medium. A method utilizing two probes heated to different tempera-
tures (L.S.G. Kovasznay, J. Atmoés. Sci., 7, 565-584, 1950) was
translated into the spatial frequency domain to avoid noise problems
and used, thus modified, to separate the two effects.

The results of one flight are discussed in detail and are com-
pared with data taken over the past three years under a variety of
conditions in a continuing effort to create a data base for high-
altitude optical propagation predictions.
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DETECTION EFFECTS ON HIGHER ORDER STATISTICS OF
LIGHT FLUCTUATIONS DUE TO ATMOSPHERIC TURBULENCE

A. Consortini and L. Ronchi
Istituto di Ricerca sulle Onde Elettromagnetiche of CNR
Firenze, Italy

A number of phenomena related to the detection process can
alter the statistics of amplitude fluctuations of a laser beam
after a path in the atmosphere, giving rise to a "detected
signal" whose statistics can be substantially different from
that of the signal under study. These alterations become
particularly evident when higher order moments are concerned
with. .

The averaging effects of the collecting aperture, when the
aperture ‘is larger than the correlation area of the phase fluc-
tuations, and the non-linearity of the detecting system, in
particular of the recorder, are the main responsible of the
alteration of the statistics.

In the present communication a procedure is described by
which one can deduce from the statistics of the detected signal
the parameters of the statistics of the incident signal, by

taking into account the above effects. Cases when the. statistics

of the revealed signal does not allow to deduce in an univocal
way the statistics of amplitude fluctuations are presented.

The results are also described of a practical application
of the procedure to several sets of experimental data.
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RESOLUTION THROUGH THE ATMOSPHERE
OF OPTICAL ADAPTIVE SYSTEMS

A. Consortini, F. Pasqualetti and L. Ronchi
Istituto di Ricerca sulle Onde Elettromagnetiche of CNR
Firenze, Italy

The results are described of a theoretical investigation
on the resolution through the atmospheric turbulence of an
adaptive optical system. Both cases of long and short exposures
are examinined. The phase correction introduced by the adaptive-
system is taken into account by assurming that the phase
structure function D(r) of the wave after correction be a
fraction o of the phase structure function D'(r) impinging on
the system after propagation through the atmosphere:

D{r) =a D'(r)
where 0 < o < 1. The case o = 0 corresponds to a perfect
correction of phase fluctuations, the case o« = 1 implies no
correction.

For generality purposes possible corrections of amplitude
have been also examined.

The atmospheric turbulence is assumed to be described by
a modified Karman model which allows one to take into account
the effects of both inner and outer scale of turbulence.

Numerical results are described and discussed.
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BACKSCATTERED -PULSE SHAPE DUE TO SMALL-ANGLE MULTIPLE SCATTERING
FROM A SLAB OF RANDOM MEDIUM

Akira Ishimaru, Department of Electrical Engineering,
University of Washington, Seattle, WA
Kirk J. Painter, Lockheed Missites and Space Co.,
Sunnyvale, CA

This paper presents calculations for the pulse-envelope
shape of a wave backscattered from a turbulent or discrete random
medium. . -The results are given in terms of dimensionless variables;
hence they may be applied to a broad class of physical- situations -
and may provide a means for characterizing random media by remote
.sensing techniques. N

The cumulative forward-scatter single-backscatter (CFSB)
approximation discussed by deWolf (IEEE Trans., AP-19, 254-262,
1971) and others is applied to a plane wave incident upon a slab
for calculation of the backscattered two-frequency mutual coherence
function, from winich the backscattered pulse shape is found by
Fourier transformation. The response to a general pulse may then
be obtained by convolution. To employ this technique, the forward-
propagating two-frequency mutual coherence function is expressed as
the solution to a parabolic equation. Multipie scattering effects
are included, under the restrictions of small angular-spread of the
wave and a narrow-bandwidth envelope for the incident pulse. The
governing parameters for the pulse shape are the depth of the medi-
um measured by the optical distance t, the albedo Wp and a parame-
ter which is inversely related to the angular width of the averaged
scattering pattern of the medium. When the scattering pattern is a
Gaussian function, the Tlatter parameter is vy =22ky2/4, where & is .
the scale length of the correlation function of refractive index
fluctuation and kg is the wave number. The range of validity of
the CFSB approximation is found to be approximately t < (284/3)2v/lg
where 8y is the maximum allowable angular-spread within the medium.
Althougnh the overall temporal pulse width is always approximately
2L/c, where L is the actual depth of the slab and c is the velocity
of propagation, the pulse shape is best preserved when the time
scale is normalized to 2L/ct. The effect of non-unity albedo is to
hasten attenuation. The effect of v is surprisingly weak, as dras-
tic increases in vy serve only to sharpen the leading and trailing
edges of the overall pulse shape. Thus, asymptotic solutions may
be valuable, and a closed-form solution as y~= is presented. When
scattering is instead characterized by a Kolmogorov process, the
characteristic parameter kglg is introduced, where Lg is the outer
scale length. The resulting pulse shape differs greatly from the
pulse shape for a Gaussian spectrum. In this case the range of
validity for the CFSB approximation is found to be
135(k0L0)5/3905/3/12w0. The effect of changing kolg is quite pro-
nounced; however a closed-form asymptotic solution for the pulse
shape as kglg—= is found, which in extreme conditions of short
wavelength of a large outer scale size may be a good approximation
to actual behavior.
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LINEAR ARRAY SYNTHESIS USING PRONY'S METHOD*

E. K. Miller and G. J. Burke
University of California
Lawrence Livermore Laboratory
Post Office Box 5504
Livermore,CA 94550

Prony's Method has found an increasing variety of
applications in electromagnetics. This is because it
provides a straightforward way to obtain the poles and
residues of functions which are sums of complex expo-
nentials. Such functions occur commonly in physics,
particularly in areas which involve wave phenomena.
These include acoustics, structural behavior and, of
course, electromagnetics.

Electromagnetic applications range from characterizing
spectral and temporal responses to representing bista-
tic scattering and radiation patterns. The latter area
is the one of concern in this presentation, which ad-
dresses the specific problem of antenna synthesis. As
shown earlier (E. K. Miller and D. L. Lager, "Radiation
Field Analysis and Synthesis Using Prony's Method,"
Electronics Letters, March 16, 1978, Vol. 14, No. 6,
pp. 180-182.) the patterns of linear source distribu-
tions can be processed using Prony's Method to either
determine the actual discreet source array which prod-
uced the pattern (i.e., to image the source distribu-
tion) or to develop an equivalent discreet array which
matches the original pattern (to synthesize a source
distribution).

Our attention is focused specifically on antenna syn-
thesis. However, in contrast to our previous work
where the pattern being synthesized was derived from a
prescribed prescribed continuous aperture distribution,
we now start from the prescribed pattern itself. This
distinction is important, because there is no a priori
assurance that an arbitrarily prescribed pattern will
be realizable with the exponential source-field rela-
tionship required both by Prony's Method and physical
reality.

Results are given here for several pattern types to
demonstrate the outcome of using Prony synthesis. A
pattern found to be especially useful is one given by
sin" (0) where N~100 gives a half power beamwidth ~10
degrees. The performance of an actual (computer model-
ed) array of wire dipoles designed to radiate a given
pattern is illustrated, and its sensitivity to errors
in electrical and mechanical parameters is discussed.

*Work performed under the auspices of the U.S.Department
of Energy by the Lawrence Livermore Laboratory under
contract number W-7405-ENG-48.
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AN ARRAY THINNING TECHNIQUE

De Yuan Ho and Bernard D. Steinberg
Valley Forge Research Center
Moore School of Electrical Engineering
University of Pennsylvania
Philadelphia, Pennsylvania 19104

Random deployment of antenna elements in large arrays permits
element thinning by many orders of magnitude without suffering the
consequences of grating lobes. Nevertheless the poor sidelobe
characteristics of random arrays tend to limit the dynamic range
of targets or sources that can be resolved. An ad hoc technique
is described which appears to offer an additional order of magni-
tude of thinning.

The concept is to adjust the element weights during scanning
so that nulls are fixed in the directions of the largest responses.
By comparing the output scans before the nulls are modified, it
appears possible to separate the target responses of the array
from the sidelobe responses even though the sidelobe responses to
the large targets are huge compared to the smaller targets. In
the examples shown a target dynamic range of nearly 40 4B is ac-
commodated by an array with a peak sidelobe level of -7 dB.
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ON THE CURRENT DISTRIBUTION ON
PRINTED PARASITIC THIN WIRE ARRAYS

I. E. Rana and N. G. Alexopoulos
Electrical Sciences and Engineering Department
University of California
Los Angeles, CA 90024

The problem of thin wire arrays printed on grounded
dielectric substrates is addressed. It is shown that
by considering Pocklington's integral equation with the
method of moments, it is possible to solve for the cur-
rent distribution on printed wire arrays, including
parasitic elements. The Green's function employed in
this analysis results from the solution of a printed
Hertzian dipole on the substrate. The results to be
shown correspond to printed wires of arbitrary length
and interelement separation.
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ANALYSIS OF A PHASED ARRAY OF DIPOLES PRINTED ON
PERIODIC DIELECTRIC SLABS OVER A GROUND PLANE

Ruey-Shi Chu
Ground Systems Group, Hughes Aircraft Co., Fullerton, Ca. 92634
Shii-Shyong Wang -
The Aerospace Corporation, El Segundo, Ca. 90234

Phased arrays of dipoles printed on periodic dielectric slabs stand-
ing over a ground plane with the feeding network printed on-

the same dielectric board extending behind the ground plane have
been used in several practical radar antenna systems. A solution
for the active array impedance of this phased array is presented.
By using the regular E and H modes with respect to the direction
along the periodicity of the dielectric-slab array, we obtain the
field solutions in the region containing the array of dielectric slabs.
Then we use the E-type and H~type modes with respect to the
direction transverse to that of periodicity to describe the trans-
verse fields in a unit cell in both the free space and the periodic
dielectric slab regions. Transmission-line equations in a unit cell
with excitation due to the printed dipole source and with termina-
tion at the ground plane can be set up for the modal coefficients.
By matching the boundary conditions at the interface between the
two regions, all the modal coefficients can be obtained and thus
the active array impedance is solved.
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PERIODIC-STRUCTURE-RAY APPROACH TO ANALYSIS
OF ARRAYS ON CONCAVE SURFACES

H, Ahn, B, Tomasic and A, Hessel
Polytechnic Institute of New York

This paper will discuss the principles of a rapidly convergent
ray approach to analysis of mutual coupling in large arrays on con-
cave surfaces, The prototype configurations employed are uniformly
spaced arrays of aperture elements on circular cylindrical conduct-
ing surfaces, The high frequency asymptotic evaluation of exact ex-
pressions for coupling coefficients gives rise to a variant of GTD,
termed the Periodic Structure Ray Method, because the relevant
canonical problems are associated with planar periodic arrays,
rather than with conducting surfaces, The straight line periodic-
structure-ray trajectories are identical with those for the case of an
unperforated concave array support surface, In passing from the
excited to the receiving element, the ray fields are weighted by the
angle dependent launching, reception, and reflection coefficients,
These no longer correspond to a planar conducting surface, but to
planar periodic arrays appropriate to the respective environments
of the transmitting, the receiving element, or the point of reflection
on the concave surface, The two former are proportional to the
transmitting and receiving element pattern values in the ray direc-
tion, The periodic structure ray field expressions are valid in the
far zone of the excited element; for elements close to the source, a
transition function has been obtained, In the case of three dimen-
sional cylindrical arrays, a stationary phase evaluation of both the
ray field and the transition function expressions is required, The
advantages of the Periodic-Structure-Ray Approach are: :

1. The results are generalizable to variable curvature
and/oxr periodicity.

2. Inversion of large matrices is not required (in contrast
to modal analysis or to the usual GTD evaluatign); the
method employs planar phased array solutions as
canonical problems, and exploits the associated computer
programs.,

3, It provides physical explanation of numerical results

The basis of the approach was presented at the URSI General
Assembly in Helsinki, but only two-dimensional (slit) arrays were
discussed. After a suitable background, the paper will describe the
modifications necessary to derive the ray formalism applicable to
infinite-stacked-ring arrays of rectangular waveguide elements in
a concave geometry. A comparison of numerical results with those
of modal analysis in two and three dimensional arrays will be given,
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CURRENTS ON A YAGI STRUCTURE OF INCLINED DIPOLES

Walter K. Kahn*
Naval Research Laboratory
Washington, D.C. 20375

Excitation of one element of a uniform (Yagi) array of parasitic
dipoles gives rise to currents on the parasitic elements which are
conveniently dissected into surface-wave and radiative components.
A network formulation from which characteristics of the surface
wave component was found has been presented. This formulation,
which exhibits the close connection between the properties of the
array of parasitic dipoles and those of the same structure when
all elements are excited as in a phased array, has been extended to
yield also the radiative components of the currents. For dipoles
inclined at an angle ©_ = arctan v 2 to the array axis, the
expressions simplify rgmarkably, and the complete solution is
obtained by function theoretic techniques. The relative amplitude
of the surface wave and radiative component is computed, and the
decay of the radiative component with distance from the source
element is found. :

* Professor of Engineering and Applied Science
George Washington University, Washington, D.C. 20052
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RESONANCE PHENOMENZ ON YAGI ARRAYS

J.M. Tranguilla
Department of Electrical Engineering
University of New Brunswick
Fredericton, N.B. Canada

K.G. Balmain
Department of Electrical Engineering
University of Toronto
Toronto, Ont. Canada

. ABSTRACT

The Yagi antenna has been studied experimentally and
theoretically and a class of resonance phenomena has
been found to occur in a narrow range of kh values
(where k is the free space number and 2h is the dipole
length) immediately below the dipole array cutoff fre-
guency. This resonant behaviour is characterized in
the swept frequency radiation patterns by a very narrow-
band reduction in the front-to-back ratio and in the
input impedance pattern by very rapid fluctuations in
both the real and imaginary impedance components. The
dispersion characteristics of arrays of dipole elements
are used to show that a design procedure may be devel-
oped which prevents the occurence of such resonances.
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ANALYSIS OF THE LOOP-COUPLED LOG-PERIODIC DIPOLE ARRAY

J.M. Tranquilla
Department of Electrical Engineering
University of New Brunswick
Fredericton, New Brunswick, Canada

K.G. Balmain
Department of Electrical Engineering
University of Toronto
Toronto, Ontario, Canada

_ ABSTRACT

A model is described to analyse the loop-coupled.log-periodic dipole
antenna. Both theoretical and experimental data are presented to
investigate such properties as the far-field radiation, input
jmpedance and dispersion characteristics for a wide range of antenna
parameters. It is shown that a class of resonances characterized in
the swept-frequency radiation pattern by a sudden narrow-band loss

in front-to-back ratio and involving sets of adjacent elements exists
on the loop-coupled array and that in most cases these resonances

are dependent upon the nature and location of the feedline termination.
A simple model is proposed to permit optimization of the gain by
adjustment of the dipole-to-feedline coupling and experimental results
on several antennas indicate that the front-to-back ratio may be
simultaneously optimized.
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THE INFLUENCE OF A BOREHOLE ON THE MUTUAL IMPEDANCE OF AN ARRAY OF
COPLANAR LOOPS

R. G. Olsen and N. A. Sanford
Department of Electrical Engineering
Washington State University
Pullman, WA 99164

It is well known that the mutual impedance between loops carrying high
frequency currents can be used to determine the conductivity and permit-
tivity of the infinite media in which they are immersed (J. A. Fuller
and J. R. Wait, Proceedings of the IEEE, 60, 993-9%4, 1972). However,
when this technique is used to determine the electrical properties of
the earth, the loops are surrounded by a cylindrical borehole which has
been drilled in the earth. Further, it is not always possible to know
the electrical characterisitcs of the material which fills the borehole.
It is therefore important to determine the conditions for which the bore-
hole can be neglected. Under these conditions, simple formulas for the
mutual impedance can be used and the presence of the borehole does not
introduce significant error into the determination of the earth's con-
ductivity and permittivity.

The case for electromagnetic coupling between coaxial loops in a borehole.
has been investigated (J. A. Fuller and J. R. Wait, Radio Science, 8, 453-

457, 1973). It was found that under most conditions the coupling is
independent of the borehole's presence.

In this paper the effect of the borehole on the mutual impedance between
coplanar loops is investigated. The coplanar array is of interest for
two reasons. First, at lower frequencies it is more sensitive than a
coaxial array to planar discontinuities azimuthally. Thus it can be used
to determine the direction to an anomaly.

For simplicity the loops are modelled as magnetic dipoles. A closed form
expression for the mutual impedance between two horizontal magnetic di-
poles in a vertical borehole is derived which can be examined to determine
conditions for which the borehole can be neglected.
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AN ANALYSIS OF THE MUTUAL COUPLING BETWEEN ANTEMNNAS
ON A SMOOTH CONVEX SURFACE.

P.H. Pathak and N.N. Wang
The Ohio State University ElectroScience Laboratory
Columbus, Ohio 43212

A compact, approximate high frequency solution is developed in this
paper for the electromagnetic surface fields excited by infinitesi-
mal electric or magnetic current sources which are placed on a
smooth, perfectly conducting, arbitrary convex surface. A know-
ledge of the surface fields is essential in the calculation of the
mutual coupling between a pair of antennas on a smooth convex sur-
face. In the present soulution the surface fields propagate along
Keller's surface ray paths, and their asymptotic description is
uniformly valid along the ray including the immediate vicinity of
the source. Furthermore, as the curvature of the surface becomes
vanishingly small, this result recovers the known, exact result for
the fields on a planar, perfectly-conducting surface. The develop-
ment of this solution is heuristically based upon the form of the
asymptotic solutions for the surface fields which are first obtain-
ed for the canonical circular cylinder and spherical geometries.
The heuristic generalization of these canonical solutions is that
the arbitrary convex surface case then follows via local properties
of wave propagation at high frequencies. The effect of torsion
associated with the surface rays is clearly identified in this re-
sult through the presence of a factor T/K which appears in the ex-
pressions for the surface fields. Here, T denotes the surface ray
torsion and K denotes the surface curvature along the ray direction.
Numerical calculations for the mutual coupling between a pair of
slots in cylinders and cones will be indicated along with measure-
ments, or with calculations based on exact model series solutions,
to illustrate the accuracy of the present solution.

The work reported in this paper was supported in part by the Joint
Services Electronic Programs (Contract N0O0014-78-C-0049) and by
contract N62269-76-C~0554 between the Naval Air Development Center
and the Ohjo State University Research Foundation.
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"FIELD PENETRATION THROUGH SMALL APERTURES :
THE FIRST-ORDER CORRECTION"

Jd. Van Bladel
Laboratorium voor Elektromagnetisme en Acustica
Rijksuniversiteit Gent, Gent, Belgium

At sufficiently low frequen-~
cies (i.e. for A large compared
with the aperture's dimensions),
an iterated solution can be ob-
tained by expanding fields in
power of jk = j 2
Typically _}

E = EO + jkEl + ...
The zero~order terms are well-
~known.- They are of a "static"
nature. We are concerned with

1’ ﬁl' The basic unknown of the problem is the
equivalent magnetic current density in the aperture,
which we write as

Ks = 2(E x ﬁz) = gradx

E

y T + u, x gradxy 0
where

6 =0 on C

T

ar . [0} on C

30

Iterated integral and integro-differential equations
are derived for Oo’ @l, Fl etc...

For example :

; oT
1 2 = 1 - =i 1 1 1
= Vi SS 0. (Y) ——— as' = -u_.Ey+ 5=/, = ——— dc'
41 "xy sl -7 z°71l 4w’ c 3c |T-%"

The general theory is applied to plane-wave incidence
(normal or obligue). Formulas are obtained for the
dipole and quadrupole moments, through which the
far~field can be expressed. The formulas are applied
to the circular aperture, the results checking with
those obtained previously by Bouwkamp by other methods.
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DIFFRACTION BY A NARROW SLIT IN AN IMPEDANCE PLANE

R. A. Hurd, Division of Electrical Engineering,
National Research Council of Canada,
Ottawa, Ontario, Canada, K1A ORS8.

A study is made of diffraction by a narrow slit in a
plane which has a reactive boundary condition on one
side and a second (possibly different) reactive boundary
condition on the other side. An incident field, com-
prising both a space plane wave and a bound surface
wave, 1is assumed. See Fig. 1. Owing to lack of.sym-
metry, the formulation of the problem leads to a pair

of coupled integral equations. These are solved by
assuming that the slit width is small with respect to
the wavelength, and making quasi-static approximations.
The integral equations are then replaced by a sequence
of simpler, uncoupled equations which can be solved
successively. The first two terms of the expansion

(in powers of kd, where 4 is the slit width) are
obtained, and expressions derived for the scattered
fields. The latter are of two types: surface waves
generated at the slit on both sides and space waves
above and below the screen. The amplitudes of the waves
are computed. It is found that the magnitudes of the
oppositely-directed surface waves on the top are equal;
and are in general different from the (equal) magnitudes
of the bottom surface waves. The amplitudes of the
scattered space waves turn out to be ¢ - dependent, with
a maximum in the broadside direction and with a possible
secondary maximum for a certain range of Xj. This
contrasts with the uniform pattern obtained when Xy = 0.
Finally the field in the slit is computed and it

is found that the components normal to the edges are
singular as R™2,

L |

/ H)
r) \ ,

X3 66— ¢2 Xi %
X J
244
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PENETRATION AND SCATTERING OF EM FIELDS BY
ADVANCED COMPOSITE BODIES OF REVOLUTION

H. Kao and K. K. Mei

Department of Electrical Engineering and Computer Sciences
and the Electronics Research Laboratory
University of California, Berkeley, California 94720

Abstract

The solution to a large class of radiation and scattering pro-
blems are readily accessible by the unimoment method. The computa-
tional utility of the unimoment method is demonstrated in the solution
of EM field penetration and scattering by advanced composite bodies of
revolution. The region of space is mathematically divided into
interior and exterior region. The interior region completely encloses
the scatterer. With the anisotropic properties of the advanced com-
posite characterized. by a permittivity tensor, a finite-element algo-
rithm is generated for the interior solution. The scattered field in
the exterior region is analytically represented by a series expansion
having unknown coefficients. With appropriate enforcement of continu-
ity conditions, the solution to the EM field penetration and scattering
problem is obtained. '

Research.sponsored by the National Science Foundation Grant ENG-76-
22296.
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SCATTERING BY A HEMISPHERE

P.L.E. Uslenghi
Communications Laboratory
Department of Information Engineering
University of Illinois at Chicago Circle
Chicago, Illinois 60680
and
V. Daniele
CESPA, Politecnico di Torino, Italy

Acoustic ‘and’ electromagnetic scattering by a hemisphere of radius r = a
occupying the angular region 0 < 6 < v/, is studied by modal matching.
The space surrounding the hemisphere is divided into two regions

(r < a, r/ <0 <7)and r >a, 0 <6 <7T); in both regions, the field
is represented in terms of spherical modes. By imposing the continuity
of the field and its normal derivative (in the scalar case) o¥ of the
tangential components of the field (in the vector case) at the surface
(t =a, 7/, <6 <7), we eliminate the coefficients a. of the spherical
modes in tﬁe reglon r < a, thus obtaining an infinite system -of

linear equations in the unknown coefficients b_ of the spherical modes
in the region r > a. By imposing the boundary conditions at the
surface (r = a, 0 < 6 < 7/,), we obtain another system of infinite
linear equations in the unknowns bn'

In both infinite systems, it is possible to express the even coefficients
b in terms of the odd coefficients b , and viceversa. This property
a% ows us to eliminate either the even or the odd coefficients, thus
obtaining a system which does not present the property of relative
convergence (Mittra and Lee,1971); therefore, an approximate solution

of such a system is easily obtained by matrix truncation. However,

the system obtained has another interesting property which may lead to

an exact solution of the scattering problem.

The infinite matrix M formed with the coefficients of the unknowns b2

. . n
(or b ) can be written as the sum of two matrices M = C + D. The
matrix E is a compact operator, while D is the matrix which is obtained
by applylng(mode matching to the scattering from the disk -1 -1 -1
(0<r<a, 8=m/). The inverse matrix M © = (1 + D"1C)™" D ", where D
is known, whereas (1 + D~1lc¢)-1 may be calculated by an extension of
Fredholm's theory of integral equations of the second kind to infinite
systems of linear equations. This research was supported in part under
grant AFOSR-77-3253, and in part under a joint program between NSF and
the Italian CNR.
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AN EFFICIENT APPROACH FOR COMPUTING FRESNEL-ZONE FIELDS

A. M. Rushdi, R. Mittra and V. Galindo-Israelt
University of Illinois, Urbana, Illinois and
Jet Propulsion Laboratory
California Institute of Technology, Pasadena, California

The determination of Fresnel-zone fields from aperture
antennas and reflecting surfaces is an important problem and
arises in many applications, e.g., antenna measurements and
design of beam waveguides. The computation of these fields is
extremely time-consuming, even more so than the determination
of the .corresponding far-field patterns. Recently, an efficient
series method (Galindo-Israel and Mittra, IEEE Trans. AP-25,
631-641, 1977) based on-the use of Jacobi polynomials, was
introduced for efficient computation of far-field (Fraunhofer)
patterns from reflector and aperture antennas. In this paper
we show how.the series method can also be employed for the
determination of Fresnel region fields from planar aperture
antennas and. parabolic reflectors. We begin by expressing the
magnetic field in the Fresnel region due to a given surface
current distribution js on a surface L.

L ikt

H(r)=_JkTTT[rX(A0+2A]+JA2)+A3)]

] tep
where ZO =f7J 35(;')e3kr Yds' = Far field term
z

and the Fresnel region contributions are given by the higher-
order terms Ay, Ay, and A;. Ve show that these higher-order

terms can be expressed in terms of Js and A, as
> - A= kr'er
A = 1 S S (x' - 1)J eJkr Tas'
roy s
- ~ s _|."
A = - Ji.f So(e'2 - (G- r)z)eJkr Tds'
2r 5

- -— 1 —'.A
A, = ~(1/r) J f %' x JSeJkr T4s!
z

The principal contribution of this work is to demonstrate that,
once J_ is expanded in a Jacobi~polynomial series, the coeffi-
cients of_the series can be employed to not only compute the
integral KO’ but the higher-order integrals as well. Conse-
quently, this series procedure represents a considerable time-
saving over the conventional methods which require repeated
numerical integrations of highly oscillatory nature for each
observation point.

tThe order of the authors is arbitrary. V. Galindo~Israel
is with JPL.
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NEARFIEID SCATTERING BY A FINITE DIELECTRIC ROD

G. Tricoles, R. A. Hayward, E. L. Rope
General Dynamics Electronics Division
P. O. Box 81127, San Diego, CA 92138

The fields distributions near finite dielectric rods illuminated
with plane electromagnetic waves give useful information for
applications like radaome analysis. The fields also are of in-
terest in electromagnetic scattering by dielectric particles and
structures. This paper gives theoretical, numerical, and experi-
mental results for scattering by finite length circular cylinders.
The theory is a form of the moment method. It utilizes volume
integrals for polarization currents (J. H. Richmond, IEEE Trans.,
AP-13, pp 334-341, 1965); however, it differs from earlier work
because the rod is subdivided into thin discs. The theory in-
cludes the divergence of the polarization charges. We describe
calculations for wave polarization either parallel or perpendi-
cular to the rod length, but incidence is normal to rod length.
The camputed field distributions are compared with measured
values for distances of 0.5, 1.0, and 1.5 wavelengths from a rod,
dielectric constant 2.6 and length 1.5 wavelength.
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RADAR. CROSS SECTION OF LOOP ANTENNAS
ABOVE FINITE CONDUCTING HALF-SPACE

Ahmed S. Abulkassem and David C. Chang
Electromagnetics Laboratory
Department of Electrical Engineering
University of Colorado
Boulder, Colorado 80309

The probliem concerning the scattering cross section of a thin
wire loop antenna located in air above a dissipative earth is of
interest in radar target identification and direction finding. In
many situations when the circumference of the loop is comparable
to the free space wavelength, scattering pattern of a loop near
resonance can be significantly different from that of a loop of
smaller radius. The problem is further complicated by the inter-
action between the loop and the earth surface when the loop is
oriented in a different direction. In this paper, we shall discuss
in detail the difference in scattering cross-section of a horizon-
tal and vertical loop. We begin first by an integral equation for-
mulation for the induced currents on the two loops taking into
account the interaction between the 10op and the earth via the well
known Sommerfeld integrals for an elective dipole of arbitrary
rientation. A Fourier Series expansion of the induced current is
then used to convert the integral equation to a matrix equation for
the current components, which is subsequently solved by numerically
computing all matrix elements. For a resonant Toop, we have shown
that scattering cross-section of a horizontal Toop is typically
larger than that of a vertical loop. Going from perfectly conducting
ground to a finite conducting earth, substantial difference
cross section exists mainly because the field incident onto the loop
is now greatly modified by the reflection of the plane wave from the
earth surface. For loop height greater than free space wavelength,
the interaction betwzen the Toop and earth can be ignored.
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USES OF THE NONLINEAR OPTIMIZATION IN FIELD AND SCATTERING PROBLEMS:
¥,L. Chow and S.K. Chaudhuri, Department of Electrical Engineering, -
University of Waterloo, Waterloo, Ontario N2L 3Gl, Canada.

An optimization subroutine minimizes an objective function by
interatively adjusting its function -variables. The ohjective function
can be the sum of the squared errors of the constant terms of a set of
simultaneous equations derived from a numerical or analytical method.
If the equations are linear, they can be solved by matrix inversions.
If the equations are transcendental, they cannot be solved in any
usual manner, however they can still be solved by the nonlinear opti-
mization subroutine.

Many problems in fields and scattering can be quite simple
when a set of transcendental simultaneous can be used. We shall dis-
cuss three examples in this paper.

The first example is the capacitance and field around two
oppositely charge conducting spheres (Y.L. Chow and C. Charalambous,
URSI Meeting, Boulder, CO., Jan. 1978 and IEE Proc. in press). By
placing simulated charge images in the spheres with strength and
locations to be optimized, a rapid convergence of two charge images per
sphere is obtained giving the same boundary accuracy as that of eight
charge images in the well known successive images method (W.R. Smythe,
"Static and dynamic electricity", 3rd. Ed., McGraw-Hill, 1968, pp.
128-129). The latter, of course, is still faster convergent than the
point matching moment method.

The second example is the scattering cross section of one or
more conducting spheres (Y.L. Chow and C. Charalambous, URSI Meeting,
Boulder, CO., Nov. 1978). By placing three pairs of electric and
magnetic dipoles images inside one conducting sphere and optimizing,
the scattering cross section calculated is accurate, up to ka = 2.2 (i.e.
far into the resonant region). With only a small number of dipole
images thus obtained, the near field around the sphere can be obtained
very easily and just as accurately as the scattering cross section.

The third example is different from the first two in studying
the back scattering impulse response of ellipsoids. An application of
the physical optics condition and the first four moment conditions
(E.M. Kennaugh and D.L, Moffatt, Proc. IEEE, Vol. 53, 1965, pp. 893-901),
leads to a set of transcendental equations which is then solved by a
nonlinear optimization subroutine.

Based on these three examples, interesting points in other
examples and the actual use of the optimization subroutines are discussed.
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SCATTERING BY MATERIAL BODIES OF REVOLUTION
WITH A METALLIC CORE

S.K. Chang
EMtec Engineering, Inc., Box 679, Berkeley, CA 94701

Electromagnetic scattering from material bodies with a
metallic core is of interest in many practical problems. This
paper applies the unimoment method (Mei, IEEE AP-22, Nov. 1974)
to solve the scattering by a composite of rotationally-symmetric
lossy dielectric and perfectly conducting bodies of arbitrary
cross sectional profiles. The coupled azimuthal potentials

¢1 = kope¢ and wz = koph¢ (Morgan, Chang, Mei, IEEE AP-25,

May 1977) in the material are solved by the variational finite
element method. The boundary conditions of the potentials are
wl =0 and awz/an = 0 on the conducting surface. The technique

is useful in solving the scattering by objects up to several
wavelengths in dimension.
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ON ELECTRICALLY THICK CYLINDRICAL ANTENNAS
OF FINITE LENGTH

Lawrence Rispin and David C. Chang
Electromagnetics Laboratory
Department of Electrical Engineering
University of Colorado
Boulder, Colorado 80309

The finite length tubular cylinder is often used as a basis 1in
modeling similar physical structures. At Tow frequencies, thin wire
antenna theory is adequate for estimating the axially-directed
current on the cylinder due to a plane wave incident field. At
higher frequencies, however, this simplified approach is not appli-
cable and more sophisticated methods of analysis are necessary.
Numerical techniques such as Kao“s (Rad. Sci., 5, 853-859) and the
approximate analytical solution of King, et al. (Interact. Note 633,
AFWL, Kirtland AFB, N.M.) prove successful in predicting the current
densities on the cylinder for both E and H polarization of the plane
wave, but are formulated only for normal incidence. Employing the
Wiener-Hopf technique, expressions for the current densities on a
semi-infinite tubular cylinder of arbitrary radius due to an arbi-
trarily polarized plane wave incident at an arbitrary angle may be
derived. For those radii where waveguide modes in the interior
region of the cylinder are still under cut-off, one can show that
the angular current as well as the non-uniform component of the
axial current decay away from the end of the cylinder, while the
uniform axial current reflects and propagates away from the end.
Using these expressions, the axially and circumferentially directed
current distributions on a finite length cylinder antenna are con-
structed by summing the multiple reflections from the ends with due
attention also being given to the conversions between the axial and
circumferential current densities near the ends. Numerical compu-
tation of the current distribution for various angles of incidence
and polarizations are given, the normal incidence data being con-
sistent with existing theories. In addition, since the reflection
of the current wave from the end of a transmitting antenna can be
obtained from an incident wave near grazing, one can also investi-
gate a thick cylindrical antenna with an excitation that may be
uniform or varying about the cylinder.
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A FUNCTIONAL PATH-INTEGRAL APPROACH TO STOCHASTIC
WAVE PROPAGATION

Ioannis M. Besieris
Department of Electrical Engineering
Virginia Polytechnic Institute and State University
Blacksburg, Virginia 24061

Conrad M. Rose
Naval Surface Weapons Center
Dahlgren, Virginia 22448

Because of the restrictive assumption of zero correlation length
along the range, it is well known that Tatarskii's and Klyatskin's
pure Markovian random process approximation [cf. Izv. VUZ., Radiofiz.
13, 1061 (1970); 14, 1400 (1971)] allows formally the derivation of
exact equations for coherence functions of any order when used in
conjunction with the stochastic complex parabolic equation; even
in this case, however, the integration of the equations for the
fourth-and higher-order coherence functions presents basic diffi-
culties. [These difficulties become more pronounced in the case
of the integration of the equations for multifrequency coherence
functions (quantities intimately linked to pulse statistics)].

One of the reasons why the aforementioned approach has not
yielded sufficient information in conmnection with higher-order
coherence functions is that the study of these functions based on
their governing local equations is a nontrivial problem. In contra-
distinction, recently formulated methods based on functional (or
path) integration [cf. P. L. Chow, J. Math. Phys. 13, 1224 (1972);
J. Stat. Phys.12, 93 (1975); Indiana U.Math.J. 25, 609 (1976); R.
Dashen, Standfogd Research Inst. Tech. Rept. JSR-76-1 (May 1977);

V. U. Zavorotnyi et al.,Zh. Eksp. Teor. Fiz. 73, 481 (1977); C. M.
Rose and I. M. Besieris, J. Math. Phys. (May 1979)] have the dis-
tinct advantage that they work on a global rather than a local level
making, thus, easier the algorithmic derivation of asymptotic solu-
tions to higher-order moments.

Our intent in this exposition is twofold: (1) to assess the
importance of the path-integral technique as an asymptotic tool in
stochastic wave propagation; (2) to present a series of new results
dealing with nth-order multifrequency coherence functions in the
presence of a deterministic profile, dispersion, and with allowance
for finite longitudinal (range) decorrelatioms.
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PROPAGATION IN A TWO-MODE RANDOMLY
PERTURBED WAVEGUIDE

Werner Kohler
Department of Mathematics
Virginia Polytechnic Institute and State University
Blacksburg, Virginia 24061

Stelios Patsiokis
Department of Electrical Engineering
Virginia Polytechnic Institute and State University
Blacksburg, Virginia 24061

In describing the flow of energy in randomly perturbed wave-
guides, coupled power and coupled fluctuation equations represent
a commonly used approximation (c.f. Light Transmission Optics,
D, Marcuse, Van Nostrand Reinhold, New .York 1972.) These equations,
arising from a neglect of backscattering, have also found applica-
tion in the study of underwater acoustic propagation (c.f. L.B. Dozier
and F.D. Tappert, J. Acoust. Soc. Am., 63, 353 and 533).

In this work, our intent is to determine how the coupled power
and coupled fluctuation equations emerge from an analysis of the
full terminated guide problem. This basic problem is a stochastic
2-pt. boundary value problem in which full multiple scattering ef-
fects are included. A model two-mode randomly perturbed guide (matched
at generator and load) is studied. The coupled power and coupled
fluctuation equations are found to emerge as the leading order terms
of a perturbation expansion of the full problem solution when the
random fluctuations have a long correlation length in the propaga=-
tion direction. First order corrections are also obtained. The
results are compared to computer simulations and the predictions
of a 2-mode transport theory.
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AN INTENSITY PROBABILITY-DENSITY FUNCTION
OF PLANE WAVES PROPAGATED THROUGH RANDOM MEDIA

Mitsuo TATEIBA
Department of Electronics, Nagasaki University
1-14 Bunkyo-machi, Nagasaki 852, Japan

Abstract

The 2nth-order moment equation determines the sta-
tistical properties of successively forward-scattered
(SFS) waves in random media. It, however, has not been
exactly solved except the case(X. Furutsu, J. Opt. Soc.
Amer., 62, 240 - 254, 1972) that the correlation function
B(r,z) of the refractive index can be approximately
expressed as B(r,z) =a,(3) +as(z)r?, while usually
B(r,z) =ay(2) +as{(z)r®+as(z)r*+ -+, In B(r,z), only
the r? term gives rise to such an idealized spot danc-
ing that each intensity of SFS waves has the same form,
and the arrival position displaces randomly (M. Tateiba,
IEEE Trans., AP-23, 493 -497, 1975). Other terms r*"
(n#0,1) yield the random deformation of the intensity
(M. Tateiba, ibid.).

This paper presents an exact solution of the moment
equation for a plane incident wave in a special case
B(r,z) =ag(2) +a,(z)r? +a,(z)r* by the application of
Fourier transform technique and operational calculus.
The solution leads to the result that the logarithm of
the intensity of a plane wave is specified by a normal
density function with the mean and the variance deter-
mined uniquely by ay{(z) and the propagation length z.
The process of solution may suggest that the log-normal
density function of the plane wave intensity is caused
by only the »* term in B(r,z).

It is found on the basis of purturbation theory that
intensity fluctuations of a plane wave due to the r?"
(n=3,4,--+) terms in B(r,z) are negligible as compared
with the fluctuation due to the r" term, if z/7 << kil
and B(0,0)(z/1)° << 1 where k is the wave number in free
space and I the correlation length of B(r,=z).
Accordingly, these conditions show the limits of
applicability of the exact solution and the log-normal
density function. Besides, they indicate that the
intensity fluctuation is very weak, and, in general,
wave-form distortion occurs slightly. Therefore, the
aforementioned spot dancing also is observable under
the conditions.
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COHERENT WAVE PROPAGATION AND THE
FOLDY-TWERSKY INTEGRAL EQUATION

Gary S. Brown
Applied Science Associates, Inc.
Apex, North Carolina 27502

The general problem of coherent wave propagation in discrete ran-
dom media requires the inclusion of all orders of multiple scat-—
tering or interaction between particles. When the multiple scat-
tering is negligible and the particle number density is small,

the problem is adequately formulated by the Foldy-Twersky integral
equation. Unfortunately, there are no general rules as to when
multiple scattering is important and one must therefore exercise
caution in the use of the Foldy-Twersky integral equation. Con-
versely, one should not ignore solutions of this equation just be-
cause they appear to be representative of potentially strong mul-
tiple scattering situations.

Solutions of the Foldy-Twersky integral equation have been pre-
viously found for isotropic scattering particles (Foldy) and for
a slab of large, nearly transparent particles (Twersky). In this
paper, we consider the problem of coherent wave propagation in an
unbounded medium of discrete scatterers and show that a solution
can be obtained without resorting to the so called far-field ap-
proximation. This solution requires accurate knowledge of the
average field inside the particles and so it is most amenable to
a collection of either Rayleigh-Gans or Rayleigh particles. For
Rayleigh particles, the solution for the propagation constant of
the coherent field appears to exhibit a "built-in" restriction in
terms of the fractional volume occupied by the particles, the di-
electric constant, and the shape of the particles. This restric-
tion seems to imply a necessary (but not sufficient) condition
for the application of the Foldy-Twersky integral equation. The
solution therefore comprises a low frequency asymptotic result
which is applicable when multiple scattering is negligible.

Under the assumption that multiple scattering is negligible, a
heuristic discussion will be presented on the extension of these
results to include both electromagnetically small and large scale
particles. The application of this theory to coherent wave prop-
agation through forested environments will be briefly mentioned.
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AN ANALYTICAL THECORY OF PULSE WAVE PROPAGATICN
IN TURBULENT MEDIA

K. Furutsu

Radio Research Laboratories, Koganei-shi, Tokyo 184, Japan

Most of the theoretical works on the pulse wave propagation in
turbulent media have been achieved by use of the two—frequency mt)tual .
coherence functions and, except the work by Sreenivasiah et al.
also. by numerically solving their equations, followed by the numemcal
integration over the fr‘equency difference for the Fourier inversion. The
analytical works also 'have been tried by use of a method similar to the
Rytov approximation, alth?é,li;h iéhetr‘ results are appllcable only to the cases
of short optical distances

In this paper, the basic equation is chosen to be the space-time trans—
port equation for the angular-freguency distribution function of wave, since
the equation has a symmetrical form in space and time, and it is then
subjected to the forward-scattering approximation. '

In the space-time coordinate system (¢, t) where ¥ denotes the
three—~dimensional space coordinates and t the time, the conventional
transport equation is given in the form

[2-30¢ + c'afort + ¥(sz,w) I T(R,w; §,¢)

-

where R is the three—dimensional unit vector, W«  the angular fre-
quency, and I(R2,W; ¢, t)=I( ,~w; §, t) is the angular-frequency
distribution function at (¢, t). In the following where the forward scattering
is assumed to be essential as in the typical case of light-wave propagation in
turbulent media, we shall use the spatial coordinate system (¢)=(§, 2)
with the z-axis taken in the main dxrect1on of wave propagation, and also

put () =(g , RNy ) where & (1-92)7< 1~ + %2 * . Then, (1) yields
the equation of the angular-fre Luency distribution functlon

in the form [JC =0]

m

oo
' SdEZ' B, 0|2, w) IR w5 8, 1) + J(n,05 8.,

oo

[iz.a/az + (l—%gg’);/}1 +claht+ ¥ 3 I(g;w';'_g,%t)

@
& o
= | o0 fan Bz -2, wowd TR W 8,7, 8D

In order to solve (2), it is most convenient to make the Fourier trans-—
formation with respect to § and w according to
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X, x5 8,3.t)= S dedsz T(Z,ws5 §,3.t)

—co — o0

®
x expli{dor -#%g-r}],
with dW= W-vJo and L= Uo/c - Hence, when the turbulent media are moving
with a constant velocity » the equation of I(y,~; ¢, 1,t) inthe
new coordinate system t, r and % =ct-z isgiven in the form
-l P | . 2
Celdfor + i 27 ofor- 306s - L (1 13/5x)73/52,
Q)]
+R V- ed)]I(x,x58,3.t)=0,
where
o
vir)= pli&xl . (5)
Here, ,3 is a non-dimensional constant, and . d =2 or 5/3 according

as the turbulence spectrum is of Gaussian or of Kolmogorovian, respectively.
Note that (4) is exactly the same as the equation derived by use of the equation
of two-frequency mutual coherence function which has been exclusively used
by previous authors.

In the case of plane wave pulses, the solution of (4) becomes independent
of ¢ and, when ¥ =0, is given by the integral of the form

o e . (6)
I(X;23,t)= G2y j du e’ 3-‘)(2,’1)-
-0

Here

/td+2) d/(@+2)

§=(22pfin) %, *2:(zu/z%|ﬁ) akpct, ¢p)
and 'f(g > 7D is the solution of
- 2 4/ 8
(Yo + HOTg.pd=0, H=1[-GA + 15927, ®
Although the new coordinates i are complex according to (7),

the effective way to solve (8) is to construct the eigenfunctions of H
which are defined by the eigenvalue equation

>

HY¥, (5= A ¥, ®

Here, when j/ is real, the operator H is hermitian and also self-

adjoint and therefore the eigenvalues A  are real and the eigenfunctions
are orthogonal.

¥+, (5D
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All the above properties of the eigenvalues and eigenfunctions remain
to be valid even when the coordinates ?,' are changed from real to
complex ones given by (7) in so far as the eigenfunctions are analytically
continued. In the case of o =2, the operator H is exactly the same
as the Hamiltonian of two-dimensional linear quantum oscillator and therefore
A=2n+1, n=0,1,2,...; also Y4(§) canbe exactly obtained and ‘{"A(i)
- 0 as ]i | > e0 for the complex  § of (7). This is the case also
for other cases of & < 2, ~

When the initial wave at t =0 is a perfectly coherent plane wave
pulse and has the form of S(j) , Eqgs. (8) - (8) give the expression of
the total intensity I(; ,D=1r; 3, t), ~=0 as follows:

1,0-3 LG, ¢= (2hpet)(zhp3) s 10y

>

-1 hiaig - . - m
Iu03,1) = Cp (T3) Z :;In_, T[l+°((d‘*2)l’mj§i'n[27[m (awz)l] (Ad) D

m=|

-} N
~ Cp (23) {(0(+2)/7C}/2{0((a+2)—'A4> }{Hd/z)/z

}|+d/2 12y

X exr[_(z/a(){oz(dJrz}"A#" 1, a¢»1, g>o0.

Here, the asymptotic expressions of A and CA for large eigenvalues
are given by

LYACR
A~ f e vd /o, 3/ ) B
(13)

Cp ~ (—)“(2‘;()”7{/5('/04, ZN B(w,pd= ]”(/a)/ Futpd,

Note that both expressions of A  and CA give the exact values A =2n+1
n PR
and CA =(=) 2 inthe case A =2 of Gaussian spectrum, in spite of the

fact that (13) is valid only in the asymptlotic sense.

The convergence of the series (10} with (11) - (13) is very good for 21
or in the begirning stage of pulse wave, whereas the convergence becomes
poor for ¢ K 1 . In the latter case, I(%, t)can be expressed by another
series of good convergence, given by . :

Tot) = e/e) ! T 3 Fleny, (14)
mnm=0 )

where, with v = 2;;'/(!”2) >
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er iz, 1)

F(Cm)=ZNc—>a FL200+/v» 7 (2! (2040)1 ]" et

i=o0

(15)

N - T —mu~
'\,(m)vZ (m1) r‘(l'f“"’ll)/l)r(]+an)§]“,{1t(|_1))m}cﬂ

m=)

Cy » 1,

(16)

od < 2,

Here, in the special case of o« =2, (15) becomes

F(tm) = Cqy exr[— Cn ) R

an

which used in (14) gives the series obtained in Ref. 1.
Curves shown in Fig. 1 were obtained by use of (i0) - (13), and show
previous authors who solved (4) by

a good agreement with those shown(
a numeragal method for o =5/3

&

and used the series (14) with (17) for

o =2 , the latter convergence being very poor for ¢ 4  or in the
beginning stage of pulse wave. In Fig. 2 are shown the tail parts of the
same pulses, which decrease exponentially for

%—16/11

& = 2 and with the factor

for o =5/3. The pulse moments ¢ 3F>  associated with the
pulse wave width were also analytically obtained, and show that, when o =5/3,

(%F> = eo for p > 5/1.[To be published in J. Math. Phys., April, 1979]

ot

L L £ L

o3
(t-211T

Fig. 1

o

-2/t

Fig. 2~

(1) 1. Sreenivasiah, A. Ishimaru, and S.T. Hong, Radio Sci., 11,775 (1976).

(2) C.H. Liu, A.W. Wernik, and K.C. Yeh, IEEE Trans. AP—2——2—, 624 (1974).

(3) A. Ishimaru and S.T. Hong, Radio Sci., 10, 637 (1975).

(4) L.C. lee and J.R. Jokipii, Astrophys. J., 196, 695 (1975); 201, 532 (1975).
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BACKSCATTERING OF A PICOSECOND PULSE FROM
A DENSE SCATTERING MEDIUM

Koichi Shimizu and Akira Ishimaru
Department of Electrical Engineering
Adam P. Bruckner
Department of Aeronautics and Astronautics
University of Washington
Seattle, Washington 98195

Diffusion of a short pulse in a dense scattering random
medium has previously been studied using the time-dependent equa-
tion of transfer and its diffusion approximation (A. Ishimaru,
JOSA, 68, 1045-1050, 1978). This paper presents a diffusion solu-
tion for a beam wave incident upon a slab of a dense scattering
medium. The backscattered pulse shapes are calculated from the
theory and compared with the experimental data. The experimental
system was constructed by modifying the laser range-gating system
(A. P. Bruckner, Appl. Opt., 17, 3177-3183, 1978).: Using high
power laser pulses (500 Md/cm?) and an ultrafast shutter (CS»
between two crossed polarizers), it is capable of recording back-
scattered pulse shapes in a picosecond range. A beam of pulses
with the pulse width of approximately 10 picoseconds at A =0.53 um
is incident upon an aqueous solution containing latex microspheres.
The Tatex spheres have diameters ranging from 0.5 to 50 um and
their concentrations are in the range of 0.1 to 39% in weight.

The backscattered pulse shapes are digitized and stored for statis-
tical processing. The pulse broadening for a 10% solution is a few
picoseconds, while the broadening for a 1% solution is approximate-
ly -5 to 10 picoseconds. The pulse broadening increases as the con-
centration is decreased and for a 0.1% solution, the pulse broaden-
ing extends to several tens of picoseconds. The general pulse shape
is characterized by a sharp rise time and a slow tail. When the
scatterers are absorbing, the tail part tends to suffer attenua-
tion. The diffusion solutions are calculated using parameters
obtained from the Mie solution and the known concentration. It is
demonstrated that the theoretical predictions and the experiments
agree well not only in the pulse shape and broadening, but in the
relative magnitudes of the pulse height for different particle
sizes and concentrations as well.
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Transients on Lossy Transmission Lines

A. H. Mohammadian and C. T. Tai: -
Radiation Laboratory, University of Michigan
Ann Arbor, Michigan :

Transients on lossy transmission lines have previously been
studied by Jeffreys and Kuznetsov. Jeffreys examined the case of
a semi-infinite 1ine. His solution is expressed in a series of
modified Bessel functions. Kuznetsov examined the semi-infinite
Tine2 and a line terminated by a series R-L impedance. His solution
is exxpressed in terms of Lommel functions. In this work we have
provied the identity between these two formulations. Based on
Kuzrietsov's theory we have also examined the R-L terminated line
with no restrictions placed on the values of R and L as imposed by

Kuznetsov. The case of a parallel G-C termination is also studied
in detail.

Pn approximate solution based on a perturbation in the Laplace
transform domain is obtained for 1ines with -low loss. Although the
method can not be justified rigorously numerical results based on
this simple method show good agreement with the exact solution for
Tow Toss lines.
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THE RESPONSE OF A TRANSMISSION LINE ILLUMINATED BY
LIGHTNING-INDUCED ELECTROMAGNETIC FIELDS

Harold J. Price, Ashok K. Agrawal, Howard M. Fowles and Larry D. Scott
Mission Research Corporation, Albuquerque, NM 87108

This paper presents the theory and procedures used to estimate
the voltages and currents induced on long transmission lines by cloud-
to-cToud Tightning. A model for the cloud-to-cloud lightning phenomena
is presented, and the theory necessary to calculate the electromagnetic
fields created by the 1ightning stroke is derived.

Unlike the method used by Uman (M. A. Uman, et al, Am. Jo. of
Physics, January 1975) for vertical lightning strokes, we formuTate
the problem in terms of a Cartesian coordinate system, for ease in
integration of the vector fields. In addition, to increase the speed
of numerical computation, the vertical derivative of the electric field
is used to compute the horizontal electric field close to the ground.
The static fields which occur prior to the lightning discharge are
also included, since they impose a nonzero initial condition on the
transmission line.

The time-domain transmission line equations are derived from Max-
well's equations in the presence of external electromagnetic fields.
Similar formulations in the frequency domain are contained in a note
by Taylor (C. D. Taylor, et al, IEEE Trans. AP, 13, November 1965);
however, it was not pointed out that (in terms of sources) there are
two equivalent formulations of the equations. The source terms appear
quite differently in the two formulations.

In this paper we derive the time-domain transmission line equa-
tions in a convenient form, where source terms appear only in one
equation. Furthermore, the source does not contain time derivatives
of the impressed fields which results in a considerably easier numer-
ical computation. A time-domain formulation is more convenient, if
in the future nonlinear effects are to be included.

Finally, the results of sample calculations, using finite differ-

ence techniques for the solution of the transmission line equations,
are presented.
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ON THE LOW FREQUENCY ASYMPTOTIC BEHAVIOR OF SEM-DERIVED
EQUIVALENT CIRCUITS FOR WIRE ANTENNAS, G. W. Streable,
Bell Laboratories, Holmdel, NJ, L. Wilson Pearson,

K. A. Michalski, Department of Electrical Engineering,
University of Kentucky, Lexington, KY 40506

The first two authors presented terminal equivalent circuit de-
rivations for the straight-wire and the wire loop antennas de-
rived by means of the singularity Expansion Representation for
these objects at the 1978 National Radio Science Fall Meeting.
The circuits derived demonstrate a transient response which
agrees well with that of the object in question except in the
early time -~ roughly one transit time across the objects. The
present paper demonstrates that this departure of results is
attributable to the quasi-static influence of the reactance
which one neglects when the formal SEM circuit is truncated to
a finite number of elements for computation or realization.
Bucci and Franceschetti found it necessary to include the net
static capacitance of a spheroidal antenna in an approximate
equivalent circuit for that structure (0.M. Bucci and G.
Franceschetti, IEEE Trans. Ant. & Prop., v. AP-22, pp. 526-535,
1974). Their conclusion is essentially the same as ours par-
ticularized to simply-connected objects. The improtant con-
sequence of this result is that one must compute the asymptotic
reactance of a given structure apart from the SEM representa-
tion. The reactance of the truncated equivalent circuit must
be adjusted with additional element(s) so as to match that of
the object in the asymptotic limit.

The entry of this phenomenon into the SEM equivalent circuit
formalism is described. The means whereby the asymptotic reac-
tance is computed apart from SEM is reported as well as the
means of merging the two results. Computed data demonstrating
the phenomenon at play are presented.
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TRANSIENT ELECTROMAGNETIC FIELD OF A VERTICAL DIPOLE
LOCATED ON A DISSIPATIVE EARTH SURFACE

Hussain A. Haddad® and David C. Chang
Electromagnetics Laboratory
Department of Electrical Engineering
University of Colorado
Boulder, Colorado 80309

Transient response of an elementary dipole in the presence of a
finitely conducting earth is evaluated in terms of the singularities
of the time-harmonic fields in the complex frequency domain for the
case when both the source and observation points are located on the
interface. The transient field is found to consist of two kinds of
wave; one of these arrives early via propagation in air and the other
arrives later via propagation in the earth medium. Decomposition into
this manner allows us to express the double infinite integrals into
single integrals of finite extent that can be easily evaluated
numerically.

Waves arriving via the ground medium, usually are found to be
several orders smaller than those arriving from air for a typical
earth environment. Provided this is the case, effect of the Zenneck
wave in the frequency-domain and the finite ground conductivity are
seen to produce the equivalence of an image current propagating
along a vertical channel away from the air-earth interface with a
varying speed as well as an effective wave number of the surrounding
medium. Extensive numerical computations are made for an impulse
current source and for various observation distances and ground
conductivities, and compared with some known approximate analytical
solutions. 1In general, it is found that the static and induction
field 1is mainly important in the late-time portion of the response.
The dispersive effect due to finite conductivity of earth is pre-
dominant in the determination of the early time response. For an
impulse current source, the electric field strength at a fixed
observation distance, remains relatively stable initially after the
arrival of the first waves in air via a direct path between the
source and observation points. Then it goes through a rapid change
of polarity before the static situation is reached at a later time.
As a rule, this change of polarity occurs sooner when the ground
conductivity is higher, or observation distance shorter.

1'Now with Northrop Corp. Aircraft Div., Hawthorne, CA.
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A Geometric Theory of Natural Oscillation

Frequencies in Exterior Scattering Problems

A. Q. Howard, Jr.
Department of Electrical Engineering
University of Arizona, Tucson, 2%

The representation of the transitent electro-
magnetic response of finite size smooth perfectly
conducting objects in terms of a complex exponential
series is the central ingredient of the singularity
expansion method (SEM). The exponential terms corre-
spond to the complex natural frequencies associated
with the object geometry. That such a simple series
.can predict the response of complicated objects begs
the question "is there not a corresponding more direct
method to compute the natural frequencies in extérior
scattering problems".

To partially answer this question a geometric
ray optics method, which because of its asymptotic
nature is particularly suited to compute the higher
order resonances, is described. :

The idea is, in general terms, to consider a
smooth convex object with a surface impedance boundary
condition. Using a local geodesic coordinate system,
the ray orbits are determined which have extremal
electrical path lengths.

The electrical path length however depends upon
the local principal radii of curvature of the surface.
The primary result of the work to be described is that
a generalized WKB method can be employed to account for
both the curvature and the impedance boundary conditions.

The method when applied to a sphere is shown to
reduce to the well known uniform asymptotic expansion
of the spherical Hankel functions. In this example a
comparison of the asymptotic and exact results for the
natural oscillation frequencies of a sphere is given.
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IS PRONY'S METHOD AN ILL POSED PROBLEM AND
PENCIL-OF-FUNCTION METHOD A WELL POSED
PROBLEM IN SYSTEM IDENTIFICATION?

Tapan Kumar Sarkar

Department of Electrical Engineering
Rochester Institute of Technology
Rochester, New York 14623

_Abstract:

Suppose the problem of interest is to identify/approximate
the transfer function of a system by its poles and residues when
the noise contaminated input and output are specified. Then a
well posed problem in system identification is one in which the
poles remain relatively stable as the order of the approximation
is increased. Secondly, the identification process should not
become unstable as the sampling frequency is increased above the
Nyquist rate. In this presentation it will be shown:

(1) that the pencil-of-function method uses an onto mapping in
a Hilbert space, where the location of the poles remain invariant
as the system order is increased. This is not guaranteed in
Prony's method, Wiener filters, maximum entropy and other least
square methods.

(2) that a similar development as in the pencil-of-function

could be made using the successive integrals of the functions
using a difference equation as in Prony's method. But this method
(Carr's method) may not yield any error bounds on the location

of the poles. This shows the fundamental methematical difference
between a difference equation type of approach and the pencil-of-
function method.

(3) that there is no justification in choosing any of the co-
efficients a, to be unity in a difference equation approach (such

as Prony's).” Yet each choice yields a completely different set

of poles. In the pencil-of-function method each of the coefficients
of the polynomial equation is calculated uniquely.

(4) that as the sampling frequency is increased Prony's method
becomes highly unstable. This is in contrast to the pencil-of-
function method. This is because in Prony's method, various
vectors which span the signal space are related to each other by
the shift operator (?S = exp{-j2mAtf}) whereas in the pencil-
of-function method the vectors are related by the integral operator

(1/s8).
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PULSE RESPONSE WAVEFORMS OF AIRCRAFT

D.L. Moffatt and K.A. Shubert
The Ohio State University ElectroScience Laboratory
Department of Electrical Engineering
Columbus, Ohio 43212

Swept frequency measurements of five fighter aircraft (F-4, F-5,
F-104, (2 versions), F-15, and MIG-21) at simulated frequencies
spanning 27.8 MHz to 55.6 MHz have been obtained. The measure-
ments are for polarization perpendicular to the plane of flight
and nominal aspects (bistatic) spanning nose-on to tail-on.

The reflectivity measurement system is really a discrete swept
arrangement whereby calibration and background subtraction is
achieved every 0.139 MHz across the band. The measurement
system will be briefly described.

From these measured data, synthetic pulse response waveforms
are produced. The principal purpose of these pulse responses
was to demonstrate that: 1) the dominant scatterers in this
range of frequencies are the vertical and horizontal tail
stabilizers and 2) that high-Q natural or free oscillation fre-
quencies could be associated with the stabilizer substructures.
Only the first of these postulates is confirmed by the data and
both these responses and those which fail to confirm the second
postulate are illustrated. Related measurements (55.6 MHz to
105.6 MHz) and pulse response waveforms of a long pencil-type
shape with an attached rectangular cavity are used to demonstrate
ghat the position of a shorting plate within the cavity can be
educed.

Finally, it is demonstrated that a stable multiple aspect
difference equation can be obtained for the pencil-type

target with an attached vertical stabilizer. The coefficients
of the difference equation are a distinct function of the
height of the vertical stabilizer. Consequently the pencil-
type target is identifiable on the basis of the stabilizer
substructure. It is postulated that a similar identification
of the fighter aircraft is feasible.

86




B5 - 8 Commission B

EMP INTERACTION OF A LOW-ALTITUDE MISSILE
WITH AN INHOMOGENEOUS PLASMA PLUME

S.K. Chang and F.M. Tesche
LuTech, Inc., P.0. Box 1263, Berkeley, CA 94701

ABSTRACT

An in-flight missile at a Tow altitude is usually trailed
with a Tong, inhomogeneous plasma plume. The plume may
substantially affect the electromagnetic pulse (EMP) induced
current on the missile. In order to study the effect of the
plume on the EMP response of the missile, a new integral
equation solution for the missile and plume current has been
developed. An equivalent impedance of the inhomogeneous plume
section is obtained by solving an approximate differential
equation which describes the fields in the inhomogeneous plume.
An additional modification of the integral equation is included
to compensate for the gradual radius change in the plume.

The conductivity of the plume is obtained from the
electron density and collision frequency by using the cold
plasma approximation. Dual plume boundaries, which include
the plume-air interface and a current sheet at the position of
maximum plume current, are used in the integral equation
calculations. The transient responses of the currents are
obtained from the frequency domain calculations, with the use
of a fast Fourier transformation (FFT).

This paper will describe in more detail the above theory

and will present some sample transient data for simple
cylindrical shapes which resemble a missile.
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RESOLUTION -OF CLOSELY SPACED POINT TARGETS

G. S. Sandhu, Principal Engineer, Teledyne Brown Engineering,
Huntsville, Alabama 35807

N. F. Audeh, Professor of Electrical Engineering and Dean of
Graduate Studies, The University of Alabama in Huntsville,
Huntsville, Alabama 35807

This paper considers the measurements of the distance between two
point targets by means of a pulsed radar. Upon reception of the
transmitted pulse, each point target produces a pulse of known
shape with a peak amplitude depending upon the radar cross section
(RCS) of the target. The pulse returned from the second target is
delayed because of the spacing between the targets which also
produces an electrical phase difference with respect to the first
pulse. In the receiver the two individual pulses add to form a
complex function of time.

Baum (IEEE Trans. Vol. AES-11, No. 6, 1975 pp. 1260-1268) intro-
duced an algorithm for measuring the distance between the two
point target by utilizing only the absolute value of the complex
function of the time namely RCS. The underlying concept is the
method of moments estimation provided that certain inequality
relating to the target characteristics is satisfied. Baum's
algorithm outperforms earlier methods (Maximum Likelihood Esti-
mation, Threshold and Peak-Picking Methods) described in the 1it-
erature. However, it exhibits singularity conditions for certain
class of targets.

In this paper, we modify the method of moments estimation and
derive targets separation in the closed form. It will be shown
that Baum's algorithm is a special case of the results presented.
The algorithm singularity, which results in a erroneous estimates
for certain class of targets, is removed. We derive the algorithm
through a much simplified approach using transformation of moments.
Further, by utilizing moments estimation in the frequency domain,
the targets separation, their unknown scatter strength and random
phase difference are formulated in the closed form. Complete
simulation is carried out to demonstrate the feasibility of the
working models as compared with Baum's results.
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VECTOR SECONDARY PATTERNS OF NON-PARABOLIC
REFLECTORS - - SOME NOVEL OBSERVATIONS

Y. Rahmat-Samii, P. Cramer and
V. Galindo-Israel
Jet Propulsion Laboratory
California Institute of Technology
Pasadena, CA 91103

Application of large reflector antemmas for space and satellite
communication has revived considerable attention among research-
.ers to develop new computational schemes for synthesizing and
analyzing reflector antennas in an accurate and efficient man-
ner. Design requirements such as reduction of blockage, increas-
ing aperture efficiency, shaping the far field patterns, reducing
sidelobes, etc., have guided researchers to use more complicated
structures, e.g., shaped offset reflector antennas. In synthesis,
one customarily arrives at the design of dual-shaped reflectors
based on the laws of geometrical optics. Imn order to fully
assess the degree of achievement obtained by shaping the reflec-
tors, one must study their radiation characteristics from a .
vector-diffraction viewpoint. Typically in a dual-shaped antenna
configuration, the subreflector is convex with a broad pattern
and the main reflector is concave with a pencil beam shaped pat-
tern. A study of an arbitrary shaped subreflector cam be found
in the literature where the geometrical theory of diffraction
(GTD) is used as the basic analytical tool. In this presentationm,
our emphasis will be focused only on the main reflector.

It has been found that although the physical optics radiation in-
tegral provides a very accurate solution for predicting the far
field of reflector antennas, it can have the drawback of being
excessively time-consuming. The difficulty stems from the fact
that for large reflectors and wide observation angles the inte-
grand of the radiation integral oscillates rapidly and is there-
fore hard to evaluate accurately. In this paper, the vector
radiation integral is first constructed for an offset non-
parabolic reflector illuminated by an arbitrary source. A novel
procedure is then discussed for rearranging the integrand which
makes it 'possible to use the 'biconvergent' form of the Bessel-
Jacobi polynomial series expansion, which is related also to the
asymptotic evaluation of the integral. The successful applica-
tions of this series have already been demonstrated for symme-
tric and offset parabolic reflectors. Extensive numerical re-
sults are presented for different reflector configurations and
feed locations and comparisons are made with other available data.
In particular, a detailed study of the pattern degradation versus
a perturbation parameter, which brings a parabolic reflector to a
spherical reflector, is presented. Some novel observations are
made on the polarization dependence of the far field patterns of
symmetrical non-parabolic reflectors.
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COMPARISONS BETWEEN DIFFERENT METHODS
FOR SUBREFLECTOR ANALYSIS

N.Chr.Albertsen and K.Pontoppidan,
TICRA ApS, Kronprinsensgade 13,
DK-~1114 Copenhagen K, Denmark

The analysis of reflector antennas is often based upon
the physical optics method (PO). For space applications
frequency re-use by means of orthogonal polarizations
pose severe demands on the accuracy of the predicted
results, both for the co-polar and for the cross-polar
components. The PO approach is very efficient for a
main reflector with an approximately uniform phase di-
stribution in the aperture plane. However, for the sub-
reflector scattered field in a dual reflector antenna
system PO is disadvantageous in relation to computer
time. The present paper compares the PO method to other
alternative methods such as the geometrical theory of
diffraction (GTD) which is attractive due to its high
speed. For rotational symmetric structures the results
are also compared to moment method solutions.

The calculated results have shown that the co-polar
component is well predicted by all the methods whereas
for the cross-polar component significant differences
may occur. For a subreflector with a relatively high
edge illumination (-10 dB or above) it has been found
that GTD provides a more accurate solution than PO for
the cross-polar field. When the excitation is strongly
tapered and the edge illumination therefore low the GTD
solution will contain almost only the geometrical op-
tics reflected field. In this case recent results seem
to indicate that PO is preferable with respect to the
cross-polar component .

The performance of the methods will be discussed for

both rotational symmetric and for offset subreflector
configurations.
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DESIGN OF CLUSTER FEED FOR MULTIBEAM REFLECTOR ANTENNAS

P. Cramer and K. Woo
Jet Propulsion Laboratory, Pasadena, California
S. W. Lee
University of Illinois, Urbana, Illinois

Multibeam antennas are finding increasing applications in
today's communication systems. From the cost and reliability
viewpoint, a most attractive multibeam antenna is a reflector
type with a feed array of identical elements, each of which
produces an independent beam in space. The performance of the
antenna may seriously deteriorate, however, when the number of
beams is large. This is due to the fact that some of the feed
elements are unavoidably placed far away from the focus of the
reflector. The beams produced by them usually have relatively
low gains and high side lobes. An effective way for reducing
this problem is to adjust the excitations of surrounding
elements for compensating the feed displacement from the focus.
In this manner, a beam is controlled by a cluster of elements,
instead of a single element. A systematic way to design the
excitation in a cluster was first reported by Galindo-Israel,
Lee, and Mittra (IEEE Trans. Antennas Propagat., AP-26,
pPp. 220-228). That result was restricted to a rotationally
symmetrical parabolic reflector.

In this paper, we extend the cluster design to a general
offset reflector antenna. By studying the effective aperture
distribution of the main reflector, we introduce a performance
index which is a weighted average of aperture phase error,
aperture efficiency, and illumination taper. Because the
calculation of the index is very simple, the cluster excitation
can be optimized by trial and error. Our results show that,
at large scan angle (25 beamwidths or more), a good cluster
design can improve the weighted phase error across the
reflector aperture by 10 to 20%, and increase the illumination
taper from around 3 db (large spillover loss) to 10 or more.
Typically, the magnitudes of currents in the surrounding
elements in the cluster vary from 10 to 40% of that in the
center. The use of complex currents (controlling both
magnitude and phase of the excitation) does not seem to improve
significantly the cluster design.
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GENERALIZED GEOMETRICAL OPTICS

R. Mittra and A. M. Rushdi
University of Illinois, Urbana,illlinois 61801

In certain applications involving reflection from smooth
convex surfaces, the ray optical method is not sufficiently
accurate. However, no formulas for higher-order éorrection
terms are available in the o
literature, and one is typically
forced to carry out the physical
optics integration numerically
to derive a more accurate result.
The purpose of this paper is to
generalize the concepts of ray
optics by combining it with the
diffraction theory, and derive
closed-form expressions for the
first few higher-order terms
for the scattered field. This
task is accomplished by effecting
a Fresnel transformation of the
fields between the two planes ZO 0]
and Z,, shown in Figure 1. We Figure 1
show that if the field on 20 at
z = z,, which can be expressed in the neighborhood of the
specular point Q in terms of the incident field and local
surface properties at Q, is written as a function of the
coordinates (xo,yo) of the surface ZO as:

m+ns2

m _n . . =T = ~
£ (o) ‘[m,néo,o Amn %o Yo}' exp(=jkz,) - exP[_J (k/2)e, Q0"0)

Then, within the Fresnel approximation, the field on I. at

z = z, is expressible in terms of the following convenient,
closeé—form formula as a function of the principal coordinates
(x),y,) of I,

[ wtns<2 m+l m .n+l n

. -1
fl(xl’y1) =[ T A a x d y ] —J(Zl— zo)k

(m,n=0,0 “mn 1 1
- |a2A_ +d2a - exp(-jkz_ ) * exp —j(k/Z)ET 6 )
20 02 1 1 171

The constants a and d are related to R, and R,, the radii of
curvature of the wavefront, by the formulas a =VQR14-Z&/(R14-ZI)
and d =/(R2+zo)/(R2,+ z,). The dominant term, viz., Apgs 18
found to be identical to that given by conventional ray optics,
and the higher-order terms, particularly those involving A 2
and A,, are useful for computing improved GO results at P.

We also show that the search for the specular point P can be
bypassed and the field computation with the generalized GO may
be carried out very efficiently by using a method recently
developed by the authors.
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ON THE VALIDITY OF THIN-WIRE THEORY

Clayborne D. Taylor
Mississippi State University
Mississippi State, MS 39762

For thin-wire scatterers both measurement (V. V. Liepa,
National Radio Science Meeting, November 1978) and computation
(P. Tulyathan and E. H. Newman, IEEE Trans. Ant. Prop, AP-27,
46~50, 1979) reveal significant circumferential variation in
the axial current density. Because the thin-wire approximation
does not account for this circumferential variation the validity
of the much used thin~wire theory has been questioned. However
it is shown that thin-wire theory is indeed valid and that the
circumferential variation of the axial current is simply related
to the magnetostatic solution. Questions of antenna efficiency
and transient response are also addressed.
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ANALYSIS OF A MONOPOLE NEAR THE EDGE OF A HALF-PLANE

D.M. Pozar and E.H. Newman
The Ohjo State University ElectroScience Laboratory
Department of Electrical Engineering
Columbus, Ohio 43212

A problem which is of continued interest is that of antennas
mounted on finite conducting bodies. The authors have pre-
viously presented (E.H. Newman and D.M. Pozar, IEEE Trans.,
Vol. AP-26, Nov. 1978, pp. 784-789) a surface patch moment
method solution for geometries involving wires and plates, in-
cluding wire/plate junctions. Wire/plate junctions were re-
stricted to be 0.2) or more from a plate edge. This paper
discusses computation of the currents and input impedance for
an zntenna mounted near the edge of a half-plane via three
methods.

The first method (the most rigorous) uses the exact half-plane
Green's function in a hybrid moment method solution with
piecewise-sinusoidal (PWS) expansion and testing modes on the
wire. An important feature of this solution is that the geo-
metrical optics terms (which include source singularities) are
separated off, so that the input impedance is expressed as a
sum of the input impedance of a monopole on an infinite ground
plane plus a correction term, AZ, which accounts for the edge
effect.

The second solution is similar to the first except that the Geo-
metrical Theory of Diffraction is used to compute the edge dif-
fracted field and 4Z. This MM/GTD hybrid solution agrees very
well with the more rigorous solution for antennas as close as
.2} to the edge.

The third method is a modification to the above referenced surface
patch/wire solution. It uses results from the canonical problem
of an infinitesimal dipole near the edge of a half-plane to con-
struct suitable expansion modes.

The input impedances of the three methods are compared for a
A/& monopole vs. distance from the half-plane edge.
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EFFECT OF TAPER PROFILE ON PERFORMANCE
OF DIELECTRIC TAPER ANTENNAS

S. T. Peng
Polytechnic Institute of New York
Brooklyn, New York 11201

and

F. Schwering
U. S. Army Communication Research and Development Command
Fort Monmouth, New Jersey 07703

It has been well known that the gain of a dielectric rod as an
end-fire antenna may be increased greatly by tapering the radiating
end., Because of theoretical difficulties in solving this type of
boundary value problem and also because of practical convenience,
only tapers of linear profile have been analyzed and used in the
past. While linear tapering may have improved the performance
of dielectric rod antennas, the effect of taper profile on radiating
characteristics has not been well understood. By introducing the
staircase approximation for a continuous profile and then placing
the dielectric antenna in a metallic waveguide (of large dimensions)
to discretize the spectrum, we have analyzed the radiation of a
dielectric taper antenna in terms of the wave scattering by a series
of step discontinuities between piecewise uniform regions, This
approach yields a clear physical picture of wave scattering by a
dielectric taper and relates the antenna performance to the change
in physical dimensions as well as the slope of the taper profile,
Specifically, the performance of tapers with linear, parabolic
and elliptic profiles is analyzed in detail and criteria for the de~
sign of dielectric tapers to optimize the antenna performance are
suggested, .
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MAXIMIZING THE GAIN-BANDWIDTH PRODUCT
OF A LOSSY LINEAR ANTENNA*

R. M. Bevensee Lawrence Livermore Laboratory

Maximization of the G-BW product of the general
2-port antenna will be discussed. an expression for
the maximum product at driving port 1 will be derived,
assuming optimized 2-port network parameters and )
reactive loading at port 2. ‘the maximum product is
inversely proportional to rate of change of input
reactance relative to frequency at port 2 (with port
1 open circuit). The energy theorem is invoked to
relate this to stored energy. A lower bound on
stored energy is derived by assuming each closed
contour of energy around the antenna is related to
the real power flow (constant) by the factor ¢, the
velocity of light. The effective volume of stored
energy is estimated for practical antennas from some
unpublished work of the author.

The result of the analysis is an expression for the
maximum G-BW product in terms of the unloaded antenna
parameters. The expression shows a critical dependence
on the input resistances at both ports.

*This work was performed under the auspices of the
U.S. Department of Energy by the Lawrence Livermore
Laboratory under contract number W-7405-ENG-48.
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Experimental Investigation of the Radlated
Fields of a Buried Antenna

Faramarz Vaziri, Stuart A. Long and Liang C., Shen
Department of Electrical Engineering
University of Houston
Houston, Texas 77004

The problem of determining the radiated fields when both the
transmitter and receiver are near the interface between air and a
lossy medium has numerous applications in subsurface communica-
tions. To aid in the understanding of this problem a systematic
experimental investigation was undertaken to measure the radiated
fields near a transmitting antenna which was buried in the earth.
The radiator was close enough to the surface so that the dominant
field was the lateral wave along the interface rather than the
direct wave through the lossy earth. To excite this lateral wave
more efficiently an eccentrically insulated, traveling wave type
antenna was chosen as the radiator. It was buried at a depth of
40 cm and its transmitter and source of power buried even deeper.
The antenna radiated approximately 0.9 watt at 144 MHz, The re-
sulting fields were then measured just above ground level. All
three orthogonal polarizations were recorded both as a function
of the radial distance and the azimuthal angle. Soil samples were
taken and the conductivity and dielectric constant determined.
Using these material constants the theoretical attenuation rates
for the electric fields with distance were calculated for an elec~
trically short dipole. The corresponding experimental results for
each component of the field versus radial distance were then com-
pared with the theoretical ones with reasonable agreement being
obtained. The field patterns in the azimuthal plane were compared
with measurements made for similar antennas submerged in lake water.
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OPTIMIZED LAUNCHING OF THE GROUND WAVE:
A NEW LOOK AT THE BEVERAGE ANTENNA

David C. Chang and Edward F. Kuester
Electromagnetics Laboratory
Department of Electrical Engineering
University of Colorado
Boulder, Colorado 80309

Recent interest in ground radar systems has led to new studies
on the efficient excitation of electromagnetic waves near the
earth's surface--the so-called ground wave (D.A. Hill and J.R.Wait,
Radio Science 13, 969-977, 1978). While the latter reference con-
centrates on vertically distributed sources (apertures), we shall
focus on an old and venerable means of exciting low-angle radia-
tion: the Beverage antenna (H.H. Beverage et al., Trans. AIEE 42,
215-266, 1923). This antenna consists of a long horizontal wire
above a finitely conducting earth. This system behaves much 1ike
a transmission Tine and is excited with a current wave

k -jnt
I(z) = Ioe1 o%p? {where o, is a normalized complex propagation

constant in the neighborhood of unity) and terminated in an appro-
priate impedance to suppress reflection of this wave. The result-
ing endfire pattern is usually treated quite approximately by a -
plane wave approximation, but here we start from a rigorous Sommer-
feld integral formulation to find the ground-wave of this antenna.
It is found that by adjusting the position of ap in the complex

a-plane, it is possible to emphasize the ground-wave at the expense
of the other portions of the field. The classical Beverage antenna
already has an op in the neighborhood of one, and so is a good,
endfire, ground-wave radiator. Further enhancement is attained by
moving ay closer to the "propagation constant" of the ground wave.
This enhdncement can be accomplished by variations on the classical
antenna, such as changing the surface impedance of the horizontal
wire. Dielectric coated wires (Goubau Tines) or Teaky coaxial
cables are two such variations, and can be shown to provide flexi-
bility in the tailoring of a ground-wave pattern.
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LEAKY MODES ON OPEN DIELECTRIC WAVEGUIDES

A, A, Oliner and S. T, Peng
Polytechnic Institute of New York
333 Jay Street
Brooklyn, New York 11201

Open dielectric waveguides have become increasingly im-
portant within the past few years, particularly in connection with
the areas of integrated optics and millimeter wave integrated cir-
cuits, Examples of these waveguides are strip and indiffused wave-
guides for the optical and infrared wavelengths, and dielectric
image lines and inverted strip guides for millimeter waves, These
waveguides are associated with either a.substrate or a ground plane;
we are not concerned here with fiber waveguides of circular cross
section, ’

It is not generally known that most modes on most of these
waveguides can be leaky, instead of being purely bound, as is
customarily assumed, The tacit assumption that these modes are
completely bound is based largely on published theoretical propa-
gation characteristics, which are obtained from approximate analy-
ses that neglect those features which lead to the leakage effects.,
More careful analyses reveal that under appropriate conditions
leakage is indeed possible. We shall show, from simple and general
considerations, how to determine when leakage is present, We can
determine which classes of waveguide may leak and which will never
leak, which modes will do the leaking and which will not, and we can
prescribe how to modify the waveguiding structure to avoid leakage,
or alternatively to produce leakage when we wish to,

The leakage, when it occurs, is due to the coupling between
the constituent TE and TM waves produced at the waveguide sides
when these waves bounce back and forth in the central guiding
region, as part of the guiding process, This coupling mechanism
is not applicable to circular dielectric fibers, and the leaky modes
discussed here in fact form a new class of such modes,
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COUPLING BETWEEN TRIANGULAR OPTICAL WAVEGUIDES

P.L.E. Uslenghi
Communications Laboratory
Department of Information Engineering
University of Illinois at Chicago Circle
Chicago, Illinois 60680

The coupling between two triangular dielectric waveguides of
identical cross section embedded in a common dielectric substrate
is considered. The cross section of both guides has one 90° angle,
while the other two angles are either 60°. and 30°, or both equal
to 459.

The modes which can propagate in each individual guide are
determined by ray-tracing techniques, following a method pre-
viously employed by the author (Uslenghi and Wiiken, 1978; Uslenghi
and Yun, 1979). The results obtained are verified by a field-
theory treatment similar to that employed by Marcatili (1969) for
the rectangular dielectric waveguide.

In the case of single-mode propagation, power transfer between the
two guides is studied using the strong-coupling theory of

Uslenghi and Kazkaz (1976, 1978). The results predicted by the
weak-coupling theory of Miller and Marcatili are obtained as
particular cases of our results, for large separation between

guides and long coupling distance. Design criteria for a
directional coupler are discussed. This research was performed under
NSF grant Eng 77-06544.
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JUNCTION EFFECT OF TWO THIN, COAXIAL CYLINDERS OF DISSIMILAR RADIUS

David C. Chang
Electromagnetics Laboratory
Department of Electrical Engineering
University of Colorado
Boulder, Colorado 80309

In-many antenna practices such as the design of a sleeve
antenna,-one encounters the need of joining together two thin-wire,
coaxial cylinders of different radius. Since such a junction pre-
sents a step discontinuity to the flow of current, it is important
to know the amount of reflection, as well as transmission caused
by the junction. On the other hand, if loading at the junction
can be modified to produce an open circuit, current transmission
can be substantially reduced. A reactively loaded junction thus
can be utilized to effectively provide a "choke" in isolating a
dipole antenna from its feed system in some application.

In this work, the problem of a coaxial system consisting of
a semi-infinite outer conductor of radius b and an infinite inner
conductor of radius a is analyzed. Based upon a thin-wire assump-
tion and use of the Wiener-Hopf technique, analytical expressions
for. the reflected and transmitted current both inside and outside
the coaxial region are obtained in closed-form, in terms of the
antenna parameters koa, k b where ko is the wave number, and the
coaxial parameter, 2n b/a. By terminating the coaxial-Tine with
an adjustable short-circuit, various loadings at the junction can
be achieved. 1In the case of a short-circuit, the junction presents
itself as a small voltage generator in producing a current Ia,b On
cylinder a and b when a current wave Ioexp(iikoz) is incident onto
the junction at z =0:

I b =120 P2/ 20T 2= [uP(0) -ud(0)1/[ul(0) +u§(0)3 |
1

where 1k0[2|

uY(1z]) =[2¢) +im + a(2k |z])17" e (2)
C¥ =-(n K v +0.5772); Q(x) =0.5772 -4 m/2 +exp(-ix)E, (~ix) +2nx

and E] is the exponential integral of order one. We have also

chosen a cylindrical coordinate so that conductor b extends from
0 to », while conductor a from -» to «. On the other hand, for an
open-circuit junction, the amount of current transmitted to the
second cylinder is shown to be

a,b
Lab = L2k |z])u " (1z]) (4)
which vanishes at z =0, and is small overall because |u$’b| << 1
under a thin wire assumption. Thus, an open-circuit junction

can now effectively act like a choke to minimize the presence of
the second conductor in such a system.
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WAVEGUIDE MODES WITH ONE-DIMENSIONAL TRANSVERSE INHOMOGENEITIES

William A. Davis
Virginia Polytechnic Institute and State University
Blacksburg, Virginia
Lt. Ruth B. Kaplan
AMRL/MEA, Wright-Patterson AFB, Ohio

Classical methods of solving the problem of transverse in-
homogeneities are standard boundary-value techniques or optical
type techniques using the WKB approximation. The latter is most
applicable to slowly-varying, continuous inhomogeneities while
the former is best-suited to discontinuous inhomogeneities.
Several authors have solved the boundary-value problem using an
optimization procedure which begins with a given boundary con-
dition, integrates the fundamental differential equations to the
remaining boundary, compares boundary conditions, and repeats the
process with a new parameter using optimization. In waveguide
problems, the parameter of optimization is the wave number in the
longitudinal direction of the guide.

This paper presents a modified procedure which has the ad-
vantage of designating the desired mode of evaluation. Previous
methods have been based on the 1ntegrat10n of the field quantities
such as the electric or magnetic field intensities. In doing so,
the only method of determining the order of the mode is to observe
the number of nulls and peaks occurring in the amplitude of the
field quantity as the waveguide is traversed. The alternate ap-
proach taken in this paper is to define the transverse impedance
function given by Ex/Hy for an x-directed TM wave with z-directed
inhomogeneities. The primary difficulty of using this function
as it stands is the problem of zeroes and infinities in the im-—
pedance function. To avoid this difficulty, a new function u may
be defined which is given by Tan~1(£2), where £ is a scaling factor
to speed convergence of the optimization routine. A first order
differential equation for u is obtained from Maxwell's equations
which may be solved by integration. The equation depends on the
wavenumber which results in different final values for u. Since
the value of u is fixed by the boundary condition, the parametric
wavenumber must be optimized until an appropriate solution for u
is obtained.

A trivial example of this technique is the homogeneous,
parallel-plate waveguide. For simplicity, £ is chosen as juwe/kj.
The equation that results is du/dz = k;, where k, is given by the
square root of (k —kxz). For perfectly conducting boundaries at
zero and a, the boundary conditions are u(0) = 0 and u(a) =
Iterating the solution for u to obtain mm at a, k, is found to be
mr/a as expected. In this same manner, the technique can be used
to obtain the desired mth mode in inhomogeneous cases.
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ON USING THE I.Q, OF WAVEGUIDES INTELLIGENTLY

D. L. Jaggard
Department of Electrical Engineering
' University of Utah
Salt Lake City, Utah 84112

The isoperimetric quotient (I.Q.) of closed planar figures has

its origin in the legend concerning Dido's problem. In this prob-
lem, the goddess Dido desires to know the maximum area A that can
be enclosed by a planar figure of perimeter P, The I.Q. of such a
figure is defined by the relation

1.Q. = 4mA/P%.

As was known since 300 B,C., the planar figure which solves Dido's
problem is the figure with maximum I.Q., namely the circle. One
is then lead immediately to the inequality

1.Q. < 1.

Two auxiliary parameters, the inner radius ryn = (A/n)1
outer radius roue s P/2m are related to the I.Q. by
2,2

= I1.Q. < 1,
rin/rout L.Q. <

/2

and the

The I.Q. and related parameters play a role in describing the
eigenvalues of the Helmholtz equation as noted by Lord Rayleigh
and others. 1In this presentation we use these quantities to ap-
proximate and bound the cutoff wave numbers of metallic waveguides
with arbitrary cross section. We find
that as the I.Q. of a convex waveguide is
increased, the fundamental TE cutoff wave
number p also increases, whereas the
fundamental TM wave number Y decreases.
Through this fact and the knowledge of
the fundamental cutoff wave numbers of a
circular waveguide, we find that the fol-
lowing inequalities hold for waveguides
in the shape of regular polygons.

l.84l/rout <u < l.84l/rin

2
2.405/rin <y < 2.405 rout/rin

See the figure for typical inner and
outer radii.

Other bounds are presented for the cutoff
wave numbers of convex metallic wave-
guides of arbitrary cross section and for
the cutoff wave numbers of fiber optical
waveguides.

Examples of inner and
outer radii for a
regular triangle
(I.Q. = 0.60) and a
regular pentagon

(I.Q. = 0,86).
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PROPAGATION CHARACTERISTICS OF A TWO-LAYER
DIELECTRIC WAVEGUIDE WITH AN AZIMUTHAL ASYMMETRY

T. C. K. RAO
Department of Electrical Engineering
Florida Atlantic University
Boca Raton, Florida 33431

Guided electromagnetic wave propagation over an infinitely
long dielectric cylinder asymmetrically surrounded by a second
dielectric cylinder is examined., The problem is formulated by
choosing the appropriate expansion functions satisfying the wave
equation in different regions and matching the fields at various
interfaces making use of orthogonality relations and Graf's Addition
Theorem for the cylindrical functions. The resulting characteris-
tic equation is numerically solved for the first TM and TE modes.
By means of a perturbation analysis, various propagation charac-
teristics such as the attenuation and phase constants, phase
velocity and decay coefficient and their variation with the
degree of asymmetry are discussed. Certain limiting cases of the
structure 1ike the asymmetrical forms of the coaxial line, the
Goubau line and the modified Goubau line are also briefly dealt
with in 1light of the approximations made.
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SCATTERING OF SURFACE WAVES BY A NOTCH

IN A PERFECTLY CONDUCTING GROUND PLANE
COVERED BY A DIELECTRIC SLAB

R.D. Nevels, Electrical Engr. Dept., Texas A&M University, College
Station, Texas.

C.M. Butler, Electrical Engr. Dept., University of Mississippi,
University, Mississippi.

We consider here a dielectric-slab-covered ground plane of infinite
extent containing a notch of infinite length and finite width (¢)
and depth (w) as shown in the figure below. A TM mode surface wave
is assumed to be propagating in the dielectric slab. Also for gen-
erality the electromagnetic parameters are assumed to be different
in each of the three regions - the notch, the dielectric slab and
the space above the dielectric slab (see Fig.1).

In this paper we present an integral equation solution for the un-
known tangential electric field at the interface of the notch and
the dielectric slab. The 'notch' problem is investigated with the
objective of studying the scattering properties of surface waves
guided by a dielectric slab over a ground plane which encounter
surface discontinuities in the ground plane. An S-parameter (scat-
tering matrix) representation is presented as a means of describing
the system of incident, transmitted and scattered fields about the
notch.

JEE ()

I\
\

AR

Fig. 1. TM surface wave excitation of a 'notch' in a ground
screen covered by a dielectric slab
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INTEGRAL OPERATOR ANALYSIS OF COUPLED DIELECTRIC
OPTICAL WAVEGUIDE SYSTEM - THEORY AND APPLICATION

Shuhui V. Hsu, Antenna Department, E-System Inc.,
Garland Division, P.O. Box 226118, Dallas, TX 75222
Dennis P. Nyquist, Department of Electrical Engineering and
Systems Science, Michigan State University, East lansing, MI 48824

An integral-operator technique is described as an alternative to
the conventional boundary-value analysis for wave propagation in a
coupled system of cladded, dielectric waveguides. The heterogeneous
region, i.e., the core, of each optical waveguide is replaced by an
equivalent current distribution which maintains a scattered field in
the otherwise uniform, infinite cladding. Total electric field in each
dielectric waveguide consists of scattered fields maintained by all
waveguides in the coupled system superposed. upon an impressed
excitatory field.

A coupled system of volume electric-field integral equations
(EFIE's) for the unknown equivalent currents (electric fields) in each
core is formulated. When applied to two coupled slab waveguides,
having exp(-j B, _z) propagation dependence, two 1-d EFIE's are
obtained, leadifff to the same characteristic equation for 8 1
obtained by the conventional method. Integral equations for naturé&
mode fields e, and e, in coupled slabs of thickness dl and d2
separated by distance s ‘are obtained as,

2 2 .

(-k2) vy Ixext| -k 52 “v, | x-x']

—_— 1 < =

e1(><) 2Y1 e](x Ye dx ! -~ 2Y2 ez(x')e dx'=0
O .

s
for O<x<d

2 .2 +
(-k2) [+ v x| =k v x|
ez(x)———z—Y—— ez(x')e dx- Zy e1(x')e dx'=0
0

2 1

s
for s<x<s+d
where Yy ,are characteristic parameters depending upon Bl
’ 2

Several advantages of this integral-operator analysis for a
coupled, dielectric waveguide system are: 1) coupling coefficients
between degenerate or non-degenerate modes in the multi-waveguide
system can be obtained, 2) it is adaptable to core corss sections of
arbitrary shape, and 3) general core index profiles for each core can
be accommodated. Applications to coupled degenerate and non-
degenerate modes on a slab-waveguide system and simple modes on
coupled circular fibers are studied.
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DIELECTRIC-LINED METAL RECTANGULAR WAVEGUIDE

R. Chatterjee
Department of Electrical Communication:Engineering
Indian Institute of Science
Bangalore-560012, India

Major G. K. Deb
Electronics and Radar Development Establishment
Highgrounds, Bangalore-560001, India

i

Using the concept of equivalent artificial dielectric, it
has been shown that the dielectric-lined rectangular metal
waveguide can support LSE and LSM modes. The phase constant,
cut-off frequency, and attenuation constant for both types of
mode have been evaluated. Experimental verification of cut-off
frequency and guide wavelength has been made.
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SCALAR WAVE APPROACH FOR SINGLE-MODE INHOMOGENEOUS FIBER PROBLEMS

W. P. Brown and C. Yeh
Hughes Research Laboratories

Malibu, California 90265

It has been universally accepted that the full set of Maxwell equations
resulting in the vector wave equation must be used to treat waveguides
supporting single mode. This requirement confines the analytical treatment
to only a few simple structures. The advent of optical fiber guides as
viable communication links as well as the dawn of small, high bandwidth
integrated optical circuits demand that the analytical horizon be expanded.
It is recognized that many more problems can be solved if only the scalar
wave equation needs be considered. The purpose of this paper is to investi-
gate in depth the conditions under which the scalar wave equation can be
used instead of the vector wave equation and to demonstrate, with concrete
examples, the validity of the scalar wave approach in providing accurate
results for the graded index fiber guide.

It is shown that if certain limiting conditions are satisfied the
scalar wave approach will yield valid results for single mode structures.
These limiting conditions are usually satisfied by many practical single-
mode inhomogeneous fiber or IOC structures.
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ANTENNAS

‘Chairman: C. M. Butler
University of Mississippi
University, MS

The following papers belong to the IEEE AP-S Symposium and
the summaries are included in the |EEE AP-S Digest under AP/B
Poster Session A.

1. Some Considerations to the Divergence Problem of Antenna
Integral Equation Solutions
G. Greving, Technische Hochschule Aachen, Aachen, West Germany

2. Current on Thick Cylindrical Antennas. Improved Solution of
the Generalized Boundary Condition Integral Equation by
Le Foll's Algorithm
J. Ch. Bolomey, S. El Habiby, F. Hillaire, D. Lesselier,
C.N.R.S.-E.S.E. Gif-sur-Yvette, France

3. GTD Solution of the Input Admittance of a Slot on a Cone
E. K. Yung Hong Kong Polytechnic, Hung Hom, Hong Kong,
S. W. Lee, and R, Mittra, University of [1linois, Urbana, IL

Lk, Shaped Beam Reflector Feed Network for Clutter Reduction and
Angle Estimation ‘
C. F. Winter, Raytheon Company, Wayland, MA

5. Study of Batwing Radiator of the Superturnstile Antenna for
TV Broadcasting
R. W. Masters, Antenna Research Associates, Inc., Beltsville,
MD and G: Sato, H. Kawakami, and M. Umeda, Sophia University,
Tokyo, Japan

6. The Characteristics of a Modified Duoconical Monopole with
Curved Surface Transition
K. Fukuzawa and R. Sato, Tohoku University, Sendai, Japan

7. Best Possible Thermal Noise Sensitivity of Electrically Small
Loop Antennas
M. Dishal, ITT Avionics, Nutley, NJ

8. Dual-Beam Waveguide Slot Array for Monopulse Application
G. A. Hockham and R. I. Wolfson, ITT Gilfillan, Van Nuys, CA

9. Peak Cross Polarization of Reflectors with Surface Errors
S. |. Ghobrial, University of Khartoum, Khartoum, Sudan

10. A Multimode Dielectric Coated Horn for Circularly Polarized
Eltiptical Beam

S. H. J. Quboa, S. C. Cupta, University of Mosul, Mosul, lrag

11. Horn-Reflector Antenna Performance at 2 GHz with Simultaneous
Operation in the 4, 6 and 11 GHz Bands
J. E. Richard, Bell Telephone Laboratories, Inc., North Andover,
MA
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12,

13.

4.

16.

20.

21.

22.

24,

25.

26.

27.

Astigmatic Correction by a Deformable Subreflector
W. Y. Wong and S. Von Hoerner, National Radio Astronomy
Observatory, Green Bank, WV

A Decoupled Antenna System with a Lossiess Network
H. lwasaki, Y. Mikuni, and K. Nagai, Toshiba Research and
Development Center, Kawasaki, Japan

Performance of Reflector Antennas with Absorber-Lined Tunnels
R. B. Dybdal, H. E. King, The Aerospace Corporation, Los
Angeles, CA

Sidelobe Reduction with Horn-Antennas
F. M. Landstorfer, R. R. Sacher, Technical University of
Munich, Munich FRG.

Radiation by Microstrip Patches

N. G. Alexopoulos and |. Rana, University of California,
Los Angeles, Los Angeles, CA, and N. K. Uzunoglu, National
Technical University of Athens, Athens, Greece

The RNZ Multiple Beam Array Family and the Beam Forming Matrix
J. L. McFarland, Lockheed Missiles and Space Company,
Sunnyvale, CA

Frequency Selection for Reliable, Low-Cost Satellite Links
P. F. Christopher, The MITRE Corporation, Bedford, MA

Far-Field Antenna Pattern Calculation From Near-Field
Measurements Including Compensation for Probe Positioning
Errors

L. €. Corey and E. B. Joy, Georgia Institute of Technology,
Atlanta, GA

Automated Probing for Outdoor Antenna Ranges
S. M. Sanzgiri, G. Crain, and R. C. Voges, Texas Instruments
inc., Daltas, TX

On the Accuracy of the Transmission Line Model of the Folded
Dipole

G. A. Thiele, E. P. Ekelman, Jr., and L. W. Henderson, The
Ohio State University ElectroScience Laboratory, Columbus, OH

A Circularly Symmetric Dual-Reflector-Type Multibeam Antenna
H. Kumazawa, Nippon Telegraph and Telephone Public Corp.,
Yokosuka, Japan, and M. Mizusawa, Mitsubishi Electric Corp.,
Kamakura-City, Japan

Air Launch Cruise Missile Instrumentation Antennas ‘
R. E. Lantagne, J. P. Grady and G. E. Miller, Boeing -Aerospace
Company, Seattle, WA
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MICROSTRIP ANTENNAS FOR AIRBORNE
RADAR SYSTEMS

Albert W. Biggs
University of Kansas
Lawrence, Kansas 66045

Arrays of circular and rectangular microstrip antennas are
described for a Side Looking Airbormne Radar (SLAR) antenna and
a Short Pulse Ice Thickness Radar (SPITR) antenna. The SLAR
antenna is located on the side of a C-130 airplane, and the SPITR
antenna is located in a helicopter or a wide bottom aircraft.

Theoretical and experimental antenna patterns are presented
for square and circular microstrip antennas. Design information
is also presented for their fabrication. Curves of relative
coupling indicate the criteria for spacing of elements for the
microstrip antenna arrays.

The SPITR antenna is a stripline feed log periodic dipole

array. The bandwidth provides use of a 2 nanosecond gaussian shaped
pulse for probing depths of Arctic ice.
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A MICROSTRIP ANALYSIS TECHNIQUE

E.H. Newman and P. Tulyathan
The Ohio State University ElectroScience Laboratory
Department of Electrical Engineering
Columbus, Ohio 43212

A microstrip antenna consists of a metallic patch on an electri-
cally thin dielectric slab over a ground plane. The patch is

fed by either a coaxial cable through the ground plane, or by a
microstrip transmission line from the side. Microstrip antennas
are finding increasing application in aircraft, spacecraft and
missiles since they are lightweight, easy and inexpensive to
fabricate, while maintaining good impedance and radiation charac-
teristics over a few percent bandwidth.

The solution is based on a surface patch moment method technique,
employing the sinusoidal reaction formulation, (E.H. Newman and
D.M. Pozar, IEEE Trans., Vol. AP-26, Nov. 1978, pp. 784-789) for
wires, rectangular plates, and wire/plate junctions. Trapezoidal
surface patch modes, instead of the previous rectangular surface
patch modes, are introduced so that microstrip patches of arbi-
trary shape can be treated. An effective dielectric constant is
used to account for the dielectric slab. Results will be pre-
sented for a non-rectangular microstrip antenna using only three
modes ( 1 wire, 1 surface patch, and 1 attachment mode).
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A CIRCULARLY POLARIZED MICROSTRIP RESONATOR ANMTENNA.

'J.Vandensande, H.Pues, E.Van Lil, A, Van de Capelle,
K.U.Leuven, Dept. of Electrical Engineering, Div.M.I.L
B-3030 Heverlee, Belgium,

In view of future satellite applications there exist a
need to develop high gain circularly polarized antenna
arrays. Traveling wave circularly polarigzed arrays on
microstrip were already treated by Wood, Hall and
James ("Design of Wideband Circularly Polarwzpd Micro-
strip Antennas and Arrays", Intern, Conf. Ant. Prop.,
Nov. 78, London), A serious drawback of this kind of
arrays is their low efficiency, about 307,

- Synthesizing arrays with agreater efficiency implies
that one has at one's disposal a circularly polarized
radiating element. In this paper one presents an
analysis of a square microstrip resonator antenna.

This antenna can be made circularly polarized by exci-
ting two orthogonal modes of the antenna with 31gna13
90° out of phase. J.Q. Howell has already mentioned
this idea (“Mlcrostrip Antennas", Trans, Ant. Prop.,
Jan, 75), but wntill now there are no data available
about the performance of this antenna.

The resonator antemna was designed for a resonance
frequency of 3 GHz. The 3-dB bandwidth was 206 MHz.

We were primarily interested in the variation of the

_polarization state within the 3-dB bandwidth of the
antenna, It was found that the circular polarization
ratio (C.P.R,) was lower then -15 4dB (or an ellipticitr
lower then 3 dB) between the 3 dB frequencies (flg. 1,
The sense of rotation was left-handed, measured in
accordance to the IEEE standard.

To meet the requirements of the CCIR, it is necessary
to obtain a C.P.R. lower then =254B (o greater then

7?5 4B for right-handed sense) in the broadsﬁdp direction.
This is only met for a 30 MHz frequency band, The reasocn
why this requirement is not met lies in the unequal
power division between the orthogonal modes.
Nevertheless it seems possible to design a feed network
that maintains an equal power division over the entire
frequency band of operation of th~ anterna.

CPR(dB)
=257

-204

-157

-104
Fig., 1 : Variation of *he CPR with frequency.
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A MARITIME COMMUNICATIONS SUBSYSTEM
(MCS) FOR INTELSAT V SATELLITES

Dr. William J. English
INTELSAT - Space Segment Engineering
490 L'Enfant Plaza, S.W.
Washington, D.C. 20024

This paper describes the engineering design of the maritime
communications subsystem (MCS) which will be incorporated into
the INTELSAT V satellites. In January, 1979, the INTELSAT Board
of Governors approved the MCS for the INTELSAT V F-5, F-6, F-7
spacecraft. The MCS will be part of a second generation global
coverage maritime communications satellite system to be utilized
by the International Maritime Satellite Organization (INMARSAT)
during the 1980's.

The MCS provides four global coverage beams. Two are at C-band
for shore-satellite links and two are at L-band for satellite~
ship links. Thirty maritime voice channels are available.

The MCS design constraints which are discussed include:

(1) no interference to the existing INTELSAT V antenna
coverage beams. There are 14 communications beams
and 11 different antenna structures.

(2) minimize modifications to existing spacecraft design.
The initial INTELSAT V's are to be launched later
this year. This includes operating within the
present spacecraft power budget and maximum use of
INTELSAT V hardware.

(3) preserve original delivery schedule for the space-
craft modified by the MCS.

(4) insure compatibility with three potential launch
vehicles--Atlas/Centaur, Ariane and Space Shuttle.
This includes limiting to 40 kg. the incremental
mass associated with the MCS.

(5) define operating modes of the MCS and 14/11 GHz
spot beam subsystem in terms of their combined power
and thermal balance requirements.

(6) accommodate + 2° spacecraft pitch bias required for
optimizing existing coverages for different orbital
locations.

Notable design features which result include:
(1) a deployable L-band array antenna which can be pitch
biased.
(2) solid state high power L-band amplifier modules.
(3) the use of orthogonally polarized ports of two
existing C-band global coverage horns.
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University of Mississippi
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The following papers belong to the IEEE AP-S Symposium and

the summaries are included in the IEEE AP-S Digest under AP/B
Poster Session B.

1.

10.

11.

On Convergence of the Method of Moments
T. K. Sarkar, Rochester Institute of Technology, Rochester, NY

The Non Uniqueness of Inverse Problems and Partial Coherence
B. J. Hoenders, State University at Groningen, Groningen,
The Netherlands, H. P. Baltes, L. G. Z. Landis, and G. Zug,
Zentrale Forschung und Entwicklung, Zug, Switzerland

Exact and Approximated Time-Domain Deductive Reconstruction of
Conducting Multilayer Slabs
D. Lesselier, C.N.R.S. - E.S.E., Gif-sur-Yvette, France

Multiple Wavelength Aperture Synthesis for Passive Sensing of
the Earth's Surface
E. Schanda, University of Berne, Berne, Switzerland

The Backward Transform of the Near Field for Reconstruction
of Aperture Fields :

J. D. Hanfling, G. V. Borgiotti, and L. Kaplan, Raytheon Co,
Bedford, MA

A Study of Adaptive Sidelobe Canceller
C. A. Chuang, Harris Government Communications System Division,
Melbourne, FL

To Theory Wave Propagation in W-Fiberguides with Rectangular
Core
V. V. Cherny, University of California, Berkeley, Berkeley, CA

SEM Characteristics of a Log-Periodic Dipole Array
K. D. Rech, K. J. Langenberg, Universitat des Saarlandes,
Saarbrucken, FRG

SEM Investigation of Transient Acoustic Scattering from a Fixed
Finite Rotationally Symmetric Body

G. Bollig, K. J. Langenberg,Universitat des Saarlandes,
Saarbrucken, FRG

Doppler Spectrum of Extended Objects
J. B. Andersen, Aalborg University Centre, Aalborg, Denmark

Measured and Calculated Field Within Partitioned.One and Two-
Port Coaxial Cavities

M. G. Harrison, USAF Weapons Laboratory, Kirtiand AFB, NM

C. M. Butler, University of Mississippi, University, MS
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12. A Dual Polarization Broad-Band Waveguide
J. Tourneur, Thomson-CSF, Malakoff, France

13. Resonance, Phase Front and Polarization-Independence
Constraints of Inhomogeneous Fabry-Perot Interferometers
S. Raz, University of Houston, Houston, TX and Y. Leviatan
Technion-Israel Institute of Technology, Haifa, Israel
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SCATTERING
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University of Mississippi
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The following papers belong to the IEEE AP-S Syhposium and

the summaries are included in the IEEE AP-S Digest under AP/B
Poster Session C. ’

1.

12.

17.

20.

21.

23.

Coupling of Electromagnetic Waves to a Cable Through Long
Slots

T. C. Tong, TRW Defense and Space Systems Group, Redondo
Beach, CA

A New Surface-Current Model for Metallic Scattering Surfaces
A. Mendelovicz, Hughes Aircraft Company, Canoga Park, CA

Design of Cylindrical Shields: An Application of the Uniform
Geometrical Theory.of Diffractien.

B. S. M. C. Galvao and C. S. Pereira, Instituto de Pesquisas
Espaciais, Sao Jose dos Campos, Brazil

Radiation by Sources on Perfectly Conducting Convex Cylinders
with an Impedance Surface Patch )

L. Ersoy and P. H. Pathak, The Ohio State University Electro-
Science Laboratory, Columbus, OH

An Angle Filter Containing Three Periodically Perforated,
Metallic lLayers

E. L. Rope and G. Tricoles, General Dynamics Electronics
Division, San Diego, CA

Cross Polarization Discrimination Characteristics During
Multipath Fading at 4 GHz

S. Sakagami and K. Morita, Nippon Telegraph and Telephone
Public Corporation, Yokosuka-shi, Japan

Receiving and Transmitting Properties of Some Reflecting
Surfaces

K. M. Romberg, R. L. Fante, Rome Air Development Center,
Hanscom AFB, MA

Space - Time Integral Equation Solution for Scattering by Thin
Flat Surfaces
C. L. Bennett and H. Mieras, Sperry Research Center, Sudbury, MA

Loading/lImaging Effects on Resonance Region Scattering
N. A. Howell, Technology Service Corporation, San Monica, CA

The Thickness Criterion for Single-Layer Radar Absorbents
E. F. Knott, Georgia Institute of Technology, Atlanta, GA

Predicting Average-Median-Value Scattering from Cylinders
N. A. Howell, Technology Service Corporation, Santa Monica, CA
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AN INTERPERTATION OF VARIATIONS IN THE
SLOT ELECTRIC FIELD OF A SLOT-PERFORATED
DIELECTRIC-SLAB-COVERED INFINITE CONDUCTING

SCREEN

R.D. Nevels, Electrical Engr. Dept., Texas AZM University, College
Station, Texas.

C.M. Butler, Electrical Engr. Dept., University of Mississippi,
University, Mississippi.

An integral equation solution for the problem of a dielectric-slab-
covered infinite conducting screen perforated by a slot or slots of
infinite extent was reported at the URSI and URSI/APS meetings in
1978. The method of moments was utilized to find the unknown tan-
gential slot electric field due to illumination of the slot by a TE-
or TM- polarized wave at an arbitrary angle of incidence. Results
were presented as a function of the thickness of a dielectric slab
covering the shadow side of the screen.

One result of the above mentioned investigation was an interesting
regular variation noted in the slot tangential electric fields, par-
ticularly evident in the wider slot cases. Such a variation in the
slot tangential electric field has been observed in both the case in
which a slot-perforated-conducting screen is situated in a homogeneous
medium and in the case in which a slot-perforated-conducting screen
separates half spaces with different electromaanetic properties
(two-media case) (C.M. Butler and K.R. Umashankar, Radio Sci.,11,
611-619, 1976). Such phenomena are attributed to an Interference
pattern created by the diffraction of the illuminating field from the
edges of the slot. In the case of a dielectric-slab-covered screen,
however, the interference pattern is much more distinct than has been
observed in either the homogeneous or two-media case. In this case
evidence is presented which indicates that, for the present case,
variations in the tangential slot electric field are due to the inter-
action of surface waves that are excited at both edges of the slot

in the dielectric slab by the incident illuminating fields.
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REFLECTION AND TRANSMISSION CHARACTERISTICS OF
MULTILAYERED LOSSY PERIODIC STRIPS

Te-Kao Wu
Lockheed Missiles & Space Company
P.O. Box 504
Sunnyvale, CA 94086

The scattering from multilayered lossy periodic strips has been analyzed by Tsai,
et al. (IEEE T-AP, 26, 257-260, 1977) with normally incident TM plane waves.
However, one needs to know whether their conclusions are stiil valid when the
incident plane wave is changed from broadside or with a different polarization. In
this paper, a more generalized method is developed by considering both TM and
TE plane waves with an arbitrarily incident angle. The formulation employs the
impedance sheet approximation and Floquet’s theorem. The solution yields the
current densities on each layer as well as the transmitted and reflected fields.
Typical examples are given for the applications to phase-delay type artificial
dielectric lenses and coupling grids for far-infrared lasers, etc. It is found that the
refraction index of the artificial dielectric lenses is independent of the incident
angle of the plane wave excitations. However, the transmitted and reflected fields
of a two - layer periodic strip are strongly dependent on the incident angles.
Current plots are also presented for structures up to nine layers. The advantage of
this method is that the computation time is relatively small since the matrix fill
involves no numerical integration and no special functions. Moreover, it also allows
not only the quantitative examination of the losses in artificial dielectrics but also
the refraction index sensitivity to substrate thickness. It is believed by the author
that this method may be extended to analyze the three-dimensional lattice or mesh
structure.
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SURFACE-WAVE EXCITATION ON A BONDED MESH

K.F. Casey, Dikewood Corporation, Los Angeles, California

A wire mesh with bonded junctions is capable of supporting a
single proper surface wave, although the characteristic
equation based on an equivalent sheet impedance representation
of the mesh also admits an improper solution. In this paper
we discuss the excitation of the proper surface wave by a
magnetic lime source, employing a technique related to that

of Karp and Karal (Comm. Pure Appl. Math., 12, 435, 1959). An
equivalent sheet impedance operator is used to describe the
mesh, so that the analysis is valid when the mesh dimensions
are small in comparison to the wavelength.

It is found that the tangential magnetic field, which itself
satisfies a mixed boundary condition at the mesh surface, is
expressible as the solution of a second-order linear inhomo-
geneous differential equation whose driving function satisfies
the Dirichlet condition on the mesh surface. The proper choice
of the driving function and the evaluation of the arbitrary
constants from the differential equation yield a simple
expression for the electromagnetic field radiated by the source.
The surface-wave excitation efficiency is then easily calculated.
The method may also be applied to the analysis of surface-wave
excitation on structures capable of supporting several proper
surface waves.

Numerical results are presented to illustrate the behavior of
the radiated field and the surface-wave excitation efficiency
as functions of frequency and mesh geometry. It is found that
in the frequency range where the equivalent sheet impedance
representation is valid, the surface-wave excitation efficiency
is low. The surface wave excitation problem is also briefly
discussed for the case in which a more nearly exact analysis

of the currents on the mesh wires is employed.
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EDGE BEHAVIOR FOR A THICK HALF PLANE

V. Daniele and I. Montrosset
Politecnico di Torino, Italy
and
P.L.E. Uslenghi
Communications Laboratory,
Department of Information Engineering
University of Illinois at Chicago Circle
Chicago, Illinois 60680

The problem of the behavior of the electric and magnetic field
components near the two edges of a perfectly conducting thick half
plane is considered. The half plane is occupying the region

(0 <x<s, y>0) of the (x,y) plane, with edges at the origin and
at (x ="s, y =7 0). The behavior of the field at the edges changes
from that of a 900 wedge when s is large to that of a thin half
plane when s = 0. In the intermediate region (s # 0 but small compared
to the wavelength A = 2 n/k), the two edges interact in a complicated
fashion which we examine by conformally mapping the portion of the

z = X + jy plane that is exterior to the thick half plane onto the
upper half of the w = u + iv plane. The appropriate conformal
transformation is

7= 1;—5 {€-1) 2-£9% +sinLz-1)} + Bzi

where 7 = kz, £ = w/a and a is a positive constant. The edges at z = 0,
s are respectively mapped onto the points w = 0, 2a. Extensive numerical
solutions are presented, and comparisons with previous approaches are
performed. Approximate analytical solutions are also given for the case
ks <<1, and for both E nd H polarizations. This research was supported
in part by grant AFOSR-77-3253 and in part by a cooperative scientific
program between NSF and the Italian CNR.
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ON THE RESPONSE OF A TERMINATED
TWISTED-WIRE CABLE EXCITED BY A
PLANE WAVE ELECTROMAGNETIC FIELD

Clayborne D. Taylor#*
J. Philip Castillo**
*Mississippi State University
Mississippi State, MS 39762
**Air Force Weapons Laboratory
Kirtland AFB, NM 87117

In this paper a formulation is presented for predicting
termination currents of an arbitrarily terminated twisted-pair
cable with general nonuniform illumination. Specific results
are obtained for a cable under plane wave illumination with the
electric field directed parallel to the axis of the cable.
Comparisons are made with the corresponding responses of the
cable in an untwisted configuration to determine the dependence
of the "cable-induced" noise upon the twisting.

For convenience a few assumptions are made in the analysis.
First, it i1s assumed that the configuration of the twisted-pair
is an ideal bifilar helix. Second, it is assumed that the pitch
of the turns is much greater than the wire separation. With
these assumptions various termination configurations are considered
and a comparison is made with measured data,
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NEW QUASISTATIC REPRESENTATION FOR

SOMMERFELD INTEGRALS*

James N. Brittingham
Gerald J. Burke
Lawrence Livermore Laboratory
Livermore, California 94550

Abstract

In the past a procedure called the solution space method
["Bivariate Interpolation Approach to Efficiently and Accurately
Modeling Antennas Near A Half Space," J. N, Brittingham, E.
K. Miller, J. T. Okada, Electronic Letters, November 190,
1977, vol. 13, No. 23, pp. 690-691 has been used to quickly
and accurately find values of the Sommerfeld integrals for
lossy earths. The solution space method uses bivariate
interpolation on a grid of prestored valves when the integral
functions are well behaved. Near p=0 and z=0, where the
integrals are singular a series representation ["A New
Series Solution for Sommerfeld Integrals in a Two Media
Problem," J. N. Brittingham and J. T. Okada, URSI, National
Radio Science Meeting January 1978] was used. The variables
p and z are the distance along the interface and the sum of
the field-point plus the source-point heights above the
interface, respectively. If a function could be found to
represent the singularity, then this function could be
removed from the solution space method. A previous method
["Quasi-Static Fields of Dipole Antenna Located Above the
Earth's Surface," P. R. Bannister, Radio Science, Vol. 2,
No. 9, September 1967, pp. 1096-1103] finds the quasistatic
representation by setting a propagation constant in the
kernel to zero, then evaluating the remaining integral.

This procedure does not have a rigorious justification.

This paper presents a rigorious method to find the quasistatic
representation for the Sommerfeld integrals. This new
qusistatic representation has some differences from the
previously presented term. The new method to find the
qusistatic representation consist of separating the Sommerfeld's
kernel into two parts whose sum equals the original Sommerfeld
integral for all values of p and z. On investigating these
integrals, it is found that one integral is bounded as p and

z approach zero while the other integral dominates over the
other integral for small p and z, one identifies the singular
integral as the quasistatic representation. This new quasistatic
integral is a constant times a free space Green's function
located a p=0 and z=0.

*This work was performed by the U.S. Department of Enerqy
by the Lawrence Livermore Laboratory under contract
number W-7405-ENG-48, 126




This new quasistatic representation is then used to improve
the solution space method used in the study of practical
antennas over an interface. The improvement consists of
storing a better behaved function to be used in the bivariate
interpolation. The function that is now stored on the

solution space grid is the actual Sommerfeld integral divided
by the new quasistatic representation of the point of interest.
As in the past a bivariate interpolation will be used to

find function values not on the grid. Once the interpolated
function has been found it is multiplied by the new quasistatic
value to obtain the original integral. This new function
permits the use of interpolation up to the singular point

p=0 and z=0, therefore eliminating the need for the series
representation.
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Boundary Conditions for a Thin Resistive Elliptic Cylinder

R.K.Ritt
Illinois State University, Normal, I1, 61761

The two dimensional problem of diffraction of a mono-
chromatic plane electromagnetic wave by a homogeneous isotropic
cylinder is known to be solvable, in principle, by matching the
tangential components of the interlor fields to those of the ex-
terior fields at the boundary. For both electric and magnetic
polarizations, this leads to an exterior scalar wave equation,
with a boundary condition of the form:

u(x) = —Ij‘ G(k,x,y) ?_‘i (y) ds,
C an

in which r is a dimensionless constant, C is the cylinder boun-
dary, G(k,x,y) is the Green's function for the interior Neumann
problem, and k is the interior wave number.

In the present paper, C is _an elliptic‘iylinder with major
axis a and minor axis b; k% = k2(1 + i@ zok™l) in which k, is
the free space wave number, Z_ is the free gpace impedence, and
O is the conductivity. The integral is evaluated asymptotically,
foro»? 1, &b = constant, and k,a¥l.
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A DIFFERENTIAL-INTEGRAL METHOD FOR SCATTERING CALCULATIONS

H. C. H. Chen, Department of Bioengineering
University of Utah, Salt Lake City, Utah 84112
M. A. Morgan, Department of Electrical Engineering
University of Mississippi, University, Mississippi 38677
P. W. Barber, Department of Electrical Engineering
University of Utah, Salt Lake City, Utah 84112

The unimoment method has recently been used to obtain
numerical solutions for electromagnetic scattering problems involving
inhomogeneous nonspherical objects. The approach uses the finite-
element method (FEM) to obtain expressions for the fields within a
spherical mesh region which encloses the inhomogeneous body., The
incident and scattered fields outside the enclosing sphere are ex-—
panded in spherical harmonics and the boundary conditions at the
surface of the sphere are used to couple the interior and exterior
field expansions and obtain a solution.

Although the unimoment method is applicable to problems in~
volving general inhomogeneous nonspherical scatterers, it is quite
inefficient if the scatterer is elongated, due to the large number
of extra interior mesh elements which are required in the homoge-
neous region between the enclosing sphere and the scatterer. This
drawback can be overcome by replacing the enclosing sphere with a
properly selected spheroid (or other minimum enclosing surface).
This has the advantage of greatly reducing the number of required
mesh elements. While the usual spherical harmonic expansion can no
longer be used directly in the external region, there is an integral
equation method which can be used in the external region. The ex-—
tended boundary condition method (EBCM) is known to provide an effi-
cient and stable solution for scattering problems involving smooth
3-D surfaces. In particular, in the present problem it is possible
to write the external fields (in terms of spherical harmonic expan-
sions) using the EBCM and then couple exterior incident and scattered
fields to the internal FEM solution at the surface. A further advan-
tage of this combined approach is that it is no longer necessary to
expand the internal fields in spherical harmonics as is usually done
with the EBCM (this requirement results in restrictions on the
interior region, i.e., it must be homogeneous or consist of layered
homogeneous regions).

The hybrid method which will be described here utilizes the
best features of both the FEM and EBCM approaches to eliminate the
drawbacks of each and thereby make it possible to efficiently solve
a large variety of electromagnetic scattering problems.
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APERTURE EXCITATION OF A WIRE IN A RECTANGULAR CAVITY

William A. Johnson
Department of Electrical Engineering
University of Mississippi
University, Mississippi 38677

and

Donald G. Dudley
Department of Electrical Engineering
University of Arizona
Tucson, Arizona 85721

This paper addresses the problem of determining the current on a
straight, thin-wire situated in a rectangular cavity excited by an
exterior source coupling through a full aperture in one of the
cavity walls. The cavity wall containing the aperture is assumed
to have an infinite, perfectly conducting, planar flange on it.

The frequency domain problem is formulated in terms of a linear
system of integral equations for unknown aperture fields and wire
currents. Once the frequency domain problem is solved, a time
domain solution may be given by numerical inverse Fourier transform.

The major difficulties encountered in this problem are (1) rapid
numerical summation of cavity potential dyads as the distance
between source and observation points becomes small and (2) ef~
ficient numerical solution of the system of integral equations.
The first difficulty has been overcome in the works (D. B. Seidel,
IEEE Trans. MTT-26, No. 11, pp. 908-914, 1978) and (W. A. Johnson
and D. G. Dudley, URSI Meeting, Boulder, Nov. 1978). An efficient
numerical solution to the aperture field integral equations may be
obtained by use of shifted subdomain field expansions and a finite
difference scheme (D. R. Wilton and A. W. Glisson, AP-S Symposium,
Amherst, Oct. 1976).

Numerical results for frequency domain wire currents and aperture

fields will be given. Finally a transient problem will be consid-
ered.
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AN UPDATE ON NAVAL VESSEL IDENTIFICATION

D.L. Moffatt and C.M. Rhoads
The Ohio State University ElectroScience Laboratory
Department of Electrical Engineering
Columbus, Ohio 43212

The purpose of this paper is to give an update on a matched-
filter type identification procedure for naval vessels. The
basic method and a multiple-frequency reflectivity measurement
system used to obtain the requisite scattering data were re-
cently reported (1978 International IEEE/AP-S Symposium USNC/
URSI Spring Meeting). The harmonic measurements were initially
confined to bow-on, abeam and stern-on aspects for seven model
ships (hull length ¥1.5x at fundamental). It was found that

the frequencies of free oscillation (or natural resonances) as
extracted from these measured data via matched filter waveforms
were distinctly different for the widely spaced viewing aspects
for any ship. It was postulated at that time that the extracted
resonances were actually quasi-invariant in that essentially the
same resonances would hold over some range of aspects in the
neighborhood of the well-defined aspects {(bow-on, stern-on, etc.).

In this paper, measured harmonic data and extracted natural
resonances are presented which basically confirm this postulate.
Measured bi-static scattering data (elevation angle ~29°, bi-
static angle ~13° and vertical polarization) have now been
obtained for two model ships. For each ship, data at eleven
additional aspects were obtained corresponding to +5° and #10°
from the previous aspects. Tests on these data yield excellent
identification results over the increased aspect ranges. These
results and a slightly modified test procedure are described.

In addition to the discrete frequency measurements, initial
results on swept frequency measurements for these same targets
will be presented. These additional measurements are desirable
in that they are useful in constructing chirp-type pulse response
waveforms. It is anticipated that these measurements will point
to narrower frequency ranges containing useful target identifica-
tion data thereby removing harmonic scattering data as an identi-
fication requirement.
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SIMPLE THEORY OF ELECTROMAGNETIC SHIELDING OF ENCLOSURES

K.S.H. Lee, Dikewood Corporation, Los Angeles, California

Electromagnetic energy can penetrate into a metallic enclosure

by means of diffusion through the enclosure's wall. The diffusive
penetration comes about because the conductivity of the wall,
albeit high, is not infinite. It is common knowledge that at

low frequencies the diffusion mechanism provides an effective
means for penetration by magnetic field, while penetration by

the electric field is negligible by comparison.

In this paper we first review the low-frequency electromagnetic
shielding theory of Latham and Lee (Canad. J. Phys., 46, pp.1745-
1752, 1968), in which the effect of the enclosure's wall on the
penetrant field is duplicated by a set of boundary conditions

for the magnetic scalar potentials. From these boundary
conditions we derive a simple perturbation procedure for good
shields to calculate the penetrant field. Finally, we apply

the theory to certain canonical enclosure shapes and obtain
frequency- and time-domain solutions for the penetrant pulse.
Based on these solutions we deduce simple engineering formulas
for determining the wave shape and peak value of the penetrant
pulse. We then show how these simple formulas can be generalized
to enclosures of arbitrary shape.

132




AP/B Poster C - 22

HALF-PLANE DIFFRACTION AT OBLIQUE INCIDENCE OF AN
ELECTROMAGNETIC PLANE WAVE OF ARBITRARY POLARIZATION

G. A. Deschamps and S. W. Lee
Department of Electrical Engineering
University of Illinois, Urbana, Illinois 61801

The solution to this classical problem is cast in a simple
coordinate~free form by introducing operators of rotation about
the edge of the half-plane. The vector t being along the edge,
a rotation through the angle o will be denoted by, ta, which is
appropriate because t2eh = (o8, _The field F = (E i) resulting

from an incident planewave F, = ( ,H ) of arbitrary polar-
ization and direction is

F(Y) =F, (BYF(t,) + g(kr) (tw1 -tHF (0) + (12) L
where (1+2) means the first two terms with 1 replaced by 2,
F(1) =1r_1/2f°_: expi('rz—%)dt, g(x) = (gﬂx)_l/zexpi(x_}.%) ,

F, is the field image of F, under reflection through the plane
of the screen, 1, and 1, are the detour parameters for the
fields F, and Fz, v, and y, are the angles of rotations that
bring the incident and reflected rays on the diffracted ray
through r, r = |r| the origin for 7 being the point of
diffraction on the edge. The exact diffracted field, obtained
by subtracting the geometrical optic field from F, is

F(E) = V(Tl)eikrFl(O) +gCkr) (£ - £0)F, (0) + (1+2) (2)

where V(1) = (sgn T)éiTzF(|T|). When 1, and 1, are large,
FD reduces to the GTD diffracted f1eld

P =F, +F, = 7 x,8(k0)t Vip (o) + (152) (3
where X, —~cosec(w /2) and B is the angle of the incident ray
with theé edge. Expre551ons (1) and (2) can be used to compare
the two uniform theories: Theory A (Ahluwalia, Lewis, Boersma,
Lee and Deschamps) and Theory B (Kouyoumjian and Pathak).
According to Theory A, applied to the present problem, the total
field is

> jod >
FA(r)= [F(rl)— F(TI)]FI(r)i-Fd1+-(1+2) (4)
while according to Theory B the diffracted field is
N ~
Fp () = [V(r D/V(t ) IF, + (12) (5)

The tildes over functions F and V indicate large argument
asymptotic expression, It is verified that Theory A recovers
the exact solution of the present problem, while Theory B does
not (a fact also observed by J. Boersma). An explicit
expression for the error of Theory B can be derived and shows
that the error might be significant near the edge.
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REDUCTION OF OUT-OF-BAND SPLATTER
OF PSEUDONOISE SPREAD SPECTRUM

C. R. Cahn, Magnavox Government and Industrial
Electronics Company, Torrance, CA 90503,

The simplest form of pseudonoise (PN) spread spectrum is gen-
erated via biphase shift keying (BPSK) with the bits of pseudoran-
dom binary sequence. The spectrum of unfiltered BPSK is that of a
rectangular pulse shape and decreases at the rate of 6 dB/octave
out-of-band. Unfortunately, filtering with the intent of further
reducing the out-of-band spectral splatter for electromagnetic com-
patibility is defeated by hard limiting to restore the signal to a
constant envelope. Minimum shift keying (MSK) is a quadriphase
version of PN which has a constant envelope and a spectrum decrea-
sing at the rate of 12 dB/octave, corresponding to a cosine pulse
shape. MSK is very similar to staggered (or offset) quadriphase
shift keying (SQPSK), except that SQPSK has the same spectrum as
BPSK, However, when SQPSK is filtered and hard limited, the out-
of-band spectrum remains low, in contrast to BPSK. This is a con-
sequence of having completely avoided 180° phase transitions in
the staggered waveform.

An analytical computation of the spectrum of filtered and
hard-limited SQPSK is not available, but extensive computer simu-
lations with Butterworth filters have been carried out. Empiri-
cally, it is found that an optimum number of poles exists, as a
function of the filter bandwidth. The effect places a floor on
the achievable out-of-band spectrum reduction by this simple and

practical modulation technique for generating pseudonoise spread
spectrum.

Recently, a new phase-modulation technique has been discov-
ered which yields a further reduction in the out-of-band spectrum
of a constant envelope signal. This technique is called tamed
frequency modulation (TFM), and can best be described as frequency
modulation by a polybinary waveform. Interestingly, from this
point of view, SQPSK can be described as a duobinary frequency
modulation, and (as is well known) MSK as a conventional binary
frequency modulation. TFM exploits constraints extending over
several bits and, thereby, exceeds what can be done purely by a
pulse shaping modification to MSK. The out-of-band spectrum of
TFM can be obtained by analytical approximation, and also by com-
puter simulations. These show the spectrum is 100 dB down at
approximately 1.5 times the total bit rate (i.e., the null-to-null

bandwidth for SQPSK), with a smoothly decreasing auto-correlation
function.
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DESIGN AND APPLICATION OF LARGE

TIME-FREQUENCY CODED SIGNAL SETS

George R. Cooper, School of Electrical Engineering
Purdue University, W. Lafayette, IN 47907

A method for designing large sets of time-frequency coded
signals having uniformly small crosscorrelation properties is
described and typical computed crosscorrelation functions are
shown. It is demonstrated that such signals possess proper-
ties that are reasonably close to the theoretical limits that
can be expected. Furthermore, the number of such signals
having a specified time-bandwidth product can be made extremly
large, although the ultimate limit remains an unsolved theo-
retical problem at this time.

Although large time-bandwidth product signals are not normally
considered to be spectrally efficient, there are-some circum-
stances in which they provide greater efficiency than ortho-
gonal signals. A particular situation that has been analyzed
in some detail is that of cellular communication systems such
as are being proposed for land-mobile radio service. In this
case, the large bandwidth provides frequency diversity that
minimizes the effects of frequency-selective rapid fading and
the large time-bandwidth product makes it possible to suppress
interference from other users in the same geographic area.

The result is a system that has greater spectral efficiency
than narrowband cellular systems and also provides more con-
sistent speech quality, privacy and more fiexible blocking
properties under overload conditions. A brief discussion of
the application of the time-frequency coded signal set to
cellular systems and the resulting spectral efficiency is
provided.
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LARGE TIME~-BANDWIDTH PRODUCT SIGNALS FOR
SPREAD-SPECTRUM MULTIPLE-AGCESS COMMUNICATIONS

Michael B. Pursley
Coordinated Science Laboratory
University of Illinois
Urbana, Illinois 61801

As suggested by their name, spread-spectrum communications
systems require the use of signals with large time-bandwidth
products. For a spread-spectrum system with only one trans-
mitter, the main requirement for these signals is that they have
good autocorrelation properties. For a spread-spectrum multiple-
access (SSMA) communications system, however, the number of
large time-bandwidth-product signals needed is at least the
number of transmitters in the system. Furthermore, these signals
must have not only good autocorrelation properties but also good
crosscorrelation properties. For SSMA applications, the large
time-bandwidth-product signals are usually derived from periodic
sequences which are often referred to as signature sequences.
Examples of classes of signature sequences which have been con-
sidered for SSMA communications systems are the maximal-length
sequences (m-sequences), the Gold sequences, and the Kasami
sequences.

In this paper, the selection of signals with large time-
bandwidth product for use in SSMA systems is discussed. Several
families of signature sequences are considered such as m-sequences
of periods 31, 63, 127, and 255; Gold sequences of periods 31,
127, and 255; and Kasami sequences of period 255. Techniques are
described for the selection of optimal sets of sequences from
these families, and numerical results are presented. Several
different correlation parameters are considered including the
peak periodic and odd autocorrelation and crosscorrelation, the
mean-squared aperiodic and partial autocorrelation and cross-
correlation, and the signal-to-noise ratio parameter defined in
(M. B. Pursley, IEEE Trans. Commun., vol. COM-25, 795-799, 1977).

In addition to the above results for specific families of
signature sequences, identities and bounds are presented which
relate various correlation parameters for general complex-
valued periodic sequences. A survey of previously known
identities is given along with new results on the partial
correlation.

Acknowledgement. This paper draws upon recent results from an
ongoing research project supported by the National Science Founda-
tion (ENG 78-06630) and the Army Research Office (DAAG 29-78-G-
0114). Some of the results presented were obtained in joint work
with Professor D. V. Sarwate. D. W. Gahutu, F, D. Garber, and

H. F. A, Roefs obtained the numerical data.
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PSEUDO-NOISE MATCHED FILTERS IN ADAPTIVE ARRAYS

M. P. Ristenbatt, E. K. Holland-Moritz,
Cooley Electronics Laboratory, University
of Michigan, Ann Arbor, Michigan 48109

Large time-bandwidth (TW) product signals are often formed
with random-appearing binary sequences called pseudo-
noise (PN). The interference rejection available with
such signals can be combined with the interference re-
jection capability of adaptive arrays (see, e.g., R. T.
Compton, Jr., "An Adaptive Array in a Spread-Spectrum
Communication System," Proc. IEEE, Vol. 66, No. 3, March
1978, pp. 289-298). Adaptive antennas have been studied
for some time in radar applications to reject sidelobe
interference of large phased array antennas.

The first part of this presentation overviews, in a coarse
engineering fashion, the methods studied thus far for com-
bining the two techniques, including their gross imple-
mentation implications. In those closed-loop methods
where the array-processing precedes the PN collapsing, the
spatial processing is serial in nature, and one has to
deal with a transient response. If an open-loop arrange-
ment is used, the transient response can be replaced by
decision algorithms.

The second part of this presentation describes the general
concept of using PN matched-filters ahead of either closed-
loop or open-loop spatial processing. This appears to ex-
ploit the rapid processing speed of large-scale-integrated
(LSI) correlation devices, such as CCD's and SAW's. Other
important aspects are: (1) parallel spatial processing is
available; (2) after synchronization, interference-only
samples can be separated from signal-plus-interference
samples.
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SURFACE-ACOUSTIC-WAVE CONVOLVERS
FOR PROCESSING SPREAD-SPECTRUM SIGNALS

R. C. Williamson
Lincoln Laboratory, Massachusetts Institute of Technology
Lexington, Massachusetts 02173

The technology of surface-acoustic-wave convolvers has advanced
to the point where these devices provide an attractive means

for programmable matched filtering of spread-spectrum signals
with bandwidths (chip rates) of 100 MHz or more. The most
highly developed type of convolver utilizes a nonlinear acousto-
electric interaction. Such a device consists of a strip of
silicon held in close proximity (v0.3 um) to the surface of a
LiNbO3 substrate. Counterpropagating surface acoustic waves

are launched on the LiNbO3 substrate and the piezoelectric
fields generated by these waves interact with the carriers in
the adjacent semiconductor. A distributed mixing action takes
place and the mixing products are spatially integrated in a
capacitor plate metallized on the back of the silicon, thus
yielding the convolution of the two counterpropagating waves.

By time-reversing one input (the reference), the desired cor-
relation between the reference and a counterpropagating received
signal is obtained. Devices of this type have been developed

to demodulate wide-bandwidth spread-spectrum signals and obtain
correlation gains in excess of 30 dB. A fast synchronization
system utilizing acoustoelectric convolvers has been constructed.
Synchronization to within a fraction of a chip is obtained by
the end of a synchronization preamble consisting of only 13 bits.

Surface-acoustic-wave convolvers are well suited for processing
spread-sprectrum waveforms in which the chips are MSK or PSK
modulated and data is encoded as DPSK modulation of successive
bits (each consisting of several hundred chips). Such devices
are also naturally adapted to matched filtering of continuously
changing codes because the device symmetry ensures that reference
codes may be entered with the same bandwidth as an incoming
signal.

Another type of convolver depends on elastic and piezoelectric
nonlinearities in a surface-wave substrate (usually LiNbO3).
The mixing products generated by counterpropagating waves are
integrated in a metallized strip deposited on the substrate.
Such monolithic convolvers have operated at bandwidths up to 30
MHz with correlation gains up to 25 dB. Because of their
simplicity, ruggedness and projected low cost, this type of
convolver is currently the subject of renewed interest.
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APPLICATIONS OF CHIRP TRANSFORM NETWORKS
BASED ON LARGE TB SAW REFLECTIVE ARRAY FILTERS

T. W. BRISTOL, Hughes Aircraft Company, Fullerton, California, 92634

The recent development of high quality linear FM surface acoustic wave
(SAW) filters has resulted in the realization of real-time Fourier trans-
formations of large bandwidth signals. The basis is the SAW implementation
of the chirp transform (CT) algorithm which is depicted below. Maximum
signal bandwidth and frequency resolution are controlled by the performance
capabilities of the SAW filters used for the pre-multiply chirp waveform
generation and chirp convolution filter. Recent advances in SAW reflective
array (RAC) allows up to a few hundred MHz bandwidth and resclution of
down to 10 kHz.

This paper will describe applications of CT processors to spectrum analysis
and programmable signal cross-correlation systems. Performance capa-
bilities of RAC filters will be reviewed. This will be followed by examples
of the microscan (compressive) receiver, which is basically a single chirp
transform module. Development of the generalized signal correlator shown
below will then be described. Three CT modules are used to provide the
cross-correlation of arbitrary signals S., and S o subject only to the con-~
straints that they have bandwidth <60 Mﬁz and duratlon =60 usec. Examples
of correlation of chirp, PSK and pulsed CW signals will be given.
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CHEBYSHEV-LOW PULSE COMPRESSION SIDELOBES VIA A NONLINEAR FM

R. Price, Sperry Research Center, Sudbury, MA 01776

Pulse compression as applied during |t|<T/2 within a T-second long
rectangular-envelope sensor transmission, employs carrier phase
modulation #(t) or FM (=dp/dt) to spread the emitted 3dB bandwidth
W>1/T (in Hz). At large enough TW's, stationary-phase design via
nonlinear FM time-trajectory {Key et al,1961 IRE Int. Conv. Rec.,
pt.4,146) enables close control over the Teceiver's COmMpressive
matched-filter output pulse. Indeed, in the instance of FM by
(v/T)tan(wt/T) no sidelobes whatever exist for any Yy (x affine to
TW); here, however, nonintegrabilities inflict infinitely many
modulation cycles near both edges of the transmitted pulse.

Intuitively, no finite-cycle, rectangular-magnitude modulating
pulse can with TW»1 be, at matched filter output, free of poten-
tially target-resolution impairing sidelobes; still, an infinite-
swinging but integrable FM might yet offer escape from the snr-pe-
nalizing practice of suppressing them by filter mismatching. Can-
didates ok's (y/T)arctanh(2t/T) and our “"circle-@"("¢"):
v(d/dtW1-(2t/T)?. Zero-Doppler, exact evaluations show the lat-
ter as quite unique among various stationary-phase syntheses, in
yielding near-Chebyshev sidelobe envelope (below). Moreover, even
for modest TW's the relative level is nicely Tow, and decreases

as Y™, e.g., being ideally -52.5 dB for the TWR10, SAW implemen-
ted case (Worley,Proc. IEEE,59,p.1618,1971; U.S. Pat. 3,753,166).

The found behavior is explained by temporarily imagining the “¢"
extended as an analytic function to fw, so as to have exponential-
ly fast transmitter envelope decay outside (tT/2); analysis then
proves entire sidelobe absence. When y»l, this unimodal compres-
sjon fits well to 2y|t]Ki(2y|t|/T), in Bessel-given proportion to
the cosine transform of the stationary-phase-approximate, scaled
signal energy density (4y2 + w?T2)"3/2 out of the matched filter.
(Spectral radian-parameter w and FM instantaneous frequency of
course lie opposite in domain.) The actual, Lommel-peak-magnitude
sidelobes are thus seen as created by the convolution of the orig-
inal, truncated modulating pulse, against the impulse-pair-Tike
disparity of its real part from that of its analytic continuation.
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LARGE ACTIVE SATELLITE ANTENNAS BASED ON
SOLAR-MICROWAVE ARRAY TECHNOLOGY (SMART)

F. Sterzer
RCA Laboratories
Princeton, NJ 08540

Advances in low-cost space transportation systems and in
microwave integrated circuits will make it feasible in the next
decade to deploy large active antennas in space. A promising
technology to realize such antennas is SMART (Solar-Microwave
Array Technology). In SMART, arrays of miniaturized solid-
state modules are integrated into a large sheet antenna. Each
module is a self-contained microwave receiver and transmitter
with its own independent photovoltaic power supply.

The paper will describe a specific approach to realizing
SMART modules based on GaAs technology. Use of such modules in
communications satellites and solar power satellites will be
discussed.
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THE EFFECTS OF RAIN ATTENUATION ON 18/30 GHz
COMMUNICATIONS SATELLITE SYSTEMS

D. O. Reudink
Bell Laboratories
Crawford Hill Laboratory
Holmdel, New Jersey 07733

New configurations for satellite systems using the 18 to 30 GHz
frequency bands can be considered, assuming by the time that
these frequencies are used in commercial satellites, the space
shuttle will be the primary launch vehicle. This provides an
opportunity to re-examine system performance in anticipation of
high technology satellites with large mass and physical dimen-
sions launched by the space shuttle, and in light of accurate
measured attenuation data obtained from over two years of con-
tinuous recording of the 18 and 30 GHz satellite beacons measured
from the COMSTAR satellites.

A very large aperture antenna is possible using the nearly 15'
diameter of the shuttle bay, and indeed such an antenna could
provide gain in excess of 60 dB at 20 GHz in a 3 dB beam of
width on the order of a quarter degree. Assuming designs sup-
porting spot beams with this gain or using a scanning spot
beam concept, and also assuming several hundred watt power
levels that might reasonably be expected in shuttle launched
communications satellites, large margins would be available
for earth station antenna diameters of modest size. Rain at-
tenuation margins at 20 GHz in excess of 20 dB might be avail-
able under the right set of assumptions. In this paper we
compare margins available with the shuttle technology to margins
required for various outage objectives. We present cumulative
probability distributions for two years continuous data at
Crawford Hill and compare them with cumulative distributions
for the hours from 9 a.m. to 5 p.m. to determine what, if any,
advantages might occur for satellite systems whose primary use
is for communications during the working day. The data show that
margins in excess of 40 dB would be required to achieve 99.99%
availability. However, if the reliability requirement is
relaxed an order of magnitude, the margin required drops by

30 dB.

In addition to the attenuation probability distributions,
numbers of fading events and additional statistics are pro-
vided. Curves are given which show the number of occurrences
when the signal fades below a certain level. Additionally,
histograms of the time length of these events are also pre-
sented. These data are also plotted considering only the
eight-hour working day. p
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- *
SOME FACTORS THAT INFLUENCE EHF SATCOM SYSTEMS

Leon J. Ricardi
M.I.T./Lincoln Laboratory
Lexington, MA 02173

Frequency management problems, scarcity of orbital posi-
tion assignment and resistance to interfering signals are pro-
jected to become serious problems for satellite communications
(SATCOM) systems operating below about 15 GHz. International
frequency allocations in the 15-50 GHz range permit SATCOM
system operation with increased frequency bandwidth and hence
may eliminate significant frequency management problems. This
paper addresses some of the salient factors that influence
SATCOM systems operating over the range 7-50 GHz. Propagation
losses, frequency variation of a terminal's EIRP, spatial
discrimination, and bandwidth available for spread spectrum AJ
are presented as a guide to choosing the operating frequency
of an EHF SATCOM system.

*
This work was sponsored by the Defense Communications Agency.
"The views and conclusions contained in this document are those of the con-

tractor and should not be interpreted as necessarily representing the official
policies, either expressed or implied, of the United States Government."
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LARGE APERTURE SOLID STATE ANTENNA FOR SPACE-RADAR

Dr. David Staiman
RCA
Missile and Surface Radar Division
Moorestown, New Jersey

The capability to place large regions of the earth within the view-
ing angle of a single spacebased radar makes it highly attractive
for satisfying demanding strategic and tactical radar mission
requirements. The advent of the Space Transportation System
(Shuttle) makes feasible the deployment of large structures in
space suitable for the large antenna apertures needed. Concurrently,
the continued rapid development of microwave integrated circuits
suitable for lightweight RF transceiver modules makes an active
element phased array antenna a promising candidate for a spacebased
radar antenna, offering the advantages of inertialess scanning,
highly efficient prime power utilization, low voltage requirements,
and large inherent redundancy.

The interactions between the system requirements of a spacebased
radar and its antenna design parameters are manifold. The Tong
ranges encountered in spacebased radar require large power aperture
products for high probability detection of targets. As a conse-
quence of limited energy resources in the space environment, it is
advantageous to use large apertures, optimizing to achieve minimum
energy consumption. The narrow beamwidths of large apertures also
serve to provide significant clutter rejection. Additionally, the
large apertures can be more resistant to ECM by providing a rapid
falloff of sidelobes away from the main beam direction. The phased
array approach enables rapid surveillance and tracking over large
coverage regions, a severe limitation for mechanically-scanned
antennas. -

The transfer-lens array has been determined to be the most suitable
antenna for the successful utilization of the solid state modules

in a phased array. It is the least resistant to tolerance in the
radiating element position. An important physical consideration in
the antenna design is the F/D ratio. Although it is preferable from
structural and deployment considerations to minimize this ratio, it
is apparent that electrical performance parameters favor large F/D
ratios. For example, it may be shown that the performance of an
array degrades rapidly for radial expansions with F/D ratios less
than one, a significant consideration for a spaceborne system.

The transceiver modules required for the space-based radar will
demand extensions in technology to aid in reducing their size and
weight. These modules are to incorporate circuits for power ampli-
fication of the transmitted signal, low noise amplification of the
received signal, 4-bit phase shifting of signals for collimation
and beamsteering, logic circuitry for transmit-receive switching
and a threshold detector circuit to decode individual module
commands. The weight of these modules is to be in the neighborhood
of 1 to 10 grams.
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A CLOSED FORM SOLUTION TO THE PROBLEM
OF ADAPTIVE JAMMER NULLING

Harvey Waldman
RCA Laboratories
David Sarnoff Research Center

This paper describes a method of calculating the complex
element weights required in a phased array to null
potential jammers while maintaining the largest possible
gain in a desired direction. The antenna pattern
generated by using these weights is the best that can

be obtained by beamforming. Therefore, they may be

used to mathematically evaluate a proposed antenna
configuration prior to the design of adaptive circuitry
and/or construction of the array. The case of multiple
jammers is analyzed to the point where the weights may
be obtained by straightforward calculation on a digital
computer. In addition, the cases of one and two

jammers are solved in detail. It is assumed that the
jammer and desired signal directions are known and the
elements are non-interacting.
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GLOBAL PLANNING IN THE FIXED-SATELLITE SERVICE

Hans J. Weiss
COMSAT, Washington, D.C.

Abstract

The utilization of the geostationary orbit-spectrum resource
by the fixed-satellite service is constrained by the need for
electromagnetic compatibility between systems.

Concerns with a progressive preemption of the orbit, espe-
cially at frequencies below 10 GHz, to the detriment and possible
exclusion of later claimants might make the adoption of an orbit
assignment plan, such as that developed for geostationary broad-
casting satellites, attractive as a means to guarantee the late-
comer access to the resource. .

It is argued that such rigid prior planning would not only
limit the potential "yield" of the resource but would retard its
development. Moreover, by foreclosing many implementation and
operating options, it would greatly if not fatally diminish the
utility of any access guarantee, particularly to the latecomer.

To avoid premature preemption of the geostationary orbit-
spectrum and to alleviate the difficulties of coordination in an
ingreasingly congested environment, there are a number of options
which administrations could invoke at the upcoming WARC. These
options are of a technical/regulatory nature, but they may require
some departure from the historical allocation practices.

If planning were seen to be the only acceptable means of pro-
tecting future claims to the resource, it should be open-ended,
dynamic and synergic rather than rigid, and it should provide the
same kind of guarantee a rigid a-priori plan would offer. Princi-
ples of a dynamic planning approach are outlined.
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ASYMPTOTIC PERFORMANCE OF NONLINEAR DEMODULATORS
IN IMPULSIVE NOISE

David F. Freeman
GTE SYLVANIA
Electronic Systems Group
Eastern Division
77 "A" Street
Needham Heights, Mass. 02194

ABSTRACT

We present a technique for calculating the bit error rate per-
formance of non-linear demodulators operating in impulsive noise
in the limit of large time-bandwidth products. We give the
asymptotic:1imit and the first order correction; higher order
corrections are possible, but computationally burdensome. We
calculate bit error rates with two non-Tinearities, a band pass
limiter and a low pass limiter; we find that the two give very
similar results. The computational technique is applicable to
all noise distributions. We present results for two distribu-
tions, an analytic continuation of the Hall model and a truncated
Hall model. The models yield significantly different results.
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ESTIMATION OF MEAN AND STANDARD DEVIATION
FROM QUANTILES IN INTERFERENCE MODELING

David B. Sailors, Naval Ocean Systems Center
San Diego, CA 92152

In computing the electromagnetlc compatibility of communi-
cation systems, it is often desirable to have estimates of the
mean and standard deviation of relevant parameters. But often
only a few quantiles are available to represent the parameter-
usually the median and the upper and lower deciles. This paper
reviews techniques for estimating the mean u and the standard
deviation 0 from quantiles and compares these results to that
obtained from estimating the sample means and standard devia-
tions from data samples of man made radio noise and of oblique
incidence MOF and LOF.

The use of a few quantiles from a very large sample as a
basis for an estimate of the mean U and standard deviation g
was first considered by K. Pearson (Biometrika, 13, 113-132,
1920) and was much later discussed by F. Mosteller (Ann. Math.
Statist., 17, 377-408, 1946), F. Bensen (J. Royal Statist.
Soc., Series B, ll 91-100, 1949), and I. Eisenberger and E.

C. Posner (Am. Statist. Assoc. J., 60, 97-133, 1965). Optimal
estimators are obtained by ch0051ng quantile points that mini-
mize the variance in the estimate of the parameter, assuming
normality. F. Bensen also has shown how bias in the estimates,
due to the assumption of normality, can be minimized. E. S.
Pearson and J. W. Tukey (Biometrika, 52, 533-546, 1965) have
presented a technique for estimating | and ¢ from quantiles
which is more robust in that normality is not assumed. The
technique due to Zacharisen and Crow (Radio Science, 5, 1307-
1315, 1970) for determining the degrees of freedom of a Chi-
square distribution, using the median and upper and lower de-
ciles, can be used to estimate y and g for a skewed distribu-
tion.

The mean can be estimated from a single quantile, the
median. A more efficient estimate is u = 0.416 [50%] +
0.292 ([15.9%] + [84.1%]) where [15.92], [50%], and [84.1%]
are quantiles located at the 15.9, 50.0, and 84.1 percentile
points respectively. A slightly less efficient estimate is
u = 0.514 [50%] + 0.243 ([10%] + [90%]). Pearson and Tukey
use the 5, 50, and 95 percentile points to obtain a robust
estimate.

To estimate 0 at least two quantiles are needed. The op-
timum two gquantile estimate is o = 0.337 ([93%] - [5.9%8]). a
somewhat less efficient estimator is g = 0.39 ([90%] - [10%]).
The bias due to assuming normality can be minimized using
o = 0.289 ([95%] - [5%]). The robust estimator due to Pearson
and Tukey utilizes quantiles at the 2.5, 5, 95, and 97.5 per-
centile points.
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ROBUST SIGNAL DETECTION FOR ASYMMETRIC DEPARTURES
FROM THE GAUSSIAN NOISE DENSITY ’

Saleem A. Kassam and Jung Gil Shin
University of Pennsylvania
The Moore School of Electrical Engineering
Department of Systems Engineering
Philadelphia, FA. 19104

Robust procedures maximizing worst-case detection
performance for signals in noise which has a mixture of
an unknown symmetric contamination and a nominal Gauss-
ian density have been considered by several investiga-
tors. The robust detectors are typically based on non-
linearities which act as hard limiters for large obser-
vations.

In this paper we consider a mixture, or contamina-
tion, model for nominally Gaussian noise which allows
arbitrary asymmetric non~Gaussian tail behavior for the
noise density function and a symmetric contaminated
Gaussian central region. This model is of much greater
practical significance than the symmetric-contamination
model. Some recent results (Collins: Ann. Stat., vol.
4, pp. 68-85, 1976) suggest the structure of . the robust
(minimax) detector for this noise model. Specifically,
we show that a nonlinearity which completely ignores
large observations (a "noise-blanker") is robust for
performance in terms of asymptotic efficiency. The
noise-blanking characteristic is required to result in
a consistent test. Numerical results on relative per-
formance show the advantage of this detection structure.

We also show that in a related problem of robust
quantization of signals for detection applications, a
minimax solution can be found which is robust for the
general asymmetric contamination model for the nominal
Gaussian noise density.
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ANTENNA SUPERRESOLUTION REVISITED

By
Ronald L. Fante
Robert V. McGahan
Rome Air Development Center
Hanscom AFB, MA 01731

It has long been known that a portion of a bandlimited function
can be uniquely extrapolated by analytic continuation. Thus if
there were no noise or other error sources one could obtain extremely
high resolution even with a relatively small aperture. Based on the
aforementioned principle a number of techniques have been developed
for extrapolating signals, or egiuvalently, estimating their spectra.
These include the autoregressive method and maximum entropy technique
and an algorithm for adaptive extrapolation developed by Papoulis
(IEEE Trans CAS-22, 737-742, 1975). Unfortunately the effect of noise
and other errors on the applicability of these techniques has not been
explored, and in the case of the Papoulis algorithm nakse can be shown
to cause divergence of the results. 1In this paper we will evaluate
the possiblity of aperture extrapolation using the stockastic approxi-
mation method employed by Kashyap and Blaydon (Proc. IEEE 54, 1127-29,
1966). The results obtained with this method can be shown to converge
with probability one and in the square sense, even in the presence of
considerable noise corruption. We will compare functions, and their
spectra, exirapolated by this method with the correct results for a
number of different noise levels, and will comment on the applicability
to antenna superresolution.
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HIGH FREQUENCY COMMUNICATIONS ENHANCEMENT STUDY
USING SPATIAL FILTERING TECHNIQUES

Dr. Peder M. Hansen and Gary J. Brown
Naval Ocean Systems Center
271 Catalina Blvd.
San Diego, California 92152

Conventional communications in the hf (2 MHz to 30 MHz) fre-
quency band are often disrupted or degraded due to unintentional
other user interference. This study evaluates the effectiveness
of an adaptive antenna array to achieve interference suppression
by spatial filtering at hf. This approach is evaluated for both
the short range groundwave path and long haul skywave communi-
cations using simple interference models based on actual inter-
ference measurements. The results are interpreted in terms of
communication system operating characteristics, system communi-
cation reliability, and achievable communication range.

154




C/E -6 Commission C and E

EFFECTS OF HIGH-ORDER PHASE ERRORS
ON SYNTHETIC-APERTURE RADAR PERFORMANCE

Warren D. Brown
Sandia Laboratories, Albuquerque, New Mexico

The formalism presented expresses the pointing angle
error, the quadratic, cubic, and quartic components of the
phase errors, and an integrated sidelobe ratio in terms of
weighted integrals over the power spectral density function
of the phase errors. Expressions for the ensemble-averaged
antenna pattern with the linear, quadratic, cubic, and
quartic components of the phase errors removed are derived
in terms of both the autocorrelation function and the
structure function of the phase errors. Antenna patterns
for a power-law phase-error spectrum are computed and com-
pared for the cases in which components of the phase errors
are removed through second and fourth orders. Implications
for removing phase errors induced by propagation through
the troposphere and ionosphere are discussed.
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A DEMODULATION METHOD FOR USE IN COMPUTER SIMULATION
OF COMMUNICATION SYSTEM CHARACTERISTICS

John M. Kelso, Signal Analysis Center, Honeywell Inc.,
Annapolis, Maryland 21404

During the development of a repeater for radio-relay links,
a determination of the character and extent of the signal dis-
tortions imposed by repeated filtering was needed. In the
particular case, a Tl digital carrier was used to frequency-
modulate a carrier frequency (seen as 70 MHz in the intermediate-
frequency stage where the filtering was performed). Although
part of the desired process could be carried out analytically,
it appeared impractical to complete the solution in this fashion.
Thus, recourse to computer simulation was taken.

A typical portion of a Tl data stream was expanded in a
truncated Fourier series, and the resulting expansion was used
to compute samples of the frequency-modulated waveform, using
a sample rate consistent with the sampling theorem. This sampled
waveform was translated into the frequency domain by an FFT
computation. After repeated multiplications by the sampled
transform function of the filter (a 5-pole linear phase filter
with 0.5 degree equiripple), the multiply-filtered waveform was
transformed back to the time domain by an inverse FFT, yielding
a set of equally-spaced samples of the filtered waveform.

A demodulation process based on the Prony method (c. 1795)
for exponential interpolation was developed for use in this
problem. Over one or two cycles, the FM waveform remains essen-
tially as a nearly-pure sinusoid with an instantaneous frequency
whose departure from the carrier frequency is proportional to the
instantaneous modulating frequency. The instantaneous wave
frequency can, in principle, be determined from three equally-
spaced samples of the waveform, through use of the Prony technique,
although it is convenient to use more than three samples in
practice. This process provides the necessary demodulation
technique.

It will also be shown that the demodulation method can be
extended to include amplitude modulation as well as frequency

modulation (and, thus, phase modulation also), or a combination
of the modulation types.

Submitted for Commission C
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HIGHER-ORDER DATA PROCESSING ALGORITHMS
REALIZABLE IN OPTICS '

F. Paul Carlson and Robert E. Francois, Jr.
Oregon Graduate Center, 19600 N.W. Walker Road, Beaverton, OR 97005
Lincoln Labs, MIT, 991 Massachusetts Ave., Lexinton, MA 02173

In large-array data reduction problems questions concerning optimum
algorithms for signal recognition are still being posed. Specif-
ically there is a need to incorporate known spectrum functions.

In addition, the possibility of interarray correlations is raising
the question of using fourth-order statistical measures such as
developed in the Hanbury-Brown Twiss intensity interferometer.

In this paper the realizability and minimal system configurations
for such systems are investigated from the point-of-view of using
coherent optical data processors for this data reduction problem.
The primary motivation stem from the resultant high data rates for
these higher-order algorithms and the case of interchanging spectral
and temporal data formats as inputs to the system processor.
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MEASUREMENT OF SIGNAL STRENGTHS
TRANSMITTED BY A PORTABLE VLF ANTENNA AT 3.125 KHZ

R. J. Dinger, W. D. Meyers, and J. A. Goldstein, Communications
Sciences Division, Naval Research Laboratory, Washington, DC 20375

For some applications a short range low data rate communica-
tion system with a carrier frequency in the vicinity of the 3 kHz
earth-ionosphere waveguide cutoff is advantageous. In order to
investigate the feasibility of a portable 3 kHz antenna, a 165 m
wire was suspended from a 350 m tower to simulate a balloon-borne
antenna, and the element was driven_as a monopole by a 1.0 kw
power amplifier and compact (0.35 m>) 5 henry tunable matching
inductor. The transmitter bandwidth was 40 Hz. A current of 1.0
A rms and a CW frequency of 3,125 kHz were used. Measurements of
the radiated transverse magnetic field strength were made at
ranges of 10, 50, 94, and 187 km; at 187 km the measured field
strength was -169 dB//1A/m, The measured variation of field
strength with distance compared favorably with the equation derived
from a source with images reflected about perfectly conducting
earth and ionospheric boundaries, except for the value at 50 km.
The 50 km field value was possibly distorted by local geological
inhomogeneities. The daytime ionospheric reflecting height,
derived by fitting the image theory equation to the experimental
field values, was 67 km. Limited measurements of the signal
strength change during the sunset transition were made at 187 km,
and qualitative agreement with the image theory equation was found.
The transmitter dipole moment was measured to be 50 A-m rms, which
is 40% less than the expected 83 A-m rms value. The difference is
attributed to pattern distortion caused by the nearby support
tower., Extrapolation of the test results to a system using differ-
ential phase-shift keying modulation in the presence of typical
mid-latitude daytime noise indicates a communication range of at
least 500 km at a 1.0 baud data rate.
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THE RADIO ENVIRONMENT AT 800 KM AS VIEWED BY A DMSP SATELLITE

C. M. Rush, R. K. Rosich, and C. Mellecker
: U. S. Department of Commerce
National Telecommunications and Information Administration
Institute for Telecommunication Sciences
Boulder, CO 80303

For over one year an orbiting Air Force satellite has been
making continuous measurements of the HF radio environment at the
satellite height. The satellite, which is part of the Air Force's
Defense Meteorological Satellite Program, is equipped with an HF
receiver that provides measurements continuously between 1.2 and
13.9 MHz in 100 kHz steps. The satellite is in a near circular
‘orbit at 800 km and the orbit is essentially sun-synchronous in
the dawn-dusk plane.

Observations made along the satellite orbit have been used
to develop world maps of the electromagnetic environment at 800
km. The maps have been constructed from observations averaged
over time periods ranging from three months to one day. The dis-
cussion of the results will center on how the radio environment
varies as a function of frequency with particular emphasis being
paid to describing the degree to which the results are in concert
with what would be expected if the signals reaching the satellite
were due to ground-based high-powered transmissions.
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SIMULTANEOUS RADIO OBSERVATIONS OF
AURORAL ELECTRONS FROM SATELLITE AND
GROUND-BASED STATIONS

S. Y. Peng, Hughes Aircraft Company, Fullerton, CA. 92670
and
J. 8. Kim, State University of New York, Albany, NY 12222

Abstréct

A new systematlc method is proposed in this paper for the measure-
ment of radio noise from auroral electrons. The proposed method
uses both satellite and ground based stations, sumultaneously, to
observe auroral radio noise. The advantage of using multiple
observation station approach is to minimize or eliminate some of the
possible ambiguities in realizing electron energy and pitch angle
distributions. Four observation stations have been chosen in the
analysis for the proposed method. Three of them are satellites
located above the north pole at A = 90°N (latitude), R = 2.0 Rg
(earth radius), and A = 90°N, R = 3.0 Rg: and above equator at

A =0° R = 6.6 RE. The other is a ground-based station located
at A=66.7°N and R = 1.0 Rg. Radio frequencies of interest are
from 0.1 MHz to 30 MHz. The calculation of auroral radio noise is
based on a helical motion synchrotron radiation model. Electron
energies considered are ranging from 100 EV to 7 MEV. Several
electron energy and pitch angle distributions were used in the
calculation. These distributions are based on the measured values
by Westerlund (J. Geophys. Res., 74, 351-354, 1969) and Vette
(NASA Spec. Publ., No. 3024, 1966), and two assumed isotropic
and sin o pitch angle distributions. The calculated radio noise
spectra show distinct different shapes at different observer
locations, and vary with electron altitudes and energy and pitch
angle distributions. These results lend themselves to the possibility
of realizing electron energy and pitch angle distributions through
the comparison of the measured radio noise spectra to that calculated.
For the ground-based station, the measured and calculated radio
noise spectra were compared with good agreement. For the satellite
observers, such comparison is not possible due to the lack of the
measured data. It is recommended that future programs should be
undertaken in developing and implementing such an obserwation
network which will provide invaluable information on auroral electron
distributions.
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RATE STATISTICS FOR RADIO NOISE FROM LIGHINING

D. M. Le Vine and R. Meneghini, Microwave Sensors Bramch, Goddard
Space Flight Center, and S. A. Tretter, Department of Electrical
Engineering, University of Maryland

Radio frequency noise from lightning was measured at several
frequencies in the HF - VHF range during the Thunderstorm
Research Intemational Project (TRIP) at the Kenmnedy Space Center,
Florida. The data was examined to determine flashing rate
statistics during periods of strong activity from nearby storms.
It has been found that the time between flashes is modelled
reasonably well by a random variable with a lognormal
distribution.

Initially, the hypothesis that the occurrences of lightning
flashes is a Poisson point process was tested using a wmiform
conditional test with Durbin's transformation and the Kolmogorov-—
Smirnov statistic. However, the Poisson hypothesis failed for
the measured data. This results mainly from a lack of small
time intervals, which we believe is a consequence of the finite
duration of lightning flashes. This hypothesis has been tested °
by simulation, using a compound process in which the intervals
between lightning flashes is assumed to be expomentially
distributed and each flash is assumed to have a duration given
by another independent random variable. Assuming flash rates
and durations consistent with data, and that the flash duration
has a fixed minimum of the order of the measuring system's
resolution, the lognormal distribution consistently fit the
simulated data.
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AMPLITUDE PROBABILITY DISTRIBUTION MEASUREMENTS
AND NOISE EXCISION STUDIES OF 0.5-4.5 KHZ AMBIENT NOISE

R. J. Dinger, J. R. Davis, W. D. Meyers, and J. A. Goldstein,
Communications Sciences Division, Naval Research Laboratory,
Washington, DC 20375

Coordinated measurements of ambient atmospheric and iono-
spheric noise from 0.5 to 4.5 kHz have been taken at Giglio
Island, Italy, and Troms$, Norway. Measurements were taken for 24
days in March, 1978, and 25 days in June, 1978. Both sites had
identical instrumentation: three air core loop antennas, a tape
recorder, strip chart recorders, and a real-time amplitude proba-
bility distribution (APD) computer. The measured noise spectral
densities ranged from a low of -190 dB//lA/m/JﬁE‘(Norway, winter)
to a high of -145 dB//1A/m/NHz (Italy, summer). Very good agree-
ment is obtained between the APDs and the two parameter noise model
of Field and Lewinstein. Good agreement is also obtained with the
more complicated four parameter Middleton noise model.

The decrease in the RMS noise level possible by clipping the
largest atmospheric noise impulses was investigated. A clipping
bandwidth of 130 Hz was found to be sufficient at a frequency of
3 kHz; a larger bandwidth gave only a marginal decrease in the
effective noise level. The noise reduction due to clipping was
highly variable. 1In one special instance in Norway the high noise
level produced by a small localized nearby thunderstorm was reduced
by 27 dB in amplitude by clipping. More typically the improvement
in Norway was 3 to 5 dB and had only a slight seasonal dependence.
Clipping produced larger decreases in the effective noise level in
Italy than in Norway because of the larger impulsive component from
nearby thunderstorms. In Italy a reduction of 6 to 9 dB was typical
in winter; in the summer the reduction was 4 to 7 dB. Broadband
ionospheric hiss emissions were observed in Norway during both
measurement periods. No improvement by clipping was possible during
these emissions because of their Gaussian APD. The emissions were
not observable in Italy, except possibly for a strong emission that
occured on 26 March 1978,
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DISTRIBUTION PATTERN OF POLAR VLF HISS EMISSION
OBSERVED BY POLAR ORBITAL SATELLITES

Takeo Yoshino
Univ. of Electro-Communications,
Chofushi, Tokyo 182, Japan.

Hiroshi Fukunishi
National Institute of Polar Research,
Kaga, Itabashiku, Tokyo 173, Japan.

The polar orbital satellites "KYOKKO" (EXOS-3), ISIS-1 and 2
data (1976 to 78) that received at Syowa Station, Antarctica,
are being used to the study the distribution of VLF hiss emission
in the polar cap region. The results show that the satellite
altitude (800Km - 2600Km) in the polar cap region is virtually
filled with VLF hiss emission around the higher invariant geomag.
latitude side of auroral oval in the region from 8:00 AM till
3:00 AM LT via day through dusk and mid-night. But the area
around geomagnetic pole of higher than approximately 80°S of
invariant latitude and the area continuing to dawn side (3:00 AM
to 8:00 AM) have been never observed the any kind of VLF emission.

These distribution pattern in the polar cap region gives a
very good agreement to the polar plasma current injection pattern
and related the aurora activity at the auroral oval. The saucer
emission appears the lower latitude side of VLF hiss emission
distribution pattern, and these location shows a good agreement
%o the pattern of polar return current belt.
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ROCKET AND BALLOON OBSERVATION OF POWER LINE
RADIATION OVER JAPANESE ISLANDS

Takeo Yoshino, Ichiro Tomizawa and Takashi Shibata

University of Electro-Communications,
Chofushi, Tokyo 182, Japan.

By the results of satellite observation data analysis on
the power line radiation (PLR) by Stanford University Group, the
PLR over Japan in 1967 was consistently lower than the other
industrial complexes of the world. Also, the same group published
their observation results about the ampygcated power line hermo-
nics and related triggered VLF emissions in the magnetospheric
duct between central Canada and Siple, Antarctica.

For the basical research of PLR, the first balloon experi-
ment have been operated to observe the intensity spreading of
PLR in to Pacific Ocean at Sanriku Balloon Range of ISAS of Tokyo
University, Tohoku Japan, in 26th September 1978. By the results
of this experiment, PLR signal could be detected over threshold
noise level even over 600 Km from coast.

The first rocket for the observation of the vertical inten-
sity distribution of PLR over Japan have been launched at Kago-
shima Space Center of the ISAS of University of Tokyo, in 31lst
January 1979 by No. 5 of $-310 type single stage sounding rocket.
This rocket reached to 180 Km altitude at appex, and the PLR
signal intensity at this appex point was detected as approximately
50 mV/m or more higher. The intensity gradient between ground
to appex was slightly continued to. approximately same levels
except below first 1 Km.
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PREDICTION OF SOLAR INDUCED CURRENTS AND EFFECTS ON POWER
TRANSMISSION SYSTEMS IN CENTRAL CANADA

W.R. Goddard, Department of Electrical Engineering,
University of Manitoba, Winnipeg, Canada R3T 2N2

W.M. Boerner, Department of Information Engineering,
University of Illinois at Chicago Circle,
Chicago, Illinois 60680 U.SsA.

The extensive use of the hydro-electric generating capacity
in Northern Manitoba requires long HV-DC/AC transmission lines to
serve the southern part of Manitoba and neighbouring U.S. power
companies. The auroral-electroject zone covers three-quarters of
the province and consequently, solar storms strongly affect these
transmission systems. Harmonics are generated at transformers due
to the saturation of their cores by induced currents, and the level
of harmonics produced will cause malfunction of control relays, and
yield unacceptable distortions in normal AC waveforms. The object-
ive of our study is to determine the expected affects on long AC
transmission systems, and in particular, effects on a 500 KV line
to be built from Winnipeg to Minneapolis-St. Paul.

We have used power spectral analyses and histograms of events
with rate of change and duration of rate as variables, and these
were derived from induced current records at Manitoba Hydro's La
Verendrye station and magnetograms from Thompson, Island Lake and
Whiteshell (in the IMS magnetometer chains in Manitoba). - These an-
alyses and results of Campbell's work (W.H. Campbell, Pure & Ap-
plied Geophys., 116, 1978.) on the Alaska pipeline induction prob-
lem were used for prediction of periodic and surge currents in the
transmission line. The double exponential method (G.L. Siscoe, J.
Geophys. Res,, 81, 4782-4784, 1976, and D.B. Fleming and G.V. Keller,
Report for Bonneville Power Admin., 1972), was applied to six sub-
storm records to obtain an initial estimate of the probability of
occurrence of very large storms during the lifetime of the power
system. The results of our work show that, a surge current of 300
Amperes will occur on the average of once per 2 years, and a surge
of 800 Amperes once per 20 years. A study performed by Manitoba
Hydro, showed that harmonics produce unacceptable waveforms when a
voltage of 6 V/km is applied along the 500 KV line.

We conclude that surge currents will produce significant

levels of harmonics and serious operating problems during magnetic
storms. Two approaches to avoid these problems will be described.
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PRECISION OF TROPOSPHERIC/STRATOSPHERIC
WIND MEASUREMENTS

Norman J. Chang
SRI International
Menlo Park, California 94025

ABSTRACT

The results of detailed comparisons of radar-derived wind profiles
using the Chatanika radar with a series of 12 rawinsondes launched at
approximately 45-minute intervals during 6 April 1978 at Poker Flat,
Alaska are presented. Radar-derived wind profiles are generally in
good agreement with rawinsonde-derived wind profiles, but significant
differences are found occasionally. The significance of these differences
and the precision of the radar measurements are discussed. Particular

attention is given to the propagation of errors from radar line-of-sight
measurements to resolved velocities,
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CONTINUOUS MEASUREMENT OF UPPER ATMOSPHERIC WINDS AND TURBULENCE
USING A VHF DOPPLER RADAR: PRELIMINARY RESULTS

W. L. Ecklund, D. A. Carter, and B. B. Balsley
Aeronomy Laboratory

National Oceanic and Atmospheric Administration
Boulder, Colorado 80303

During February 1978 and again in the winter of 1978-1979 a 50MHz
Doppler radar was operated at Platteville, CO, as a prototype for
a much larger system in the auroral zome at Poker Flat, AK. The

antenna consists of 100 x 100m arrays of coaxial linear antennas,
with one array phased to point 15° to the north and another, 15°

to the east. The average transmitted power was 200W.

In this paper are presented tropospheric and stratospheric results
up to about 20km and daytime mesospheric results between about 73
and 82km. In particular, continuous hourly tropospheric and
stratospheric profiles for a two week period are presented.
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RADAR MEASUREMENTS OF THE VERTICAL
COMPONENT OF WIND VELOCITY
IN THE TROPOSPHERE AND STRATOSPHERE

Vern L. Peterson*
Ben B. Balsley**

Three techniques have been developed of using a Doppler Radar for
deducing the vertical component of the wind velocity in the troposphere
and stratosphere. These correspond to three different modes of operation:
scanning along almucantar circles (azimuth scans), scanning along vertical
circles (elevation scans), and fixed observations at the zenith. Observa-
tions made in October 1976 with the Chatanika, Alaska radar facility
indicate that all three techniques give reliable results for the Tower
altitudes. The elevation scan and azimuth scan techniques, however,
become increasingly subject to inhomogeneities in the wind field with
the greater altitudes. For these data, the elevation scan data gave
unreliable vertical winds above about 10 km; the corresponding altitude
for the azimuth scan data was about 5 km.

* Centennial Sciences, Inc., 4445 Northpark Drive, Suite 200
Colorado Springs, Colorado 80907

**Aeronomy Laboratory, National Oceanic and Atmospheric Administration
Boulder, Colorado 80302
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EARLY RESULTS FROM THE POKER FLAT MST RADAR

B. B. Balsley, W. L. Ecklund, D. A. Carter, and P. E. Johnston
Aeronomy Laboratory
National Oceanic and Atmospheric Administration
Boulder, Colorado 80303

A 50MHz MST (Mesosphere-Stratosphere~Troposphere) pulsed Doppler
radar was installed at Poker Flat, AK, in February 1979. The
antenna consists of two 100 x 100m arrays of coaxial colinear
antennas, with one array phased to point 15° to the north of the
zenith and the other, 15° to the east. The average transmitted
power was 350W for each direction. This radar is the first stage
of a much larger system (200 x 200m, 5600W).

In early results echoes are obtained and winds and turbulence are
measured in the troposphere and stratosphere up to about 20km and
in the mesosphere during the daytime from about 60 to 70km.

This height range of echoes in the mesosphere is about 10km

lower than in middle latitude winter (Miller et al., Geophys.
Res. Lett., 5, 939-942, 1978; Ecklund et al., J. Atmos. Terrest.
Phys., submitted, 1979). The effects of particle precipitation
on the echoes will be discussed.
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HIGH RESOLUTION WIND MEASUREMENTS
USING THE HIGH POWERED RADARS AT KWAJALEIN

R.K. Crane, Environmental Research § Technology, Inc.
G. Weiffenbach, MIT Lincoln Laboratory*

The high powered UHF and L-band radars at the Kwajalein Missile Range
were used for high spatial and velocity resolution measurements of wind
profiles in the equatorial troposphere and lower stratosphere. As operated,
the radars had a resolution volume smaller than 240 m on a side, a velo-
city resolution of 0.1 m/s, and a an detection sensitivity of better than
10719 w23 4t a height of 15 km.

Analysis of data frém two different days has revealed a wide range of
results. On one day with strong gravity wave activity, Cn2 values as high

2/3

as 1074w were detected at heights up to 8 km. On the other day,

values of less than 10—18 were detected at the same height. The detailed
wind observations reveal simultaneous observations of components of the
wind separated by more than 20 percent of the magnitude of the wind from

within the same resolution volume. These measurements are interpreted in

terms of the detailed turbulent mixing process within a sheer layer.

*Present Affiliation - Johns Hopkins Applied Physics Laboratory
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AN IMPROVED MODEL FOR THE CALCULATION OF PROFILES OF
MEAN TURBULENCE PARAMETERS FROM BACKGROUND PROFILES OF
WIND, TEMPERATURE, AND HUMIDITY

T. E. VanZandt, K. S. Gage, and J. M. Warnock
Aeronomy Laboratory
National Oceanic and Atmospheric Administration
Boulder, Colorado 80303

In previous publications (VanZan&t et al., Radio Sci., 13, 819-829,
1978; Gage and Balsley, Bul. Am. Meteorol. Soc., 59, 1074-1093,

1978) we developed a model for the calculation of mean vertical

profiles of the turbulence energy dissipation rate € and the radio
refractivity structure constant an from background profiles of2
wind, temperature, and humidity. The calculated profiles of Cn
agreed remarkably well with profiles of an measured nearly
simultaneously by Doppler radar. The model suffered, however, from
conceptual difficulties, which may also have restricted its range
of validity. In the present paper some of these difficulties are

5

resolved.

The basis of the new model is the calculation of the probability
distribution of turbulent layer thicknesses due to random fluctu-
ations or “"fine structure" in the vertical wind shear and stability.
This distribution is calculated as a function of the background
parameters, measured by radar or balloon. The resulting an pro-

files are compared with radar—-measured an profiles.
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MEASUREMENTS ‘OF THE PHASE STRUCTURE FUNCTION
AT 35 GHz ON A 28-KM PATH

- R. R. Rogers, Meteorology Dept. McGill Univ.;
R. W. Lee and A. T. Waterman, Radioscience Lab., Stanford Univ.

The phase structure function D_(p) = {[¢(p-+p V- o(p )]2
where p 1is the separation between preceiving anteflnas, h3s been
measured on a 28-km line-of-sight path at 35 GHz, under weak-
scattering conditions. Theory indicates that, for a Kolmogorov
atmospheric turbulence spectrum, in the enertial subrange, this
structure gunction should vary as a power of the separation p:
Dp(p) = Bp? , with b =5/3 = 1.67. Measurements made under a
variety of meteorological conditions show values of b which fluc-
tuate but 1ie for the most part between 1.4 and 1.5. These values
correspond to a turbulence spectrum exponent between -9/3 and -10/3
(instead of the Kolmogorov -11/3). On only two occasions did b
significantly exceed 1.6. In an attempt to account for the discrep-
ancy, the influence of various factors was examined: noise,
measurement uncertainties, non-uniform distribution of C, along
the path, and size of the outer scale of turbulence. None, except
possibly the Tast, offers a reasonable explanation. The implica-
tion is that the turbulence spectral slope is flatter than that
given by the Kolmogorov model.
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COMSTAR AND CTS ANGLE OF ARRIVAL MEASUREMENTS

R.A. Baxter, D.M.J. Devasirvatham, and D.B. Hodge
ElectroScience Laboratory
The Ohio State University
Columbus, Ohio 43212

Measurements of angle of arrival and attenuation along several
Earth-space paths are discussed. These data were gathered using
four geosynchronous satellite beacons at the Ohio State Univer-
sity ground station in Columbus, Ohio.

The 11.7 GHz beacon of the Communications Technology Satellite
(CTS) was observed from April to August, 1976 and from December,
1976 to June, 1978 at an elevation angle of 32°. Comstar D1 and
D2 28.56 GHz beacons were observed in August, 1978 at elevation

angles of 25° and 42°, respectively. Currently, the Comstar D3

28;56 GHz beacon is under observation at an elevation angle of
3°.

The satellite beacon signals are received by a four-element,
self-phased, square array with 1 m spacing between 0.6 m para-
bolic dishes. The beamwidth of each element sufficiently
covers the diurnal motion of the satellite. Also, a second-
order phase-locked loop compensates for the Doppler shift
associated with the satellite's diurnal motion.

Phase differences between pairs of elements are measured.
These differential phase measurements are used to calculate
the apparent angle of arrival of the incoming wave.

Short term fade events as well as long term angle of arrival
and attenuation statistics are presented.

Invited paper for USNC/URSI special sessions on propagation
above 10 GHz
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SIMULTANEOUS MEASUREMENTS OF ANGULAR SCATTERING AND
INTENSITY SCINTILLATION IN THE ATMOSPHERE. W.A.
Coles and R. Frelich, University of California,

San Diego, La Jolla, CA 92093.

Measurements have been made on a horizontal path 1.5 m above

a superheated surface at various ranges from 150 to 1500 m.

The angular scattering is measured with a telescope using

film as an integrating and recording medium. The film is
digitized, calibrated, and Fourier transformed to determine

the mutual coherence function (MCF). The integrated phase
structure function, D(3), is estimated by -2n(MCF). The

dynamic range of the D(S) measurement is extended by using

data from both long and short ranges (as D(S) is linearly pro-
portional to rangeg. The intensity scintillations are measured
simultaneously with an array of PIN photodiodes. The spatial
and temporal statistics of intensity are computed and compared
with calculations based on the measured D(S). Data taken using
a HeNe laser transmitter with a divergent beam are compared with
those taken using an incoherent source (an incandescent lamp).
The effects of source size on the intensity correlation is shown.
It is shown that in the case of strong scattering, where the
width of the angular spectrum is more than 100 urad, that the
structure function follows a square law. However under weaker
conditions a Kolmogorov slope, D(Z) o $3/3, is a better descrip-
tion. In our experiments the change occurred in the vicinity of
s = 2 mm, suggesting that viscous damping is becoming important
in this range.
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EFFECT OF METEOROLOGICAL VARIABLES
ON RADIOMETRIC SENSING OF ATMOSPHERIC TEMPERATURE

P. Basili, P. Ciotti, and D. Solimini

Istituto di Elettronica, Facolta di Ingegneria, Universita di Roma
Via Eudossiana 18, 00184 Rome, Italy.

Accuracy of low altitude temperature profiles retrieved by
inversion of ground-based radiometric data is affected by several
factors: some are inherent in the measuring equipment and procedu-
res, but others are related to the relevant meteorological variables.

A first source of error in retrievals originates from the
uncertainty in estimating the radiative transfer kernels and there-
fore the weighting functions to be used in the inversion process.
Indeed, when infrared measurements are considered, both water va-
por density distribution and the nature and altitude variation of aero~
sols can significantly affect the radiative transfer. Season, time of
day, local climate and meteorological conditions are therefore able -
to modify the weighting functions. To gain quantitative information
on such variations, radiosonde data acquired in different seasons
both at night and during the day have been used to calculate the weigh-
ting functions for different bands in the infrared. These results are
also compared with those obtained using standard model atmospheres
instead of actual radiosoundings.

A second source of error procéeds from the eventual non-
stationarity of the atmosphere during the radiometric measurements.
The random space-time fluctuations of the meteorological variables
which control the radiative transfer produce both irregularities of
the weighting functions and change of the profiles under rheasure.
The variations of these variables appear to exhibit characteristic
patterns which seem to depend on the atmospheric stability and, ac-
cording to this latter, can affect differently the accuracy of the tem-~
perature retrievals., The different types of irregularities that have
been observed by radiometric means, as connected with the various
classes of atmospheric stability, are briefly reviewed.

Finally, the robustness of some present inversion tech-
nigues against the mentioned sources of errors are investigated.
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Introduction
C. T. Swift

NASA Langley Research Center
Hampton, VA
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REVIEW OF COLLABORATIVE EFFORTS WITH JACK ON
OCEAN SURFACE PHYSICS AND RADAR RETURN

0. H. Shemdin
Jet Propulsion Laboratory
California Institute of Technology
4800 Oak Grove Drive
Pasadena, California 91103

The collaborative efforts with Jack began a decade ago when
he was still a radar physicist unfamiliar with ocean wave dynamics
but rather curious about radar return, signatures from the water
surface. The problem faced with at that time was the measured
low energy levels in the wave frequency bands in the capillary-
~ gravity range near the point of minimum phase speed. The energy
Tevel in those bands increased rapidly beyond a critical wind-
speed. Those observations were later explained by the difference
in group velocity properties of capillary waves and short gravity
waves.

The continuity of stress across the air-sea interface was
the next subject to receive much attention. Jack was able to
obtain phase speeds of short waves with his radar observations.
Explanation of his results required careful investigation of the
near-surface shear flow layer below the interface. These investi-
gations were followed by studies on the modulation of short waves
by long waves which he conducted in the University of Florida
wind and wave tank. He once noted "those two weeks I spent work-
ing in Florida were the two most sc1ent1f1ca1]y productive weeks
of my career. "

The laboratory investigations on wave induced modulation
were followed by similar invesgiations in the field. The West
Coast experiment was the site of extensive field activity on this
subject. The preliminary results are illuminating even though the
analysis has not been exhausted.
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REMOTE SENSING OF THE AIR-WATER INTERFACE:
THE LEGACY OF JOHN W. WRIGHT

W. J. Plant and W. C. Keller
U.S. Naval Research Laboratory
Washington, DC 20375

The death of John W. Wright in an automobile accident on
November 20, 1978 was an enormous loss not only for his family
and personal friends, but also for the scientific community
working in the area of radio oceanography. Jack was a leader
in this field for many years and his novel insights will be
greatly missed. This paper will attempt to convey and idea of
the magnitude of Jack's contributions to the field as well as a
sense of his directions of thought at the time of his death.
Many of the concepts which Jack pioneered or elaborated are now
widely accepted and employed in the study of the air-water
interface. Among these are the principles of Bragg scattering
as applied to water waves, the composite surface scattering
model, the effects of scatterer motion on synthetic aperture
radar imagery of waves, the dual-frequency technique for sensing
Tong ocean waves, and the relaxation-time model for the modula-
tion of short waves by long. His conviction that microwaves
present a unique method of interrogating the air-water interface
and his many wavetank studies of the interface have done much to
promote the acceptance of remote sensing methods for oceano-
graphic applications. Much of the information he obtained by
these methods was difficult, or indeed impossible, to obtain by
other means. At the time of his death, Jack was involved in
oceanographic experiments on the Outer Banks of North Carolina,
in the Gulf of Mexico, and in the North Sea. His efforts were
directed toward a better understanding of the parameters affect-
ing the air-water interface and their determination from space.
Results of these efforts and their implications for the future
will be presented.
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SAR IMAGING OF THE OCEAN SURFACE
- AN ASYMPTOTIC EULERIAN FORMULATION

G.R. Valenzuela
Naval Research Laboratory
Washington, DC 20375

An analytic framework to aid in the interpretation (prediction)
of SAR images of the dynamical ocean surface is developed. As is
well known two basic mechanisms contribute to the formation
(distortion) of synthetic radar maps of the ocean. These are
amplitude effects involving the "modulation" and "tilting" of the
short Bragg scattering waves by the longer (dominant) gravity
waves of the ocean, and fluid motion effects from local currents,
velocities, accelerations and velocity strains which distort the
phase history of the return signal. The final SAR image depends
on the interplay of these two processes. B

In this work we provide analytical structure to the ideas advanced
previously (Larson et al, IEEE Trans., AP-24, 393-394, 1976) in
regard to synthetic image formation of nonstationary distributed
scatterers. Starting with a simplified expression (polarization
independent). for the backscattered fields from the ocean and using
an Eulerian specification for the fluid motion asymptotic results
are readily obtained for the processed signals by '"stationary
phase" integration. The physical significance of the results is
clear, SAR images from the ocean represent a '"map' of the "station-
ary points" of the ocean surface as interpreted with the SAR
system.

Our results suggest that a treatment similar to that of 'Optical
Aberrations' should provide the best means for interpreting SAR
images of ocean waves.
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ELECTROMAGNETIC SCATTERING PATTERNS FROM
SINUSOIDAL SURFACES

A. K. Jordan and R. H. Lang*
Naval Research Laboratory
Washington, D.C. 20375

In this paper we present an analysis and calculation of scatter-
ing from sinusoidal surfaces. An exact space-harmonic represen-
tation is used for the field on the surface and, as a result, thc
calculation includes the effects of shadowing, diffractiom, and
multiple scattering. An asymptotic evaluation has been employed
to obtain an exact expression for the scattering pattern as a
product of the space-harmonic scattering coefficients times the
corresponding pattern functions. The formula obtained has been
simplified for illuminated areas that are many wavelengths long
and plotted for a variety of surface parameters. The present
method for scattering pattern calculations can be considered to
be complementary to methods using physical-optics and point-
matching techniques. In addition to the scattering pattern cal-
culations the exact Bragg backscattering amplitudes have been
computed and compared to their Rayleigh approximations. The fig-
ure shows an example of the pattern of scattered energy density
S(8) for second-order Bragg scattering; angle of incidence

90 = -457, scattering angle = 6
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xAlso, Department of Electrical Engineering and Computer Science,
George Washington University, Washington, D.C.
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TANK MEASUREMENTS OF RADAR RETURN FROM
OIL~COVERED AND RAINDROP IMPACTED WATER

R.K. Moore

A.K. Fung

G.J. Dome

K. Soofi

Y.S. Kim
Remote Sensing Laboratory
The University of Kansas
Lawrence, Kansas 66045

Measurements have been made of the radar return from wind-
driven waves in a small wave tank over the frequency range from
8-18 GHz and a range of incidence angles from 100 = 709.  Mea-
surements from the undisturbed wave surface are compared with
those fram the surface covered with a thin o0il layer and the
surface impacted by rains of various intensities. The expected
large reduction in backscatter from the oil-covered surface was
found, and the amount of this effect is reported as a function
of frequency and angle of incidence. When raindrops impact the
surface, the effect ranges from a significant increase in back-
scatter for small wind speeds to a negligible effect for large
wind speeds and all but the heaviest rain rate.

This work was supported by a grant from NASA Langley Research
Center, Grant number NSG 1397. ’ ;
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Modutation of Radar Backscatter by Ocean Waves

W. Limwood Jones and Aubrey E. Cross
NASA Langley Research Center
Hampton, VA 23665 ‘

William J. Plant and William C. Keller
Naval Research Laboratory o
Washington, D.C. 20375

Recent analyses of radar images of the ocean have indicated the
potential for remote sensing directional ocean wave spectra. At
off-nadir viewing. angles, the imaging radar senses the modulation

of the ocean surface refiectivity caused by the interaction of .

lonig waves with the predominant radar scatters, the short gravity/
capillary waves. However, before quantitative measurements of ocean
wave specira can be derived by radar, the transfer function between
moduiating long waves and the radar scatterers must be determined.

To this end, experiments have been conducted in the open ocean from
piers and towers using CW Doppler radars operating at 1.5 and 9.4 GHz.
The ocean wave-radar modulation. transfer functions were measured for
vertical pclarization at approximately 50° incidence angle under a
range of wind speeds up-to 10 m/s and ocean wave periods from 2-18
seconds. Results are compared to a relaxation-time model and possible
-wave-wave modulation mechanisms are presented.
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AIRCRAFT RADAR DOPPLER SPECTROMETER AND DUAL
FREQUENCY BACKSCATTER WAVE SPECTROMETER FOR THE
MEASUREMENT OF OCEAN SURFACE SPECTRUM

D. E. Weissman, Hofstra University, Hempstead, NY 11550
and J. W. Johnson and W. L. Jones, N.A.S.A. Langley
Research Center, Hampton, VA 23665

An experimental program is in progress using an aircraft
platform. Backscattered microwave signals are analyzed to mea-
sure the dominant ocean surface wavelength and directional
spectrum. The basis for this approach is the modulation of the
local scattering coefficient along the large gravity waves. The
principal being exploited here is that it is not necessary to
have a very high spatial resolution (less than the Tongest wave-
lengths) when the surface features have periodic or quasi-
periodic oscillations. The information to be extracted by a
remote sensing system for ocean waves pertains to the spectral
functions and their parameters.

Three techniques are being studied, all involve a scattero-
meter type instrument: large illumination area, encompassing
many of the largest waves with narrow bandwidth signals. The
signal processing involves statistical techniques to determine
correlation and spectrum functions, whose parameters and features
are related to the spatial wavelengths of the surface waves. The
horizontal velocity of the aircraft platform is also an important
parameter in these signal products. The Wave Modulation Doppler
Spectrometer concept is based on the Doppler information back-
scattered to a "point" moving radar. In this method the differ-
ence in the Doppler frequency between any two scattering "patches"
stays approximately constant as the moving radar sweeps by waves
which have periodic variations in the Tocal scattering coefficient.
Analysis has shown that an -envelope detector will cause these
separated Doppler frequencies to mix together to produce pro-
nounced features in its power spectral density and autocorrelation
functions. The Dual Frequency Wave Spectrometer technique
utilizes the matching of the "beat" electromagnetic wavelength
(at the difference frequency) to a surface wavelength to sense
the relative strength of this wavelength in the total surface
spectrum.

The results that have been obtained with laboratory and
flight experiments will be presented and discussed.
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REMOTE SENSING OF DIELECTRIC MEDIUM

Shimon Coen, Engineering Geoscience, University of California, Berkeley

“Kenneth Mei, Electrical Engineering and Computer Sciences,
‘University of California, Berkeley

Abstract

This paper presents an active remote sensing technique for the
estimation of the dielectric and conductivity profile of an inacces-
sible stratified half-space. The data is the reflected power from
the ‘inaccessible region, due to normally incident plane waves at
various discrete frequencies. The problem is posed as a non-linear
Fredholm equation where the dielectric and conductivity profile of
the inaccessible half-space is sought. The equation is solved
approximately by .developing a Quasi-Newton method in functional
space. The Backus and Gilbert resolving power theory is used to
estimate the resolution and certainty of the results. Results are
given for the reconstruction of various dielectric and conductivity
profiles from an artificial data, together with resolving kernels
and local average estimates.

.Research sponsored b& the Natiomal Aeronautics and Space Administra-
tion Grants NCA2-OR050-704 and NSG-5093 and the National Science
Foundation Grant ENG-76-22296.

v
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ELECTROMAGNETIC SCATTERING FROM AN
EARTH WITH A BURIED CYLINDRICAL INHOMOGENEITY

Samir F. Mahmoud
E.E. Dept., Cairo Univ., Giza, Egypt.
and
Sami M, Ali
E.E. Dept., Military Tech. College, Cairo,Egypt

The electromagnetic wave scattering from a long
cylinder of general electric and magnetic properties
and which is buried in a lossy half-space, is consi-
dered. The fields of the primary source are assumed
to have their most general form as a spectrum of tra-
ve%ling waves along the direction of the cylinder's
axis.

It is shown that, under the condition that the
product of the radius of the cylinder and the trans-
verse wave number in the surrounding medium is consi-
derably smaller than unity, the scattered fields can
be obtained from a set of equivalent sources. The
latter contain electric and magnetic line sources plus
electric and magnetic two-dimensional dipoles. The
amplitudes of these sources are determined from the
boundary conditions, and hence they fully account for
the multiple scattering occurring between the cylinder
and the plane interface.

For the special case of a highly conducting non-~
permeable cylinder, it is shown that the only signifi-
cant equivalent source is the electric line source.
However, when the highly conducting cylinder is coated
with a dielectric tube the magnetic line source, and
possibly the electric and magnetic dipoles, will also
have a considerable contribution.

Numerical examples on the influence of the buried
cylinder on the wave tilt and earth's surface impe-
dance are presented for two cases of primary excitat-
ion
a) a plane wave incident from the upper half-space,and
b) an electric line source.

The present problem is believed to have important

applications in the remote sensing of buried cables,
pipes, tunnels ... etc. using electrical methods.
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INDUCTION SOUNDING RESPONSE OF FINITE BURIED CONDUCTING MODELS

E. A. Quincy and M. M. Rahman
Department of Electrical Engineering
University of Wyoming, Laramie, WY 82071
J. H. Richmond
Department of Electrical Engineering
The Ohio State University, Columbus, OH 43212

Experimentation with technique of underground coal gasification has
presented the challenge for remote delineation of underground burn
regions utilizing induction sounding techniques. Previous research
(E. A. Quincy, et al., Abstracts of National Radio Science Meeting,
196, Nov. 1978, Boulder, CO) employed statistical procedure for
model fitting of induction sounding data taken over underground
coal burns at Hanma, WY. These results discussed responses of
specific finite buried conducting models at lkHz. These metallic
models with approximate dimensions of 60 ft. x 70 ft. x 30 ft.,
were buried in a conducting medium of 0.001 mhos/meter up to depths
of 275 ft.

Finite induction models do not usually have responses that are
obtainable as closed form expressions. Consequently, numerical
results are presented here parametrically as families of response
with dimensions normalized to wavelength of the sounding frequency.
Responses are shown for perfectly conducting models buried in a
mediun of finite conductivity. The geometries considered are
rectangular boxes, elliptical cylinders and spheres. This para-
metric presentation lends itself to a wide range of applications.

The loop-loop induction sounding system is modeled as vertical mag-
netic dipoles over a conducting body. The secondary (scattered)
magnetic field intensity normalized to the primary (direct) mag-
netic field intensity, is computed as the coplanar loops are moved
in line with fixed spacing, across the conducting body. For compu-,
tational purposes the continuous metal body is replaced by a wire
grid model (J. H. Richmond, IEEE Trans. on Antennas and Propagation,
14, 782-786, 1966) of straight-line segments. A system of linear
equations is generated by enforcing the boundary conditions at the
center of each wire segment of the grid. Currents on the segments
are obtained from these equations via solution on a digital computer.
The seconcary magnetic field is readily calculated once each of the '
grid currents is known.

Families of responses in terms of the normalized magnetic field are
shown for rectangular boxes, elliptical cylinders and spheres. The
effect of size, depth, loop spacing, frequency and the conductivity
of the medium are shown. The trade-off between computation time

and accuracy is obtained by varying the number of wire grid segments.
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IN SITU MICROWAVE MEASUREMENTS OF LOSSY DIELECTRICS

R.J. King, C.D. Kim and J.B. Beyer
Department of Electrical and Computer Engineering
University of Wisconsin-Madison 53706

A simple homodyne system for in situ measurement of the comple
dielectric constant of large lossy bodies is described. Two tech-
niques appear promising. Both involve measurement of the complex
propagation constant, Yy = a + jB, which can be used to find the
dielectric constant and loss tangent, depending upon the geometry.

The first technique involves propagating a wave (4.6GHz)
normally into the medium which is assumed to be several skin
depths thick. By drilling a small hole and inserting a tiny
modulated scattering loop, the attenuation and wavelength can
be measured. Design criteria for the loop are minimum size,
maximum scattering cross-section and relatively low Q (i.e. broad-
band) . Several designs are discussed and the results for soil,
sand and cement will be given.

The second method still under development is nondestructive
and requires no hole. It uses a transmission line mode guided
along the medium interface using a single conductor, e.g. a bare
ribbon laid directly on the interface to enhance coupling with
the. lossy medium. Again, a modulated scattering probe can be
moved along the guiding conductor to measure attenuation and
wavelength.

Both technigues have application in in situ measurement of
various solids such as soil, rock, cement, minerals and of
liquids.

Homodyne systems are well known for their simplicity, good
sensitivity and accuracy; but more importantly, they are phase
sensitive. Use of a modulated scatterer readily permits
measuring the phase of the propagating wave as well as
attenuation, without requiring a separate RF receiving antenna
and its associated cables.
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ELECTROMAGNETIC RESPONSE OF ORE DEPOSITS

M. CAUTERMAN, P. DEGAUQUE and R. GABILLARD, Lille University,
Electronics Dept., B.P. 36, 59650 VILLENEUVE D'ASCQ, France

Ore deposits can often be considered as a horizontal sheet, or
at least, the length parallel to the air-ground interface is
much greater than the other sides. To simulate the electroma-
gnetic response of such an anomaly, the first step could be the
use of a two-dimensional model. The limit of validity of this
approach has been outlined by Wait and Hill who have calculated
analytically the response of a conducting cylinder situated in
an infinite homogeneous medium (Radio Sci., 12, 1169-1176, 1973).

In this paper, we first consider a "theoretical" example to point
out the behaviour of the anomaly response. For that, we assume

that an anomaly is situated in a dissipative half space (o=10-3
mho/m), the excitation being a line source placed on the earth

surface (f=10 kHz). The cross section of the anomaly is 4 me,
its roof being at a depth of 4 m. Furthermore, to compare the
results- to those obtained by Wait and Hill for a perfectly con-
ducting cylinder, we suppose a very conducting anomaly ¢=1mho /m).
This configuration is suitable since it is possible to increase
the length of the heterogeneity so that it could be much greater
than its depth. Using numerical models that we have previously
described (Radio Sci., 2, 371-378, 1978), we give the variation
of the amplitude and phase of the induced current in the anoma-
ly as a function of its length (10 m<1<100 m). Since the resis-
tivity ratio is important, we remark in this example that the
induced current nearly vanish at the ends of the anomaly. Then
we show the variation of the secondary field and we compare its
value to the one obtained with a two dimensional model.

In the second part of this paper, a sulfure deposit is simula-
ted. In order to know what is the most efficent configuration,
we consider successively various types of tramsmitter : such as
magnetic and electric dipoles, both transmitter and receiver
being situated on the ground surface. At last experimental re-
sults will be given.
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AN IMPROVEMENT ON A MICROWAVE TECHNIQUE
TO LOCATE ECONOMICALLY PRODUCIBLE
HYDROCARBONS IN A DRILL HOLE

by

G. S. Huchital
Schlumberger-Doll Research Center,
Ridgefield, Connecticut

A recent addition to the devices used to locate hydrocarbons in
a borehole is an electromagnetic measurement system operat-
ing in the microwave region, 1-3 This device measures the pro-
pagation velocity and attenuation of a 1.1 GHz wave, From
these measurements, the dielectric constant and conductivity of
the rock formation can be determined. A recent paper4 has
discussed the interpretation of these results in terms of hydro-
carbon content in the sedimentary formations surrounding the
drill hole. The question to which this paper will address itself
is a technique intended to reduce the effects of borehole condi-
tions on the electromagnetic measurements.

Figure 1 is representative of the borehole conditions in which
the measurements must be performed. The device is lowered
into the borehole and measurements are made as the tool is
raised to the surface,
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The fluid in the borehole is usually conductive. Therefore in
order to perform measurements on the surrounding rocks, the
device is forced against one side of the hole. The wall may be
covered by a firm cake of drilling mud, up to one inch thick.
Due to the conductive nature of the environment, the investiga-
tion depth of the device is only on the order of inches; therefore
the mud cake can severely distort the measurements,

The measurements are made by launching a 1.1 GHz wave from
a transmitter and detecting the propagated wave at receivers
spaced 8 and 12 centimeters away. All three antennas are
cavity-backed slots. The received signals are compared as to
their phase and level, thus yielding measurements of the wave's
attenuation and velocity of propagation., These measurements
can be interpreted in terms of the dielectric constant and the
conductivity of the formation rock.

The cavity-backed slot antennas have been modeled as magnetic
line sources and placed in a layered medium shown in Figure 2,
The effect of a mud cake on the predicted dielectric constant is
shown by the dashed curves in Figure 3,
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It should be possible to reduce this effect through the use of an
additional transmitter. This transmitter is placed between the
main fransmitter and the closest receiver, Its purpose is to
form a small broadside array with the main transmitter and
thus direct a greater portion of the signal into the formation
and less into the mud cake. The medium into which this array
is placed is lossy, and the spacings involved are less than or
on the order of a wave length. Theoretical computations show
that a broadside array can be formed by proper weighting,
placement, and phasing of the secondary transmitter with res-
pect to the main transmitter. A typical array pattern is shown
in Figure 4. For display purposes, the array shown is a three-
transmitter array, The transmitter below the main transmitter
is not necessary for the improved operation,
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The proper parameters for a broadside array are medium-
dependent. For the layered-media environment of the drill hole,
optimum reduction of the mud cake effect is achieved by choosing
the array parameters for the broadside array in a homogeneous
medium whose properties are similar to the mud cake., The

solid curve in Figure 3 displays the improvement in the response
of the device when the two-transmitter array is used rather than
the unfocused one-transmitter array now in use.

These results show that it is possible to reduce the ""mud cake
effect' on a high-frequency (1.1 GHz) electromagnetic measure-
ment system which has been placed in a drill hole to locate
economically producible hydrocarbons. The approach to be used
is to construct a small (two-transmitter) broadside array in the
lossy, layered medium of the borehole.
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COMPARISON OF LOOP AND DIPOLE ANTENNAS
IN LEAKY FEEDER COMMUNICATION SYSTEMS

David A. Hill and James R. Wait
ITS/NTIA
U.S. Department of Commerce
Boulder, CO. 80303

The Teaky-feeder technique for mine communications has been inves-
tigated recently in several theoretical and experimental studies
(e.g. Special Issue of Radio Science, 11, April 1976). The leaky
transmission Tine is usually a coaxial cable, and the energy is
coupled into or out of the channel by antennas in the vicinity of
the transpission Tine (Special Issue of Radio Electronic Engr.,
45(5), 1975). Both electric dipole and magnetic dipole (small
Toop) antennas have been used.

Here we analyze an idealized leaky-feeder channel which consists
of a uniform leaky coaxial cable located at an arbitrary position
within a uniform circular tunnel. General expressions for the
mutual impedance between a pair of electric or magnetic dipoles of
arbitrary orientation and location are derived by matching the
tangential fields at the tunnel wall and applying a series imped-
ance condition at the coaxial cable. When the dipoles are widely
spaced, the mode of Towest attenuation provides the dominant con-
tribution to the mutual impedance. In most cases, the "bifilar"
mode, which has strong fields inside the cable and weak leakage
fields outside, has the lowest attenuation.

By Tetting the two dipoles coincide, the mutual impedance formu-
lation also yields the input impedance. The input resistance is
of particular importance since the near field Tosses due to the
lossy tunnel walls can be quite large.

Once the input impedance and the mutual impedance are known, the
total transmission loss can be calculated. This is the quantity
of most interest to the systems engineer. Calculations have been
performed for freguencies from 1 MHz to 50 MHz for both electric
and magnetic dipole antennas. A broad minimum in transmission
loss is generally observed somewhere between 2 MHz and 10 MHz.

In this frequency range, the transmission loss is somewhat Tower
for magnetic dipoles because they have a smaller near-field loss
than electric dipoles.
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BOUNDING THE PROPAGATION CHARACTERISTICS OF TEM MODES
IN TUNNELS OF ARBITRARY SHAPE

D, L, Jaggard and M. F. Iskander
Department of Electrical Engineering
University of Utah
Salt Lake City, Utah 84112

Due to the growing interest in the propagation of waves along
wires in tunnels or mines, recent attention has been focused on
the electrical characteristics of wire-tunnel configurations with
arbitrary cross section [D. B. Seidel and J. R. Wait, J. 4ppl.
Phys. 49 (November 1978); E. F. Kuester and D. B. Seidel, National
Radio Science Meeting, Boulder, Colorado (November 6-9, 1978)].

It has been shown that in the low-frequency regime, the governing
equation for the TEM propagation constant depends on the capaci-
tance of the wire-tunnel structure. Therefore, the propagation
characteristics can in principle be determined numerically by cal-
culating the capacitance. Alternatively one can sandwich the
exact solution between bounds. For this task we use the method

of symmetrization [G. P8lya and G. Szeg8, Isoperimetric.Inequali-
ties in Mathematical Physies, Princeton University Press (1951)]
which has been used successfully in bounding the solutions of
other problems in electromagnetics [see, e.g., D. L. Jaggard and
C. H. Papas, 4ppl. Phys. 15, 21 (1978)]. The sketch in Fig. 1
demonstrates the symmetrization of a wire-~tunnel configuration
with respect to the line L.

In this report the propagation
characteristics of the wire-
tunnel structure are bounded.
These bounds depend on simple
geometric quantities such as
area and perimeter and are
valid in the long wavelength
approximation. 1In addition,
the above considerations place
in evidence the change in the
relevant characteristics as

the cross-sectional area is
topologically transformed.
Furthermore, these bounds point
the way to optimize wire-tunnel
configurations. Since many of
the bounds are stationary about
the values for a symmetrically
placed wire in a circular tun-
nel, this configuration may be
used as a first approximation
to other configurations in-
volving a wire in a tunnel,

L

Original Symmetrized
figure figure

Fig. 1. Symmetrization of a
wire~tunnel structure with respect
to line L. Each line segment
(perpendicular to L) of the
original figure is translated
parallel to the segment until

the line segment is bisected

by L. The translated segments
compose the symmetrized figure.
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SURFACE TRANSFER IMPEDANCE OF A LOOSELY BRAIDED COAXIAL CABLE

R. S. Tomar and Alakananda Paul
Electrical Engineering Department
Indian Institute of Technology
Kanpur-208016, India

ABSTRACT

Loosely braided coaxial cables are extensively used for
communication in mines and tunnels. The most important parameter
of a Teaky coaxial cable is its surface transfer impedance,
which determines the behavior of the cable in a complicated
ervironment. The surface transfer impedance of a leaky coaxial
cable is defined as the ratio of the axial electric field to the
discontinuty in the azimuthal magnetic field at the sheath. The
fields have been calculated on the basis of a rigorous electro-
magnetic analysis given by Wait (J. R. Wait, IEEE Trans., MIT-24
(9), 547-553, Sept. 1976). The numerical computation of fields
involves doubly infinite series. However, expressions can be
simplified considerably for radiating cable at UHF.  Wait's
analysis has been extended to derive and calculate the surface
transfer impedance of some standard loosely braided coaxial
cables and results have been compared with those obtained by
other available approximate methods. The results show some
definite trends of variation with different cable parameters
which can be clearly explained in terms of basic electromagnetic
theory. In comparison, some other published results of surface
transfer impedance calculated by approximate methods do not seem
to follow any particular pattern (P. P. Delogne and M. Safak,
The Radio and Electronic Engineer, 45 (5), pp. 233-240, May 1975).
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RECONSTRUCTION ALGORITHMS FOR GEQPHYSICAL APPLICATIONS
IN NOISY ENVIRONMENTS

Roger D. Radcliff and Constantine A. Balanis
Department of Electrical Engineering
West Virginia University
Morgantown, WV 26506

A system for remote determination of underground structures
or voids would prove to be of great value in many areas of
geophysical exploration. It is shown that mapping such an
environment by transmission of electromagnetic radiation
between boreholes involves the solution of a system of equations
made inconsistent by the necessary assumption of straight-line
propagation through the area of interest. When straight-line
propagation is not valid, standard reconstruction (inversion)
algorithms successfully used in other applications prove to be
unacceptable due to errors in the measured data. After in-
vestigating the relative performance of previous reconstruction
methods with large amounts of noise in the data, it was found
that a modified version of the conventional Algebraic )
Reconstruction Technique (ART) displayed superior reconstruction
quality. An Underground Coal Gasification (UCG) process was
taken as an example to illustrate the performance of the
modified ART algorithm.
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BACKSCATTERING FROM A VEGETATED HALF SPACE

Roger H. Lang
George Washington University
Washington, D.C. 20052

A vegetated terrain is modelled by a random collec-
tion of lossy dielectric scatterers. The scatterers are
arbitrarily shaped dielectric bodies whose scattering
amplitudes are assumed to be known. The bodies have
rdndom placement as well as random orientation so that
averages over position and alignment can be made. The
backscattering coefficients are computed for the scalar
and vectors problems by employing the distorted Born ap-
proximation.

The problem is solved in two stages. First, the
mean field due to an obliquely incident plane wave is
found approximately by employing the method of smoothing
in the low density limit. The technique follows closely
the discrete scatter treatments of Twerky and Keller.
Initially equivalent propagation constants are found for
the case of aligned scatterers and then averages over
alignment are made.

The backscattered field can now be calculated by
employing the Born or single scattering approximation in
the equivalent medium. This is justified when the ab-
sorption cross section of an individual particle is much
larger than its scattering cross section. Simple formu-
la for the backscattering coefficients, Oﬁh’ Oﬁv’ o;hkand

o;v are obtained for aligned bodies and then averaged

over alignment.

In contrast to existing results in terrain back-
scatter, the cross polarizated backscattering
coefficients, cﬁv and oeh do not disappear in the singie

scattering approximation. This is because of the depol-
arizing effect of the individual scatterers. The
scattering coefficients have been calculated for spheres
and discs that are small compared to a wavelength. As
expected the depolarization terms disappear in the case
of spherical scatterers.
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MULTIPLE SCATTERING EFFECTS ON BACKSCATTERING
OF A PULSE FROM TERRAIN

Akira Ishimaru
Department of Electrical Engineering
University of Washington
Seattle, Washington 98195

The backscattering characteristics of terrain are depen-
dent upon the surface roughness, the nature of the volume scatter-
ing and the roughness of the bottom ground surface. This paper is
primarily concerned with the volume scattering characteristics of
a pulse incident upon the terrain. Among various parameters which
can be used to characterize the volume scatterers, there are three
essential quantities: the extinction coefficient, the albedo and
the mean cosine of the scattering pattern (phase function). The
Henyey-Greenstein phase function depends only on these three num-
bers and it approximates many actual phase functions of scatterers
with size distributions. This paper first outlines the general
characteristics of the transmitted and reflected fluxes from a
medium characterized by the Henyey-Greenstein formula. Even though
the radiative transfer equation can be solved numerically or by
the Monte Carlo technique, a useful and convenient technique is
the diffusion approximation. We have obtained diffusion solutions
which agree well with the Monte Carlo solutions. The pulse scat-
tering from the volume scatterers can be analyzed by using the two-
frequency mutual coherence function. The approximate solution is
then obtained by solving the diffusion equation, and the backscat-
tered pulse is shown to depend greatly on the diffusion time
(Ctyc)~!, where C¢p is the transport coefficient and ¢ is the velo-
city of lignt. The transport coefficient Ci¢pr is given by
Ctr = b{1-1)+a, where b is the scattering cross-section, 1 is
the mean cosine of the phase function and a is the absorption
cross-section. However, further study is needed to take into
account the polarization effect and the anisotropic phase func-
tions.
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POLARIZED AND CROSS POLARIZED SCATTERING BY AN INHOMOGENEOUS LAYER
WITH A SLIGHTLY IRREGULAR INTERFACE

A.K. Fung and H.J. Eom
Remote Sensing Laboratory
University of Kamnsas
Lawrence, Ks. 66045

The scattering coefficients of a homogeneous layer containing
Rayleigh scatterers and posessing a slightly irregular interface
have been computed with the matrix doubling method reported by
Howell and Jacobowitz. For the case considered substantial
simplification can be achieved by recognizing that the first two
modified Stokes parameters are even functions in the azimuth
angle while the third Stokes parameter is odd. In addition, there
is no coupling between the first three and the fourth Stokes
parameters. Thus, a 3 x 3 instead of an 8 x 8 phase matrix
is sufficient. The effect of the layer boundary was not considered
by Howell and Jacobowitz. To include the rough boundary effect
the technique used by Leader for a plane layer has been generalized.
To account for the slightly rough interface effect on volume
scattering both modified Fresnel reflection coefficients and
the first-order rough surface scatter and transmission coeffi-
cients have also been computed. To illustrate the results of
this theory, theoretical backscattering coefficient curves
are computed and compared with some snow measurements. Computa-—
tions have also been carried out using only the first two Stokes
parameters. For the cases considered the difference between
using 3 versus 2 Stokes parameters is within 1 dB.

204




F4 - 4 Commission F

EXPERIMENTAL DATA MATCHING FOR ACTIVE AND PASSIVE
MICROWAVE REMOTE SENSING

J. A. Kong, M. Zuniga, L. Tsang and R. Shin
Department of Electrical Engineering and
Computer Science and Research Laboratory

of Electronics
Massachusetts Institute of Technology
Cambridge, MA 02139

Theoretical results obtained from the models of
random medium and discrete scatterer characterization
of earth terrain are used to match experimental data
collected from vegetation and snow-ice fields. 1In
matching active remote sensing data with the random
medium model, we find that for vegetation the horizon-
tal correlation length & is smaller than the verti-
cal correlation length &  and for snow-ice field
£ > & indicating the more laminar structure of the
sRow layer. It is interesting to note that the ver-
tically polarized backscattering cross-section o
is always stronger than the horizontally polarizegv
backscattering cross-section o for a half-space
random medium. In Jdrder to account for the effect of
g h > 0 v we must resort to a two-layer random medium
wﬂere mgre<horizontally polarized wave components may
be available for backscattering by the random medium
due to the fact that there are more horizontally polar-
ized components being reflected by the bottom boundary.
The same random medium model is also used to match
passive remote sensing data obtained from different
snow fields. We also compared snow fields that are
characterized by models having & = 2 with the cor-
responding discrete scatterer mod8ls and showed they
yield essentially the same results. The spectral de-
pendence of the brightness temperature due to diurnal
change is explained by changing the dielectric proper-
ties of a top thin layer to account.for possible
melting effects in the afternoon hours compared to the
morning hours. The basic approach in the data matching
exercise is to come up with one model characterizing
an area that matches all data sets obtained in the same
area and plotted as functions of frequency, angle, and
polarization.
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THEORETICAL MODELS AND APPROACHES FOR ACTIVE
AND PASSIVE MICROWAVE REMOTE SENSING

J. A. Kong, L. Tsang, M. Zuniga, and R. Shin
Department of Electrical Engineering and
Computer Science and Research Laboratory

of Electronics
Massachusetts Institute of Technology
Cambridge, MA 02139

To account for volume scattering effects in the
microwave remote sensing of earth terrain, we make use
of two theoretical models: (1) a random medium with a
variance &, a horizontal correlation length £
and a vertical correlation length £, (2) a homggen—
eous dielectric containing discrete scatterers. The
radiative transfer (RT) approach to the solution of
layered random medium has been proven to be the sim-
plest and most useful in the interpretation of exper-
imental data collected from snow-ice field, vegetation
canopy and culture targets. The radiative transfer
theory for random media is a consequence of the solu-
tion to the Bethe-Salpeter equations under the ladder
approximation which accounts for constructive inter-
ference among ray optical paths. To account for
constructive interference among phase fronts in a wave
picture, we need to develop a wave radiative transfer
(WRT) theory that includes more terms than required by
the ladder approximation. This is different from
another modified radiative transfer (MRT) theory that
accounts for coherent interactions between the top and
bottom boundaries. The wave approach to random medium
is carried out with an iterative procedure to calcu-
late the backscattering cross-sections. The depolari-
zation effect is shown to arise from a second order
term in albedo under the Born approximation. In
applying the wave approach to scattering by discrete
scatterers, we attempt the use of a generalized molecu-
lar optics approach that regards a medium as consisting
of discrete scattering objects. The total wave field is
expressed as the sum of incident and scattered multipole
fields from the object characterized by a scattering
matrix.
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A RADAR CLUTTER MODEL: AVERAGE RADAR BACKSCATTER
FROM LAND, SEA, SNOW, AND. SEA ICE

R.K. Moore

K. Soofi

S.M. Purduski
Remote Sensing Laboratory
The University of Kansas
Lawrence, Kansas 66045

. Average radar backscatter curves have been developed for a
wide range of targets over the frequency range from 1-18 GHz and
an angular range from vertical form:

ogg = A + Bo + cf f > 6 GHz (Tand), f > 8 GHz
{ice, snow)

038 =A+Bo +cf +Dfe f < 6GHz, 8 GHz

The average levels for the land data were obtained from the mea-
surements made with the 13.9 GHz SKYLAB radiometer-scatterometer;
these have been extended in frequency and angle by use of data
collected in the years 1974-1976 by Professor F.T. Ulaby and co-
workers over agricultural terrain. The snow measurements used
were also collected by Professor Ulaby during the winter of 1977.
Sea ice measurements were made near Barrow, Alaska, in the

spring of 1977 and 1978. The oceanographic model is more comp-
Ticated because of the need to accommodate wind speed varia-
tions, and is based on a theoretical model developed by Professor
A.K. Fung with the aid of experimental data from SKYLAB and NASA
Langley Research Center aircraft measurements analyzed at the
Uriversity of Kansas.

This is believed to be the first time that such an exten-
sive model of frequency and angular behavior of radar backscatter
has been made because measurements of the type used to develop
the model have only recently become available.

This work was supported by Rome Air Development Center
through the RADC Post-Doctoral Program under subcontract
P.0. 55783417 from Syracuse University through prime contract
F30602-75-C-0121.
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NEW EFFECTS IN FORWARD SCATTERING
FROM WATER WAVES

C. I. Beard
Naval Research Laboratory, Washington, D.C. 20375

Further analysis of previous data of forward scattering from
the ocean and from a water wave tank brings forth new relatiomns
in the coherent and incoherent fields: (1) A new spherical wave
effect of incoherent field scattering by the transverse correla-
tion length. (2) A trend between the surface probability density
and the coherent field strength.

There does not appear to be an established theory for the
forward scattered field for "roughnesses' above 0.1. However,
Beckmann's [1967] spherical wave theory of the coherent reflected
field, evaluated for wave tank conditions, actually closely
follows the over-ocean data. Comparison of sphericity parameters
for wave tank and ocean geometries indicates that they are
comparable, and thus the spherical wave scattering effects.should
be as measurable in ocean forward scattering as in the wave tank.
Incoherent field scattering in the horizontal plane by the trans-
verse scale length (L,) is an effect of spherical wave fronts, )
and is demonstrated quantitatively for the first time in the wave
tank. Conversely, in principle, at least, this offers a method
for obtaining Ly by forward scattering. As Beckmann's coherent
field expression is a function of L,, the scale length along the
path, a way is offered, in principle, of finding Ly by forward
scattering. Thus, the two-dimensional scale lengths of the
surface are, in principle, obtainable from coherent and
incoherent field scattering data.

Arranging the theories of different authors in a sequence
shows that, the more the surface probability density departs
from a Gaussian, the more the coherent field curve departs
upward from the Gaussian surface theory (Ament's).
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ON THE ROLE OF SHADOWING IN FORWARD SCATTER FROM THE
SEA AT EXTREME GRAZING ANGLES

L. B. Wetzel
Naval Research Laboratory, Washington, D.C. 20375

In microwave propagation at very small grazing angles over a
surface of any appreciable roughness, most of the surface will be
in shadow. This observation is often overlooked when plotting the
measured specular reflection coefficient p against the roughness
barameter r = (o/\)siny (o is the rms surface height, A the inci-
dent wavelength and ¥ the grazing angle.) As a conseguence, am-
biguous interpretations of experimental data can result. Shadow-
ing has two competing effects on the coefficient p : (1) p goes to
zero with the grazing angle (not to 1, as bften assumed): (2) the
value of p is raised by decreases in effective surface roughness as
the deeper parts of the surface are occultéd. These effects are
illustrated by using data calculated for representative sea surfaces
to plot two families of curves of p vs. r, one for a sequence of
grazing angles from 0.1° to 4°, the other for a sequence of ratios
(o0/\N) from 1 to 12. These curves demonstrate that the roughness
parameter can not be used to characterize specular reflection at
low grazing angles, since the behavior of p vs. r will depend upon
how the variations in r were produced experimentally. Other im-
plications of surface shadowing are noted, such as the role of
diffraction, and how the loss of a reflect.ﬁ?ng surface affects the
duct models generally used to explain exterlded propagation in the
evaporative layer over the sea.
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EFFECTS OF SCATTER DEPOLARIZATION ON OPTLCAL

AND MICROWAVE HOLOGRAPHIC IMAGE DEGRADATION
Hossein Ghandeharian(l) and Wolfgang-M. Boerner(2’3)
(1)Elect.Eng.Dept.,UBC,Vancouver,BC. V6T 1W5; (2)Inform.Eng.Dept.,
UICC,Chicago, IL 60680; (3)Elect.Eng.Dept.U.Man. ,Winnipeg,Can.R3T 2N2

The effects on image quality due to polarization changes of the il-
luminating beam after scattering by an object are analyzed. These
effects include a decrease in signal-to-noise ratio (decrease in
fringe visibility) of the hologram and for an extended object, a
loss of information of those segments of the object that have large
curvature (edges, discontinuities, etc.). The autocorrelation func-
tion of the transmittance of a nonlinearly recorded hologram of a
diffuse object is obtained. It is shown that the change of polari-
zation of the illuminating beam by the object not only reduces the
signal-to-noise ratio but it also fortifies the distortion of the
images due to the nonlinearity of the recording medium. This new
distorting effect, which can be identified as a multiplicative
holographic factor, is dependent on' the jrradiance distribution of
the object's cross-polarized component. Simple procedures of de-
creasing the above-mentioned degradation effects in the optical and
microwave cases are suggested.

210




F4 - 10 Commission F

THE EFFECT OF SALT SOLUBILITY AND SALINITY
ON THE RESPONSE OF A MICROWAVE REMOTE SENSOR

Russell P. Jedlicka
Physical Science Laboratory
New Mexico State University
Las Cruces, New Mexico 88003

Soil permittivity is an important factor in such earth resource micro-
wave remote sensing endeavors as soil moisture investigations and
remote sensing of saline seeps. Complex permittivities of soils are
known to be strongly dependent on soil moisture. It is this depen-
dence which allows soil moisture to be remotely sensed. Similarly
the dependence of the complex permittivity on salinity allows highly
saline areas such as saline seeps to be located.

Results reported herein show a significant dependence on solubility
as well as salinity. For a given salt, therefore a given solubility,
the imaginary part of the complex permittivity is shown to increase
with an increase in salinity. For a given salinity level the imag-
inary part of the complex permittivity is shown to increase when the
salt solubility is increased. It is therefore seen that the amount
of salt which goes into solution is the determining factor.

The effects of these phenomena on the microwave sensor response are
considered. Measured brightness temperatures for a saline sand are
reported as a function.of salinity. The brightness temperature is
seen to show a marked decrease with increasing salinity level for

a given physical temperature.
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MICROWAVE REMOTE SENSING OF SALINE SEEPS

Keith R. Carver
Physical Science Laboratory
New Mexico State University
Las Cruces, New Mexico 88003

In June, 1978 an experiment in microwave remote sensing of saline
seeps was carried out in Harding County, South. Dakota where the
incidence of these very saline local} discharge areas is high.
Aircraft data was taken by the NASA/JSC C-130 aircraft and con-
sisted of L-band and C-band radiometer and scatterometer data,
along with red-band.and thermal-IR band imagery from the multi-
spectral scanner. In addition, Zeiss 9"x9" color-IR imagery was
taken along with thermal-IR temperatures via a Barnes PRT-5 IR
radiometer. The test area was 200 m in width by 2 km in Tlength
(along the flight Tine) and included both smooth and plowed bare
fields, plowed fields with a 30" stand of winter wheat, and

two major saline seep zones. Ground truth samples were taken

from 1000 - 1400 hrs local time (centered on the noon flight time)
and consisted of soil moisture measurements at 0-2 cm, 2-5 cm, and
0-5 cm. In addition, soil salinity measurements were made over
the 0-5 cm depth and bulk density samples were taken. Approximately
2500 soil samples were processed for the above ground truth data.

The data were collected on a single day and after a period of several
days heavy to intermittent rainfall. As a result, the average gravi-
metric soil moisture was greater than 20%. Soil salinities ranged
from 0.2 o/oo to 20 o/oo depending on spatial location.

The saline seep areas along the flight line were found to be clearly
evident on both the passive and active microwave data profiles. The
optimum active response yas obtained from the L-band scatterometer at
an incidence angle of 20°. For this frequency and 8ng1e, the largest
seep showed in increase of approximately 20 dB in o over the back-
ground radar scattering coeffisient of -12 dB. The optimum angle

at C-band was approximately 15°, although the seeps were not as pro-
nounced at the higher frequency. The radiometric data showed a strong
sensitivity to the seeped areas and a stronger response to surface
roughness changes than did the radar data.

This initial experiment suggests that soil salinity can be-reliably
detected by microwave remote sensors at the lower frequencies and
that data should be acquired when the soil is wet in order to differ-
entiate salinity-caused responses from those caused by soil moisture.
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A SUMMARY OF RAIN ATTENUATION EXPERIMENTS
ON EARTH-SATELLITE PATHS IN GEORGIA
AND ILLINOIS¥

S. H., Lin, H. J. Bergmann and M, V. Pursley

Rain attenuation experiments on earth-satellite
paths terminating in Georgia and Illinois at 19 and
28 GHz have been carried out for a two-year period
(July 1976-August 1978) using the COMSTAR Beacon
signals. Passive radiometer experiments at these
locations have been operational for four years
(73-75,77 & 78) at 13.6 GHz and two years (73-75)
at 17.8 GHz. These data have been analyzed and

a summary is presented for the.cumulative attenua-
tion distributions, the fade duration distribution,
the diversity improvement factor, the frequency
dependence, the seasonal and diurnal variations and
the dynamic rain attenuation behavior. These long
term data support a simple empirical model for the
prediction of the long term rain attenuation distri-
bution derived from the long term distribution of
five-minute point rain rates.

Invited paper for USNC/URSI special sessions on
Propagation above 10 GHz.
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COMSTAR 19-GHZ BEACON RECEPTION AT SPACED LOCATIONS
IN TAMPA, FLORIDA

D. D. Tang, GTE Laboratories, Waltham, MA 02154
D. Davidson, GTE Laboratories, Waltham, MA 02154
5. C. Bloch, University of South Florida, Tampa, FL 33620

A full rainy season's experience with three receiving terminals
in the Tampa area (baselines 11, 16, and 20 km) reveals consider-
ably different diversity results from month to month. These
results will be discussed and compared with regional rainfall
characteristics. Attenuation is largely coincident with local
rain at each site because of the high elevation angles employed
to receive COMSTAR beacons D-2 and D-3

Invited paper for USNC/URSI special sessions on propagation
above 10 GHz.
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OBSERVATIONS OF ORIENTATION~DEPENDENT DEPOLARIZATION OF
19 GHz EARTH-SPACE SIGNALS BY ATMOSPHERIC HYDROMETEORS

H. W. Arnold, D. C. Cox, H. H. Hoffman and R. P. Leck
Bell Laboratories
Crawford Hill Laboratory
Holmdel, New Jersey 07733

Depolarization along earth-space paths is produced by the alignment
of non-spherical atmospheric hydrometeors in wind, gravity or
electric fields. This depolarization is minimized when the inci-
dent polarizations are aligned with the average symmetry axes of
the hydrometeors. Observations of a 19 GHz COMSTAR beacon yield
the angular statistics of these symmetry axes (in the plane per-

- pendicular to the propagation path) as functions of depolarization

and attenuation. The average orientation of the symmetry axes

is shown to be nearly vertical and horizontal during heavy rain-
storms, but may deviate significantly from this orientation during
periods dominated by ice depolarization. The observed behavior

of the resulting minimum depolarization with copolarized attenua-
tion will be shown along with observed depolarization-attenuation
relations for several other fixed incident polarizations.

When the incident polarizations are aligned for minimum depolari-
zation, the observed copolarized differential phase and differen-
tial attenuation are maximized. The -observed relations between
copolarized attenuation, differential phase and differential at-
tenuation provide additional information on the distribution of
hydrometeors along earth-space propagation paths.

Invited paper for USNC/URSI Special Sessions on Earth-Space Propagation
Above 10 GHz
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UPDATE OF THE RESULTS OF THE 28.56 GHz COMSTAR
EXPERIMENT AT WALLOPS ISLAND, VIRGINIA

Julius Goldhirsh
Applied Physics Laboratory
The Johns Hopkins University
Laurel, Maryland

The results to date of the COMSTAR experiment at Wallops Island,
Virginia, are presented. There are several aims to this experi-
ment and these are: (1) To test the ability for predicting rain
attenuation at 28.56 GHz using radar and ground disdrometer
measurements, (2) To correlate radar reflectivity levels along the
earth-satellite path with those cross polarization phenomena which
occur at low fade levels, and (3) To arrive at a multi-year data
base of fade statistics at 28.56 GHz. '

In this paper the results pertaining to (1) and (2) are described
for the 1978-79 period. With regard to (1), the radar predicted
fades are compared with directly measured levels on a case by case
basis as well as statistically. Preliminary results for the
1978-79 period show excellent agreement between radar predicted
and directly measured fades.

With regard to (2), a Faraday rotation switch is situated at the
front end of the COMSTAR receiving system enabling both the co-
and cross-polarization at 28.56 GHz to be continuously sampled at
a rate of once per second. During selected periods of low fade
levels, simultaneous radar reflectivity measurements are made

- along the path using the high resolution S-band radar (3 GHz, 0.4°
beamwidth, 1 psec pulsewidth). The reflectivities due to both
rain and high altitude ice crystals are subsequently correlated
with the measured cross polarization levels.

NOTE: Invited paper for USNC/URSI special session on propagation
above 10 GHz.
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MEASUREMENT OF RAIN ATTENUATION AND
DEPOLARIZATION OF THE CTS SATELLITE
BEACON SIGNAL AT HOLMDEL, NEW JERSEY

A. J. Rustako, Jr.
Bell Telephone Laboratories
Holmdel, New Jersey 07733

ABSTRACT

An experimental measurement of attenuation and
depolarization, primarily due to éain, of the 12 GHz
Communications Technology Satellite (CTS) beacon is béing
made at Crawford Hill, Holmdel, New Jersey. The measure-
ment system uses a 6-meter—aperture, fully steerable, horn
reflector antenna fitted with a dual-sense, circular
polarized feed. The amplitudes of the copolarized and
cross-polarized signal components are measured with a two-
branch, stable, narrowband, frequency tracking receiver.

Measurement results of copolarized signal

attenuation and cross-polarization discrimination for a 3

year period beginning April 1976 are described.

NOTE: This is an invited paper for the USNC/URSI special

sessions on propagation above 10 GHz.
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DEPOLARIZATION MEASUREMENTS AT VARIOUS LOCATIONS
ACROSS CANADA USING THE 11.7 GHz CTS BEACON

J.J. Schlesak, J.I. Strickland, and W.L. Nowland, Department of
Communications, Communications Research Centre, Ottawa, Canada,
K2H 8s2

To evaluate the characteristics of earth-space propagation
for the next generation of Canadian domestic communications
satellites, an experiment to measure attenuation and depolariza-
tion at 11.7 GHz was performed using the circularly polarized
?eac?n transmission from the Communications Technology Satellite

CTS).

A special receiver was designed which measures the amplitude
of the horizontal and vertical Tlinear components of the received
signal and the phase angle between them. This equipment was
installed at four Tocations across Canada - St. John's,’
Newfoundland; Halifax, Nova Scotia; Toronto, Ontario; and Vancouver,
British Columbia. A summary of the results derived from.the data
collected at these locations for the period May to December 1978
is presented in this paper.

The measurements at all locations show that, when rain is the
dominant depolarization mechanism, the circular cross polarization
discrimination (XPD) of the received signal decreases logarithmi-
cally with increasing co-polar attenuation (CPA). This result is
compared with theoretical predictions based on calculations using
the Pruppacher and Pitter form raindrop and the Laws and Parsons
drop-size distribution. In addition to depolarization observations
associated with precipitation, fluctuations in XPD down to 15 dB
were sometimes observed in the absence of significant co-polar
attenuation both as isolated events and just before and after some
rainstorms. Depolarization of this type is attributed to differen-
tial phase shifts caused by ice crystals present in clouds.

Invited paper for USNC/URSI special session on propagation above
10 GHz.
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SOME MEASUREMENTS OF CTS 11.7 GHz CROSS
POLARIZATION COMPARING A FIXED AND AN
ADJUSTABLE POLARIZATION RECEIVER

W. J. Vogel
Electrical Engineering Research Laboratory
The University of Texas at Austin

Data collected in Austin, Texas indicate that equal probability
levels of attenuation A (dB) and cross polarization isolation

CP1 (dB) of the CTS beacon are related by CPI = 41 - 20. 6 log A
for a above about 5 dB. At a 10 dB fade margin, isolation is
expected to be less than 21 dB, thus making a frequency reuse
system isolation limited. A receiver with fully adjustable
polarization has been built. By changing its polarization it

can reject unwanted crosstalk caused by a depolarizing atmo-
sphere or by inaccurate pointing of the receiving antenna. The
data to be presented will allow some preliminary conclusions
about whether a receiver with adaptive polarization can change
the constants in the above equation sufficiently to make system
performance attenuation limited and therefore more predictable.

(Invited Paper for USNC/URSI sessions on propagation above
10 GHz)
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CTS BEACON RAIN ATTENUATION MEASUREMENTS

D. Davidson, GTE Laboratories, Waltham, MA
0. G. Nackoney, GTE Laboratories, Waltham, MA

Over two years of propagation measurements using the
11.7 GHz CTS beacon have been collected at GTE Labora-
tories at Waltham, Massachusetts. Beacon measurements
are made over a 20-dB dynamic range with a 3-meter
linearly polarized antenna at a 240 elevation angle.
Rain-rate data is also collected at the site using a
tipping~bucket rain gauge.

The paper will present attenuation and rain-rate statis-
tics together with the seasonal and annual variations '
observed. Empirical relationships between attenuation
and local rainfall statistics useful for prediction pur-
poses will be discussed. Also to be discussed are
general observations concerning the character of fade
events, including observed signal enhancement.
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SUMMARY OF 1978 ATTENUATION AND DEPOLARIZATION
MEASUREMENTS MADE WITH THE CTS (11.7 GHz) AND
COMSTAR (19.04 AND 28.56 GHz) BEACONS

C. W. Bostian, W. L. Stutzman, E. A. Manus,
P. H. Wiley, R. E. Marshall, and P. Santago
Electrical Engineering Department
Virginia Polytechnic Institute and State University
Blacksburg, Virginia

This paper summarizes attenuation, depolarization, and
rain rate data collected during the 1978 calendar year on the CTS
and COMSTAR downlinks. It discusses the statistical relationships
between attenuation and rain rate and between attenuations
measured at different frequencies. Regression equations relating
cross polarization isolation to the logarithm of attenuation
are presented.

Note: This is an invited paper for the USNC/URSI Special Sessions
on Propagation Above 10 GHz.
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CUMULATIVE STATISTICS OF 11.7 AND 28.56 GHz
RAIN ATTENUATION FROM CTS AND COMSTAR
SATELLITE BEACON MEASUREMENTS

Dr. Louis J. Ippolito
NASA Goddard Space Flight Center
Greenbelt, Maryland 20771

Abstract

Continuous observations of the 11.7 GHz CTS beacon and the 28.56 GHz
COMSTAR beacon have been in progress at the Goddard Space Flight
Center, Greenbelt, Maryland, since June of 1976 and October of 1978,
respectively. Cumulative statistics of ground (point) rain rate

and path attenuation have been developed for monthly, seasonal and
annual periods. Coincident attenuation and rain rate measurements

are combined to derive the effective path length for the monthly,
seasonal and annual periods. Time of day and fade duration statistics
are developed for the rain attenuation data, and attenuation ratio
statistics between the 11.7 and 28.56 GHz links are compared.

Long term rain rate and 11.7 GHz attenuation distributions are
compared with analytical distributions and with published empirical
prediction models. The prediction models evaluated include those of
CCIR (Rep. 564-1), Rice-Holmberg, Dutton-Dougherty, CCIR SPM (Doc.
F5/003), and the GSFC effective path length model. The measured
distributions are also compared with similar measurements from other
locations in the U.S. and Canada. The paper concludes with a summary
of recommended power margin requirements and 1ink availability con-
straints for earth-space communications systems operating in climate
regions similar to the Greenbelt, Maryland, area.

NOTE: Invited paper for USNC/URSI special sessions on propagation
above 10 GHz.
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ZENNECK-LIKE WAVE FOR THE SPHERICAL EARTH

Koichi Mano
Electromagnetic Sciences Division
Deputy for Electronic Technology
Rome Air Development Center
Hanscom AFB, Massachusetts 01731

We model the problem by assuming that the earth is a solid sphere
of finite radius with homogenecus electromagnetic property which is
immersed in an infinitely vast and homogeneous medium. We then examine
the propagation of waves where there exists syrmmetry around the polar
axis of the spherical coordinate system in such a way that the magnetic
field is perpendicular to the meridian plane while the electric field
1ies in it. Me seek the Zenneck-type solution for this problem which
means that the differential equation for the magnetic field that
follows from Maxwell equaticns has to be separated for each variable.
The boundary conditions for such a solution, however, are very diffi-
cult to satisfy, preventing us from drawing a conclusion regarding the
existence of Zenneck wave for a sphere.

For this reason we consider instead the case of a sphere with
extremely, but not cuite infinitely, large radius. Guided by the
known solution for Zenneck wave for a flat interface we can obtain
Zenneck-Tike approximate solution for the present case in the form of
the product of a direct analog of the flat-interface solution and a
correction factor.
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SURFACE WAVE PROPAGATION ON A
1.OW PERMITTIVITY MEDIUM - AN EXPERIMENTAL STUDY

J. Bppel-Hansen Electramagnetics Institute
Technical Univ. of Demmark 2800 Lyngby, Denmark
R. J. King Dept. of Electrical & Computer Engineering
Univ. of Wisconsin — Madison, WI. 53706

Significant experimental evidence has been obtained which
supports the contention [R. J. King and J. R. Wait, Symposia
Mathematica, XVIII, Academic Press, 133-161, 1976] that a
Norton surface wave can exist on a medium having a dielectric
constant near wnity. Unlike a trapped surface wave which is
slow and decreases exponentially with height, the present wave
is actually an asymptotic ground wave. It propagates at the
speed of light with an attenuation factor of @1 in addition to
the free-space spreading factor and merges into the free-space
field with height. As such, it is indistinguishable from the
free-space field except for grazing incidence where the direct
and surface-reflected waves cancel; moreover, it is closely’
akin to the lateral wave (up—over and down mode) cbserved in
propagation through or above dense vegetation.

The figure shows some experimental data for vertical polari-
zation taken at 3 GHz for propagation over 4 meters of polystyrene
foam situated in an anecchic chamber. The source and receiver
antermas were open-ended wave guides laid directly on the foam
surface. The inset shows how the raw data was averaged for
3 < d < 4 mters. For comparison, the free-space field was
measured to show its d-1 dependence, and a curve showing a @2
dependence is also shown. Clearly, the field on the foam surface
is asymptotically approaching the predicted d~2 behavior of a
Norton surface wave. Similar results were obtained for perpen—

i dicular polari-

0 zation. The full
text of this
paper is
available in
Electronics
Ietters, 15(4),
1979.
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RF RAY TRACING IN AN
ATMOSPHERIC DUCTING ENVIRONMENT

Frank T. Wu
Wai-Mao P. Yu
Alexis Shlanta

Naval Weapons Center
China Lake, California

It is well established that radio frequency (RF) wave propagation
in the atmosphere can be greatly affected by atmospheric refractivity.
In general, RF radiation tends to propagate in the direction towards a
denser region of the atmosphere. As a result, ray bending phenomena
such as reflection and refraction are commonly observed and are taken
into consideration in modern communications and radar applications.

Long range over the horizon radar detection due to the extreme case of
atmosphere refraction, namely ducting effects, is limited in quantita-
tive treatment. In this analysis, it is usually assumed that the
atmosphere is a stratified medium that is horizontally homogeneous and
the index of refraction of the atmosphere varies only as a function of
height. As an augmentation of current treatment, a simplified ray
tracing (geometrical optics) model in a ducting environment is presented
that can use stratified atmospheric profiles obtained by measurement.
Grazing angle, depression angle, and horizontal range related to RF wave
propagation in an atmospheric duct are calculated in terms of refrac-
tivity profile, duct height, wave length, target height, and the thick-
ness of the duct. It has been found in this work that the radar detection
hqrizon can be effectively extended when larger grazing angles and
depression angles, associated with the RF rays propagating inside a duct,
are considered.
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HYBRID RAY-MODE FORMULATION OF
PROPAGATION IN A TROPOSPHERIC DUCT

S.H. Cho, G. Migliora and L. B. Felsen
Polytechnic Institute of New York
‘Route 110, Farmingdale, N,Y, 11735

Electromagnetic wave propagation in an elevated tropo-
spheric duct is analyzed by a new method involving an
appropriate mixture of ray-optical fields and whispering
gallery mode fields guided by the concave side of the duct
boundary, This formulation quantifies in terms of ray fields
the remainder term when a guided mode series is truncated or,
alternatively, in terms of guided modes the omission of higher
order reflected rays in a ray representation., To explore the
new method on a simple example, the duct is modeled by a
single cylindrical boundary separating an interior higher
refractive index region from an exterior region with lower
index., The electric line source is located at the boundary
and the corresponding Green's function is first derived in
terms of whispering gallery modes plus a continuous spectrum
contribution , and then converted to the hybrid ray-mode form.
It is shown that the number of modes and rays required in the
hybrid formulation is far less than when the field is expressed
solely either in terms of modes or in terms of rays, Further-
more, one can avoid the difficulties associated with higher
order reflected rays having incidence angles near grazing since
these rays are replaced by a few low-loss whispering gallery
modes in the hybrid scheme. A numerical example for typical
tropospheric conditions indicates that a few of the lowest-loss
modes are adequate to describe the field when the source and
observation points are on the boundary, rendering the ray con-
tribution to the total field insignificant., However, ray-fields
are expected to play 2 more important role when the observation
point, source point, or both are located inside duct. Calculations
for this case are in progress,
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A NUMERICAL STUDY OF TROPOSPHERIC DUCTING AT HF

C. L. Goodhart, Naval Ocean Systems Center, San Diego, CA 92152
R. A. Pappert, EM Propagation Division, Code 532, Naval Ocean
Systems Center, San Diego, CA 92152

Path loss calculations for frequencies between 4 and 32 MHz
will be compared with. Hansen's (P. Hansen, Radio Sci., 12, 397-
404, 1977) recent measurements on a 235 km over-ocean southern
California path. The calculations involve standard waveguide
theory along with available radiosonde data and show convinc-
ingly that signal enhiancement, relative to that expected on the
basis of ground wave theory, observed on frequencies greater
than 20 MHz was due to superrefractive environments.
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A new set of solutions for the modal equation
.for propagation in a trilinear tropospheric duct

R. H. Ott
U. S. Department of Commerce
NTIA/ITS
Boulder, Colorado 80303

A new set of solutions of the modal equation near arg(t) =
- ©/3, where t is the conventional modal parameter in addition
to the Whispering Gallery modes and earth-waveguide modes are
found. These are identified physically as intra-waveguide modes.
The modal equation for a trinlinear troposphere is given by

il
.5 (4k-1)
3/2 _ 3 1/2 _ 3m ,__ i2 -0 m =
t 5 DOXZt E (m l) e = 0; m = 1,2,
with X, proportional to the electrical thickness of the duct,
Do = (l—also)l/3 and a; the height of the duct, Sq the slope

of the first segment in the trilinear model, and k=0 for the
intra-waveguide roots and k=1 for the Whispering Gallery roots.

It is shown that the intra-waveguide roots have imaginary
parts comparable with higher-order roots of the earth-waveguide
modes and may be important when calculating fields with the
source removed from the duct and coupling energy into the duct.
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MEASUREMENT OF THE MICROWAVE PROPERTIES
OF SEA ICE AT 90 GHZ AND LOWER FREQUENCIES

B. E. Troy, J. P. Hollinger, R. M. Lerner, and M. M. Wisler
Advanced Space Sensing Applications Branch
Space Science Division
Naval Research Laboratory
Washington, D. C. 20375

Passive microwave measurements of sea ice were made in
the Greenland Sea from an aircraft at an altitude of approxi-
mately 300 M in April 1977. The experiment package included
a 90 GHz microwave imager, and fixed nadir-looking radiometers
at 31, 19 and 14 GHz. The microwave brightness temperatures
and emissivities at these frequencies are computed for
various ice types observed over a latitude range of approxi-
mately 77-85 North. Identification of sea ice type for
comparison with the microwave measurements is made from
photography and from the records of experienced ice observers
accompanying the flight. Distribution curves of number of
pixels versus brightness temperature derived from the 90 GHz
imagery clearly show peaks corresponding to different ice
types. Percentage cover of first-year and multi-year ice
determined from these curves agrees with that of the ice
observers as a function of position along the flight path.

231




F6 II - 2 Commission F

ATRCRAFT MICROWAVE RADAR AND RADIOMETRIC MEASUREMENTS
OF THE ELECTROMAGNETIC PROPERTIES OF LAKE ICE

C.T. Swift, R. F. Harrrington, J. C. Fedors, and
W. L. Jones
NASA Langley Research Center
Hampton, Virginia 23665

An experimental program was initiated in March 1978, joint between

NASA Langley and NASA Lewis to remotely sense the characteristics of
lake and Arctic ice utilizing active and passive microwave remote
sensing techniques. The Langley sensors consisted of a 13.9 GHz
scatterometer with a mechanically scanned antenna and a nadir viewing
radiometer which was operable within selective bands of the 4.5 -

7.2 GHz fregeuncy range. Both instruments were mounted on the NASA
C-130 aircraft. On March 3, the aircraft flew back and forth along

a planned 40 mile stretch of Lake Erie from Cleveland to the Vicinity
of Detroit. Holes were drilled into the ice at five points along

this track in order to measure thickness, which varied from 40 cm

near Cleveland to 140 cm near Detroit. The radiometer trace exhibited
a general increase in brightness temperature with increasing ice thick-
ness, and a rather predominant increase in brightness occurring each
time the instrument over-flew a refrozen lead. When the scatterometer
was pointed at nadir, the received power decreased with increasing ice
thickness. This increase was quite dramatic when the refrozen Tead was
in the radar field of view. On subsequent passes, the scatterometer was
pointing away from nadir, and the refrozen lead was not detectable.
This data is indicative that attenuation predominates over volume
scattering. The analysis of the radiometric data also indicates that
the absorption of the refrozen lead is in excess of 8 dB/m, which is
substantially higher than the values given in the published Titerature.
The radiometer was tuned in frequency to determine if changes in emissivity
occurred as a result of standing waves within the ice slab. No gross
changes in emissivity were observed, possibly because of supression by
roughness at the air on water interface. It is planned to repeat the
mission in March 1979, with much more accompanying ground truth than
was available in 1978.
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EXPERIMENTAL EVALUATION OF THE MICROWAVE
RESPONSE TO SNOW

Fawwaz T. UTaby and William H. Stiles
University of Kansas Center for Research, Inc.
Remote Sensing Laboratory
Lawrence, Kansas 66045

ABSTRACT

Experimental measurements of the backscattering coefficient ¢° and

apparent radiometric temperature Ta of snow are used to develop simple

empirical models relating ¢° and Tai to snow wetness and to water
equivalent. The data were acquired by truck-mounted sensors, covering

the 1-35 GHz band in the case of ¢° and at 10.7, 37 and 94 GHz for Tap'

It is observed that ¢°'s sensitivity to wetness increases with angle

of incidence away from nadir, while Tap's sensitivity is almost angle
independent, and for both active and passive sensors, the sensitivity

to wetness increases with microwave frequency. For dry snow, o° increases

and Tap decreases, both exponentially, as a function of snow depth.
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CHARACTERIZATION OF POLAR TERRAIN FEATURES THROUGH
SATELLITE MICROWAVE RADIOMETRY

S. R. Rotman, A. D. Fisher, and D. H. Staelin
Research Laboratory of Electronics
Massachusetts Institute of Technology
Cambridge, Massachusetts 02139, U.S.A.

The Scanning Microwave Spectrometer (SCAMS) on the Nimbus-6
Satellite mapped the entire earth's surface up to latitudes of 80°
at the two microwave frequencies of 22.235 and 31.65 GHz during
1975 and 1976. The observations in the Antarctic and Greenland
areas were used to obtain such geophysical parameters as snow
accumulation rates, relative extent of ice packs, and differentia-
tion between winter and pack ice. Microwave radiometric tech-
niques have been used previously to track the movements of the
polar ice cap and the relative amounts of first year and old ice
in the Arctic and Antarctic regions (Gloersen et al., Boundary-
Layer Meteorology, 13, 339-359, 1978). Furthermore, a relation has

been found between the accumulation rate of dry snow and microwave
emissivity from its surface (H. J. Zwally, Journal of Glaciology,
Vol. 18, No. 79, 195-215, 1977).

In the present study, a semi-empirical relation was derived
from the Antarctic observations which connected the snow accumula-
tion rates to surface emissivity and sub-surface temperature.
Using this relation, contour maps of snow accumulation were then
prepared for both Antarctica and Greenland which not only showed
excellent agreement with previous maps obtained from ground sur-
veys but also extended their range. In addition, seasonal changes
in the microwave brightness temperature of the snow were noted and
related, through multi-frequency measurements, to physical
temperature gradients in the firn.

The satellite observations also showed clearly distinguish-
able differences in the variation of surface brightness tempera-
ture with scan angle for new ice, old ice and dry snow. New ice
apparently acts as a homogeneous dielectric with almost no inter-
nal scattering so that its emissivity is controlled almost en-
tirely by the Fresnel reflections from its surface. O0ld ice shows
largely isotropic scattering due to numerous air voids which are
left after drainage of brine. The relative percentages of ice and
sea water in a given region can be resolved on the basis of differ-
ences in their relative reflectivities. In contrast to ice, dry
snow appears to form horizontal layers which cause the scattering
to become highly anisotropic. These discriminants can all be used
to characterize regional differences in polar terrains and to
monitor their seasonal changes.
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EMISSION FROM A SNOW LAYER WITH
A SLIGHTLY ' IRREGULAR INTERFACE

A.K, Fung and M,F. Chen
Remote Sensing Laboratory
University of Kansas
Lawrence, Ks. 66045

A layer of snow above the ground surface is modelled as a
layer of .Rayleigh scaterers above a plane ground surface with a
slightly irregular air-snow interface. The radiative transfer
method is then applied to the snow medium to compute the upward
brightners temperature assuming a constant ground surface and
snow temperature. The assumption of a slightly irregular air-snow
interface requires the computations of the modified Fresnel
reflection coefficients and the first-order bistatic scatter and
transmission coefficients of the interface. Note that the use of
the modified Fresnel reflection coefficients is necessary to
obtain energy conservation to the first-order. Comparison between
the plane and the irregular air-snow boundary cases indicates that
for nadir angles near vertical a smaller and flatter angular
response is obtained in the presence of the irregular boundary
which permits better trend agreement with some measurements.
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RADAR ALTIMETRY FOR USE IN MEASURING SEA SURFACE SLOPE

H. Michael Byrne Pacific Marine Environmental Laboratory

During September 1978 the SeaSat satellite orbit was placed in

a repeat ground track configuration. For the month beginning

8 September the subsatellite track repeated itself exactly over
three transects of the Kuroshio. During this time a hydrographic
survey was performed along the subsatellite track in coincidence
with the satellite overpass. An intercomparison was made between
the relief of the sea surface topography measured with the 10 cm
altimeter on the SeaSat spacecraft and that deduced from the
standard oceanographic data. Additional comparisons were made
between the total flow field deduced from NOAA-5 infrared data
and velocity vectors deduced from the altimetric data.

A detailed comparison with surface topographies generated using

the GEOS-III data show the radar altimeters capable of measuring
surface slopes at accuracies useful for oceanographic calculations.
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The SEASAT Radar Altimeter -

A study of Wave Height Measurements

by
L. S. Fedor and James A Leise
Wave Propagation Laboratory
National Oceanic and Atmospheric Administration
Boulder, Colorado 80302

The SEASAT ocean monitoring spacecraft was placed into earth orbit on
June 27, 1978. On board was a 13.5 GHz radar altimeter which was used to
measure spacecraft héight above mean sea level, the significant waveheight,
and the radar backscatter cross section to infer winds. The high resolution
radar was designed to measure altitude to *+ 10 cm and waveheights from 1 to
20 meters with an accuracy of + 10% or 0.50 meters whichever is larger. An
algorithm for estimating waveheights is presented and the effect of prepro-
cessing the data by filtering is discussed. Spectral plots of the significant
waveheight determined along the satellite track are presented to show the
spatial resolution of the altimeter and determine dominant spatial features.

Comparisons are made with surface determined data.
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THE COMPUTATION OF WIND SPEED AND WAVE HEIGHTS FROM GEOS 3 DATA

NELLY MOGNARD, J.I.S.A.0., 3711 15th AVENUE N.E., SEATTLE, WA.
98105 AND BERNARD LAGO, G.R.G.S.-C.N.E.S., 18 AVENUE E. BELIN
31055 TOULOUSE CEDEX FRANCE

We have processed radar altimeter data from more than 100 GEOS 3
passes. The statistical analysis of the stretching of the lead-
ing edge of the return radar pulses gives us an estimate of the
significant wave heights. Moreover, the AGC level measurements
of the reflected power provide an evaluation of the wind speed.
The wave height and wind speed estimates are in favorable agree-
ment with the meteorological information obtained from weather
maps used as sea truth, thus resulting in interesting complemen-
tarities.
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AIR SEA TEMPERATURE DIFFERENCE EFFECTS ON MICROWAVE SCATTERING

W.C. Keller and W.J. Plant
Ocean Sciences Division
Naval Research Laboratory
Washington, DC 20375 USA

The modulation of short gravity-capillary waves, and thus radar
cross-section, by long ocean waves is an important mechanism in
remote sensing of the sea surface by microwave radars. Previous
measurements reported the modulation transfer function (MIF) as a
function of long wave frequency and windspeed (W.J. Plant et al,
J. Geophys. Res. 83, 1347-1352, 1978, and Wright et al, submitted

to J. Geophys. Res., 1979).

We will present results from the Panama City Experiment II (Nov -
Dec 1978) where the passage of significant cold fronts provided

a wide range in the air-sea temperature difference. Radar cross-
section and the MTF were measured at 9.375 GHz using a CW Doppler
radar at short range, a depression angle of 45 degrees and verti-
cal polarization. Air temperature changes up to 22 C deg within
a 24 hour period were recorded with hourly changes up to 7 C deg.
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DOUBLE-MODULATION EXPERIMENTS ON OCEAN WAVE SYSTEMS
USING A DUAL-FREQUENCY MICROWAVE RADAR

Dale L. Schuler and William J. Plant
Naval Research Laboratory
Washington, D.C. 20375

A new application of the dual-frequency microwave radar
technique has been developed and tested through field experi-
ments. Previous work (D. L. Schuler, Radio Science, Vol. 13,
no. 2, 321-31, 1978) has indicated that directional gravity wave
spectra and surface currents may be studied using the dual-fre-
quency approach. Recent field-experiments in coastal waters of
the Atlantic Ocean, and from a site overlooking the Pacific Ocean,
have shown that the utility of the dual-frequency system as a
remote-sensing probe of long wavelength waves is, perhaps, greater
than was previously conceived.

A pulsed, L-band, dual-frequency radar has been used success—
fully as a probe for sensing the modulation of 3-30 meter waves
by longer wind waves and swell. In particular, simultaneously
measured single-frequency and dual-frequency outputs yield infor-
mation on 1) directional orbital velocity spectra (and concomit-
antly wave height spectra) as well as 2) the modulation transfer
function for selectable wave-wave interactions. The wave-wave
interactions that can be examined involve a long wavelength modu-
lating wave and a dual-frequency Bragg resonant wave of wave-
length 3-30 meters. The technique is based upon the use of short
transmitted pulses (0.1 us) and relatively course azimuthal (13%)
resolution to create long, slender, illumination cells on the
surface. Because these scattering cells have small total area,
1) the dual-frequency resonance peak/background ratio may be
optimized and, 2) the orbital velocity spectrum of the long wave-
length waves becomes directional.

Experimental results of preliminary double-modulation experi-
ments will be given as well as an analytical interpretation of
the results.
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SIDE~-LOOKING RADAR IMAGES OF
DISPERSIVE, HOMOGENEOUS WAVES

Robert O. Harger, Electrical Engineering Department,
University of Maryland, College Park, Md. 20742

The image produced by a side-looking--e.g.,
synthetic aperture-radar system is derived for a time-
varying scene characterized by a time-variant reflec-
tivity density. Application to the image of the so-
called two-scale sea surface model motivates a
collateral consideration of the image of a time-
varying scene described by a reflectivity density that
satisfies a dispersive, homogeneous wave equation. It
is shown that there exists a distortion--most simply
a scaling and skewing--inherent In any side-looking
technique: the latter's specifics—--most simply--
modify the (true) wave-number spectrum.
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MEASUREMENT OF SURFACE ROUGHNESS FROM NADIR
USING DUAL FREQUENCY CORRELATION AND
SPATIAL RESOLUTION WITH A S,A.R., CHIRPED SIGNAL

D,E, Weissman, Hofstra University, Hempstead,
N.Y., 11550, J.W, Johnson and W,.,L. Jones,
N.A.S.A, Langley Research Center, Hampton, Va,,
23665, W,F. Townsend, N,A,S.A. Wallops Flight
Center, Wallops Island, Va. 23337

The measurement of the root-mean-square height of a ran-
domly rough surface from an elevated platform can be
approached from either the measurement of the time disp-
ersion of a short pulse or the decorrelation of the
amplitudes of two narrow band backscattered signals sep-
arated by a variable difference frequency. The latter
method has been considered in this study. The variation
in the height of the scatterers within an illuminated
area produces phase differences among the backscatter-
ing elements that are not identical at the two differ-
ent carriers. The correlation between the resultant
signals, over an ensemble of surfaces, will decrease
with an increase in the rms surface roughness and the
separation frequency. In order to limit this decorrel-
ation to surface roughness effects and minimize the
range spreading caused by off-nadir beam illumination,
high spatial resolution near nadir is required., With

a very high altitude platform (aireraft or spacecraft)
this can be achieved with the chirped signal used in a
synthetic aperture radar, The spectrum of the transmit-
ted energy is sufficiently broad to be separated into
ad jacent bands that are capable of providing both the
spatial resolution (with matched filtering) and the
frequency separation, Af . The fluctuating amplitudes

of the outputs of the matched filters are cross correl-
ated to infer the surface roughness, An analysis has
been performed to determine the dependence of the cross
correlation on the statistical parameters of the match-
ed filter output signals. These results will be discuss-
ed from the viewpoint of determining ocean wave heights
from an aircraft or satellite.

Measured results obtained with the Dual Frequency Cor-
.relation Radar taken during the West Coast Experiment
will be discussed and compared with simultaneous radar
altimeter measurements.
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SYNTHETIC APERTURE RADAR IMAGERY OF MOVING OCEAN WAVES

C. L. Rufenach
NOAA/ERL/Wave Propagation Laboratory
Boulder, Colorado 80303

W. R. Alpers
Institute of Geophysics
Univ. of Hamburg § Max-Planck-Institute of Meteorology
Hamburg, W. Germany

The theory developed by Swift and Wilson, and Alpers and Rufenach
describing the intensity modulation in Synthetic Aperture Radar

SAR imagery caused by ocean wave motion is extended. The restric-
tive approximation &T<<l used in their work is removed where A
is the long ocean wave angular frequency and T 1is the radar co-
herent integration time. This generalization, valid for all &T,
is significant since the integration time associated with L-band
radars is sufficiently long T=2 sec. that the restriction @&T<<1
is only appropriate for the longer ocean wavelengths. Calculations
show that the &T<<1 theory is valid for wavelengths greater than
400m for all waveheights of interest and for wavelengths greater
than about 250m for the lower waveheights, say H1 3<3m. Radar and
surface measurements off the Florida coast during 6ecember 1975 are
consistent with the theory.

The effects of ocean wave motion on SAR imagery under a variety of
sea states will be discussed including the detectability of azimuth
traveling ocean waves from the SEASAT satellite.
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SEASAT-A SYNTHETIC APERTURE RADAR IMAGERY OF OCEAN WAVES

F. I. Gonzalez Pacific Marine Environmental Laboratory/NOAA
R. A. Shuchman Environmental Research Institute of Michigan
D. B. Ross Sea-Air Interaction Laboratory/NOAA

J. F. R. Gower Institute of Ocean Sciences

C. L. Rufenach Wave Propagation Laboratory/NOAA

An analysis of the ocean wave imaging capabilities of the Seasat-A
Synthetic Aperture Radar (SAR) has been performed. Five SAR passes
collected during the NOAA-sponsored Gulf of Alaska SeaSat Experiment
(GOASEX) were examined. Ocean wave surface truth consisted of two-
dimensional power spectra acquired by Pitch-Rol11 buoy, one-dimen-
sional spectra from NOAA data buoys, and X- and L-band airborne SAR
imagery. Optical Fourier Transforms (OFT's) of the Seasat SAR
imagery yielded data which agreed to within about = 10% and * 20°
of surface truth wavelength and direction measurements, respec-
tively. Wavelengths of 100 m to 300 m were imaged and significant
waveheights of about 1 to 3.5 m were recorded by surface truth;
within this limited range, there appears to be an improvement of
wave image quality with increasing wavelength and significant wave
height.
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SYNTHETIC APERTURE RADAR OBSERVATIONS
AT VARIOUS ASPECTS OF OCEAN WAVES

John F. Vesecky and Hany Assal, Center for Radar Astronomy
Stanford University, Stanford, CA 94305
Robert H. Stewart, Scripps Institution of Oceanography,
University of California, La Jolla, CA 92093

On March 25, 1975 a very interesting set of synthetic aperture
radar (SAR) images of the ocean were collected by the Jet Propul-
sion Laboratory (JPL) in deep water some 20 miles WSW of Pt.
Arguello, CA. A concurrent ground truth (wave rider buoy) wave
spectrum was also obtained. The aircraft carrying the L-band SAR
viewed a single area of ocean from eight different directions.
The imaged area contained waves driven by approximately 25-30 kt
winds blowing over a 300-400 mile fetch for some hours before the
observations. SAR images of one or two 6x 6 km areas along each
flight leg have been digitized and geometrically corrected to
obtain an undistorted image. We have estimated the directional
ocean wave spectrum ¥(k,8) , from these corrected images on the
basis of a very simple assumption, namely that the SAR image
density fluctuations are proportional to ocean surface height

" fluctuations. Near the peak in the wave spectrum (wave period
~ 10s.) the SAR estimates of ¥ and ground truth correspond
reasonably well. However, away from the peak the SAR estimates
of ¥ tend to fall more rapidly than the buoy spectrum at both
larger and smaller periods. Further, the SAR estimates from
flight paths at differing angles with respect to the dominant
wave direciton are significantly different in that the spread of
wave direction varies as the waves are viewed from different
aspects. A priori knowledge of the dominant wave direction
allows first order correction for the variable response of the
radar to waves viewed from varying angles.
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EFFECTIVE PATH LENGTH AND THE FREQUENCY
SCALING OF RAIN ATTENUATION

H.N. Kheirallah, Department of Electronics, Carleton University,
Ottawa, Canada, K1S 5B6 and R.L. Olsen, Department of
Communications, Communications Research Centre, Ottawa, Canada,
K2H 8S2

A common method of predicting rain attenuation along an
earth-space path is to multiply the specific attenuation obtained
from point rainrate measurements by an empirical effective path
Tength. Implicit in this method is the assumption that the
effective path length is independent of frequency. In this paper
it is shown theoretically and numerically that the effective path
Tength is actually frequency dependent. This dependence is due to
the inhomogeneity of the rain along the path in combination with
the nonlinear relation between specific attenuation and rainrate,
and to cloud effects. In order that effective path length data
obtained at different frequencies may be appropriately combined,
the use of a normalized effective path length is proposed.
Finally, a new method of frequency scaling rain attenuation
statistics is presented. Comparison with existing methods shows
that it gives better results for the small percentages of time of
greatest interest. Two-frequency attenuation statistics measured
in both the USA and Japan are employed in the analysis.
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THE IMPACT OF UNCERTAINTIES IN RAIN
FADE ESTIMATES ON THE DESIGN OF
20/30 GHz SATELLITE COMMUNICATION SYSTEMS

R. R. Persinger
Hughes Aircraft Co.
Space and Communications Group
Los Angeles, California 90009

W. L. Stutzman
Virginia Polytechnic Institute and State University
Department of Electrical Engineering
Blacksburg, Virginia 24061

The design of 20/30 GHz multiple zone coverage for service in the
continental U.S. requires accurate rain fade estimates. Existing
data from 20/30 GHz rain attenuation measurements is insufficient
for drawing statistically meaningful conclusions. Also, the
number of sites for which data is available is Timited. Therefore,
the system design engineer must rely on predictive techniques.

In the 20 and 30 GHz frequency ranges the rain fades are much
larger than at lower frequencies. Thus, modeling uncertainties
can lead to relatively large fade value uncertainties, which have
a significant effect on communication system design and cost.

Single site rain fade predictions using current predictive models
are presented in this paper, together with measured data. The
resulting differences in rain fade margin estimates are given,
and reasons for these modeling uncertainties are discussed.

Site diversity is an important mechanism for increasing system
reliability. Prediction methods for estimating the performance
of site diversity systems are discussed.

The impact of single and dual site rain fade uncertainties on
system design and cost will be presented.

- 249




F8 - 3 Commission F

PREDICTION OF RAIN-INDUCED FADES
ALONG EARTH-SPACE MILLIMETER WAVE LINKS

W. L. Stutzman
Virginia Polytechnic Institute and State University
Department of Electrical Engineering
Blacksburg, Virginia 24061

R. R. Persinger
Hughes Aircraft Co.
Space and Communications Group
Los Angeles, California 90009

Millimeter wave signals experience attenuation when precipitation
occurs along a satellite-earth propagation path. In this paper a
simple model is presented for prediction of rain-induced fades on
slant path millimeter wave links. A synthetic storm model coupled
with specific attenuation values permits easy calculation of total
attenuation. Point rainfall accumulation data is combined with
the model to provide predictions of rain attenuation statistics.

The sensitivity of rain fade predictions to specific attenuation
values as a function of elevation angle, polarization, etc. is
discussed. Scaling of attenuation values to different frequencies
is also discussed.

Comparisons between predicted results and measured data at several
Tocations are presented for 11, 20, and 30 GHz.
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GLOBAL RAIN ATTENUATION MODEL

Robert K. Crane
Environmental Research & Technology, Inc.
696 Virginia Road
Concord, Massachusetts 01742

A global rain model has been developed for the estimation of rain
attenuation distributions for terrestrial and for earth-space paths.
The attenuation estimation procedure employs empirical point rain rate
distributions together with models to provide path averaged attenuation
or rain rate along a Horizontally inhomogeneous slant path through the
atmosphere. The procedure has been designed for ready application to
design problems using rainfall distribution maps and a pocket calculator.

The model was developed using meteorclogical data describing the
horizontal and vertical variation of rain intensity. It has been veri-
fied by comparison with empirical attenuation distribution estimates ob-
tained from terrestrial path and slant path measurements.
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MEASUREMENT OF CLOUD LIQUID CONTENT USING
THE 28 GHZ COMSTAR BEACON

J. B. Snider
Environmental Radiometry
Wave Propagation Laboratory
Environmental Research Laboratories
National Oceanic § Atmospheric Administration
Boulder, CO 80303

Since October 1978, we have been measuring the liquid content of
clouds in Colorado. Our instrument, a switched bandwidth receiver
radiometer, simultaneously measures:

1. ‘Absorption of the 28.5 GHz coherent signal transmitted
‘ by the COMSTAR D-3 satellite, and

2. The associated increase in brightness temperature
radiated by the absorbing clouds.

By combination of the two quantities, the line integral of liquid
through the cloud is determined. The system operates unattended
and continuously, collecting data on clouds that drift through
the satellite-earth propagation path.

Initial results are extremely encouraging and we believe the in-
strument provides quantitative data on cloud liquid content with
greater accuracy than previously known. After a description of
the receiving system, some of the more interesting absorption
events are presented.

Invited paper for USNC/URSI special sessions on propagation above
10 GHz

252



F8 - 6 Commission F

PHASE AND AMPLITUDE DISPERSION FOR EARTH-SPACE PROPAGATION
IN THE 20 TO 30 GHz FREQUENCY RANGE

D. C. Cox, H. W. Arnold and R. P. Leck
Bell Laboratories
Crawford Hill Laboratory
Holmdel, New Jersey 07733

The 28 GHz beacon on the COMSTAR Satellite at 95°W longitude was
modulated to produce *264 MHz sidebands coherent with the carrier.
Phase and amplitude measurements of the sidebands and carrier
determine the phase and amplitude dispersion at the center and
edges of a 528 MHz bandwidth. Phase and amplitude measurements
of the coherent 19 and 28 GHz beacon carriers provide dispersion
information over a much wider frequency range.

A 9 month data set has been comprehensively searched for evidence
of phase dispersion. For all propagation events, the change in
average sideband to carrier phase is less than the measurement
uncertainty of about *3° for attenuation up to 45 dB. Phase
fluctuations are consistent with signal-to-noise ratios over the
45 dB attenuation range. Tge change in average 19 to 28 GHz
phase is on the order of 60 over a 30 dB attenuation range at
28 GHz. This average phase change appears to be due only to the
average dispersive properties of the water in the rain along the
path. There is no evidence of multipath type dispersion.

Attenuation in dB at 28 GHz is 2.1 times greater than that at

19 GHz for attenuations up to 20 dB at 19 GHz. The small spread
observed in the relationship between 19 and 28 GHz attenuations
is consistent with the absense of significant phase dispersion
over the 528 MHz bandwidth.

Invited paper for USNC/URSI Special Sessions on Earth-Space Propagation
Above 10 GHz
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MICROWAVE DEPOLARIZATION OF AN EARTH-SPACE PATH

T. S. Chu
Bell Laboratories
Crawford Hill Laboratory
Holmdel, New Jersey 07733

Both rain and ice particles contribute to microwave
depolarization on an earth-space path. Extrapolation
of the terrestrial rain model provides only part of a
complete picture which is hampered by the lack of
physical data of ice clouds. However, analysis may
establish a theoretical framework to organize the ex-
perimental data and to yield functional dependence of
cross polarization on frequency, polarization, eleva-
tion angle and rain rate. Agreement will be shown be-
tween measured depolarization data and theoretical re-
sults which are independent of details of ice clouds.

In particular, a linear relation has been found between
cross polarization amplitude and frequency practically
throughout the centimeter wavelength range. The de-
pendence of depolarization on orientation of an arbitrary
linear polarization is relatively insensitive to the mean
canting angle of hydrometeors except within about ten
degrees of the vertical or horizontal direction. De-
polarization data for paths of various elevation angles,
8, are well governed by an approximate factor of cos28
for the differential propagation constant.
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MULTIPLE SCATTERING OF MILLIMETER WAVES IN RAIN

Rudolf Lap-Tung Cheung and Akira Ishimaru
Department of Electrical Engineering
University of Washington
Seattle, Washington 98195

Above 10 GHz, the multiple scattering due to rain may be-
come significant depending upon the precipitation rate, the thick-
ness of the rain layer, and the observation angle.” This paper :
considers the problem of a wave normally incident upon a plane-
parallel rain region. The scattered wave is observed on the
ground as a function of the elevation angle and polarizations, and
it is calculated for 10, 30 and 120 GHz at the precipitation rate
of 12.5 mm/hr with the rain layer thicknesses of 1 km and 3 km.
The scattering characteristics of raindrops are calculated using
the Mie solution and the Laws-Parson distribution. Both the first
order multiple scattering theory and the radiative transfer theory
are used and the results are compared. It is shown that at 10 GHz,
these two methods yield almost identical results. However at
30 GHz and 120 GHz, the first order scattering is smaller than
that obtained from the radiative transfer theory, indicating the
effects of higher-order scattering. It is also shown that the
horizontal polarization is in general greater than the vertical
polarization due to the scattering characteristics of raindrops.
As the angle from the zenith increases, the scattering in horizon-
tal polarization increases while that in vertical polarization
decreases at 10 and 30 GHz. However at 120 GHz, the scattering
in both polarizations decreases with the angle, indicating the
effect of forward scattering. Based on the above study, the in-
coherent (fluctuating) intensity for a receiver with a given field
of view or the receiving angle can be calculated.

. For example, with the receiver beanwidth of 5° and the
rain thickness of 3 km, the incoherent intensity is approximately
50 db down from the coherent intensity at 10 GHz, but it is 20 db
down at 120 GHz. The incoherent intensity for the rain thickness
of 1 km is about 5 db Tess than that for the rain thickness of
3 km.
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EFFECT OF ADVERSE SAND-STORM MEDIA ON
MICROWAVE PROPAGATION

H. T. Al-HAFID,* S, C. GUPTA* and
K. BUNI**
* Mosul University, Mosul, Irag.

*% Tragi Ministry of Telecommunications,
Baghdad, Iraq.

ABSTRACT

Theoretical and experimental study is being made
to study the possible effects of dust-storms on the
rerformance of microwave links. The aand and dust
particles scatter or absorb electromagnetic energy at
microwave fregquencies and results in attenuation of
signal. A laboratory model is developed, simulating
the actual conditions. Theoretically the attermuation
constant for microwave energy is estimated. The
total cross—section due to absorption and scattering
of EM waves by spherical particle after simplifica-
tion for (K << 1, the dimensions of particles are
small compared to wavelength),1s,

_ X% .3 2 3
AS—Z—T_‘_ K(Cl+CZK +C3K)

where C, and C, are estimated due to absorption and
C3 due To sca%tering of EM waves.

The total attenuation is given by
&L (Neper/Unit Length) = NA
where N is the number of particles per unit volume.

Atternuation about 0.085 dB/Km for concentration of
2.0 x 10-5 gm/em3 for sand is obtained. Experiment-—
ally attermation of MW signal at 11.0 GHz VS concen—
tration and visibility in storms were plotted. It
was observed that median level of signal drops by 2
dB to 4 dB and the fading spikes having a duration
of less than 15 seconds, drops the level by 10 dB

or more under severe dust storm period of two months.
During the severe sandstorms periods, when horizontal
visibility is shortened by 100 meters to 200 meters,.
the variation in received signal level were recorded.
Meteorological data during the period were also re—
corded.
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QPM-DIGITAL SIGNAL MULTIPATH FADING

Prof. H. S. Hayre, E. E. Dept. - Wave Prop. Lab.
University of Houston
Houston, TX 77004

Since quaternary coherent phase shift keyed control and
guidance system of a given bandwidth uses a maximum information
bite rate per hertz compatible with the carrier to noise ratio
for an acceptable performance degradation in terms of bit error
rates (BER) for a fixed channel separation, any multipath fad-
1ng caused by intervening environment/objects between the trans-
Mitter and the recejver increases the spill over into the adja-
cent channel for multichannel systems or increase the BER for a
single channel. In this case such a digital system operating at
12 GHZ at an airport, where the runways separate the receiver and
transmitter locations, and all types of aircraft fuselage cuases
multipath is ultrasonically simulated in water at 2.25mhz signal
utilizing linear wavelength scaling. Both theory and simulated
results are presented to show the degradation of the BER due to
various types of aircraft. Furthermore an attempt will be made
to collect full scale data for comparison with simulated results
at the conference. Preliminary results seem to confirm the use-
fulness of the ultrasonic simulation technique, and further show
that the usual forms of noise distribution functions, assumed in
communication problems, don't simulate this aircraft multipath
Case adequately.
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WHICH IONOSPHERIC PARAMETERS CAN WE REALLY

MEASURE WITH INCOHERENT SCATTER RADAR?

Jon B, Hagen, National Astronomy and Ionosphere
Center, Arecibo, Puerto Rico, 00612

Least square fits of topside ionosphere data
to theoretical spectra yield estimates of ot, He+,
and HY concentrations as well as electron and ion
temperatures., Strong correlations between the
various parameters can and do make the estimation
of some parameters impossible or ambiguous while
estimates of other parameters can be reliable even
with quite noisy data. A graphical presentation
of error ellipses is useful to visualize the
ambiguous regions of the parameter space.
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LONG-TERM OBSERVATIONS OF POLAR D-REGION IONIZATION

Ward J. Helms
Department of Electrical Engineering
University of Washington
Seattle, Washington 98195

Alan S. Chandler
John Fluke Manufacturing Company
P.0. Box 43210
Mountlake Terrace, Washington 98043

Long-term observation of the polar D-region at Byrd Stationm,
Antarctica utilizing a Very Low Frequency Ionospheric Sounder

has indicated that background ionization is related to magneto-
spheric processes and is not strongly affected by solar radiation.

Large increases in production are seen to be directly related to
solar proton fluxes with an apparent modulation of the loss proc-
ess by photo detachment. New evidence is presented linking D-
region production and natural VLF signals suggesting triggering
of the precipitation by electromagnetic signals.
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BACKSCATTER INVERSION IN SPHERICALLY
ASYMMETRIC IONOSPHERE

R. E. DuBroff*, N. Narayana Raot AND K. C. Yeh'
*Phillips Petroleum Company, Bartlesville, OK 74004
*Department of Electrical Engineering
University of Illinois at Urbana-Champaign
Urbana, IL. 61801

It is well known that various diurnal and morphological
features of the ionosphere reveal substantial depar-
tures from the normally simplified assumption of spher-
ical symmetry at certain times of the day or at certain
geographic locations. A radio ray passing through such
an ionosphere must bear information about its horizon-
tal gradients. The leading edge of a backscatter iono-
gram is formed by obliquely propagated radio rays of
minimum time delay and hence is useful in deducing in-
formation about the ionospheric horizontal gradients.
In this regard, the ionospheric electron density dis-
tribution is modeled by a locally quasi-parabolic lay-
er with six parameters consisting of the critical fre-
quency, base radius, and peak radius and their horizon-
tal gradients. This six~parameter space is known as
the "ionostate". Our object is to seek the "best"
ionostate in the sense that the corresponding mean
square error in the minimum group dealy is minimized.

A computer technique to carry out this procedure is
described and a number of sample calculations are pre-
sented and discussed.
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SPECIFIC PROPERTIES OF BACKSCATTERING OF RADIO WAVES ON
MAGHWETC~ORIENTED IONOSPHERICAL IRREGULARITIES AT FREQUEN-
CIES BELOW CRITICAL FREQUENCY.

S«AJNAMAZOV YU.AKRAVTSOV
Institute of Radioengineering The Moscow Lenin State
and Electronics Ac.S¢i .USSR. Teacher’s Training
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I. High resolution ionospheric sounding.

To obtain higher resolution of ionospheric irregulari-
ties linear frequency modulated ( LFM ) signal and pulse com-
pression technigque were used, LFM signal has a large product
Taf with af= 100 Keps band width and T'= 400 msec pulse
duration. The time resolution (after pulse compression by
means of matching filter ) was about I0 psec,

An incressed resolution enables one to investigate fine
structure of the signals, diffusely scattered from weakly
disturbed ionosphere when ordinary sounding technique doesn’t
register these perturbations ( weak F-spread ) [I] .

2., Bxperimental resultes,

Diffuse scattering of radio waves was observed over wide
frequency band from I,7 to 7,I Mcps as a rule during sunset
time, The scattered signal usually consisted of many discrete
pulses. Time delays of these pulses were stable enough during

" two-minute intervals, but their amplitudes changed consider-
ably. One or two ( in the case of magneto-ionic splitting )
pulses with the largest amplitude were distinguished during
practically the entire period of observation.

Essential amplitude variations as well as considerable
fluctuation of time delay were registered for the pulses, ref-
lected from the maximum of the F-layer [I].

The descrete siructure of the scattered signals is in a
good qualitative agreement with experimental results obtained
by means of antennae with narrow beam width under natural and
artifitial P-spread conditions [2,3]. '
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The statistical processing of experimental data st eight
frequencies from I,7 to 7,1 Meps was carried out. The mean
envelopes(ﬂ (’t)), the most probable emplitudes, the intervals
between pulaes in diffuse group and other parameters were de-
termined. The meen envelope(/](‘t))of diffusely scattered sig-
nals at frequencies I,7; 6,6 ( O-mode ) and TsI Mcps ( X-mode)
versus time delay U are disdribed in Fig I. One may see from
Fig I, that envelope(A(t)_)has asgimetrical from at low freqen~
¢y I,7 Meps (curve I ) and that at high frequencies <A (T)>
changes abruptly whenlA{t)x 0,6 « 0,7 )< Amax> ( curves 2,3 ),

<A>[<q m‘ax> '
¢ Fig 4
’ ) - §=47Mcps
405 3 2- {=B56Mcps
’ - ‘ 3~ 4= TAMcps
/ : ~4
[ i i A 1 1

0l 0 40 B0

3. Theoretical consideration.,

a) Four channals of scattering. Th