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Cover design by B. Hardy. The photograph is taken from
Chautauqua Park looking southwest toward the Flatirons.
- Photo by J. Roberts.

-What is now Chautauqua Park was founded in 1897 by a group
of Texas teachers, headed by the president of the University
of Texas. They were searching for a summertime mecca.
Boulder was chosen and a Texas-Coloradd Chautauqua Association
was formed to promote the educational, ‘literary, artistic
and scientific professions and to establish and maintain
a summer school. An auditorium was erected and dedicated

July 4, 1898. 1In 1901 the Colorado Chautauqua Association

was formed. Trees were planted and tents and kerosene lamps

: gave way to small, well-equipped cottages. Summertime programs
are still held at Chautauqua.

The mountains directly west of Boulder were formed during
the late Miocene and early Pliocene ages.. The "Flatirons"
were formed from a sandstone conglomerate which was laid
down in an old sea bed. The bed was later folded and thrust
upward to form the visible fault. The steep dipping beds

of massive conglomerate are more resistant to erosion than
is the host granite, rendering them more protrusive.
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WELCOME

On behalf of the Steering Committee I welcome you to the
1973 IEEE Symposium on Antennas and Propagation at the University
of Colorado.

Hosts for the Symposium are The Denver-Boulder Chapter of
G-AP, The National Oceanic and Atmospheric Administration of the
U.S. Dept. of Commerce (DOC), The Office of Telecommunications (DOC),
The National Bureau of Standards (DOC), and the University of
Colorado. Each of these organizations has contributed significantly
in terms of both services and personnel to the planning of the
Symposium and their support is gratefully acknowledged.

We have made a concerted effort to arrange the technical
program so as to avoid having simultaneous sessions on similar
topics. We realize, however, that it is not possible to schedule
so many papers in only four days and not have a few situations in
which some attendees would like to hear two (or more) papers being
presented at the same time. We can only express our regret con-
cerning this unavoidable problem.

The technical program consists of sessions on the topics
currently of greatest interest to G-AP members, and of joint
sessions on topics of interest to both G-AP and URSI.

We wish to express our appreciation to all session chairmen
and speakers, as well as to all organizations supporting the
symposium through institutional listings, for helping to make the
Symposium a success.

I personally wish to express my appreciation to the members
of the symposium steering committee and all its subcommittees for

their efforts in the planning and organization of the Symposium.

AW

S.W. Maley
Chairman, Steeri

Committee
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THE PROFESSOR RONOLD W. P, KING AWARD

The Professor Ronold W, P. King Education Fund was established in
April, 1972 by former students of Prof. King to further his
exemplary standards in research and the teaching profession.
Plans are to use this fund to present awards to young scientists
or engineers who have made an outstanding contribution to the
field of electromagnetics.

Professor Ronold W. P. King has attained international recognition
from his over 150 journal papers and 8 books. He is a Fellow of
the I1EEE, the American Physical Society and the American Academy
of Arts and Sciences, a corresponding member of the Bavarian
Academy of Sciences and a member of many other Societies. His
professional trademarks are an insistence that mathematics be
forced to explain the physically real world and an emphasis on
the interplay of theory and experiment with the requirement that
each not only be self-consistent but that they also agree.
Professor King has been at Harvard University for over 30 years
and during that period of time has devoted unlimited time to

the training of over 85 doctoral students, The high standards he
set for his students were tempered by his understanding and
encouragement.,

We are.pleased to announce that the first recipient of the
Professor Ronold W, P. King Award is Dr. Charles Elachi. He will
receive $200 in recognition of his contribution ""Dipole Antenna
in Space~Time Periodic Media," published in the 1972 {EEE
Transactions on Antennas and Propagation.,

iv




G-AP BEST PAPER AWARD
FOR
1972

Each year the Administrative Committee (ADCOM) of the IEEE
Group on Antennas and Propagation (G-AP) commissions the subcom-
mittee on Awards to determine the outstanding papers published in
its Transactions, The G-AP Best Paper Award for 1972 honors
Donald E. Barrick for his paper entitled "First-order Theory and
Analysis of MF/HF/VHF Scatter from the Sea, ' which appeared in
Vol. AP-20, No, 1, Jan. 1972, pp. 2-10.

Donald E. Barrick is currently Chief of the Sea State Studies
Program Area at the National Oceanic and Atmospheric Administration's
Wave Propagation Laboratory in Boulder, Colorado. He was formerly
a Fellow with Battelle's Columbus Laboratories and an Adjunct Professor
of Electrical Engineering at the Ohio State University. At Battelle
he directed programs in radar research and analysis, and is coauthe~

- - Radar Cross Section Handbook. He received hic ® -




The IEEE Group on. Antennas and Propagation is
grateful for the assistance given by the firms
listed alphabetically below. The full Institutional
Listings follow the author index.

AIL, a division of Cutler-Hammer
Aerojet Electrosystems Company
American Electronic Laboratories, Inc.
Ball Brothers. Research Corporation
Calspan Corporation, formerly Cornell
Aeronautical Laboratory, Inc.
Electronic Space Systems Corporation
Hopkins Engineering Company
The NARDA Microwave Corporation
Stanford Research Institute

vi




TECHNICAL PROGRAM

TUESDAY EVENING, 1830-2200, AUG. 21

JEEE /G-AP Wave Propagation Standards Committee

UHC 158
WEDNESDAY MORNING, 0830-1200, AUS. 22
11, G-AP Session 1
High Frequency and Inverse Scattering
* Chairman: L. Felsen, Polytechnic In;tijute

of Brooklyn, Farmingdale, N. Y

EAST BALLROOM PAGE

1. High Freguency Scattering by Complex Targsts, C. A.
Cl uanF, S. W. Lee, and P. L. E. Uslenghi, University
of Iflinots, and J. W, Wright, Redstone Arsenal

2. Gain of an E-Plane Sectoral Horn—a Failure of the
Kirchhoffresult and a New Proposal. E. V. Jull, Uni-
versity of British Columbia, and L. E. Allen, National
Research Council, Canada .

3. Coupling Between Two Waveguides of Finite Length,
Y. Eimaozzen and L. Shafai, University of Manitoba

4. An Investigation of the Aperture Coupling Phenomenon
With Application to EMP and EMC Problems, R. Mittra,
University of lilinols

s. Profile Characteristics Inversion of Spherical Two-
Bod{l‘ Scattering Geometries, H. S. P. Ahluwalia and
W. M. Boerner, University of Manitoba

§. On .an linverse Scattering Method—Requirements for
an Experimental Setup, Tabbara,  Laboratoire
d’Eléctronique Gemerale, Ecole Superieure d'Elec-

ricite
7. The Equivalence of Inversion by Fouvier Decomposition

and Minimum Square Error Inversion for Scattering
by Conducting Circular Cylinders, R. C. Murphy and T.
1. F. Paviasek, McGill University

8. Complex Natural Resonances of an Ohject in Detection
and Discrimination, D. L. Moffatt, J. H. Richmond,
and R. K. Malns, Ohio State University

9, Utilization of Phase Information in Radar Target
Identification, Y. T. Lin and A, A. Ksienski, Ohio
State University

10. Optical Backscattering From inhomogeneous Particles,
C. L. Brockman, Jr., Hughes Aircraft Company, and
PA. (li Alexopoulos, Unlversity of Caiifornia, Los
ngeles

12, G-AP Session 2
Antenna Measurements .
. Chairman; R. Mailloux, AFCRL, Hanscom
Field, Bedford, Mass.

WEST BALLROOH

1. The Impedance of 2 Cavity-Backed Slot Antenna, S. A.
tong, Harvard Unlversity

2. The VLF Permittivity of Deep Antarctic lce Measured
In-Situ with an Electronically Short Dipale Probe, J. C.
Rogers, University of Alaska, and 1. C. Peden, Uni-
versity of Washington .

3. of RF pata Using 2 Network
Analyzer, W. ). Stark, Harry Dlamond Laboratories

4. Automated Radar Cross-Section Measurements, W. B.

" Welr, L. A. Roblnson, D. Parker, and J. L. Huber,
Stanford Research Institute

. Millimeter Wavelength Radar Cross Section Measure-
ments, R, B. Dybdal and C. O. Yowell, Aerospace
Corporation

. Broadband Correfation Sweep Interferometer, K. Hilty,

Technische Hochschule, Zurich

A Study of the Accuracy of Far Field Patterns Based

on Near Field Measurements, E. B. Joy, C. P, Burns,

and G. P. Rodrigue, Georgia Institute of Technology

A Hotographic Method for Determining Antenna Near-

fleld Distributions From Phase and Intensity Measure-

ments on a Spherical Surface, E. L. Rope, R. A. Hay-

ward, and G. P. Tricoles, General Dynamics

- @
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N

5

9

N

9

13, G-AP Session 3
Numerical Methods (1)
o Chairman: R. H. Ott, Institute for Tele-
communication. Sciences, Boulder, Colo.

CHEMISTRY 140

1. Numerical Difficulties Associated With Entegro-Dif-
ferential Equations for Hollow Cylindrical Structures,
W, A. Davis, University of llinols .
Some . Weaknesses . of Delta - Function Testing_ in
Method of Moments Solutions to Pocklington-Type
Models of Thin-Wire Structures, L. W. Pearson, Naval
Weapons Laboratory, and C. M. Butler, University
of MIssIssIPN
3. Approximation of the Sommerfeld’s Integral for Fast
gonvergence, W. C. Kuo and K. K. Mei; University
of California, Berkeley. -
A Direct Approach to the Numerical Evaluation of EM
Fields Due to Sources Buried Beneath the Earth's Sur-
face, J. E. Lindsay, Jr., and R. R. Morgan, University of
Wyoming
Recurrent Green’s Tunctions for Multiple Scattering
F , 1. C. , L toire d'Electronique
Generale, Ecole Superieure d'Electricite, and A.
Wirgin, Laboratoire de Physique Mathema{ique, Uni-
versity .de Toulcuse 11i
6. Scattering by a y T. C.
ong, Bureau : of , Boulder
Electromagnetic Scattering From a Perfectly Conduct-
ing Rectangufar Box, L. L. Tsai, University of Missis-
sippi, and D. G. Dulley, University of Arizona
The Field Distribution in a Rectangular Aperture by
a Moment Method Solution, R. ). Spiegel and D.
E. Young, Boeing Aerospace Company
8. r'[:_s lnf a Thin Plate, Y. Rahmat-Samii, University of
- - I'inois :
10.. A General-Purpose Interactive Antemna Analysis Pro-
gram, W. L. Cook and G, Hyde, Comsat Laboratories
11. Input impedance of a Vertical - /2 Dipole  Near a
Cylindrically Symmetric Surface Contour, R. R. lentz,
University -of Colorado

L

~

~
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~ WEDNESDAY AFTERNOON, 1330-1600, AUG. 22

19, G-AP Session 4
Q "Guidlngpanf Periodic Struct_:_lreg .

University of Dénmavk, Lynghy, Denmark

EAST BALLROOH

1. An Accurate Solution for an_ Infinite Array Probiem,
A. G. Williamson and D. V. Otto, University of Auck-

land

. Network Rep! Hon for High Efficiency
Corrugated Blaze: Grating, D. Y. Tseng, Hughes Re-
search Laboratory K

. The Significance of the “Zwischenmedium” in Field-
theory, Radiation From the Parailel Plate Waveguide
and Scattering at an Angle, 1. G. Piefke, Technische
Hochschule, Darmstadt

4. Varlance and Correlation of Cutoff Eigenmodes in a

Rough-Walled Cylindrical Waveguide, H. S. Cabayan,

Guif Radiation Technology, Inc., and R. C. Murphy,
McGill  University

Scattering Loss in a Cladded Fibre Optical Waveguide,
G. L. Yip, ). Martucci and G. W. Farnell, MeGill

University :

Circular Bends in Dielectric Framg Beam Waveguides,
P. F. Checcacci, R. Faiclal, and A. M. Scheggi; Insti-
tuto di Ricerca sulle Onde Elettromagnetiche

7. Field Distribution Inside the = Conical Waveguide,

. J. Du, University of Louisville

L4

PAGE

65

66

70

75

79
83

87
9t
95

98

10

105

109

>

4

ne




20, &-AP Sesslon 3
Array Theory .
. Chairman: D. R. Rhodes, North Carolina
State University, Raleigh, N. C.

WEST BALLROOM
PAGE

1. A Cross-Correlation Analysis of the Input Admittance 120
and Blindness Phenomenon of Phased Arrays, A. |,
Zaghlou! and R. H. Macphie, University of Waterloo

2. [mpedance Matching of Phased Array Antennas for all izt
Excitations by Connecting Networks, D. E. Bergfried,
Wei and W. K. Kahn,

George Washington University .

A Short, Hardened, Phased Array Elemént, W. H. 128
Schaedla, RCA Missile and Surface Radar Division

Edge Effects in Conformal Asrays, J. Shapira, L. B. 132
Feisen and A. Hessel, Polytechnic institute of Brooklyn

. Patterns and Gain of Finite Arrays of Apertures, Q. 136
Balzane, L. R. Lewis, and K. Siwlak; Raytheon Company

. Far Field Computations of Conical Arrays, A. G. Cha 1io
and J. K. Hsiao, U. S. Naval Research Laboratory

7. Surface Wave Efficlency Resuits and Sources in Prox- 144

imity te Ground, R. ). Lytle, F. J. Deaderick, E. K.
Miller, D. L. Lager, and J. A. Landt, Lawrence Liver-

more Laboratory

L

21, G-AP- Session 6
@ Antennas
d Chairman: K. K. Mel, University of Cali-
fornia, Berkeley
CHEMISTRY 140

1. Mode Analysis of Electromagnetic Flelds of a Loaded 148
Circular Loop Antenna, H.-T. Chang, The Dikewood
Corporation

2. On Ferrite Bar Antenna and its Galn Limitations, S. 152
Sato and Y. Naito, Tokyo Institute of Technology

3. Current Distributions on Electrically Thick Tubular 156
Antennas, W, Chang and D. V. Otto, University of
Auckland

4. A Two Wavelengths Open-End Circular Loop Antenna 160
:_nd its Appliv_:ratl!nn to Arrays,f K.-l. Kagoshima and
. okyo of Tech

5. Flush-Mounted, Scanning End-Fire Antenna With Cor- 164
rugated Surface Wave Structures, 0. K. Kim and K.
M. Chen, Michigan State University

6. A Rigorous Formulation of the Hiumination b o, ing 168
Principle, G. V. Bargotti, Elettronica Sf.A.

. Applications of Variational Methods and Hankel Yrans- 170
forms in Aperture Antennas, K. S. Kunz, New Mexico
State University

. Radiation From Wide-Flare Corrugated E-Plane Sectoral 174
Horns, M. S. ani . k
Indian i) of Technology, Madras

~

WEDNESDAY LATE-AFTERNOON, 1615-1745, AUB. 22

more useful to its members?
Chairman: R. Mittra, University of 1liInols,
Urbana, iflinols

6 27, Panel Discussion: How can G-AP be

CHEMISTRY 140

1. Publication as an Ald to the G-AP Member, L. Ricardl, 175
Lincoln Laboratory, MIT,

2. Ad Com Initiatives—1973, C. Sletten, Air Force Cam- 179
bridge Research Laboratories .

3. How Can G-AP Be More Useful to its Members? 180

A. F. Sciambl, Jr., Philco-Ford Corporation
4. Making G-AP
Group

, W. A , TRW 181

WEDNESDAY EVENING, 1830-2200, AUG. 22

Reception and Banquet, Harvest House Motor Hote!
Speaker: Prof. G. Toraldo di Francia, Fiorence, Maly
Topic: Science and Antiscience

THURSDAY ‘MORNING, 0830-1200, AUG. 23

P>

at, Combined URSI/G-AP Session
University of Cotorado, Baulder, Colo.

' H Chairman: J.- R. Wait, NOAA/OT /CIRES,

CENTER BALLROOM
PAGE

1. Electromagnetic Probing of the Moon, G. Simmons (for 183
the SEP. team), MIT and MSC/NASA, Houston B
2. Radio-Frequency Sounding on Glaciers and on the 185
oon, D. W. Strangway, et al., JSC/NASA, Houston
3. Optical Interaction With Biological Materials, C. C. 188

Johnson, University of Utsh 3
4. Electromagnetic Interactions With Biological Materials, 192
PAidlwI' Guy, Unlversity of Washington School of
edicine

5. Electromagnetic Direction Finding Experiments . for 196
Location of Trapped Miners, R. G. Ofsen and A. J.
Farstad, Westingh Electrlc Cor G
Laboratory, Boulder

6. Bistatic Measurement of Meteorological and Propa- 200
gation Parameters With a High-Resolution Ku-Band
Scatter System, U. N. W. Lammers, AFCRL, and. R. L.
Olsen, Communications Research Centre, Ottawa

THURSDAY AFTERNOON, 1330-1700, AUG. 23
JOINT 6-AP/URSI SESSION

32, G-AP Session 7 /URSI Commission
VI, Session 7
Foreign Electromagnetics
Chairman: M. Hamid, University of Mani-
0 toba, Winnipeg, Canada

EAST BALLROOM

1. Review of Current Efectromagnetics Research in New 204
%ea:an: R. H. T, Bates, University of Canterbury, New
ealan:
2. Current Electromagnetic Research in Denmark, P. L. 208
Christiansen, Technical University of Denmark
. Review of - Current Electromagnetics - Research in 212
gﬂnlgl, R. A. Hurd, National Research Council of
mada :

©

al

. Review of Current: Electromagnetic Research In lapan, 213
S, Adachi, Tohoku University, Japan

5. Review of Current Electromagnetic Research in Ger- 214

many,l H.-G. . Unger, Technische Universitat, Braun-

g
. Current Electromagnetic Research in Htaly, G. Toraldo,
di Francia, University of Florence
Current Eiectromagnetic Research in Austria, Ernst 215
Ledinegg, Technische - Universtat, Graz

»

N




40, G-AP Sesston 12
. Antenna Arrays ‘
d Chalrman; A. Hessel, Polyéchnlc Institute
_of Brookiyn, Farmingdale, N. Y.

WEST BALLROOM
PAGE

1. Electronic Scanning Beam Antennas for the Microwave 325
Landing_Systems (MLS), A.. W. Moeller, Bendix Com-
munications Divislon, and W. G. Jaeckfa, Bendix Re-
search Laboratories

2. An Experimental Array Program for Limited Scanning 329
Studies, R. J. Mallloux and G. R. Forbes, Alr Force
Cambridge ‘Research Laboratorles

3. On the Design a -Circularly Polarized Wavegulue 332
Narrow Wall Radiation Element, N. G. Alexopoulos,
University of Callfornta, Los Angeles, and M. E.
Armstrong, Hughes Aircraft Company

4. A Large EdgeSlot Array for Satellite Communications, 336
I L.“Harrlson and B. D. Cullen, Harris-intertype Cor- .
poration s

§. A New Matrix-Fed Cylindrical Array Technigue, R. 340
Rudish, G. Skahll), and W. White (AIL), Cutler-Hammer

8. A Circularly Symmetric RF Commutator for Cylindrical 344
Phased - Arrays, B. F. Bogner, RCA Government and

2

Commerclal Systems . .

7. A Multi-Element High Power Monopuise Feed With 348
Low Sidelcbe and High Aperture Efficiency, N. S.
Wong, R. Tang, and E. E. Barber, Hughes Aircraft
Company

JOINT G-AP/URS! SESSION

41, &AP Session 13 7URSI
@ Commission [, Session 8
Microwave Sensing
Chalrman: Natlonal Oceanlc

1t : C. G. Little,
9 %nd Atmospheric  Administration, Boulder,

olo.
Organizer: M. Hamid, University of Mani-
toba, Winnipeg, Canmada

FORUM ROOH

Retrieval of Target Properties by Noncontact Micro- 353
wave Methods, M. Hamid and S. S. Stuchly, University

of Manitoba

Microwave Measurements in the Steel Industry, B. L. 356
Dalton, British Steel Corporation

Microwave Radiometry for Water Resource Mapping,

A. T. Edgerton, Aerojet General Corp.

An Underground Electromagnetic Sounder Experiment, 360
L, T. Dolphin, R. L. Bollen, and G. N. Oetzel, Stanford
Research Institute

Radar Sensing of Soil Moisture, F. T, Ulaby and R. K. 362
Moore, University of Kansas Center for Research, inc.
Earth-Space Path Diversity: Dependence on Base Line 366
Orientation, D. A. Gray, Bell Telephone Laboratories
Measurement of Surface Topography Using Microwave 370
Scanning - Techniques, A. Husain and E. A. Ash, Uni-
versity College, London

-

»

Fal o

R

on con- 372
tent for Three Solis, J. C. Blinn Iii, Jet Propuision
Laboratory,» and J. G. Quade, Unlversity of Nevada

FRIDAY AFTERNOON, 1330-1700, AUG. 24

46, G-AP Session 14
6 Array Applications
. Chairman: (i Sletten, Air Force Cambglidlgde
el
Bedford, Mass. . !

EAST BALLROOK :
PAGE

Octave Band Waveguide Radiators  for Wide-Angle 376

Scan Phased Arrays, C. C. Chen, Hughes Alrcraft

Company L .

2. Omni-Directional Biconical -Horn Antenna Using Metal- 379
Plate Lens for SHF TV Broadcasting, T. Saito and K.
Uenakata, N.H.K., Japan, and V.

Yamashita, Sumitomo .Electric Industries, - Ltd.,- Japan,

Adaptive Array Retrodirective Eigenvector Beams, W. F. 383

abriel, Naval Research Laboratory

Adaptive Beamforming in the Spectral Domain, S. M. 367
Daniel, Motorola, Inc.

. Bandwidth Properties of Quadruple-Ridged - Circular 391

and Square Waveguide Radiators, M. H. Chen . and

N. Tsandoulas, M.L.T. Lincoln Laboratory

Signal-To-Noise Ratio Optimization for- Discrete Noise 335

Sources, G. Y. Delisle and J. A. Cummins, Laval

University, Quebec . ’

Optimum’ Signal Bandwidths for Planar Phased-Array 339

Antennas, G. H. Knittel, M.LT. Lincoln Laboratory

-

L

~

) 47, G-AP Session 15
Plasma and lonospheric Effects
. Chalrman: K. G. Balmaln, University of
Toronto, Toronto, Canada

WEST BALLROOM

1. Enhancement of Microwave = Antenna ° Performance
in a Reentry Plasma: Flight Test Results of Chemical
Allgviation, D. T. Hayes, S. B. Herbkovitz, ). F. Lennon,
and J. L. Poirier, Air Force Cambridge Research  Lab-
oratories -

2. Radar-System Considerations in Aspect-Sensitive lono- 407
spheric Scattering Measurements, J. Minkoff, Riverside
Research Institute

3. Control of Radiation Patterns of lon Acoustlc Waves, i
. Ohnuma, Y. Tamura, T. Fujita, and S. Adachi,

Tohoku Unlverslty, Japan

48, G-AP Session 16
¢ Special Toplcs -
. : Chairman: C. -Butler, Unllverslty of Missis-

slyppl, University, Mississippl

CHEMISTRY 140

1. Aperture Antenna vgm- Non-Gauss Phase . Errors, 415
of

-2. Electromagnetic Wave F in 418
Multilayered Structures of Arbitrary Thickness—Full
Wave Solutions, E, Bahar, University of Nebraska

3. Radar Cross Section of a Conducting Plate by Wire 422
Mesh Modeling, J.-L. Lin, W. L. Curtis, and M. C,
Vincent, Boeing Aerospace Company

4. A New Multimode Rectangular-Elliptical Beam, C. C. 426
Han, Philco-Ford Corporation

5. The Bare Buried Wire Near an Interface, V. R. Arens, 430
Arens Applied Electromagnetics, inc.




33, G-AP Session 8
Antenna Deslgn .
Chairman: A. C.  Schell, "Air Force Cam-
bridge L ies,
Field, Bedford, Mass.

WEST BALLROOM

4

1. Radiation Characteristics of the Ring-Loaded Corru- 224
gated Conical Horn—Broadbanding of the Corrugated
Horn, F, Takeda and T. Hashimoto, Mitsubishi Electric
Corporation, Japan

. Circular Waveguide Aperture With a Curved Corrugated 228
Disk as a Primary Feed, P. S. Neefakantaswamy and
D. K. Banerjee, Indian Institute of Technology, Madras

PAGE

»

3. On High-Performance Monopulse Feed Using Corrugated 232
Waveguide, T. B. Vu, University of New South Wales

4. A Dual-Frequency Coaxial Feed for a Prime Focus 236
Antenna, G. H. Schennum, Philco-Ford Corporation

. Measurements of 20 GHz Transmission Through a wet 213
Radome, 1.. Anderson, Bell Telephone ' Laboratories

6. UHF Antennas in Concrete, R. G. Fitzgerrel! and L. L. 243
Haidte, - ITS, - Boulder :

7. Experimental !nvestigation of the Impedance of a 2u7
Horizontal Linear- Antenna Above a Dissipative Homo-
geneous Earth, A. Abul-Kassem, S. W, Maley, D. C.

Chang, and I. R, Wait, Unlversity of Colorado

JOINT G6-AP/URSI SESSION

34, G-AP Session 9/URSI Commission Vi,

ession
Numericai Methods (2)
Chairman: D. C. Chang, University of Colo-
rado, Boulder, Coio. .

¢G>
&

CHEMISTRY 132

1. Uni-Moment Method. of Solving Antenna and Scattering 251
P , K. K. Mei, L y of California, Berkeley

2. A Technique to Combine the Geometrical Theory of 253
Diffraction and the Moment Method, W, D. Burnside,
. L. Yu, and R. J. Marhefka, Ohio State Universit:

3. 1}1 New Method for Combining Moment Methods With 257

the i

Theory of , G. A. Thiele and -
T. Newhouse, Ohio State University

»

native to the Moment Method, L. Jones and R. E
Kleinman, University of Delaware

The Moment Methed as a Perturbation Technique in 259
Electromagnetic Problems, Y. L. Chow and D. P. S.
Seth, University of Waterloo, Ontarlo

and Scattering Problems, J. Perini, Syracuse University

Pattern Synthesis Based on Optimization in 2 Prob- 267

ahilistic Sense, Y, T. Lo and W. F. Richards, Univer-

sity of lllinois

The Numerical Solution of Scattering Problems in the 271

Vicinity of Interior Resonant Frequency, C. A. Klein

and R. Mittra, University of Iflinois §

9. §i Reaction F for ng hy:2
Conducting Bodies of Arhitrary Shape, J. H. Richmond

and N. N. Wang,Chio State ‘University

bad

72

Numerjcal. Solution of Scattering Problems—an Alter- 255 -

Proposed Numerical Solution for the EM. Radiation 263,

JOINT G-AP/URSI SESSION

35, G-AP Session m{um Commission I,
@ Sesslon 7
Scatter by ‘Rain

B : 1. Katz, Johns Hopkins Univer-

Chairman:

sity, Stiver Spring, Md.
1. Propagation and Interference Measurements With the 275
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HIGH FREQUENCY SCATTERING BY COMPLEX TARGETS*

C. A. Chuang and S. W. Lee
University of Illinois, Urbana, Illinois

P.L.E. Uslenghi
University of Illimois, Chicago, Illinois

J. W. Wright
U.S. Army Missile Command, Redstone Arsenal, Alabama

The purpose of this research is to determine the radar scatter-
ing characteristics of an airborne target with complex structure
such as an airplane. Even though this subject matter has been
studied extensively during the past twenty yearsl’2 there is no
one method that is capable of producing efficient and accurate
results under all conditions. One has to devise different com-
putational schemes and employ different mathematical techniques
which depend on factors such as the particular geometry of the
target, the frequency range of interest, the acceptable error,
and computation labor.

In the present study we develop a relatively simple analytical
model of scattering from modern airplanes. Great precision of
the theoretical model is not required since we are only inter-
ested in smoothed curves of the calculated data (e.g., medians
over a small angular region). Preliminary calculation is kept
to a minimum so that repeated calculations for a wide range of
parameters may be performed for later statistical studies in
the simulation of a particular radar system.3

The ray-optical technique will be employed to solve the problem
as it leads to formulas that are useful for directly calculat-
ing the RCS in terms of simple functions, a feature that allows
efficient numerical computation. Furthermore, the ray-optical
method offers a convenient means for taking the shadowing

effect into account. This is accomplished by first locating

the scattering centers (specular or diffraction points) and then
adding a simple logic in the computer program to indicate which
of the bright points are in the shadow region for the aspect
under consideration.

The specific steps for computing the RCS of a complex target
are as follows. The target is first "resolved" into an ensem-
ble of components, each of which is approximated geometrically
by a simple shape. Take a jet airplane as an example. It is
usually described by 11 components, namely, a fuselage, two

* Supported by U.S. Army Missile Command, Redstone Arsenal,
Alabama, under contract DAAH01-72-C-0329.
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wings, two wing pods, three stabilizers, and three engine ducts.
Next, the backscattered field from each of these components is
calculated using the ray-optical technique. Appropriate for-
mulas for backscattered fields from well-known geometrical con-
figurations are available in the literature, and those for the
elliptical plate and the semi-infinite open-ended cylinder have
been developed by the authors. The final step is then to com-
bine the contribution from each component in a proper manner,
taking into consideration the geometrical phase delay, the
polarization, and the shadowing effect. Once the total back-
scattered field is obtained, various radar scattering parameters,
€.g., radar cross section, depolarization, and glint errors can
be calculated without difficulty”.

To test the accuracy of our theoretical model, the calculation
for a typical jet airplane is. compared with experimental data
measured at General Dynamics with a short-pulse radar. Some
results for the radar cross section are shown in Figures 1 and
2. In general, the agreement is seen to be reasonably good,
leading confidence to the analytical approach described in the
paper.
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CGAIN OF AN E-PLANE SECTORAL HORN - A FAILURE OF THE
KIRCHHOFF RESULT AND A NEW PROPOSAL

E. V. Jull
University of British Columbia, Vancouver 8, .Canada
and
L. E. Allan

National Research Council, Ottawa 7, Canada

For three decades Schelkunoff's gain formulas [1], verified for the
pyramidal horn, have been accepted also for sectoral horms. While the
E-plane sectoral result is inherently suspect, .no previous comparison
with experiment seems to have been made. Here accurate absolute gain
measurements on a typical E-plane sectoral horn reveal the conventional
expression is seriously in error. A new gain formula, almost as simple,
but yielding much closer agreement with experiment, is proposed.

Schelkunoff's formula for the on-axis gain of the E-plane sectoral horn
in Fig. 1 may be written :

32ab

= > R(w) , en)
TA
2 2
where R(w) = £L£E2—§—§—Sﬂl ’ (2)
w .
while cw) - iS@w) = J¥ exp(-j gtz)dt (3)
.0 .
are the Fresnel integrals and
w2, ' (%)
V228

with A the free space wavelength.

The solid curve in Fig. 1 was obtained from (1) for a 10 cm. band horn witl
the dimensions shown. These numerical values lie roughly 0.9 dB below
the experimental values (circles) through wich the dashed curve passes.
Two standard deviation error limits of about + 0.02 dB were assigned

to these experimental values, each of which was obtained from a large
number of measurements at different separation distances between matched
identical horns on an outdoor range. Interaction was eliminated from
these results by averaging over several cycles of the response versus
distance curve and E-plane proximity connections applied. A bridge ar-
rangement compared transmission loss between the antennas with that
through an accurately calibrated attenuator.
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Sources of failure in the conventional formula are a) approximations in
its derivation from the assumed aperture field by the Kirchhoff method,
b) errors in the assumed aperture field and ¢) fundamental limitations

of the Kirchhoff method. Elimination of most of a), yilelding the curve
with long dashes in Fig. 1, accounted for only about 0.2 dB of the dis-
crepancy. Because of the closely spaced aperture édges, errors due to

b) and c) are more substantial.

In deriving a new gain formula separable aperture fields are assumed

but tangential electric and magnetic fields in the aperture are not
related by free space conditions, as in (1). The on-axis field of the
horn is expressed, by the Kirchhoff method, as the product of the field
of a two-dimensional E-plane sectoral horn and the field of an open-ended
parallel-plate waveguide excited by the TE mode. The exact result [2]
is then substituted for the latter, as proposed earlier [3], and the
following expression for the on-axis gain of the horn is obtained

G = 16ab

= ————— RWexp[T2 (1 - A/2 )], (5)
A2+ Ag/A) A g

where R(w) is given by (2) with
b

VZAgl

and Ag is the wavelength in the waveguide feed.

w =

(6)

This yields the broken linme in Fig. 1 which passes almost through the
median of the experimental values. The oscillation in the experimental
values, due primarily to double diffraction by the edges parallel to the
incident magnetic field in the aperture [4], is not as simply accounted
for.

This approach to antenna analysis should find application to other types
of antennas.
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COUPLING BETWEEN TWO WAVEGUIDES
OF FINITE LENGTH

Y. Elmoazzen and L., Shafai
Department of Electrical Engineering, University of Manitoba
Winnipeg, Manitoba, Canada, R3T 2N2

Coupling between waveguides of finite length has important practi-
cal applications in microwaves and antenna problems. In this
paper two waveguides of finite length are considered and their
coupling as well as the resulting radiated field is studied. The
exciting waveguide is assumed to be open ended near the coupled
waveguide, but terminated by a matched load at the other end. The
coupled waveguide, on the other hand, is assumed to be open ended
at both ends. . '

For a given excitation of the exciting waveguide, the Wiener-Hopf
technique is used to formulate the problem and a solution for the
fields inside the waveguides and in the external regions is found,
using transmission line theory. Since the exciting waveguide is
matched, the incident field at the open end of the exciting wave-
guide is the initial excitation only. Starting with this initial
excitation, the solutions of the problem of two semi-infinite
waveguides and an open ended waveguide are used to find the various
reflected, transmitted and radiated fields. The total field is
then expressed in terms of these intermediate ones and a closed
form solution for the reflected, transmitted and the radiated
fields is obtained. In particular the total radiated field is
found to be

-y (L + 2.) .
m 2 . iKg, cos ©
Pt(e) = P(o) + Te e1KL cos G[P 6)e 2
- - -2ym£2 —0
1-RR e
Q
-y L%
+ P(m- )R L ™ ()

where £, is the length of the coupled waveguide and Ro and

P, are Tespectively the reflection coefficient and the radiation
ield of an open ended waveguide. Also, R, T and P are .
respectively the reflection coefficient, the transmission coefficient

and the radiation field of two semi-infinite waveguides separated

by a distancelL [1].In this equation Yn denotes the propagation

constant of mode m in the waveguide. It is clear that the
configuration is resonant when
-2y %
RR e ™ 2.3 ()

the solution of which gives the complex propagation constant
K = K, + iK,, where Kj is the proportional to the resonant
frequency and K, is the loss factor.

Using equation (1), some numerical results for the radiated

8
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fields are obtained and are shown in figures (1) and (2). Figure
(1) is the radiation pattemn for two parallel plate waveguides of
finite length, whereas figure (2) is the radiation patterns for
two finite circular waveguides. These figures show that the beam
width decreases with decreasing length of the coupled waveguide.

The research for this paper was supported by the National Research
Council of Canada and Department of Electrical Engineering of the
University of Manitoba.
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AN INVESTIGATION OF THE APERTURE COUPLING PHENOMENON
WITH APPLICATION TO EMP AND EMC PROBLEMS

R. Mittra
Electromagnetics Laboratory
University of Illinois
Urbana, Illinois 61801

The problem of estimating the coupling of an incident plane wave
through an aperture, into a parallel-plate waveguide or a cavity
region, is of interest in the areas of EMP hardening and EMC
shielding. Though several convenient formulas are available for
the small aperture problem, these are not useful for computing the
early time response of an EMP pulse, or the effect of coupling of
a radar signal in the GHz frequency range. Also, the high frequency
techniques such as Kirchhoff approximation or GTD methods have
limited applicability to the problem in question since the effects
of a waveguide, or a cavity, backing the aperture, are not
accounted for easily or accurately via these techniques. The con-
ventional integral equation formulation for the aperture field
does not suffer from the above limitations, though it requires the
numerical solution of a pair of coupled integral equations for the
two scalar components of the aperture electric field. The maximum
size of the aperture that can be handled by this approach is
limited by the storage capacity of the computer, and, of course,
the inversion of large matrices is time-consuming. Thus, it is
desirable to look for approaches that can alleviate this situa-
tion, even if partially.

In this paper a new pair of integral equations is presented for the
two scalar components of the aperture electric field. The geometry
of the coupling problem is shown in Figure 1. Decoupling of the

~ original coupled equatioms is accomplished by Iincorporating an
auxiliary condition on the continuity of the normal component of
the electric field in the aperture. The resulting equations are
then integrated to yield

9 1 , jkxnx+jkan
I/ E (g + 8, _7EX+Z kynAn e (1)
ik
z
, ik X+ik_ Y
_ 2 i I 4n yn
JJmy ey + 8y = e Db e @)

where the integration is over the aperture; g., g, are the scalar
Green's functions for the half-space and waveguidé& regions, respec-
tively; the superscript i refers to the incident wave; and A are
unknown constants to be determined later by applying the edgg
condition on the tangential component of the aperture electric field

12
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The above equations are generalizations of two similar equations
reported in an earlier paperl for the thin plate problem and
possess the same desirable features that make them numerically
attractive. Specifically, the kernels of the two equations (1)

and (2) are identical and simpler than those obtained in the con-
ventional aperture field formulation. Thus, in addition to simpli-
fying the computation of the matrix elements, the decoupled nature
of these equations allows one to handle relatively larger size
apertures with the same computer storage capacity. :

Numerical investigation for the aperture field and the coupling
effects for the geometry in Figure 1 has been carried. out and
typical results for the aperture field distributions for a 1X x 1A
square aperture are shown in Figure 2 for a normally incident
plane wave with the incident E field parallel to the:y direction.

The case of resonmance is of particular interest in the EMP and

EMC coupling problems. Thus a discussion of this case is included
in the paper. Finally, comparison with some experimental data is
included to illustrate the agreement with available measured
results. ‘

1. R. Mittra, Y. Rahmat-Samii, D. V. Jamnejad and W. A. Davis,

"A new look at the thin-plate scattering problem," to
appear in Radio Science.
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PROFILE CHARACTERISTICS INVERSION OF SPHERICAL
TWO-BODY SCATTERING GEOMETRIES

H.P.S. Ahluwalia and W.M. Boermer
Department of Electrical Engineering, Unlversity of Manitoba
Winnipeg, Manitoba, Canada R3T 2N2

Abstract: An inverse problem of continuous wave electromagnetic
scattering is considered. It is assumed that the incident and
scattered fields are given everywhere and that the material surface
properties satisfy the Leontovich boundary condition. Applying the
novel concept of electromagnetic inverse boundary conditions it is
shown how the shape and the averaged local surface impedance for
spherical two-body scattering geometries can exactly be recovered.
An important novel contribution is the introduction of analytic
continuation methods in three dimensions.

Introduction: In inverse problems of electromagnetic scattering,
the shape, the size and the averaged local material constituents

of the scatterer are to be determined from the knowledge of the
incident and the scattered field assuming that the laws governing
the interaction are known. In a recent paper  a novel approach
based on the concept of inverse boundary conditions for profile
characteristics inversion of conducting shapes was proposed. Start-
ing from the Leontovich condition, it was shown that two unique
vector quantities A=ExE*-nn*HxH* and B=nE*xH-n*ExH* exist for which
A*B=0, A*=B? and fi-A=fi*B=0, where fi denotes the outward local norm-
al, n the averaged local surface impedance, E and H the total elec-
tric and magnetic fields respectively, and the quantities with
asterisks are complex conjugates. From these properties of the
vectors A and B it is possible to derive sets of inverse boundary
conditions® which are necessary, not locally but globally sufficient.

In the presented analysis the concept of inverse boundary conditions
has been applied to the spherical mono and two-body cases. Since

the application of this concept requires the knowledge of the elec-
tromagnetic fields in the vicinity of the scatterer, three-dimensional
analytic continuation of the fields has been introduced.

Field Expansion and Analytic Continuation: The incident and scat-
Tered fields are expanded in terms of well established spherical
vector wave functions, where the electric field is given by

o n

v v
E=2Z z [A(m,nlgén)+ B(m,nlgén)]
n=1 m=-n
and A(m,n), B(m,n) are the expansion coefficients,_yi;),_giz)denote

the spherical vector wave functions, and the superscript y = 1,2,3 or
4 specifies the appropriate radial behavior of the fields.

To calculate the expansion coefficients for the general two-body
case as shown in Fig.l, Bruning and Lo's approach2 was employed and
modified with the aid of the impedance boundary condition. Since the
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field expansions for the multi-body case are valid only outside
the Wilcox sphere, fields had to be analytically continued so that
the inverse boundary conditions can be applied. Both interior and
exterior analytic cbntinuations have been employed, where the in-
terior expansion being valid inside the sphere §' of Fig.2, can
be expressed by

o (

,_E' = ngl m=§n [a('m’n)ﬂmtll) + B(m’n)ﬂﬂ(‘;) ]

spherical addition. theorems derived by Stein® and Cruzan® and are
given by

oy
almn) =%, 2 [AGLWALY + B(u,v)BY]

The new expansion coefficients are obtained by applying vector

. o -y ! .
- v v EHY
B(m’n) —\)él ué_\) [B(M,\))Amn + A(U,\))an]

where the translation coefficients AUV’ Biz are of complicated
form involving Wigner's 3-j symbols, and are given in references
[3] .and [4]., The exterior expansion is of similar form with the
appropriate radial functions being interchanged in the expansion
and translation coefficients. .

Computational Verification: The inverse boundary conditions re-
sulting for the perfectly electric conducting case, ‘i.e. E-H,
EKE* and lgﬁnc = lgscat are compared first for the direct, the
interior and exterior analytically continued expansions using a
single perfectly conducting sphere as test case. As expected the
approximate physical optics condition and E*H produce only.one
minimum along a ray of computation specifying the exact point on
the proper surface locus, whereas EKE* produces an additional

set of pseudo loci as is shown in Fig.3. 1In all of the tested
mono and two-body cases E*H and Exg* specified the proper surface
with greatest accuracy, where for_gxg* the additional pseudo loci
are not closed in the umbra region,

The inversion procedure for the more. complicated .case of imperfect-
ly conducting scatterers is divided into three categories: N knowmns
=in*, and n unknown. 1In the first case, known N is substituted

into A*B=0 and A%<B? which are simultaneously computed to recover
the proper surface locus, where the two conditions display prop-
erties similar to those of ggg* and only at the exact point lying
on the proper surface are the minima identical as is shown in Fig.4.
For the case n=in*, the property of A*B=0 having one root n, and
ofAA2=B2 having two roots n, and n, is employed. The exact point
“on the proper surface locus is obtained for which N, is identical
‘to either N, or n,, thus simultaneously providing the correct value
of n. Therefore, it is verified that the proper surface locus and
either purely real or purely imaginary 1 can be recovered uniquely
even if n should be inhomogeneous or dispersive. This, however,

is not the case for unknown complex 1n in which case it must be
assumed that n is homogeneous but could be dispersive which will

be demonstrated with the aid of tabulated results.
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Conclusions: With the introduction of improved field expansions
for spherical two-body scattering and the introduction of three-
dimensional interior and exterior analytic continuation, a complete
verification of general spherical vector addition theorems was made
possible. One apgarent drawback of the presently available vector
addition theorems’*" is that the transformed field expansions are
very slowly convergent, especially in the vicinity of the scatter-
ing surface. However, the excellent results obtained prove that
the novel set of inverse boundary conditions postulated in ref-
erence [1] can be applied with a high degree of confidence to the
problem of profile characteristics inversion of perfectly and im-
perfectly conducting scatterers whose surface properties satisfy
the Leontovich condition.
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FIG.1. SPHERICAL TWO-BODY SCATTERING
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ON AN INVERSE SCATTERING METHOD
REQUIREMENTS FOR AN EXPERIMENTAL SETUP

W. Tabbara
Laboratoire d'Electronique Générale
Ecole Supérieure d'Electricité
10, avenue Pierre Larousse
92240 Malakoff - FRANCE

The purpose of this communication is to determine un-
der what conditions the inverse scattering method described
by Lewis I1)} can be applied to an experimental situationm.
Symbols used here are those reported inl1} We are interested
in recovering the functions (RX) equal to one inside the
target and to zero outside, and a&.(x,) the cross sectional
area of the target by a plane )C‘= constant. These functions
are related to i'fg) and I'q';) KCF) by means of a Fourier
transform, where L(P)= V(B + S*(:F)) 5 0= Ic(?)]"'
the_gackscattering cross section, V('F)aqnaperture function,
and P is related to the wave number k by ’;:-gt

For a monostatic experimental setup, the values of

. are deduced from the measurement of the backscattered
far field. These measurements can be done in two different
ways., First, by measuring the backscattered far field at a
finite number of frequencies over a finite frequency range
at each aspect in a limited aspect band., In this case one
must determine the frequency and aspects bands over which the
measurements are done, and the number of measurements. Second
by a harmonical analysis of the impulse response of the back-
scattered far field, and by comparison with the spectrum of
the incident impulse L2] ; in this case one must determine
the spectrum width.

Numerically this is equivalent to the determination
of the truncated interval over which the Fourier integrals
w#ill be computed and the number N of integration points. It
is obvious that N will depend on the numerical integration
method one may use, The investigation of the integrands when
the target is a sphere, a circular cylinder of finite length
or a flat back circular cone of finite length shows that the
main contribution to the integrals come from low frequency
values. But at these frequencies f-‘(p) has no physical signi-
ficance and must be replaced by f&(‘?) computed from the
exact solution to the problem of plane wave scattering by one
of the above mentionned targets 37 . Thus f&(;) is the ma-
thematical representation of the measured data in the whole
frequency domain and not ggly in the high frequency doggin
as it is the case for I'(B). The introduction of %CP) in
the Fourier integrals suppose that the experimental arrange-
ment is errorless. However it is possible to simulate a real
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. iy .
experiment by adding to px(b) a p'arasitic' signal, Then one
obtains x(i") s q_x(x‘)‘which are expected to be different
from the exact values. The computations of the experimental
simulation has been carried out for a sphere of radius a, this
is possible because an exact solution is available, The re-
sults are reported on Fig., 1 where rc-.(x}+x’;_+x§)‘/r- and on
Fig. 2. ) :

The differences between exact and "experin_xgntal" va~
11_1.('35 can be simply explained, since PXCF) ~ I‘(b) when
{bl<cd. From well known Fourier transform theoremsffone can
state that x (i')NNK(i?) and Ay (%)) ~ &/ A (X)) when
li"]«-l.,q amf‘eg' are constants, this can be checked on Fig. 1=
2 when %/q <ol and' %,/a.¢a.| . The experimental- consequen-
ces of the occurence of & and W is that the contour of the
obstacle will -be determinéd with some error, The results of
the simulation can be improved if one can find a function
that accurately approximates (P) at low frequencies. This is
possible if one consider the physical optic value of the in-
duced surface currents to be true all over S and not only on
the illuminated part of it. Adachi [5] introduced the function

_ Q"(Ph#.gsq‘-\; e‘""xa;z

]
and demonstrated that Uﬁ‘—'\e“(plﬂoi at low frequencies. One

can easily shqg that I'('F)a "VEQ"CF)AFI'!‘ In the case of
the sphere .['(y) must be replaced by

CatPy = evm 10,0l /e Ipalg 4.
v['x (.F) ‘ er.\ >4

the results of the computations are shown in Fig, 1 - 2, the
contour of the obstacle is more accurately determined. It is
important to notice that this improvement in the recovering
of X