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WELCOME To VIRGINIA TECH

On behalf of the 1987 IEEE Antennas and Propagation Society Inter-
national Symposium and URSI Radio Science Meeting Steering Committee I
extend a warm welcome. The meetings will be held on the campus of Vir-
ginia Polytechnic Institute and State University (Virginia Tech) in
Blacksburg, Virginia. Viginia Tech is a 1land grant university with
strong programs 1in engineering and agriculture. Blacksburg is in the
high valley between the Allegheny and Blue Ridge Mountains near Roan-
oke, Virginia. The rural Tlocation of the campus provides a setting
conducive to technical and social interactions.

The technical program includes several special sessions on current
topics and an outstanding Plenary Session to be held on June 17. This
collection of URSI abstracts serves as the official guide to the URSI
Radio Science Meeting.

For the second year we will have exhibits by antenna and microwave
companies that provide products and services of interest to our atten-
dees. Plan to stop by the exhibition booths Tocated on the first floor
of Squires Student Center; they will be open Monday through Thursday.
Immediately following the conference on Friday, June 19, there will be
three short courses and two workshops. For a nominal cost conference
attendees may extend their stay and pick up state-of-the-art informa-
tion. The AP-S short courses are Microwave Array Design, Adaptive Pro-
cessing Antenna Systems, and - Geometrical Theory of Diffraction. The
AP-S workshop is a continuation of last year’s symposium workshop on
MMIC in arrays. The AMTA workshop is on anechoic chambers.

This year’s social program is packed with both daytime and evening
events you will want to participate in. The Kickoff event is An 0lde
Virginia Welcome on Sunday evening. : Monday night is the Virginia Hors
d’Oeuvres Dinner. Tuesday evening the Appalachian Barbecue includes an
outdoor barbecue followed by a special program of Appalachian music by
John McCutcheon. The Awards Banquet will be Wednesday night. Daytime
social events include a tour of historic Lexington.

Viginia is rich in Colonial, Revolutionary War, and Civil War his-
tory as well as natural beauty. Be sure to experience some of Virginia
during. your stay.

Warren L. Stutzman
General Chairman, Steering Committee
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TRENDS IN THE DEVELOPMENT OF ARRAYS

Allan C. Schell
Electromagnetics Directorate
Rome Air Development Center
‘ Bedford, MA 01731

Since the earliest days of electromagnetic applications,
arrays have been an important part of antenna technology.
Marconi used an array feed for his demonstration of
point-to—-point VHF communications. The arrays that are under
consideration today are the product of several stages of
development in response to two persistent trends: the need for
better pattern control, and the drive toward higher frequencies.

The first stage of non-inertial beam steering involved the
use of electromechanical phase shifters. Several forms of phased
arrays were developed from concepts originating in laboratories
during World War IT. The feed array for the first ballistic
missile warning radar reflectors used this form of beam scanning.

The fielding of true phased arrays awaited the development
of phase shifters of sufficient efficiency, power handling
capability, and reliability to challenge the mechanically rotated
antennas of the time. An intermediate development was the
frequency scanned antenna, typically employing a serpentine
waveguide feed to progressively increase the phase in the
vertical plane vs frequency. Large billboard phased arrays were
constructed on U.S. naval ships in the late 1950's, and a full
phased array employing phase shifters was constructed at this
time at Eglin Air Force Base, Florida, for space tracking
operations. '

A major thrust of phased array development has been the
modular approach to design. Several versions of airborne phased
arrays using plug-in modules operating in the SHF bands have been
built and tested, culminating in the electronically agile radar
antenna currently in use. Several designs of ground based
antennas have used modules for the elements of array lenses. The
"space fed" lens offered an effective radiating structure with
some ‘improvement in affordability.

A new stage of phased array development began with the
increasing use of stripline for radiating elements and feed
circuitry. This tended to promote the development of the array
in planes transverse to the array boresight, in contrast to the
"in-line" approach of modular arrays. As the quality of
stripline circuitry improved, phase shifters were incorporated in
the distribution network.




The realization of transversely fed phased arrays for the
millimeter wave bands has recently focussed on the development of
subarrays on a chip. A typical architecture locates four or more
.radiators with the attendant phase control and amplifiers on a
gallium arsenide substrate. Advances 1in microwave momnolithic
integrated circuit technology show promise of raising the yield
of these complex circuits to levels adequate for arrays of
moderate size.

The next generation of phased arrays is finding its
development strongly impacted by advances in signal processing.
Digital beamforming is coming into use as the result of greatly
expanded speeds of analog-to-digital converters and processors.
Using very large scale integration, miniature processors for beam
control, adaptivity, testing, and repair can be located at or
near the array face. The subarray can begin to take on elements
of local control, adjusting its power and wavefront to meet the
needs of interference, device failure, or alternative modes of
operation. Functions of a higher order are relegated to deeper
layers of the array, where system commands are translated and
distributed, and assessments of overall array capability can be
conducted. As the technology of microwave monolithic integrated
circuitry continues to progress, non-reciprocal components such
as isolators and circulators will be incorporated
lithographically in chip  circuitry. These extensions of
integrated circuits are leading to the goal of a fully "printed”
phased array.




Some New Topics in Wave Propagation
Walter A. Flood
U.S. Army Research 0ffice

In the last few years, the results of innovative experiments on
scattering by particles and scattering from rough surfaces have challenged our
ability to "explain" and predict the outcome of certain experiments in this
area. I propose to discuss a few of these experiments and indicate where we
stand in terms of physical theories to explain them. The experiments are
described in the references listed below.

The first two experiments involve multiple scattering by particles and
the need to account for the position correlation between pairs of particles.
These experiments, performed at optical wavelengths and reported in optical
journals, are relevant to remote sensing and radar clutter problems.

The third set of experiments is relatively new and was first published in
January 1987 (again in an optical journal). These results formed the basis
for a Special Session at the January 1987 Radio Science meeting in Boulder,
Colorado. The data show that when a sufficiently rough surface (large rms
slope and rms height fluctuation) is illuminated by a coherent field, the
largest return is in the anti-specular or backscatter direction. This result
appears to hold for almost all angles of incidence. There is no surface
scattering theory available today which can explain the data although one
theory has some promise. These last experiments have challenged theoreticians
and provide a set of well-characterized surfaces against which to compare
theories and models currently used in remote sensing, propagation, and clutter
analysis.

The final set of experiments were necessarily performed at optical
wavelengths and .reported in the optical literature. They show a very
spectacular set of observations which, when carefully interpreted, admit of
more or less classical electromagnetic explanations. These results are
germane to the Timitation on the propagation of high intensity Taser beams in
the atmosphere. .

The ability of current theories to explain these observations will be
discussed and new experiments to guide theoretical developments will be
indicated.

REFERENCES

1) A. Ishimaru and Y. Kuga "Attenuation Constant of a Coherent Field in a
Dense Distribution of Particles", JOSA 72, 1317-1320, (1982).

2) Y. Kuga and A. Ishimaru, "Retroref]ectance\from a dense distribution of
spherical particles”, J0SA A,1, 831-835, (1984).

3) E. R. Mendez and K. A. 0'Donnell, “Observations of Depolarization and
Backscattering Enhancement in Light Scattering from Gaussian Random Surfaces",
Optics Communications, 61, 91-95, (1987).

4) R, K. Chang et al, "Stimulated Raman Scattering, Phase Modulation and
Coherent Anti-Stokes Raman Scattering from Single Micrometer Size, Liquid
Droplets", Methods of Laser Spectroscopy by Y. Prior, A. Ben-Rueven, and
M. Rosenbluh, Eds. [PTenum Press, N.Y., 1986 p. 249]
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"COMPACT RANGES - PAST, PRESENT, AND FUTURE"

by

Walter Burnside

Professor

Department of Electrical Engineering
Ohio State University

ABSTRACT

The compact range has been used for electromagnetic measurements since
the early 1950's. Although the early attempts with such systems had some
successes, they were not aenerally used until the middle of the 1970's.

This recent interest was sparked by a commercially available system developed
by Scientific-Atlanta. This system was specifically designed and tested for
antenna applications, even though the earlier tests were made in terms of
scattering measurements. Based on the recent interest in radar cross-section,
the compact range has been re-examined in terms of its capabilities for
measuring the scattering properties of large structures. The Ohio State
University has been one of the pioneers in developing the proper use,
capabilities, and modifications necessary to make the compact rahge one of
the most accurate electromagnetic pattern measurement systems available. As
a result, new systems have been designed using various electromagnetic
analyses to guide this research effort. These changes include the reflector,
feeds, target mount, instrumentation, absorber, target handling techniques,
data processing, calibration methods, calibration targets, etc. In most
cases, the theoretical solutions have been verified by experimental results,
and in some cases, the new designs have been incorporated in commericial
products.

The presentation will attempt to cover the latest and more interesting
aspects of this challenging new area.




INVERSE SCATTERING
THEORY AND APPLICATIONS

Anthony J. Devaney
Schlamberger-Doll Research, Ridgefield, CT 06877

The direct or forward scattering problem consists of computing the scattered wavefield
generated from the interaction of a known (prescribed) incident wave with an obstacle of
known properties, e.g., scattering potential. This problem can be cast in the form of a
Fredholm integral equation of the second kind (Lippmann Schwinger equation) relating the
unknown scattered wave to the known incident wave and obstacle scattering potential. The
inverse scattering problem consists of deducing something about the obstacle from measure-
ments of the scattered field generated in one or more scattering experiments using known
(prescribed) incident waves. The inverse problem is, in general, much more difficult than
the direct problem since the mapping from the scattered wavefield to the object properties
is both non-linear and non-local.

While much is known about the class of direct scattering problems, the systematic
investigation of inverse scattering problems is still in its infancy and, with the exception of
one-dimensional objects, most of the work to-date has employed linearizing approximations
to the mapping from the scattered wavefield to the object properties. This talk will focus
on a systematic treatment of the various approaches to inverse scattering theory based on
these linearizing approximations and will include a discussion of practical applications of
these approaches in electromagnetic inverse scattering.

The linearizing schemes reviewed include the physical optics, Born and Rytov approxi-
mations. All three approximations will be shown to lead to the same mathematical structure
of the inverse problem which is elegantly expressed in Fourler space as a generalization of
the well-known projection-slice theorem of X-ray tomography. Applications which admit
this structure include diffraction microscopy, inversion from monostatic and bistatic radar
measurements, and electromagnetic tomography. Conventional X-ray tomography will be
shown to be a limiting case of this general formulation valid when the wavelength of the
probing radiation goes to zero.

The generalized projection-slice theorem is shown to lead directly to reconstruction al-
gorithms for the linearized inverse scattering problem for both the multiple view, narrow
band case occuring in diffraction microscopy, electromagnetic tomography and certain forms
of bistatic radar imaging and the single view, broad band case characteristic of monostatic
radar imaging. Both Fourier based and iterative and non-iterative space based reconstruc-
‘tion algorithms will be reviewed. The relationship of the reconstruction algorithms to gen-
eralized holographic imaging and the reconstruction algorithms of X-ray tomography will
be discussed and a number of computer simulated examples will be presented.
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BounNDARY ELEMENT METHOD FOR DIELECTRIC WAVEGUIDES
AND RESONATORS

D. A. Ksienski, R. E. Collin, Case Western Reserve Univer-
sity

QuAsI-0pTICS OF THE COUPLING OF GUIDED MODES 1IN
Two PARALLEL DieELECTRIC WAVEGUIDES
S. R. Seshadri, University of Wisconsin

MopeE CONVERSION IN A CYLINDRICAL WAVEGUIDE WITH A
Periobpic STep CHANGES IN THE RApIus

R. A. Schill Jr, University of ITlinois; S. R. -Seshadri,
University of Wisconsin

SCATTERING FROM A THICK DOUBLY PERIODIC Lossy
SLAB: A MopAL APPROACH
R. E. Jorgenson, R. Mittra, Un1vers1ty of I1linois

A NEw MopAL EXPRESSION OF THE FIELDS oN DiELEC-
TRIC WAVEGUIDES OF OPEN TYPE
H. Shigesawa, M. Tsuji, Doshisha University

CoMPLEX MoDES IN DIELECTRIC LOADED WAVEGUIDES
K. A. Zaki, C. Chen, University of Maryland

GEGENBAUER POLYNOMIAL BASIS IN GALERKIN'S METHOD:
PARALLEL PLATE WAVEGUIDE EXAMPLE
R. W. Scharstien, Clemson University

THEORETICAL ANALYSIS OF SINGLE-MobE CHANNEL OPTI-
cAL WAVEGUIDES MapE BY Two-STEP ION EXCHANGE IN
GLASS

J. Albert, G. L. Yip, McGill University

DESCRIPTION AND APPROXIMATION OF THE CONTINUOUS
SPECTRUM FOR DIELECTRIC WAVEGUIDING STRUCTURES
M. S. Viola, D. P. Nyquist, Michigan State University

SoLuTIONS FOR ELLIPTICAL WAVEGUIDE CONFIGURATIONS
J. C. Wiltse, D. N. Black, Georgia Tech Research Institute
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| JB01-1

BOUNDARY ELEMENT METHOD FOR DIELECTRIC
‘ WAVEGUIDES AND RESONATORS

D. A. Ksienski and R. E. Collin
Electrical Engineering and Applied Physics Department
Case Western Reserve University
Cleveland, Ohio 44106

The electric and magnetic fields in the interior of a dielectric
waveguide or resonator can be expressed in terms of the tangential

> > > >

fields Eax n, Hax n on the boundary through an application of

Green's theorem. The formal result is

() =0 E xn-vxG ds -j H xn-G.ds
Ty = X 00 VXG —jung X0 Gy
S S
ﬁ(;)=§ ﬁxg-Vx(_S ds +juwe § ﬁng‘, ds
0 g 2 m g @ m

where Ee and ém are appropriate Green's dyadic functions for the

interior region. Similar equations will express the exterior fields
in terms of the boundary values. By enforcing the continuity of
the tangential fields across the boundary a pair of dual integral
equations for the surface fields are obtained. The formulation is
the generalized boundary element or mode matching method and pro-
vides a formal way of properly matching interior and exterior modes
across an arbitrary surface. The general features of the method
will be described with emphasis on the selection of suitable dyadic
Green's functions and the numerical solution of the integral equa-
tions by the method of moments. Some numerical results will be
presented for the rectangular dielectric waveguide and cylindrical
resonator. This generalized mode matching method has a number of
advantages over commonly used finite element methods.




JB01-2

QUASI-OPTICS OF THE COUPLING OF GUIDED MODES
IN TWO PARALLEL DIELECTRIC WAVEGUIDES

S. R. Seshadri
Department of Electrical and Computer Engineering
University of Wisconsin-Madison, Madison, Wisconsin 53706

The guided waves supported by two parallel, identical
planar dielectric films interact through the evanescent waves in
the region between them. The coupled mode equations governing
the evanescent wave interaction are deduced by a quasi-optical
technique. The attenuation coefficient caused by the Tosses in
the various spatial regions is also determined by the same
technique. The coupling constant in the coupled mode equations
and the expression for the attenuation coefficient assume simple
forms when expressed in terms of the quasi-optical parameters.
The details of the transverse electric mode will be presented
and the results of the transverse magnetic mode will be
summarized. The simplicity of the quasi-optic technique
relative to the wave theory is ijllustrated with a number of
examples of parallel waveguides.




JB01-3

MODE CONVERSION IN A CYLINDRICAL WAVEGUIDE
WITH A PERIODIC STEP CHANGES IN THE RADIUS

Robert A. Schill, Jr.! and S. R. Seshadri?
1pepartment of Electrical Engineering and Computer Science
University of I11inois at Chicago, Chicago, I11inois 60680
2pepartment of Electrical and Computer Engineering
University of Wisconsin-Madison, Madison, Wisconsin 53706

For the modes having azimuthal variation in a. cylindrical
waveguide having a periodic step changes in the radius, the
propagation of modal voltages and currents is investigated for
the transverse electric mode. The transfer coefficients are
deduced and their values are explicitly determined for small
relative changes in the radius. The theory is applied to treat
a mode converter in which there is a selective interaction
between two forward traveling modes, and the theoretical results
are compared with available experimental observations.
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SCATTERING FROM A THICK, DOUBLY-PERIODIC
LOSSY SLAB: A MODAL APPROACH

Roy E. Jorgenson and Raj Mittra
Electromagnetic Communication Laboratory
University of lllinois
Urbana, llinois 61801

The problem of calculating the electromagnetic scattering characteristics
of lossy, doubly-periodic structures has received the attention of several
‘workers in recent years. An example of such a structure is shown in Figure 1.
Conventionally, this problem would be analyzed by discretizing the wall
volume of the unit cell using the method of moments procedure. If the slab is
thick in the Z direction, a large number of unknowns may be required to
describe the induced current distribution accurately, and its computation may
be very time-consuming. An approach to alleviating this problem would be to
characterize the fields away from the slab-to-air interface in terms of the
modes of the periodic, lossy waveguide structure, with the expectation that
only a few of these modes would be required to describe the fields within the
structure. Although the modal analysis of PEC waveguides, or of guides with

- lossy walls, is well known, not much has been written in the literature on the
topic of characteristic solutions of periodic waveguides with penetrable walls.
The periodic, lossy guide modes have a fundamentally different character
than their counterparts in conventional waveguides. In this paper we point
out these differences and discuss the problem of computing these modes for the
waveguide structure shown in Figure 1. Since the walls are lossy, there is no
sharp cutoff and the transverse and axial currents become coupled. A source-
less matrix equation is generated via the method of moments and the modes
are found numerically by varying the propagation parameter and searching
for the minima of the determinant of the impedance matrix.

Figure 1. Geometry of the lossy periodic slab

11
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A NEW MODAL EXPRESSION OF THE FIELDS
ON DIELECTRIC WAVEGUIDES OF OPEN TYPE

Hiroshi Shigesawa and Mikio Tsuji
Department of Electronics, Doshisha University
Kamikyo—Ku, Kyoto 602, Japan

It is well known that the field along the uniform
dielectric waveguides of open type ( a slab guide, for
example ) can be expressed completely in terms of both
fields of the discrete surface wave modes u, (r, and
the wave vir, o) with the continuous spectrum £ ( pﬂ of the
wavenumber p in the direction transverse to the
propagation direction. Such an expression is indeed
useful to understand the local field itself in detail,
‘but it is not suitable to consider comprehensively the
field behavior along the guide in the lump. The
present authors consider that such a drawback of the
ordinal expression results from the different definition
of the orthonormality relations between the surface wave
modes and the continuous spectral waves.

To overcome such a drawback, our new idea expands
the spectral function f(p) into a discrete sequence of
the complete—orthonormal functions @, (o) defined in the
necessary domain of p-. Then, by summlng up all of the
ordinal continuous waves v{r, o) weighted by the function
®n(p) in the o space, we can define the new modal
function w_(r) (let us call it "spectral composite
modes”™ instead of the ordinal continuous waves v (r, p).
It is easily derived that w, (r), n=1,2, ——— have the
orthonormality relations belng subject not to the Dirac
delta function, but to the Kronecker delta symbol, and
the spectral composite mode behaves fully like a
discrete surface wave mode.

It is evident that, when we want to express a
waveguide of open type by the ordinal microwave
equivalent network, the introduction of the spectral
composite mode makes it fully possible to allocate the
discrete terminal ports as that for the surface wave
modes though it is needed to introduce at least one more
network to express the continuous coupling effect among
the spectral composite modes as they travel along the
guide. We explain in detail that our approach will
open the unprecedented field of electromagnetic problems
( including the radiation or the scattering ones ) which
can easily be solved by the equivalent network approach
including the spectral composite modes.

12
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GEGENBAUER POLYNOMIAL BASIS IN GALERKIN'S METHOD:
PARALLEL PLATE WAVEGUIDE EXAMPLE

Robert W. Scharstein
Department of Electrical and Computer Engineering
Clemson University
Clemson, South Carolina 29634-0915

An integral equation for the transverse electric field in
the aperture of a parallel plate waveguide opening onto an
infinite ground plane is approximately solved using Galerkin's
method for the case of TEM mode excitation. The unknown aperture
field is expanded into a set of Gegenbauer polynomials that are
pre-weighted to satisfy the edge condition at the aperture
boundary. Using the equivalence principle, the problem is split
into two components: the waveguide side and the half -space side.

The waveguide side aperture admittance matrix elements are
given by infinite summations over the waveguide modes of the
inner products between the Gegenbauer polynomials and the
waveguide modes. These slowly converging series are transformed
into rapidly converging series upon extraction of a logarithmic
component. The half space side aperture admittance matrix
elements are given by integrals of the Gegenbauer polynomials
against the two-dimensional free space Green's function or Hankel
function. The improper component of this integral is transformed
into a rapidly converging series.

Equivalent circuit values are given and compared to other
published results for this parallel plate geometry. Resultant
aperture field distributions are also shown. The numerical
convergence behavior of the weighted Gegenbauer polynomial basis
in Galerkin's method appears to be quite satisfactory for
rectangular aperture geometries of the type considered.
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THEORETICAL ANALYSIS OF SINGLE-MODE CHANNEL OPTICAL WAVEGUIDES
MADE BY TWO-STEP ION EXCHANGE IN GLASS.

J. Alvert and G. L. Yip
Dept. of Electrical Engineering, McGill University
3480 University St., Montreal (QUEBEC), CANADA H3A 2A7

Graded-index optical waveguides made by a two-step
ion-exchange method have attractive properties for the
fabrication of passive components in integrated optics.
These guides consist of a planar single-mode waveguide
surrounding a slightly deeper channel where the
electromagnetic fields are confined. A method of analysis
that makes use of the particular features of these guides
is presented. First, the 2-D refractive index profile that
results from the fabrication process is found by solving
the nonlinear diffusion equation of ion-exchange with a
finite-difference method on a grid with a variable spacing.
Using experimentally determined values for the maximum
index change, the use of the scalar wave approximation for
the wave equation is justified. Also the index gradient s
much stronger in the depth (x) than in the lateral (y)
direction, suggesting the use of the "effective index
method" to separate the problem.

The effective index N(y) is calculated at all the
lateral grid points by a highly accurate Rayleigh-Ritz
numerical wvariational procedure. Then, the lateral wave
equation can be solved with a much simpler single parameter
variational formula because of the smoothness and symmetry
of N(y), yielding the channel waveguide modal fields and
their propagation constants.

In order to eliminate the first step of the
calculation, it is possible to fit N(y) with an analytical
function completely determined from a characterization of
planar waveguides [(i.e. effective index and effective
diffusion coefficient). Using this, the design of more
complicated structures is greatly simplified. The accuracy
of this approach to find the modes has been verified for
single-mode cases by comparing it with a full 2-D numerical
solution by the Rayleigh-Ritz method.

As a final test of the usefulness of this very
simple method, a directional coupler was designed,
fabricated, and tested. The power transfer characteristics
of the coupler were found to be in excellent agreement with
the predicted values.
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JB01-9

DESCRIPTION AND APPROXIMATION OF THE CONTINUQUS
SPECTRUM FOR DIELECTRIC WAVEGUIDING STRUCTURES

Mark S. Viola and Dennis P. Nyquist
Department of Electrical Engineering and Systems Science

Michigan State University
East Lansing, Michigan 48824

A transform domain electric-field integral equation (EFIE)
for dielectric surface waveguides in an integrated layered sur-
round is presented. Solutions to the forced EFIE include a
continuous spectrum. Weighted spectral components are identified
as those solutions at each point along a proper branch cut.
Standard numerical techniques (e.g., method of moments MoM) may
be employed to approximately extract these eigenmodes along a
finite portion of the branch cut. On the remainder of the branch
cut, high spatial frequencies render the MoM technique ineffec-
tive. An iterative scheme is used in conjunction with MoM to
obtain a hybrid approximation of the complete continuous spectrum
for several structures.

The relevant EFIE which describes the contipuous spectrum
field e induced by the impressed electric field e?! is

2(
') .
W) - | G GG Lae =30 W)
n
o4

Ccs

where % is the transform var‘iab]e,%@C is the appropriate elec-

tric dyadic Green's function, and §n“ is the contrast of refrac-
tive indices of the guiding region against that of a uniform
cover. Approximate solutions to (1), along the appropriate
branch cut, are pursued in order to determine the radiation
field.

Application of (1) to the graded-index slab and rectangular
dielectric waveguides provides an approximate quantification for
the continuous spectrum. An attempt is made to determine the
transition region along the branch cut which separates regimes
where MoM and the iterative techniques are valid.
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UBO01-1

IMAGING OF AN OBJECT BEHIND RANDOMLY DISTRIBUTED SPHERICAL
PARTICLES USING COHERENT ILLUMINATION

Yasuo Kuga and Akira Ishimaru
Department of Electrical Engineering
University of Washington
Seattle, Washington 98195

Image transmission through random media has been studied
extensively in recent years. One important situation is the case
in which an object behind a random medium is illuminated by a
coherent wave such as an active millimeter wave imaging through the
atmosphere. In this case, the incident wave on an object is not
only the reduced coherent wave but also the incoherent scattered
wave, and the reflected wave from the object must go through a

random medium before reaching the detector. Therefore, it is
important to understand the effects of the random medium on the
image quality. Recently, an experimental study of image

transmission through randomly distributed spherical particles using
incoherent illumination was reported (Y. Kuga and A. Ishimaru, J.
Opt. Soc. Am. A, 2, 2330-2336, 1985). 1In this paper we will
present experimental studies of the imaging of an object behind
randomly distributed spherical particles using coherent
illumination. The object, which is black stripes on white diffuse
paper with different spatial wavelengths, is placed behind a
scattering cell and illuminated by an expanded laser beam (A=0.633
um) . The scattering cell contains polystyrene microspheres
suspended in water, and the medium thickness is controlled by
changing the particle concentration. The image of the object is
recorded by a Reticon array detector from the front side and stored
in a computer. Results are obtained for particle sizes of 0.109,
0.4, 1.101, 2.02, 5.7, and 11.9 um and for optical distances
between 0 and 15.
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UBO01-2

IMAGING OF A POINT SOURCE THROUGH A SLAB OF
RANDOM SCATTERERS USING THE DIFFUSION APPROXIMATION

Q. L. Ma, A. Ishimaru and Y. Kuga
Department of Electrical Engineering
University of Washington
Seattle, Washington 98195

Imaging through a random medium has attracted increasing
attention in recent years. Extensive research has been conducted
on imaging through turbulent media whose scale sizes are much
larger than a wavelength using the small-angle approximation of the
radiative transfer theory. The same approximation has been applied
to large particle cases and good agreement with experimental
results was reported recently (Y. Kuga and A. Ishimaru, Appl. Opt.
25, 4382-4385, 1986). However, the small-angle approximation is
not applicable for a diffuse medium containing small particles.
This paper describes the application of the diffusion approximation
to the imaging problem in which an incoherent point source is
observed through a slab of random scatterers. We assume that the
point source has a small area and radiates uniformly in all
directions. First, using the diffusion approximation, we derive
the average specific intensity at the exit plane of the slab.
Second, the mutual coherence function which is the Fourier
transform of the specific intensity is calculated at the same
plane. Third, the mutual coherence function at the image plane is
obtained using the thin lens formula with an infinite aperture size
approximation. Finally, the intensity at the image plane is
obtained by taking the Fourier transform of the mutual coherence
function. From this final result, we derive the point spread
function and by taking the Fourier transform, the modulation
transfer function can be obtained. The numerical results are
compared with experimental data.
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UBO01-3

CALCULATIONS OF THE INCOHERENT INTENSITY FOR RANDOM MEDIA
CONTAINING NON-SPHERICAL SCATTERERS

Y. Ma, V.V. Varadan and V.K. Varadan
Department of Engineering Science and Mechanics )
Research Center for the Engineering of Electronic and Acoustic Materials
The Pennsylvania State University, University Park, PA16302.

A discrete random medium containing a distribution of spheroidal scatterers of
aspect ratio a/b occupying a volume fraction c¢ are considered. The orientation of the
randomly distributed spheroids can either be random, aligned, or of a given
distribution. Monte Carlo simulation is used to generate the pair statistics. The
response of a single spheroid to an arbitrary incident field is described by a transition
matrix in a basis of vector spherical functions that includes multipole ficlds. Multiple
scattering effects due to sequential scattering from distinct scatterers is included. The
intensity or the second moment of the field is ensemble averaged over the random
positions of the scatterers. The multiple scattering series is expressed as a series of
ladder diagrams analogous to those of quantum many body problems. Formaily the
ladder series can be summed by spatial Fourier transform techniques. The effective
incident field is calculated by first solving the dispersion equation for the coherent
field in the random medium, and then using the complex frequency dependent
wavenumber thus found in a statement of the extiction theorem for the effective
medium. Numerical calculations are performed explicitly for the first two terms of

the ladder series. Only a knowledge of the two point correlation function is required
for this model of the second moment.

Numerical results are presented as a function of frequency, aspect ratio,
concentration and observation angle. Results for the first two terms of the ladder
series are compared to evaluate their relative magnitudes and also compared with
those obtained in the single scattering approximation, Comparison is also made
with available experimental results for similar problems,

20




UB014

SHORT PULSE SCATTERING FROM A IAYER OF RANDOM MEDIA
USING THE DISTORTED BORN APPROXIMATION

D. M. le Vine, Goddard Space Flight Center, Greenbelt, MD, 20771
R. H. Iang, Department of Electrical Engineering and Computer
Science, George Washington Unlver31ty, Washington, D.C., 20052

A solution is given in the time domain (transient response) when a
short pulse scatters from a layer of randomly oriented particles.
The layer is assumed to be above a homogeneous half-space (e.g. the
ground) and to consist of randcmly oriented, but otherwise identi~-
cal, particles. A solution is obtained for the case of a layer of
low particle density using the distorted-born approximation. The
scattered power consists of three dominant terms: pulses scattered
directly from the individual particles back to the dbserver, pulses
which scatter in the forward direction and are reflected from the
surface back to the observer, and pulses which are reflected first
from the surface to the particle then back to the surface (double
bounce). These three terms are distinguishable when the incident
pulse is short enocugh, and together they provide information about
the reflection coefficient of the underlying half-space, the scat-
tering amplitude of the individual particles, and the collective
behavior of the random medium.
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THEORY AND APPLICATION OF RADIATION BOUNDARY
OPERATORS

T. G. Moore, J. G. Blaschak, A. Taflove, G. A. Kriegsmann,
Northwestern University
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INTEGRAL EQUATION FORMULATION SOLUTIONS
A. W. Glisson, University of Mississippi

DIAGONALIZATION OF Two-DIMENSIONAL STATIC GREEN'S
FuncTION KERNELS
R. E. Collin, Case Western Reserve University

MOoDAL ANALYSIS OF SHIELDED MICROSTRIP DISCONTINU-
ITIES

Q. Xu, K. J. Webb, University of Maryland; R. Mittra,
University of I11inois

EXPLORATIONS OF AN IMPEDANCE BOUNDARY CONDITION
FOR COATED PERFECTLY CONDUCTING BODIES

P. L. Huddleston, D. S. Wang, McDonnell Douglas Research
Laboratories

RADIATION CHARACTERISTICS OF THIN WIRES 1IN AN
IsoTrOPIC CHIRAL MEDIUM

A. Lakhtakia, V. V. Varadan, V. K. Varadan, The Pennsylva-
nia State University

SYMMETRY OPERATORS AND NONSEPARABLE SOLUTIONS OF
THE HELMHOLTZ EQUATION
P. L. Overfelt, Naval Weapons Center - China Lake

AN APPLICATION OF CATASTROPHE THEORY TO APPROXI-
MATE THE SCATTERED FIELD IN THE VICINITY oF CAuSs-
TICS

J. W. Burns, T. B. A. Senior, The University of Michigan
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UB02-1

GENERALIZED CHRACTERISTIC MODES, GENERALIZED

INAGAKI MODES AND THEIR INTERRELATIONSHIPS

Duixian Liu
The Ohio State University
Department of Electrical Engineering
Columbus, Ohio 43201

A brief summary is given of characteristic modes
and Inagaki modes, both of which have been shown in
the literature to be useful in scattering and radia-
tion problems involving resonant-sized obstacles.

In this work we describe a new set of modes which
we call generalized characteristic modes. Character-
istic modes, previously developed, exhibit orthogo-
nality properties over an obstacle surface as well
as the complete sphere at infinity. Generalized char-
racteristic modes described here also exhibit ortho-
gonality properties over the obstacle surface, but
rather than orthogonality over the sphere at infini-
ty, they are orthogonal over any region of space,
similarly to generalized Inagaki modes.

From normalizations imposed on the generalized
characteristic modes and the generalized Inagaki
modes we find a unitary relationship between the
obstacle currents associated with these two sets of
modes.

Several N-port networks are analyzed using the

generalized characteristic modes and the generalized
Inagaki modes as basis sets to illustrate the theory.
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UB02-2

THE USE OF GAUSSIAN DISTRIBUTIONS AS BASIS FUNCTIONS FOR SOLVING
LARGE BODY SCATTERING PROBLEMS

Albert Chang and Raj Mittra
Electromagnetic Communication Laboratory
University of Ninois
Urbana, Mlinois 61801

When analyzing the scattering characteristics of electrically large
bodies, one usually resorts to high frequency asymptotic techniques, because
the conventional method of moments formulation employing subdomain basis
functions is severely limited in its ability to handle large structures. How-
ever, it is difficult to accommodate surface traveling wave phenomenon
within the framework of the high frequency methodology, which is based
upon the premise that the contribution to the scattered field comes primarily
from nom-interacting scattering centers. Furthermore, it is not always possi-
ble to find canonical solutions to the problem of scattering from arbitrarily
coated surfaces. In an attempt to circumvent these problems associated with
the conventional method of moments and the asymptotic techniques when
applied to complex scatterers coated with resistive materials at frequencies
above the resonance range, we have investigated the use of a class of entire
domain basis functions in the context of the moment method.

In an earlier paper, we have shown that the plane-wave type entire
domain basis functions can be used effectively to reduce the matrix size
required to solve the problem of scattering by resistively-loaded strips and
cylinders. However, it was also determined that as the size of the scatterer
increases, the condition number of the impedance matrix becomes very large
when the traveling wave basis functions are employed.

In this paper, we present an alternative choice for the basis functions,
viz., the Gaussian probability distributions, which preserve most if not all the
advantages of the plane wave functions, e.g., reduction in matrix size, and yet
yield a much lower condition number. We present the numerical results for a
number of representative two- and three-dimensional scatterers, both for PEC
and resistively loaded cases, obtained by using the Gaussian basis functions.
We also compare the condition numbers and the matrix sizes for this choice of
basis functions with the corresponding ones for the subdomain and plane
wave basis functions.
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THEORY AND APPLICATION OF RADIATION BOUNDARY OPERATORS

Thomas Moore, Jeffrey G. Blaschak, and Allen Taflove
EECS Department, Northwestern University
Evanston, IL 60201

Gregory A. Kriegsmann
Applied Mathematics Department, Northwestern University
Evanston, IL 60201

The utility of radiation boundary operators has been
demonstrated in the solution of electromagnetic scattering problems
by the on-surface radiation condition (OSRC}) and the finite-
difference time-domain ({FD-TD) methods of analysis. In the OSRC
method, members of a class of radiation boundary operators are
applied directly on the surface of an arbitrary, convex, scattering
body resulting in a substantial simplification of the integral
equation for the scattered field. The FD-TD method uses radiation
boundary conditions to bound the computational domain while
accurately simulating the propagation of scattered fields to
infinity. Both methods have realized mutual benefit from the
developing theory of radiation boundary operators. The goal of this
paper is to provide a condensed, unified review of the present theory
of radiation boundary operators which has appeared in the recent
engineering and applied mathematics literature.

Part 1 of this paper presents radiation boundary operators used
in the OSRC method. Specifically, the B_ sequence of operators
used in OSRC is derived from the asymptotic behavior of the scattered
fields both both two- and three-dimensional applications. Operators
which have demonstrated utility in the solution of scattering
problems in two dimensions for TM and TE polarizations are presented.

Part II presents the theory of one-way wave equations as applied
to the specification of radiation boundary conditions for the FD-TD
method. Exact one-way wave equations are represented by pseudo-
differential operators resulting from a factorization of the wave
equation into incoming and outgoing components. Numerically useful,
local radiation boundary conditions are obtained by approximating the
operator in the exact, outgoing, one-way wave equation. Techniques
of approximation are summarized here and applied to the derivation of
radiation boundary conditions having improved wide-angle performance.

Part III presents a comparison of the operators used in each
method and observes common points in their derivations.
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ON THE UNIQUENESS OF FREQUENCY DOMAIN
SINGLE INTEGRAL EQUATION FORMULATION SOLUTIONS

Allen W. Glisson
Department of Electrical Engineering
University of Mississippi
University, MS 38677

The use of single integral equation formulations for modeling
electromagnetic scattering from dielectric obstacles in the fre-
quency domain holds some promise for permitting the solution of
larger scale problems by reducing by a factor of two the number of
unknown coefficients to be determined numerically. In single
integral equation formulations, the number of unknowns required to
model the dielectric scatterer is reduced by analytically elimi-
nating one of the equivalent surface currents, either the electric
current J or the magnetic current M, at the dielectric body sur-
face. The resulting integral equation can be solved for the re-
maining equivalent surface current. In the implementation of one
formulation of the single integral equation approach, however, it
has been observed that the procedure fails at certain frequencies.
For that particular formulation, these frequencies are the inter-
‘nal resonance frequencies of a perfectly conducting cavity having
the same boundary as the dielectric obstacle and the same consti-
tutive parameters as the space in which the scatterer resides.

In this paper the development of single integral equation for-
mulations is briefly reviewed and, for the formulation indicated
above, the reason for the failure of the equation at internal res-

onance frequencies 1is discussed. It is noted, however, that an
infinite variety of single integral equation formulations are pos-
sible. Several different formulations are investigated in this

paper. The advantages and disadvantages of the different formula-
tions are discussed, particularly with regard to the uniqueness of
the solutions of various single integral equation formulations.
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UBO02-5

DIAGONALIZATION OF TWO-DIMENSIONAL STATIC
GREEN'S FUNCTION KERNELS

R. E. Collin
Electrical Engineering and Applied Physics Department
Case Western Reserve University
Cleveland, Ohio 44106

The solution of planar transmission line problems e.g. micro-
strip, coupled microstrip lines, and certain two dimensional aper-
ture and strip scattering problems is greatly facilitated if the
dominant part of the Green's function can be expressed as a series
of functions that are orthogonal over the strip or aperture, Such
diagonalization has been accomplished in the past for a few pro-
blems by use of the Schwinger transformation or singular integral
equation (L. Lewin, IEEE Trams. MTT-9, 321-332, 1961). 1In this
paper it will be shown how a much larger class of two dimensional
static Green's function kernels can be diagonalized. The required
variable transformation is obtained from a conformal mapping of
the boundary into a rectangle and then constructing the Green's
function in the new coordinate system. This provides an immediate
diagonalization of the kernel and the metric coefficient of the
transformation gives the correct singular behavior of the current
and charge density on the strip (or strips). It will be shown,
for example, that for the odd mode on a coupled microstrip line
the required variable transformation is given in terms of an
elliptic sine function and the edge singularity is quite different
from that of a single strip.
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MODAL ANALYSIS
OF SHIELDED MICROSTRIP DISCONTINUITIES

Qiang Xu and Kevin J. Webb
Electrical Engineering Department
University of Maryland
College Park, Maryland 20742

Raj Mittra
Department of Electrical and Computer Engineering
University of Illinois
Urbana, Iilinois 61801

Microstrip step-discontinuities are frequently encountered in millimeter-
wave integrated circuits. The shielded microstrip step-discontinuity problem is
studied using two different mode matching formulations.

It is essential to generate several good approximate mode solutions for the
uniform microstrip to obtain accurate results for the discontinuity problem. The
spectral domain technique is used to determine a frequency dependent Green’s
function type relationship which is solved by Galerkin’s method. Approximate
field configurations for both propagating and evanescent modes are obtained.

The dominant and more than five higher order modes are used in the modal
analysis formulation. The mode matching technique is applied first assuming
the mode orthogonality condition which is the case for ideal modes, and sec-
ondly without the assumption. The results can be presented in the form of
a scattering matrix which consequently determines the equivalent circuit pa-
rameters of the discontinuity. The convergence and stability of the results are
studied. Scattering parameters of example discontinuities are compared using
both approaches, as well as with available data.
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EXPLORATIONS OF AN IMPEDANCE BOUNDARY CONDITION
FOR COATED PERFECTLY CONDUCTING BODIES

P. L. Huddleston and D.-S. Wang
McDonnell Douglas Research Laboratories
P. 0. Box 516
St. Louis, Missouri 63166

An impedance boundary condition imposes proportionality of
the tangential components of the total electric and magnetic
fields at a surface

> > > > >
nx(Exn)=0CnxH ,

where C is the proportionality factor and ; is a unit normal to
the surface. This boundary condition is generally only
approximately true and the choice of proportionality factor and
the conditions for validity depend on the physical situation being
modeled. A commonly treated case is a penetrable material body
characterized by a permittivity € and a permeability u. In this
case, the proportionality factor can be taken to be the intrinsic

- impedance of the material n = vu/e. The conditions under which

this is a good approximation have been carefully studied (T. B. A.
Senior, Appl. Sci. Res., B8, 418, 1960 and D.-S. Wang, IEEE Trans.
Antennas Propagat., to be published).

For a perfectly conducting object coated with a layer of
penetrable material, the proportionality factor can be taken to be

C=J n tan kt ,

where t is the thickness of the layer and k is the wave number in
the material (V. H. Weston and R. Hemenger, J. Res. NBS, 66D, 613,
1962). This factor reduces to the former one when the skin depth
is much less than the thickness of the layer. Our preliminary
results show that this boundary condition can be a good
approximation even when the layer is lossless.

In this paper we explore the limits and range of validity of
this impedance boundary condition for coated conducting objects.
Criteria are given to specify the range of validity for arbitrary
smooth surfaces. These criteria are verified by numerical
calculations and theoretical analyses of the special cases of
coated spheres and infinite circular cylinders by use of both the
exact boundary conditions and the approximate impedance boundary
condition. Results for other shapes are also presented.
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RADIATION CHARACTERISTICS OF THIN WIRES
IN AN ISOTROPIC CHIRAL MEDIUM

Akhlesh Lakhtakia, Vasundara V. Varadan and Vijay K. Varadan
Department of Engineering Science and Mechanics
‘ and

The Center for the Engineering of Electronic and Acoustic Materials
Pennsylvania State University, University Park, PA 16802

A chiral medium is characterized by handedness in its microstructure. As a
result, left- and right- circularly polarized fields propagate through it with
differing phase velocities; the field with the latter polarization propagating
through a right-handed medium faster than the left-circularly polarized field, and
vice versa. In the optical frequency range, many organic molecules exhibit what -
is termed optical activity, which is a manifestation of the native chirality of these
molecules. It is expected that with modern advances in polymer science, chiral
media, active at mm-wave frequencies, may become feasible in the near future.

The electric and the magnetic fields radiated by a localized current density J
in an isotropic chiral medium {D = €E + BeVXE, B = uH + PuVxH} are
shown to be

E(r) = i0p)? [l gace %, B, )0 [3 4+ BVALIG),  (la)
H(r) = W0 [ e 3% B, ) [V I )], (1b)

and must be separately calculated. In (1), B is the chirality parameter, (yk)? =
[1-k?B2]"1, and k = @[en]V2; while the infinite-medium Green's dyadic,
B(r,r ), satisfies the relation

[VV - V20 — P - 298 Vx]-B(r,r ) = ¥3(r - 1), @
T being the unit dyadic.

Using (1) and (2), the radiation pattern of straight thin-wire antennas is
found to be azimuthally isotropic and TEM in nature; and the radiation field
contains both LCP and RCP components. If the antenna is reduced to a point
electric dipole, it is shown that the radiation resistance resistance is enhanced by
the presence of chirality in the embedding medium, and the antenna LCP gain
differs from the RCP gain. Radiating current loops are also considered, and the
duality of electric and magnetic dipoles radiating into a chiral medium is
examined.
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CoMBINED FIELP SURFACE INTEGRAL EQUATION FORMULA-
TION FOR THE ANALYSIS OF ELECTROMAGNETIC SCATTER-
ING BY ANISOTROPIC STRUCTURES

B. Beker, K. R. Umashankar, University of I1linois at Chi-
cago

SPHERICAL WAVE EXPANSION OF CIRCULAR APERTURES
AND HORNS

S. R. Rengarajan, E. S. Gillespie Jr, California State
University; V. Galindo-Israel, Jet Propulsion Laboratory

A ReFLECTOR ANALYSIS MopEL FOR THE LINE INTEGRAL
PHYsicaL OpTics METHOD

A. C. Brown Jr, Goodyear Aerospace Corp; W. K. Kahn, The
George Washington University :

SCATTERING AND GUIDANCE OF WAVES BY CROSSED GRAT-
INGS

S. T. Peng, Z. M. Lu, New York Institute of Technology; S.
L. Wang, University of New Haven

ON THE INTERPOLATION OF THE ANGULAR AND FREOUENCY
DEPENDENCES OF THE CHARACTERISTICS OF FREQUENCY
SELECTIVE SURFACES (FSS)

W. L. Ko, University of Louisville; R. Mittra, University
of I11inois

BACKSCATTER FROM PERFECTLY CONDUCTING WEDGES AND
FINITE THICKNESS PLATES WITH ROUNDED EDGES
K. M. Mitzner, J. F. Cashen, Northrop Corporation

SCATTERING BY A MOVING UNIDIRECTIONALLY CONDUCT-
ING SCREEN
J. C. Monzon, Damaskos Inc

ELECTROMAGNETIC PROPAGATION AND SCATTERING IN

TiMe DEPENDENT MovING MEDIA
D. Censor, Drexel University
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UBO03-1

INCREMENTAL DIFFRACTION COEFFICIENTS FOR PLANAR SURFACES

Robert A. Shore and Arthur D. Yaghjian
Electromagnetics Directorate
Rome Air Development Center
Hanscom AFB, MA 01731

Exact expressions for incremental diffraction coefficients at
arbitrary angles of incidence and scattering are derived directly
in terms of the corresponding two-dimensional, cylindrical diffrac-
tion coefficients. Specifically, if one can supply a closed—form
expression for the conventional diffraction coefficients of a two-
dimensional planar scatterer, one can immediately find the incre-
mental diffraction coefficients through .direct substitution. No
integration, differentiation, or specific knowledge of the current
is required. The derivation is limited to perfectly conducting
scatterers that consist of planar surfaces, such as the wedge, the
slit in an infinite plane, the strip, parallel or skewed planes,
polygonal cylinders, or any combination thereof; and requires a
closed-form expression (whether exact or approximate) for the two-
dimensional diffraction coefficients produced by the current on
each different plane. Special attention is given to defining un—-
ambiguously all real angles and their analytic continuation into
the imaginary values required by the incremental diffraction coef-
ficients.

The validity of the general expressions is confirmed by show-
ing that the PTD, GTD, and PO incremental diffraction coefficients
obtained by direct substitution into the general expressions agree
with the results of Mitzner, Michaeli, and Knott, respectively, in
the case of the infinite wedge. In addition, it is shown that the
two—dimensional diffraction coefficients are recovered when the
general expressions for the incremental diffraction coefficients
are integrated over an infinite straight line. Finally, our gen-
eral method is used to obtain for the first time the incremental
diffraction coefficients for the infinitely long, narrow strip and
slit.
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UB03-2

CURRENT DISTRIBUTION ON AN INFINITE
STRIP EXCITED BY A CURRENT SHEET

Thomas M. Willis
Department of Electrical Engineering and Computer Science
The University of Michigan
1301 Beal
Ann Arbor, Ml 48109

and

Dipak L. Sengupta
Department of Electrical Engineering
University of Detroit
4001 W. McNichols Road
Detroit, Ml 48221

A perfectly conducting infinite strip above a dielectric substrate backed by a conducting
ground plane is excited from within by a transverse electric current sheet. Current
distributions on the strip have been obtained numerically using the spectral domain
techniques. In particular, currents on the inner and upper surfaces of the strip have
been determined. It is found that under resonant condition significant amount of
current exists on the upper surface. Numerical results obtained under various
parametric conditions will be discussed. The resuits obtained from the
two-dimensional model considered here have significant bearing on the performance
of a probe-fed rectangular patch antenna. This will also be discussed.
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There has been a great deal of attention focused on the analysis
and characterization of electromagnetic <ccattering by arbitrary shaped
material objects due to an external excitation. Both conducting as well
as homogeneous, isotropic, lessy dielectric arbitrary shaped objects have
been studied previously using either volume or surface field formulation.
Specifically, in the low and resonant frequency regime, either an electric
field or a magnetic field type of integral equation is applied for the
analysis of conducting ochjects; and similarly, a coupled combined field
integral equation is applied for the analysis of homogeneous, isotropic
dielectric objects. An  extension to the previous studies is considered
here regarding rigorous analytical formulation and numerical analysis of
the electromagnetic scattering by anisotropic objects.

Apart from the familiar numerical Finite-Difference Time-Domain
method, the already existing integral equation methods include studies of
scattering by a circular anisotropic cylinder wusing plane wave
representation of fields {Damaszkos, I1EEE Transactions on Antennas and
Propagation, October 1984) and a volumetric approach for media
characterized by arbitrary permittivity and permeability tensors (Graglix
and Uslenghi, IEEE Transations on Antennas and Propagation, August 1984),

As opposed to the above mentioned methods, an alternative approach
is discussed for the analysis of electromagnetic scattering by an
arbitrary shaped homogeneous, anisotropic object immersed in an otherwise
isotropic medium, It relies entirely on the combined field surface
integral equation formulation. 1t is suited for the media characterized
by either its permittivity or permeability tensor (diagonalizable) and can
be applied for two or three dimensional anisotropic scattering geometries.
A numerical method for the solution of the combined field surface integral
equations is also briefly discusced..
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Spherical Wave Expansion (SWE) of horns and reflectors have
been used in many applications especially for near fields. O0jeba
and Walter (IEEE Trans. AP-27, pp. 364-369, 1979) studied the
spectral components of spherical waves of an arbitrary source at
specified radial distances while Narasimhan et al. (IEEE Trans.
AP-3, pp. 