







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Validating the Dynamic Model of the ACTS Rain Attenuation
Prediction Model with ACTS Data

Christopher R. Pearson
Stanford Telecom, ACS
1761 Business Center Drive
Reston, Virginia 22090

The ACTS Rain Attenuation Prediction Model, developed by Robert
Manning of NASA , is a unified statistical model originally developed for
the ACTS program for the purpose of assisting in the development of rain
fade countermeasures. There are two basic parts to the statistical model,
one is a static model and the other is a dynamic model. The static model is
derived from extreme value statistical theory using long-term rain intensity
curves and average rain fall amount data provided by the United States
Weather Service. The static model relates rain rate statistics for a particular
location to attenuation statistics along a slant path. The dynamic model is
modeled as a Markov process and relies on certain parameters generated by
the static model. This reliance indicates that the dynamic model can
provide local temporal rain fade predictions for locations that possess rain
statistics. This paper explores the validation of the dynamic model by first
generating model predictions of certain statistics and probabilities for
various Continental U.S. locations. Then for these locations multiple years
of ACTS beacon data at 20 and 30 GHz, in the form of time series, are
examined for rain events and compiled to produce the statistics and
empirical results to compare with the predicted quantities. These quantities
include the probability of a fade exceeding a given threshold, P(a 2A)
(assuming rain) , mean fade duration, mean number of fades, the joint
probability of a fade exceeding a certain threshold and exceeding a certain
duration, P({t > T} N {a>A}), and the conditional probability of a fade
exceeding a certain duration given a certain fade threshold is exceeded,
Pt = T} | {a = A}) for a set of fade durations, T, and attenuation
thresholds A. The predictions and computed statistics are compared on a

_location by location basis.
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Scintillation Fade Frequency Estimation

John M. Weinfield; Thomas A. Russell
Advanced Communications Systems Division
Stanford Telecommunications

Recent interest in the development of low fade margin satellite communications
systems has created the need to accurately characterize scintillation, the
fluctuation in received signal power caused by atmospheric turbulence. For many
low elevation angle receive systems, the majority of fades below a desired
threshold level are scintillation induced. Fading due to tropospheric scintillation
can be approximately modeled as a log - normal random process that effectively
rides on top of the much more slowly varying fade level due to rain, atmospheric
absorption, and / or cloud liquid water. The statistical dependence of scintillation
on the other atmospheric factors has been the subject of much research, and strong
correlation has been shown between scintillation intensity and atmospheric
absorption.

Empirically obtained cumulative distribution functions (cdf's) for signal fade levels
due to atmospheric absorption, rain, clouds, and scintillation can be statistically
combined to obtain estimates of the cdf for cumulative fade dué to these four
factors. This combined cdf is an estimate of the likelihood a signal falls below a
set threshold, but does not provide information on the frequency of occurrence.
However, the frequency of fade can be estimated using the static cdf and the well
known "level crossing formula" where expected fade rate for a Gaussian process is
computed from the probability density function and the power spectral density
function,

The power spectral density function for scintillation fading has been derived for a
theoretical point receiver by Tartarski [ Wave Propagation in a Turbulent
Medium. New York: Dover 1961] and we use a modified Haddon and Villar
approximation [/EEE Trans. Antennas and Propagation. AP-34 No 5 , May
1986, p.646 - 657] which includes the effect of antenna aperture smoothing.
Under the assumption that scintillation is a log normal process, this power
spectrum and the estimated joint cdf for signal fade level are used to estimate
frequency of fade through the level crossing formula. This provides a useful way
to characterize the impact of the atmosphere on communications system
performance from a dynamic point of view.

336



Observations of the Rain Attenuation of Ku-band and Ka-band
Satellite Signals and the Depolarization due to Rain and Ice

Yasuyuki Maekawa*, Nion Sock Chang, Akira Miyazaki, and Toshitaka Kojma
Osaka Electro-Communication University
18-8 Hatsucho, Neyagawa, Osaka 572, Japan

It is known that satellite communication systems are significantly
affected by rain attenuation at Ku-band and Ka-band using the frequen-
cies above 10 GHz. The dual polarization systems are also affected by
raindrops and ice crystals which cause cross-talk between two orthogonal
channels (T.Oguchi, Radio Sci., 12, 41-51, 1977; C.W.Bostian and
J.E.Allnutt, ProcIEE, 126, 951-960, 1979). This paper presents the
attenuation and depolarization characteristics observed in our university
using Ku-band and Ka-band satellite signals. The Ku-band satellite signal
has been obtained from Japan’s Broadcasting Satellite (BS, ”Yuri”), and
the radiowave carrier level has been measured by a BS tuner for a specific
channel (11.84 GHz, RHCP ,EL=41.4°). The Ka-band satellite signal has
been obtained from the CS-3 (”Sakura”) beacon signal (19.45 GHz,
RHCP, EL=49.5°) during the satellite communication experiments in
» Japan’s CS-3 Pilot Program”. These observations have been conducted
for the past seven years from 1989 to 1995, in which these satellite signals
have been almost continuously recorded at 1 min or 1 sec interval.

The rain depolarization effects generally consist of differential
attenuation (DA) and differential phase shift (DPS) between major and
minor axes of raindrops. The ratio of DA to DPS determines relative
phase of the cross-polar component and possible DPS cancellation in the
case of circular polarization. Our observational results have indicated that
this ratio primarily depends on the kind of rain dropsize distributions
(DSD) rather than the rainfall rates for cumulus-type rainfall events,
where the effects of rain depolarization are much larger than those of ice
depolarization. The larger dropsize distribution tends to yields the larger
ratio that will make the cancellation by phase shifters more difficult. Also,
the effects of DSD are closely related to the attenuation ratio of Ka-band
to Ku-band satellite signals, and the larger dropsize distribution, to con-.
trast, gives rise to the smaller attenuation ratio. :

In the stratus-type rainfall events with comparatively low attenuation
and rainfall rates of less than about 10 mm/h, the effects of ice depolariza-
tion become more predominant. In our experiments, the ice depolarization
component is deduced above the rain height by subtracting theoretical
rain depolarization calculated from the rain attenuation (Oguchi, Radio
Sci., 12, 41-51, 1977). The estimated ice depolarizations indicate much the
same values for both amplitude and phase as those directly observed in the
pure ice events with no appreciable attenuation. This result suggests cer-
tain models for ice depolarization process that may exist above the the
rain height regardless of rainfall types or rainfall rates.
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DATA BY DEFAULT -
PROPAGATION MEASUREMENTS USING COMMERCIAL SATELLITES

Ray Sperber - SOCIETE EUROPEENNE DES SATELLITES

Chiteau de Betzdorf
L-6815 BETZDORF, LUXEMBOURG

This paper treats aspects of signal measurement systems in
place in current commercial communications spacecraft systems
pertinent to analyzing for propagation effects.

So, what are these systems? Starting with the uplink, many,
and perhaps most, spacecraft have uplink , power sensors in
front of each main high power amplifier. These sensors are
usually simple diode-type power detectors telemetered back to
ground with a resolution of 8 bits. This allows an effective
working range of somewhat over 10 dB. Telemetry rates are
usually in the =1 minute between samples. In addition, many
spacecraft payloads have telemetry from technical parameters,
such as helix current, which may be used in an indirect
fashion to determine what the uplink power was. Lastly, the
practice of many operators is to leave a command uplink up on
a continous basis. The command receiver often has an AGC
level telemetered as frequently as every telemetry frame
(nominally 2 seconds.)

On the downlink, many operators (and some of their customers)
have channel monitoring systems. These are of two types:
Those based on spectrum analysers and those based on IF-band
power meters after some sort of channel-selecting
downconversion scheme. In either case, the systems typically
scan across all channels every 5 to 10 minutes and have data
archiving. There may be multiple channel monitoring systems
to provide real verification of the downlink coverage.

The reader may object that such downlink data is corrupted by
uplink effects; For high degradations this is true. However,
in the 0 to 10 dB degradation range, uplinks and downlinks are
effectively separated by AGC circuits or limiters in place in
front of the high power amplifier (common practice at XKu band)
and (in all bands) by compression in the high power amplifier.

If space permits, examples of typical data and its analysis
for propagation versus other effects will be shown.
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Scintillation Results For a Medium Elevation Earth-Satellite Link

Armando Rocha
University of Aveiro - Department of Electronics
3810 Aveiro  Portugal
E-mail: pre@gm400.det.ua.pt
Phone: 351 34 370324 Fax: 351 34 381128

José Carlos da Silva Neves
Instituto de Telecomunicagtes
Campus Universitario -
3810 Aveiro Portugal

Abstract: A microwave signal crossing the atmosphere often encounters variations in
‘time and space of the refractive index. This variation is caused by turbulent mixing of
air masses with different-temperature and humidity. As a consequence the wave front
exhibits amplitude and phase fluctuations around a mean value. Amplitude is often
easier to measure and usually is studied in terms of log power signal fluctuations
received by an antenna with a finite size. The characterisation of the scintillation
phenomena is an ‘important subject because it can reduce the availability of VSATSs
and cause severe impairments in low elevation links in general.

In the frame work of the Olympus Propagation Experiment we collected
scintillation data at 20 GHz (vertical and horizontal polarisation) with a 1.5 meter
antenna and 12 GHz with'a 3 meter antenna. The Olympus satellite beacons were
received with an elevation angle of 42 degrees, the distance between the antennas was
about 7 meters and the data acquisition rate of 20 Hz. This experimental arrangement
allowed us to study time, frequency and polarisation dependence of the scintillation
phenomena. In this communication we report some experiences on collecting
scintillation data and also some preliminary results on the phenomena at our site.

We present some results on our "poor man" hardware and data acquisition
system based on an 386 PC with a conventional data acquisition card. The software
performs a real time data analysis software deciding if scintillation was occurring and
storing data if necessary reducing, in this way, storage requirements and off-line data
handling. A comparison between scintillation amplitude time series show different
behaviour: the 20 GHz vertical and horizontal time series are equal but they are not
correlated with the 12 GHz data. Variance time series are very similar and variance
frequency scaling is well predicted by the theory. Scintillation spectra is often well
described by the theory using the Kolmogrov spectrum for the spectral density of the
refractive index fluctuation (Ishimaru, A., "Wave Propagation and....", Vol-2, Ch-19,
pg 382) however some events show a slower decay. The corner frequency was found
to be higher than the most of the published data. The predicted aperture smoothing
effect (Haddon, J.,Villar, E. IEEE Trans. Ant. Prop., Vol AP-34, N°5) is detected on
some stronger 20 GHz events.
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EFFECTS OF THE SPATIAL DISPERSION

OF MILLIIMITER WAVES AND ITS MODEL

Y.M.Galaev and F.V.Kivva

Institute for Radiophysics & Electronics
National Academy of Sciences of Ukraine

Measurement results of propagation pecularities . of
wide band signals in Lhe band of 1GHz near Lhe
carrier frequency 37GHz on near-surface line-of-sight
route path 13 km. have been presented. By conlrast Lo
the earlier obtaind results (R.K. Crane, Proc. IEEE,
69, 2, 196-209, 1981) on "weak" radiowaves dispersion
it - has been discovered thal' in some cases Lhe
atmosphere shows properties of a dispersion media,
and the. value and variability of the dispersion
sufficiently exceed theoretic estimations and cannot
be explaind by Lhe known phenomena. As a basis of Lhe
meLhod of measurements a method of the direct.
measurement of the dispersion according Lo values of
the phase Linvariant Ap of Lhe modulated probing
signal "I" (V.A: Zverev, DAN SSSR, 4, 91,  791-794,
1953) was Laken. The measurements were carried oul
for one ' year under various season and weather
conditions (clear wealher, rain, snow, atmosferic
fronts). The effects of normal and abnormal
dispersion have been fLound, which are not connected
to absorption -in atmospheric gases or to direct
influence of hydrometeors or underlying  surface.
Daily and season dispersion variations the effects of
above-enumerated condibions on ils value have been
brought out. Physical aspecls of dispersion emergence
have been considered. Dispersion phenomenologlc model
proved by resulis of nature measurements has been put
forward. The model enables Lo explain the measured
effects and Lo calculate their time characteristics
as a single mechanism. The investigalions conducted
have shown that the almosphere manifests properlLies
of a medium with the regular dispersion. The measured
effects may be - significant for high speed
communication lines operation and high spatial
resolution radars. The model allows Lo Lake account
errors caused by the spatial dispersion phenomenon.
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The Parallel Solution of Matrix Equations
Resulting from Unstructured Finite-Element
Problems

Daniel S. Katz”, Tom Cwik?
'Cray Research, 222 N. Sepulveda Blvd., Ste. 1406, El Segundo, CA 90245

2Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA 91109

Finite element modeling has proven useful for accurately
simulating scattered or radiated electromagnetic fields from complex
three-dimensional -objects whose geometry varies on the scale of a fraction
of an electrical wavelength. An unstructured finite element model of
realistic objects leads to a large, sparse, system of equations that needs to be
solved efficiently with regard to machine memory and execution time. Both
factorization and iterative solvers can be used to produce solutions to these
systems of equations. Factorization leads to high memory requirements
that limit the electrical problem size of three-dimensional objects that can
be modeled. An iterative solver can be used to efficiently solve the system
without excessive memory use and in a minimal amount of time if the
convergence rate is controlled.

This paper will discuss a number of topics related to the parallel
creation and solution of matrices resulting from large unstructured
problems, in the context of an electromagnetic finite element code running
on the Cray T3D located at the Jet Propulsion Laboratory. The JPL code,
. named PHOEBUS, has been used to obtain solutions for systems with
nearly three-quarters of a million unknowns.

One of these topics is mesh vs. matrix partitioning. The code
running at JPL decomposes the finite element matrix in row slabs, as
compared with the usual strategy of decomposing the mesh. Another topic
is the iterative solver, in this case a Quasi Minimum Residual (QMR)
method. An examination of the computational kernel, a sparse matrix
dense vector multiply, is given, and the issue of solving for a single right
hand side (RHS) vs. multiple RHSs (possibly a block of RHSs) is discussed.
Another question related to the iterative solver is parallel methods of
preconditioning, such as using an incomplete Cholesky factorization or a
sparse approximate inverse. '
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AN EFFICIENT 3-D LINEAR SYSTEM SOLVER FOR LARGE MOM
PROBLEMS

V. Varadarajan & Raj Mittra Nick Jennings & J. Murphy
Electromagnetic Communication Laboratory British Aerospace

ECE Department Sowerby Research Center
University of Illinois, Urbana IL 61801 Bristol, UK.

We show in this paper that a fast solution algorithm for solving complex
linear systems, generated by using Method of Moments legacy codes, can be based
on the solution of an appropriate sparse system. The sparse system is constructed
by suitably thresholding the MoM matrix such that it approximates the dense, and
typically large MoM matrix well within 1% in the sense of Frobenius norm. These
sparse systems can then be used either in a direct solution procedure or as a
preconditioner for an iterative algorithm. Next, a refinement of the resulting
solution can be obtained by using a perturbation procedure.

The above solution procedure has been applied to an industrial type of
problem involving MoM formulation of the problem of scattering by an aircraft
structure. This paper also discusses the prospects for an efficient direct solution
using thresholded sparse MoM matrices, the level of accuracy obtained in sparse
approximation, and its relationship to the effort involved in the perturbative
refinement procedure subsequently applied to the problem. Out-of-core solution
strategies with efficient preprocessing techniques and node reordering are employed
to obtain an efficient direct sparse solution. The results show that the convergence
properties of the above algorithm are quite favorable. For the example 3-D MoM
problem investigated, the solution was obtained with significant accuracy and the
total time was about 3.0 hours for one right hand side, whereas the estimated time
for a direct solution using LU decomposition was approximately 100 hours.

The paper will discuss other numerical examples and present timing results.
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Large Scale Parallel Computation of Radiation From Complex Arrays

Cinzia Zuffada, Tom Cwik, Daniel S. KatzT, Vahraz Jamnejad
Jet Propulsion Laboratoi'y
California Institute of Technology

Pasadena, CA 91109

T Cray Research, Inc.
El Segundo, CA 90245

ABSTRACT

A technique combining finite elements modeling with (a) an integral equation on
the surface (chosen to be a surface of revolution) outwardly truncating the computational
domain and (b) waveguide mode matching representing the source, is used to model
radiation from antennas fed hy waveguides and coaxial cables. This method allows the
representation of fields in highly inhomogeneous, penetrable, single and multiple feed
radiators. Because of the electrical sizes involved, large scale parallel computation is an
enabling resource to investigate realistic systems. The complete software package is
implemented on the Cray T3D massively parallel processor located at JPL, using both
Cray Adaptive FORTRAN (CRAFT) compiler constructs to simplify portions of the code
that operate on the irregularly distributed data, and optimized message passing constructs
on portions of the code that operate on regularly distributed data and require optimum
machine performance. The unstructured mesh associated with finite element simulation
of electromagnetic fields inside and around complex objects is handled here directly by
the host Cray Y-MP, without using traditional mesh decomposition algorithms. An
optimized parallel iterative solver, developed to solve large sparse systems , is employed.
here to operate on the large and mainly sparse component of the system resulting from
the combination of the finite elements and the mode matching technique, together with a
parallel dense matrix solver that operates on a much smaller, reduced component of the
system of equations, related to the integral equation on the truncating surface. Results of
the complete simulation are presented for problems of varying size and geometry .



Community-Based Evolutionary Optimization
of Frequency Selective Surfaces

D. S. Weile* and E. Michielssen A. Boag
Center for Computational Electromagnetics Israel Aircraft Industries
University of lllinois at Urbana-Champaign Department 4464
Urbana, IL 61801 Ben-Gurion Airport 70100, Israel

Frequency Selective Surfaces (FSSs) constructed by alternating layers of
dielectric with patterned periodic metallic patch elements can be used for spatial and
frequency filtering in waveguides and radomes. By carefully choosing the
dielectrics and metallization patterns, a designer has great freedom in filter creation.
Unfortunately, because of the number of decision variables involved and the
complexity of evaluating the filter response, very few systematic techniques for
their design have been proposed. The design problem is further complicated
because many applications restrict the FSS to a certain thickness, forcing the design
process to be multiobjective in character. This study therefore presents several
techniques from the field of evolutionary optimization (EO) including Genetic
Algorithms (GAs) and Evolution Strategies (ESs) as methods for the design of
FSSs. EO techniques are stochastic techniques based on Darwin's Theory of
Evolution which are not a susceptible to getting trapped in local optima as standard
gradient based optimization methods. Also, because EOs use a population-based
approach to optimization, the method presented here can return the so-called Pareto
optimal set—that is, all designs which are optimal in the sense that they approach
the desired filter characteristics as closely as possible for a given filter thickness.

Unlike previous studies of FSS optimization by GA (E. Michielssen, J.M.
Sajer and R. Mittra, 'Design of Multilayered Frequency Selective Surfaces and
Waveguide Filters Using Genetic Algorithms," AP-S Symposium Digest, Ann
Arbor, 1993; E. Michielssen, A. Boag, J. M. Sajer and R. Mittra, 'Design of
Frequency Selective Surfaces Using Massively Parallel Genetic Algorithms', URSI
Radio Science Meeting, Seattle, 1994) this study does not use an S-parameter
analysis to find the filter characteristic, but instead computes the reflectance an
transmittance of the filter system through a full modal analysis of the structure.
Because this analysis is computationally expensive, a community-based
organization is employed to optimize the metallization pattern for a subpopulation of
designs of identical dielectric structure. This prevents the algorithm from
continually computing the Method of Moments matrix elements; after a single
analysis of the underlying dielectric structure, the algorithm can just choose the
matrix elements needed from a database. To further accelerate the design process,
this study is the first to apply methods of (u,A) ESs to the optimization of FSSs. In
contrast to GAs which rely most strongly on genetic recombination (crossover) to
progress toward a final goal, ESs rely on primarily mutation, that is small random
changes, in designs to approach optima. The use of ES techniques in the design
procedure allows the EO to process fewer population members, saving many
expensive analyses per iteration. Moreover, because almost all of the computational
expense in EOs comes from the evaluation of the performance of the population,
this study implements the EO in a parallel architecture, using each processor in the
parallel machine for evaluating a population member. A variety of numerical resuits
illustrating the usefulness of the technique will be provided in the presentation.
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Comparison of Frequency [Z] Matrix Interpolation and
[Y] Matrix Interpolation in the Method of Moments

Kathleen L. Virga and Yahya Rahmat-Samii*
University of California, Los Angeles
Los Angeles, CA 90095-1594

The method of moments (MoM) formulation based upon the triangular surface
patch model is a popular approach for modeling antenna performance. In this
method, the system of equations, given by [Z][I]=[V], is set up and solved to
determine the surface currents on the antenna. [Z] is the N x N MoM impedance
matrix. The determination of antenna performance over a wide frequency band
can take a long time, since the elements of [Z] must be directly evaluated for
every fréquency. The method of [Z] matrix interpolation with frequency reduces
the time it takes to directly evaluate the elements of [Z] for each frequency (E. H.
Newman, IEEE Trans. AP-36, pp.1820-1822, 1988). An alternative to [Z] matrix
interpolation would be [Z], or [Y], matrix interpolation. [Y] matrix interpolation
would significantly save additional simulation time since it would eliminate the
need to invert the [Z] matrix at each frequency.

The elements of [Z] vary slowly with frequency, while the elements of [Y]
fluctuate rapidly and are semsitive to the location of the antenna resonant
frequencies (K. L. Virga and Y. Rahmat-Samii, 1995 IEEE APS Symposium
Digest, pp. 1262-1265). The elements of [Z] can be interpolated by simple
interpolation functions, such as a quadratic (1), while the interpolation of the
elements of [Y] require complex functions. The use of rational functions to
represent the elements of the [Y] matrix is suggested in (Burke et. al, IEEE
Trans. Magn., pp. 2807-2809, 1995). The rational function form of [Y] can be
written as a ratio of two polynomials (2). The factor f in (1) and (2) denotes
frequency. The determination of the coefficients A, B, C, D; and E; can typically
be determined by several frequency samples or by the higher order derivatives of
the function at one frequency.

n 1 d
Z, ()=A,f2+B,.f+C, (O, Y.(N=XDf [DEf 2
i=0

=0

This paper explores the computation of the [Z] matrix and [Y] matrix elements
via interpolation and rational function approximation with frequency. A
comparison of the implementation, the accuracy, and the simulation time of each
method will be made. Both methods are used to analyze several diverse antenna
structures commonly used for mobile communications applications. An
examination of the characteristics of the elements of [Z] with respect to the
corresponding elements of [Y] versus frequency will be presented.
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Novel Applications of the Concept of Frames
in the Method of Moments and the Complex Multipole Beam Approach

Amir Boag* Eric Michielssen and Yoram Bresler
Israel Aircraft Industries, Dept. 4464  Dept. of Electrical and Computer Engineering
Ben-Gurion Airport 70100, Israel University of 1llinois, Urbana, IL 61801, USA

The computational cost of solving matrix equations poses the main limitation on the
electrical size of scattering problems that can be analyzed using the Method of
Moments (MoM). The solution of very large linear systems is usnally facilitated via
iterative solvers, whose cost depends on two main factors, namely, the cost of matrix
vector multiplication and the number of iterations required for convergence. The
former is directly related to the sparsity of the matrix involved or availability of a fast
multiplication algorithm. Recently, the problem of selecting expansion and testing
functions in the MoM has attracted considerable attention mainly in the context of
improved sparsity. For example, the impedance matrix localization approach relies on
windowed exponentials to achieve an approximately banded MoM matrix. Wavelet
expansion functions are also aimed at producing sparse matrices. In the Complex
Maultipole Beam Approach (CMBA), the scattered field is expanded in terms of fields
produced by multipole sources which reside in a complex space. These fields
comprise directive beams, and give rise to sparse MoM matrices. Now turning to the
considerations of convergence, conventionally one attempts to find an orthogonal set
of functions with the goal of obtaining a matrix with a low condition number.
However, in three-dimensional problems, the construction of sets of functions leading
to sparse matrices and being both the complete and orthogonal in the appropriate
functional spaces becomes extremely challenging.

In this paper we reconsider the issue of convergence. Though a well-known upper
bound on the number of iterations in the Conjugate Gradient Method is related to the
matrix condition number, the actual rate of convergence can be considerably better
than predicted by this upper bound, a phenomenon which is often described as super-
convergence. For iterative methods based on Krylov subspaces, the convergence
behavior depends on the distribution of the active eigenvalues, i.e., those eigenvalues
whose corresponding eigenvectors are present in the right-hand side of the matrix
equation. Qualitatively, the presence of clustered active eigenvalues leads to rapid
convergence, even for matrices with high condition number. With this in mind, we
study the concept of frames useful in describing sets of linearly dependent functions
spanning given spaces. We propose to use sets of expansion and testing functions
comprising snug frames. In fact, one needs only subsets of bandlimited functions
since the spatial spectra of physical fields and currents are largely limited to the
visible spectrum. It will be shown that in both MoM and CMBA this choice leads to
matrices with the desired clustering of eigenvalues. In addition, the use of an
overcomplete set of expansion functions makes the task of spanning the desired
solution subspace considerably easier and allows for accurate representation of the
solution.
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Banded Matrix and Entire-Domain Basis Functions

Kaveh Heidary*, Matrix Technologies
Jay K. Lee, Syracuse University

The efficacy of a streamlined banded matrix iteration (BMI) technique applied to the

numerical computation of interior EM fields of an electrically large penetrable body is
examined.

The illustrative example of a dielectric cylindrical shell of finite height partially
encasing a conducting cylinder of infinite extent is considered. Elementary cylindrical
wave functions inside the closed dielectric region (eigenfunctions) are utilized as entire-
domain expansion (basis) functions in the context of moment method formalism.
Completeness of the expansion function set ensures, in principle, exactitude of the
numerical solution, with degree of precision governed by the number of employed
expansion functions (modes).

. /

Modal dispersion brought about by the three-dimensional nature of the problem
results in generation of continuous spectra originating from discrete modes. Every
individual expansion function (mode), identified by an integer dyad (mode indices)
corresponding to its unique axial and circumferential disposition, spawns a particular
polarization mode with a continuous spectrum representing its axial characteristic albeit
retaining the modal angular feature.

The ubiquitous matrix equation for the numerical computation of the modal
amplitudes, which will render the internal EM fields, is arrived at by choosing a
suitable inner product in conjunction with weighting (testing) functions which are
intimately related to the basis functions. Transformation matrices relate the unknown
modal amplitudes to the excitation parameters. The number of basis functions by virtue
of imposing upper bounds on the circumferential and axial mode indices controls,
respectively, the number of matrix equations and the dimensionality of each equation.

Elements of a typical transformation matrix represent mutual interaction
(coupling) between a pair of modes having identical circumferential and arbitrary axial
mode indices with diagonal elements denoting self coupling. Owing to the sampling
attributes of Sinc functions mutual coupling is found to have an inverse relationship to
the axial index separation. Basis functions having mutual axial index separation greater
than a predetermined threshold value are assumed to be non-interacting. The threshold

value is related to the geometry, being cheifly influenced by the electrical height of the
dielectric shell, and the desired accuracy.

This approximation reduces the transformation matrix to a banded matrix and
exploits all its computational advantages. The numerical effort expended for the
computation of the coupling coefficients is significantly reduced. Furthermore the
numerical solution of the linear system of equations is greatly simplified because of the
bandedness of the coefficient matrices. This results in a sizable reduction in the

computational expenditure when an excessively large number of axial modes are
present.

An error measure is defined and computed results based on the banded matrix
approximation introduced herein are compared to the exact results obtained from full
modal interaction. It has been demonstrated that very accurate numerical results are

obtained when modes with large axial index separations are assumed to be non-
coupling,
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Iterative Solution Method on Parallel Computers
for a Faster Solution of MoM Linear Systems.

Paul SOUDAIS
ONERA B.P. 72 92322 Chatillon Cedex FRANCE

In this presentation, we report on the use of an iterative solution method on parallel
computers as a way to speed up the solution of large dense linear systems arising from
method of moments (MoM) computations. This study has been carried out in the
MoM context as well as in the context of hybrid techniques mixing integral and partial
differential equations.

The solution of MoM large discretized systems is typically obtained with a Gaus-
sian elimination followed by back substitutions for each right hand side. However the
operations count of the Gaussian elimination grows like the third power of the sys-
tem dimension. As a consequence the solution time for large cases becomes a limiting
factor.

It is clear that the iterative solution for one right hand side is very advantageous
when compared to Gaussian elimination. But in most cases many right hand sides
are to be computed and performing one iterative solution per right hand side becomes
impractical. We use the MGCR algorithm (P. Soudais, IEEE Trans. on Antennas and
Prop., 42, 70-75, July 1994) which has been developed to solve dense linear systems
for a large number of right hand sides. The MGCR algorithm processes a set of right
hand sides simultaneously. The solutions are expanded in terms of a single set of search
vectors. :

The MGCR algorithm has been implemented on distributed memory parallel com-
puters (Intel Paragon, IBM SP2). The storage of the lower half of the symmetric
matrix and the storage of the algorithm vectors (solution, residual and search vectors)
are spread over the compute nodes. As expected, the computation load is then evenly
distributed over the compute nodes and little communication is required between the
nodes.

We will present results that show the benefits of iterative solution methods for large
dense systems on both sequential and parallel architectures. The comparison with
Gaussian elimination will be made in terms of operations count and of computational
time on dense systems of size up to 20,000 x 20,000 for 360 right hand sides. The
computation of inhomogeneous scatterers will also be considered. The iterative solution
method takes advantage of the large memory available on parallel architectures to
compute bigger cases while keeping the computational time reasonable.
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Iterative Solution Strategies for Large Hybrid Sparse/Dense
Linear Systems Coming from 3D Industrial CEM Applications

F. Gruzinov, A. Nikishin, A. Yeremin
Computing Center and Institute of Numerical Mathematics
of the Russian Academy of Sciences and Flegant Mathematics, Inc.(USA)
E-mail: badger@ccas.ru

Hybrid Finite Element / Boundary Element (FE/BE) formulations provide a promising approach to
obtaining an efficient and reliable numerical solution of many 3D industrial CEM applications. Typically,
these formulations requires solution of large hybrid dense/sparse linear systems of the form

(2 7)(2)-(2)

where K is an arbitrarily populated highly sparse symmetric complex indefinite n x n matrix, Z is a
dense complex m x m matrix, C and B are arbitrarily populated sparse complex m X n rectangular
matrices, and E is an m x s block vector.

The standard approach to an iterative solution of (1) is based on computation of the Schur complement

S=z-cKkBT 2)
using QMR preconditioned iterations applied to the auxiliary linear system
Ky =BT

with m multiple right hand sides. While this approach requires the minimum amount of working memory,
it typically leads to thousands and even tens of thousands of preconditioned (e.g. using an incomplete
Cholesky factorization) QMR iterations to solve auxiliary linear system (2), even when using a very weak
stopping criteria. Thus, despite its very moderate memory consumption, the standard approach may
require an enormous total solution time.

Unlike the standard approach, we suggest to apply ILU preconditioned variable block GMRES iter-
ations (without restarts) straightforwardly to the original linear system (1). In this case one can expect
convergence in a few tens of variable block iterations. Moreover, the ILU preconditioned variable block
GMRES iterations allow a very efficient out-of-core implementation in a relatively small main memory
window where most of the 1/O activity can be overlapped by CP operations, and the total size of the
Krylov subspace constructed by this approach is comparable with the number of multiple right hand
sides. This strategy was implemented in the iterative solver Z_SPARSE [0].

We present results of numerical experiments with large hybrid linear systems coming from industrial
CEM applications. For example, a linear system of size n = 188,671, m = 449, and s = 101 is solved
for all right hand sides in 78 minutes on a single processor Cray YMP-J90: The Z.SPARSE Solver
requires only 16 ILU preconditioned GMRES iterations to achieve a 10~4 relative reduction of the true
unpreconditioned block residual.

The standard approach (using a similar preconditioning strategy for X to that of Z_SPARSE) requires
a greater than 10 times larger processing time to produce a solution of equivalent accuracy. .

ReferencesReferences

(0]
F. Gruzinov, A. Nikishin, A. Yeremin, Iterative solution methods for large hybrid sparse/dense complex
linear systems. Research Report EM-RR-30,1995.
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Numerical Experiments with Matrix Free Iterative Solution
Strategies for 3D Industrial CEM Applications on Parallel
Computers

A. Antonov, S. Kharchenko, I. Konshin, V. Voevodin, A. Yeremin, M. Zatsepin
Computing Center and Institute of Numerical Mathematics
of the Russian Academy of Sciences and Elegant Mathematics, Inc.(USA)
E-mail: badger@ccas.ru

The principal bottleneck of many 3D industrial boundary integral applications is related to the
necessity to store and solve large dense linear systems. Storage of these systems on disk requires O(n?)
Words of disk memory. The problem solution, using the best Direct Method Linear Equation Solvers
typically applied to such problems, requires O(n®) arithmetic operations. As an alternative, we suggest
to use an algebraic "matrix-free” iterative solution strategy for such problems. The proposed method
provides an O(n®), where o < 2, serial arithmetic complexity and requires only O(n?), where f < 2, disk
memory locations to store and solve the problem.

Our main idea is to replace the original linear system AX = B by the so-called ”compressed”
linear system AX = B, where only O(nf), 8 < 2, disk memory locations are required to store A and
only O(n%), & < 2, multiplications are required to compute AY. At the same time we guarantee that
[IX = X|I/lIX}| < € for any prescribed ¢ if |4 — A[jr < £allAl|r, where A is a block low rank matrix
approximation.

Such a strategy was implemented in the matrix-free iterative solver LRA_CDENSE. LRA_CDENSE
is based on block low rank matrix approximations for constructing the compressed coefficient matrix A
and on incomplete triangular factorization preconditioned GMRES iterations for solving the compressed
linear system [0]. LRA_CDENSE allows one to solve very large complex linear systems (of size up to
several hundred thousand) on existing supercomputers. For example, a complex dense linear system of
size n = 80,802 with 722 multiple right hand sides originating from the standard Metallic NASA Almond
CEM benchmark has been solved on a single CPU of the Cray YMP-C90 in less than 26 hours by
LRA_CDENSE. This solution required only 147 MWords of main memory and 21.2 GBytes of disk space.
By comparison, a Direct Method Solver, assming it could drive the target computer at its maximum
Mflop rate and induce no delay for out-of-core IO activity, would require more than 104 GBytes of disk
to store the problem and more than 390 hours of CP time to solve the problem.

In order to pursue further increases of problem size, it is logical to consider application of these
Low Rank Methods on parallel computers. However, since the LRA_CDENSE preconditioning strategy
requires computation of an incomplete triangular factorization and solution of auxiliary linear systems
with triangular coefficient matrices at each preconditioned GMRES iteration, a straightforward porting
of the LRA_CDENSE code to a parallel computer (especially with a distributed main memory) is likely
to be inefficient.

In this talk we discuss our approach to resolving this inefficiency and will describe an efficient parallel
implementation of LRA_CDENSE on shared and distributed memory parallel computers, including net-
works of high end workstations. We will place a special emphasis on an analysis of the method’s parallel
properties for incomplete triangular factorization preconditionings. We show that the LRA_.CDENSE it~
erative solver allows an efficient parallel implementation without compromising the resulting convergence
properties or serial arithmetic costs. We also present results of numerical experiments when solving large
dense complex linear systems of sizes 200K - 300K on parallel computers.
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A 2-Dimensional Slab Quasi-Optical Powér Combining System

H.-S. Hwang!, T. W. Nuteson!, M. B. Steert, J. W. Mink!, J. Harvey®, and A. Paolella®
! Electronics Research Laboratory, Department of Electrical and Computer Engineering,
North Carolina State University, Raleigh, NC 27695-7911 :

¢ United States Army Research Office, PO Box 12211, Research Triangle Park, NC 27709

9 Microwave & Lightwave Components Division, AMSRL-EP-MA, US Army Research
Laboratory, NJ 07703

In this paper, a 2-D quasi-optical power-combining system with convex and concave
lenses shown in Fig. 1, was investigated. The scattering loss of convex and concave lenses,
amplifier gain, and passive and active system gains were measured, and the results showed
that the concave-lens system has lower scattering loss and higher system gains. Input power
versus output power was also measured, and showed the output power entered saturation
for input power higher than —15 dBm. All the measured data implies that a concave-lens
system is more suitable for MMIC fabrication as the problem of having dissimilar materials
is mitigated.

The complete 2-D slab-based system with two convex/concave lenses shown in Fig. 1
consisted of a 4 x 1 MESFET amplifier array built underneath the slab and between the two
lenses. The input energy radiated from the port 1 travels in a TE Gaussian-Hermite mode
along the slab waveguide, and two lenses are used to focus the guided waves for optimal
field distributions on the amplifier elements. The dielectric slab was Rexolite (e, = 2.57,
tané = 0.0006) and was 27.94 cm wide, 62 cm long, and 1.27 cm thick. The convex lenses
were Macor (& = 5.9, tané = 0.0006), and the focal length is 28.54 cm. The concave lenses
were just air, and the focal length is 40.4 cm.

The input and output powers, P, and P,,;, at 7.12 GHz for both cases are shown in
Fig. 1. The highest system gains at this frequency were about 2 dB and 4.5 dB for the
convex and concave cases, repectively. This figure shows the 1:1 ratiq between P,,; and P;,
as P, < —15 dBm, and shows that P,,; reached the saturation condition as P, > —15
dBm. This figure also reveals that the concave-lens system has less scattering loss, higher
system gains than the concave lens system, and is more appropriate for MMIC design.
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Figure 1: (a) The slab-based system with convex/concave lenses (b) Input and
output power of the convex/concave system.
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MICROCONTROLLER-BASED THERMAL IMAGING SYSTEM

Dr. Salim Akbar, Department of Avionics Engineering,
College of Aeronautical Engineering, PAF Academy, Risalpur, Pakistan

The electro-optical design of a microcontroller-based thermal imaging
system is described. The optical head assembly, electro-mechanical raster
‘'scanning, analog and digital signal processing, scan conversion circuitry and
display circuit are discussed.

The optical head assembly includes a stepper-motor mounted front-surface
aluminum-oxide coated mirror, an 8-14 u AR-coated infrared lens-system, an 8-14
p optical filter, and a linear cryogenically-cooled 48-element Mercury-Cadmium-
Telluride 8-14 u detector array.

The electro-mechanical raster scanning system features object-plane
scanning with a stepper-motor mounted mirror. The 1.8° stepper motor is used
in conjunction with a gear box of 25:2 to achieve a mechanical step size of 0.144°
and an optical step size of 0.288°. The stepper motor-based scanner offers an
inexpensive open-loop system free from damping and oscillation considerations
and promises sufficient torque to provide uninterrupted operation even when the
host platform is undertaking high-G manoeuvre. In all, 128 linear mechanical-
steps per scan-frame are executed to yield a horizontal field of view of 36.9°. The
vertical field of view of the systém is determined by the combination of lens
system and detector array and calculated to be 13.4°. The scan-frame rate is 2.6
Hz while the raster display-frame rate is 47.3 Hz.

The analog and digital signal processing features trans-resistance pre-
amplifiers, post-amplifiers, electrical filtering, 48 X 1 analog multiplexing, digital-
to-analog conversion and a digital dual memory set in which frame data are
stored. The stored data are read out at a controllable rate.

The dual-memory based scan-conversion circuitry offers the convenience
to display the target image on to a variety of display types (NTSC TV, flat-panel,
or dedicated CRT) regardless of the electro-mechanical scan rate.

Lastly, the entire image acquisition process is controlled by an 8051
microcontroller. The electro-mechanical scanning, the D-A conversion, the
memory write and read and image display are all’ controlled by the
microcontroller, yielding software-flexibility and reduced cost and component
count.
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A FREQUENCY-AGILE RF SOURCE USING BISTABLE OPTICALLY
CONTROLLED SEMICONDUCTOR SWITCHES (BOSS)

Dr. David C. Stoudt, Dr. Frank E. Peterkin and Mr. Michael A. Richardson
Dahlgren Division, Naval Surface Warfare Center
Pulsed Power Systems & Technology Group, Code B20
Dahlgren, Virginia 22448-5100

Recent experimental high-power, subnanosecond-switching results of the
Bistable Optically controlled Semiconductor Switch (BOSS) are presented. The
processes of persistent photoconductivity followed by photo-quenching have been
demonstrated at megawatt power levels in copper-compensated, silicon-doped, semi-
insulating gallium arsenide. These processes allow a switch to be developed that can
be closed by the application of one laser pulse (A=1.06 um) and opened by the
application of a second laser pulse with a wavelength equal to twice that of the first
laser (A=2.13 pm). Switch closure is primarily achieved by elevating electrons from
a deep copper center which has been diffused into the material. The opening phase
is a two-step process which relies initially on the 2-um laser to elevate electrons from
the valance band back into the copper center, and finally on the recombination of
electrons in the conduction band with holes in the valance band. For fast opening
behavior, the second step requires a high concentration of recombination centers
which are generated in the bulk GaAs material by fast-neutron irradiation at a fluence
level of about 2x10" cm™

Neutron-irradiated BOSS devices have been opened against a rising electric
field of 36 kV/cm (18 kV) in a time less than one nanosecond. Electrical pulses have
been generated, at ten's of kilovolts, with a FWHM of roughly 350 picoseconds and
at repetition rates of up to 1 GHz (within a two-pulse burst). The ability of the BOSS
switch to open, as well as close, in the subnanosecond regime allows a new type of
RF source to be developed that is capable of generating repetitive high-power
microwave cycles of varying duration, depending on the relative delay between the
turn-on and turn-off laser pulses. A source configuration that is capable of generating
ac power with real-time frequency agility is called the pulse-switch-out (PSO)
generator. The PSO generator consists of two BOSS devices, one housed in a
positively charged transmission line and the other in a negatively charged
transmission line, both feeding into a single transmission line that leads to the
antenna. Positive and negative half-cycles are generated by first closing and opening
each BOSS device in succession. The frequency content in the generated RF pulses
can be adjusted by either varying the time between the turn-on and turn-off of each
switch, or by varying the time between the closure of each BOSS device while
keeping the electrical pulse width the same. Results demonstrating the operation of
BOSS devices at high repetition rates in a frequency-agile RF source configuration
will be discussed.
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Response of High Speed Nanoscale LT-GaAs
Metal-Semiconductor-Metal (MSM) Photodetectors

R. P. Joshi® and J. A. McAdoo*
@Department of Electrical & Computer Engineering
Old Dominion University, Norfolk, VA 23529-0246
*Electro-Optics Branch, Aerospace Electronics Systems Division
NASA Langley Research Center, Hampton, VA 23681

We have successfully fabricated and tested nanoscale MSM devices with
a picosecond temporal response for photomixer applications around 830 nm.
Previous reports on nanoscale MSM devices were not at this longer wavelength.
The ultrafast response resulted from a low capacitance of about 1 fF, the use of
LT-GaAs active layers, and ultrashort finger separations. A two-dimensional (2D)
Monte Carlo model provided very accurate predictions of the transient MSM
response. The simulations included nonuniform photogeneration, real space
transfer into a Al,,Ga,,sAs passivation layer, and the effects of a 2D field
distribution. The results of the temporal response suggest that the inability of the
electric fields to penetrate deep into the active areas might limit the frequency
response of the nanoscale devices. This problem could be alleviated through the
use of a backside LT GaAs-AlGaAs heterojunction to confine photocarriers within
the high field regions near the top. Values of the full-width at half-maxima
photocurrents for the 50 nm and 100 nm devices were found to be 1.4 ps and 2
ps, respectively, in keeping with experimental observations. Results comparing
the experimental transient response with the Monte Carlo predictions for a 50 nm
MSM device are shown in the figure below. More recent developments in this
area, including the dependence of the response on photoexcitation intensity,
biasing voltage and device geometry will be presented and discussed.
10
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Fig. 1 Results comparing the experimental transient response with
the Monte Carlo simulations for a S0 nm LT-GaAs MSM device.
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A NEW APPROACH TO THE NONLINEAR S]MULAT!ON OF LOAD-FREQUENCY
PULLING OF MICROWAVE MESFET OSCILLATORS

C. L. Chen, B. X. Gao*, X. N. Hong*, P. §. Kooi and M. §. Leong
Dept. of Electrical Engineering, National University of Singapore, Singapore 119260
* Dept. of Electronic Engineering, Tsinghua University, Beijing 100084, P. R. China

ABSTRACT: Load-Frequency Pulling(LFP) reflects stability of microwave oscillators.
Simulation of the LFP has highly practical importance in microwave engineering, but it is
seldom reported in literature. This paper presents a new and efficient technique to simulate the
LFP of microwave MESFET oscillators by Nonlinear Curent Method (NCM). An equivalent
circuit model is introduced for the simulation, where all noniinearities are described by power
series. The model (Fig.1) consists of the equivalent circuit of the oscillator, a resistive % network
and a short-circuited ideal transmission line whose electrical length 0 is variable (6=0--r). When
(Ry,R)are given and 6 varies from 0 to m, the oscillating frequency of the oscillator is pulled
due to changes of Z (@,0). NCM is used to simulate the oscillating frequency and the LFP
because of its recursity and high efficiency. At each point of 8y =kn/N(k=0--N, N is the
number of points sampled), Zj (©,8) can be calculated and corresponding oscillating
frequency fy can be obtained by solving the equation Zy, (@,0)+Zqy (3)=0, where Zo (D)
can be calculated through the NCM. Then the LFP of the oscillator is obtained, A software
developed on the basis of the theory is used to simulate the LFP of an oscillator shown in Fig.2.
Table 1 is the simulated LFP of the oscillator corresponding to.three sets of values of (R;,R).
The measured oscillating frequency of the oscillator is f,=5.41 GHz when Z; =50Q. Table 1
shows when attenuation of the 7 network increases, the LFP decreases and fx varies closely to
fo. The simulation is performed on PCs. The results prove the approach is valid and suitable
for microwave CAD. :

- - BT T T T T

Zout( @) X 12 @,0)

Fig.1 Table 1. Simulated LFP
(R, R (Q)
£ (GHz)\ | (17.6,2924) | (37.35,150.5) | (789.8,53.3)
0 - )
0 4.88227 5.15197 54121
9 5.09403 5.23437 541229
21/9 5.31168 5.35809 541287
319 551562 548787 541354
4T/9 5.71442 5.60151 541401
5m/9 5.89189 - 5.65867 541404
6m9 - 5.82859 5.58016 541366
T1/9 519548 5.35733 541301 -
8n/9 4.81816 5.17697 541237
il 4.88227 5.15197 54121
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Application and Performance Issues of PML in 3D Frequency-Domain Fi-
nite Element Methods for Modeling MMIC ‘Devices

G. Peng®, S. Pereplitsa, R. Dyczij-Edlinger, and J. F. Lee

The use of an anisotropic material (PML absorber) in the frequency domain finite el-
ement methods has been proposed previously (Z. Sack etc., IEEE AP-S, 1460-1463, Dec.
1995) for the boundary truncation. In this paper, this PML condition has been extended
to match multi-layered structures and subsequently incorporated into a frequency-domain
H'(curl) vector finite element method to model MMIC devices.

Higher order vector finite element methods offer the possibility of using a coarse grid
to obtain accurate solutions of Maxwell's equations while at the same time, retaining the
geometric flexibility of finite element methods. As early as 1980, Nedelec introduced a
family of mixed finite elements in R® that is unisolvent as well as conforming in Hcurl)
(J. C. Nedelec, Num. Math. 35, 1980). In this paper we discuss the application of
the H*(curl) vector finite elements for the analyses of MMIC devices. This is a higher
order scheme which is incomplete to second-order for the vector field, but is complete to
first-order in the range of the curl operator. .

By incorporating the PML material in the frequency domain finite element formu-
lation for modeling three-dimensional MMIC devices, two major difficulties have been
observed. They are: great number of unknowns introduced by the PML materials; and,
slow convergences in the preconditioned conjugate gradient solvers. To circumvent these
two difficulties, we have implemented a recursive PML formulation which reduces the
memory consumption for the PMLs and investigated appropriate preconditioners for the
resulting matrix equations.

Specific topics that will be addressed in the presentation include: the accuracy /performance

vs the per-layer damping factor of the PML absorber; the performance of a Schur com-
plement preconditioner for solving the resulting matrix equation; and, the computational
complexities of two formulations, E-field and A~V formulations.
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THE USE OF HIGHER ORDER EDGE-BASED FINITE ELEMENTS
TO IMPROVE THE ACCURACY OF THE
ANISOTROPIC PERFECTLY MATCHED LAYER

J. Y. Wu, R. Lee, and J. F. Lee

ElectroScience Laboratory
Department of Electrical Engineering
The Ohio State University
1320 Kinnear Rd.
Columbus, Ohic 43212-1191

Since its introduction, the anisotropic perfectly matched layer (PML) (Sacks
et al., IEEE Trans. Antennas and Propagat., Dec. 1995) has gained much in-
terest in its use as a new boundary truncation scheme for finite methods.
To be used for this purpose for 3-D electromagnetic scattering problems, the
PML materials have to form a box with the scatterers enclosed inside, and
special care must be taken for the materials on the edges and corners of the
box, to ensure perfect matching. For the edge-based finite element method
(FEM), where the edge elements (Whitney 1-forms) are used, good accuracy
with this boundary truncation scheme can be achieved, but depends heavily
on the choices of the thickness, material properties, and mesh density for the
PML region. Thin PML materials with high material properties are desirable
to reduce computation costs. However, this means that the fields inside the
PML region decay rapidly, which requires a very fine mesh to satisfactorily
approximate the field behavior, increasing the computational cost. Therefore,
there are trade-offs among these choices.

Alternatively, one can keep the mesh size fixed, and use higher order fi-
nite elements to better approximate the field behavior inside the PML region.
Although higher order elements have been extensively studied for the nodal
FEM, there have been only limited use of higher order elements for the edge-
based FEM. Commonly referred to as tangential vector finite elements, these
higher order vector elements are not as easy to understand or construct as
their nodal counterparts. The performance evaluation of the tangential vector
finite elements is not straightforward. Although the number of unknowns is
much reduced with the use of higher order elements, the connectivity per ele-
ment increases dramatically. The most important factor, however, should be
the computational costs for obtaining solutions of comparable accuracy. This
depends on the problems considered and the matrix solvers used.

In this presentation, we will show the results of some typical EM scatiering
problems with anisotropic PML for boundary truncation, modeled by different
orders of tangential finite elements. We will show the advantages and disad-
vantages of the higher order elements. All the performance comparisons will
be based on the use of the conjugate gradient method as the matrix solver.
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A Modal PML

M.Okoniewskit, J. De Moerlooset, M.Mrozowskii, M.A.Stuchlyt

TUnjversity of Victoria, Dept. of Electrical and Computer Engineering
P.0.Box 3055, Victoria, BC, V8W-3P6, Canada

$Technical University of Gdassk, Dept. of Electronics, 80-956 Gdansk, Poland

In problems involving waveguide discontinuities, MMIC transmission lines or circuits, one typi-
cally deals with small regions of inhomogeneity situated in an otherwise uniform waveguide-type
transmission line. Accelerated numerical methods can be applied in such circumstances, which
combine standard FDTD with eigenfunction expansion techniques. However, reflection-less nu-
merical termination of such structures presents a serious problem due to the highly dispersive
nature of waveguide modes and high contents of evanescent modes close to the discontinuity plane.
Even recently introduced Berenger’s ABC do not entirely alleviate the problem, as the dumping
of evanescent waves is not accelerated by PML. Thus, a relatively large number of PML layers is
required, and the computational cost increases. ‘

In this contribution we introduce Berenger’s ABCs which operate on mode amplitudes rather than
on fields in the FDTD grid. Three techniques are combined to achieve high numerical efficiency:

o Standard Yee FDTD mesh is used in the area of discontinuity.

o Eeigen-function expansion and 1D discretization are used in uniform regions of the structure.

¢ Berenger’s ABC are reformulated for modes and applied to truncate the computational do-
main.

Since in this formulation only few mode amplitudes have to be considered (as opposed to all mesh
points is a structure cross-section in the classical approach), higher number of PML layers can be
easily afforded. Moreover, the characteristic of PML for each mode can be adjusted separately.

A typical speed-up factor, combining both hybrid-approach and modal PML is of an order of 20,
compared to a standard Yee mesh and standard PML.

Additionally, interesting properties of PML can be observed using this technique. A typical
response of a 16 layer PML in a rectangular waveguide (X band) is shown in Fig.1. As the
simulation time increases, the curves approach the analytically computed PML response. The
dotted line indicates normalized amplitude of the input pulse (note, low incident power below cut-
off frequency). Fig.2 concerns the same waveguide and identical PML, but with high energy contents
of the incident pulse below the cutoff frequency. Note, that late time response of PML excited by
a pulse with high energy contents below cutoff frequency of a fundamental mode, deteriorates the
PML response even above cut-off.
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Conformal PML Absorbers for Mesh Truncation in FEM

M. Kuzuoglu* and R. Mittra
Electromagnetic Communication Laboratory
University of Illinois at Urbana-Champaign
1406 W. Green Street, Urbana, IL 61801

In the finite element modeling of electromagnetic radiation and/or scattering
problems, the computational domain is usually truncated by an artificial boundary
over which suitable absorbing boundary conditions (ABCs) are imposed. An
alternative approach to mesh truncation, which was recently proposed by Berenger
for FDTD implementation, employs an anisotropic layer of material called perfectly
matched layer (PML) at the outer boundary, that is designed to absorb plane waves
of arbitrary frequency and incident angles. However, since the Cartesian coordinate
system is used in a majority of FDTD applications, the PML layers are typically
placed on the six faces of a cubical surface and this, in'turn, can lead to an increase
in the computational domain for scatterers of arbitrary shape. To obviate this
difficulty, we design a conformal anisotropic absorbing layer and choose its
constitutive parameters such that it again has PML-like properties.

For two-dimensional TM or TE scattering problems, the partial differential
equation satisfied by ¢ (¢ is E, (TM) or H, (TE)) is given by

V.(AV@)+klap=0

A

. e .
where k is the wave number, a=1—-j——, and A= = Pl is a tensor
WE, A Ay

whose entries are chosen to enforce the decay of the wave within the layer in the
direction normal to the boundary. The tensor A is obtained by applying suitable
rotation operators to the tensor A, which is defined at a certain point P with
respect to a local (£,17) coordinate system in a way such that the field attenuates

along either € or 77; thus, A is the representation of A with respect to the global

coordinates (x,y). The anisotropic absorbing layer, described by A, can be of
arbitrary shape and, hence, can be chosen to be conformal to the surface of the
scatterer to minimize the white space region of the computational domain.

Numerical results demonstrating the validity of the conformal PML
approach have been obtained and will be included in the presentation.

* Supported by the Turkish Scientific and Technical Research Council as a NATO B2 scholar
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Closed Form Expression of Numerical Reflection
Coefficient of Perfectly Matched Layers

Jiayuan Fang* and Zhonghua Wu
Department of Electrical Engineering
State University of New York at Binghamton
Binghamton, NY 13902

It has been understood that, at an interface of two PML media, there is no
reflection for incident waves of any angles and frequencies [Berenger, J. Comp. Phys.,
114:185-200, 1994]. However, reflection does occur at the interface of two PML media
in actual FDTD computations. Analyses have been reported on the numerical reflection at
an interface of two PML media [Chew and Jin, URSI, 338, 1995]. Typical practice is to
have the conductivity profile of PML change gradually to maintain low numerical
reflection. To achieve optimum performance for a given thickness of a perfectly matched
layer, the amplitude and the pattern of the conductivity profile need to be properly chosen
to reach best compromise between the wave attenuation and the numerical reflection
inside the PML..

Our study shows that the numerical reflection at an interface between two PML
media depends heavily on the finite-difference equation right at the interface. With
numerical dispersion relations on both sides of the interface, and the finite-difference
equation right at the interface, a closed form expression of the numerical reflection
coefficient at the interface can be derived. Starting from the single reflection coefficient
for one interface, the expression for the total reflection coefficient for N interfaces can be
found recursively. The validity of the closed form expression of the numerical reflection
coefficient is checked with the results obtained directly from FDTD computations. It has
been found that the reflection coefficients obtained directly from FDTD computations
identically matches those from the closed form expression.

The resultant closed form expression of the reflection coefficient is a function of
medium thickness and the pattern of the conductivity profile of PML. This expression
significantly facilitates the effort of selecting parameters of PML to achieve optimum
performance. The dependence of the numerical reflection on various parameters of PML,
which reveals the optimum values of these parameters, will be presented.
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APPLICATION OF A MODIFIED PML IMPLEMENTATION
TOWARDS FDTD ANTENNA ANALYSIS

Jonathon C. Veihl* and Raj Mittra
Electromagnetic Communication Laboratory
University of Illinois, Urbana, IL 61801

The perfectly matched layer (PML) concept for FDTD mesh truncation
has been shown to provide near-field reflection errors several orders of
magnitude less than that achieved with traditional one-way wave equation
techniques [Berenger, J. Comput. Phys., 114:185-200, 1994]. The main
objective of this paper is to quantify the level of improved accuracy in the
computed radiation characteristics for various antenna geometries due to these
reduced reflection errors as a function of the computational cost incurred. The
standard three-dimensional PML implementation requires the electric and
magnetic fields to be split, resulting in 12 update equations for 12 unknowns
[Katz et al., IEEE/MGWL, 4:268-270, 1994]. A modified formulation which
utilizes only 8 unknowns in wall regions, i.e., where there is only one nonzero
conductivity component, is combined with the standard PML in the much smaller
edge and corner regions, where multiple nonzero conductivities exist, to provide
a more efficient PML implementation while providing the same level of accuracy
[Veihl, Mittra, IEEE/MGWL, Feb., 1996]. Computation time and memory
savings of roughly 20% can be achieved with the hybrid formulation with no
appreciable loss of accuracy for the near field solutions. Extensions to the
modified PML for improved evanescent wave absorption will be discussed,
together with the incorporation of the unsplit equations in the edge and corner
regions. The latter is accomplished by defining an edge or corner to exist only on
the diagonal of the region of overlap of multiple wall regions. Although feasible,
the memory and coding complexity tradeoffs of this approach may make it
unattractive compared to the hybrid approach. A more serious limitation exists in
the inability to apply the modified PML in regions with nonzero background
conductivity, where the generalized PML may be more appropriate.

The modified PML for nonuniform FDTD has been applied towards the
analysis of antennas for input impedance and far field radiation pattern. The goal
has been to bring the PML layer as close as possible to the antenna in order to
reduce the white space between the antenna and the mesh truncation boundary.
This reduction of buffer region and the nonuniform formulation allow finer detail
to be applied in the modeling of the radiator without drastically increasing the
solution time. Wire dipoles, coax-fed patch antennas, aperture-coupled
microstrip patch antennas, and a handheld portable telephone in the presence of a
head model have been investigated using the modified formulation. For the patch
antennas, the input impedance and radiation pattern were computed as the
distance between the patch and the mesh truncation condition was reduced. The
radiation pattern was found to be relatively insensitive to the placement of the
boundary condition and the location of the equivalent surface used for the near-
field to far-field transformation. The sensitivity of the input impedance on the
proximity of the boundary condition will be discussed for various boundary
conditions, including the dispersive boundary condition and various PML
implementations.
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The Uniaxial Perfectly Matched Layer (UPML) Truncation of
FDTD Lattices for Generalized Media

Stephen D. Gedney* and Alan Roden
Electromagnetic Laboratory, Department of Electrical Engineering
University of Kentucky, Lexington, KY 40506-0046

Explicit time-domain methods such as the finite-difference time-domain (FDTD)
method and the planar generalized Yee (PGY) algorithm have been highly
effective for the analysis of practical microwave circuit devices and antennas.
One of the most challenging aspects of these methods is implementing absorbing
boundary conditions that can accurately truncate the mesh over broad frequency
bands. Recently, J.-P. Berenger (J. of Comp. Phys., 1994) introduced an
absorbing material medium, referred to as a perfectly matched layer (PML), that
provides a nearly reflectionless lattice truncation. Since its introduction, the PML
absorbing media has rapidly demonstrated extraordinary success for the
termination of FDTD Ilattices. It has been applied to homogeneous media,
inhomogeneous media, as well as lossy media. A number of variations of the
method have also been introduced, including a coordinate stretched approach
(Chew and Weedon, IEEE MGWL 1994), (C. M. Rappaport, IEEE MGWL, 90-
92, March, 1995), a uniaxial PML in the frequency domain (Z. Sacks, et al,
IEEE. T. on AP, 1460-1464) and extended to the time-domain (S. Gedney and A.
Roden, URSI Symp., Newport Beach, CA, 1994), and a generalized PML (Fang,
IEEE MGWL, 451-453, 1995). The initial portion of this paper presents a unified
theory for PML media. Specifically, it is demonstrated that the above
generalizations of the PML media have mathematical equivalencies, and can be
neatly summarized by the uniaxial PML (UPML) description. Subsequently, the
application of the UPML to inhomogeneous, lossy, dispersive, and non-iinear
media are illustrated to demonstrating the generality of this absorbing medium.
From these studies, it is demonstrated that in the discrete space the reflective
properties of the PML are highly dependent on the material parameters and the
depth of the PML as well as the spatial scaling of the PML parameters. However,
an optimal choice of parameters is found that minimizes reflection across the
entire spectrum of frequencies of the time-dependent simulated fields. Finally,
the UPML is extended to non-Cartesian grids as well as the unstructured grid
based PGY algorithm.  The limitations of the UPML as well as the successful
application of the UPML termination of such lattices is discussed.
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Modification of Finite-Difference Equations at PML
Interfaces to Reduce Numerical Reflection of PML

Zhonghua Wu* and Jiayuan Fang
Department of Electrical Engineering
State University of New York at Binghamton
Binghamton, NY 13902

Although there should be no reflection at the interface of PML media by analyzing
corresponding differential equations, there actually is numerical reflection at the interface
in finite-difference time-domain computations. It has been found that the amount of
numerical reflection at the interface mostly depends on numerical implementations at the
interface. That is, better finite-difference implementations at the interface can lead to
smaller numerical reflections.

Consider an interface of two uniform PML media. The coefficients in FDTD
equations depend on material properties at discrete finite-difference grid points. At the
interface of the two PML media, the selection of coefficients of FDTD equations is
ambiguous. The common practice is to let the coefficients at the interface be the average
of the coefficients on both sides of the interface.

It can be shown that the closed form expression for the numerical reflection
coefficient at the interface can be derived analytically. From this closed form expression,
coefficients of FDTD equations at the interface can be determined to minimize the
numerical reflection.  Our study shows that, for minimum numerical reflection, the
coefficients of FDTD equations at the interface should be chosen different from the
average of those on both sides of the interface.

It can be shown both numerically and analytically that, for an interface of two
uniform PML media, the numerical reflection of our modified finite-difference equation is
several orders of magnitude smaller than that of the commonly used finite-difference
scheme.  Numerical tests show that our current modified finite-difference equation,
however, does not always provide improvements over the conventional scheme for some
non-uniform PML media. Both favorable and unfavorable results will be presented to
stimulate discussions.
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TIME-DOMAIN IMPLEMENTATION
OF THE GENERALIZED, ANISOTROPIC PML

James G. Maloney* and Morris P. Kesler
Signature Technology Lab, Georgia Tech Research Institute
Atlanta, GA 30332-0824

In 1994, Berenger introduced the concept of the Perfectly Matched Layer (PML)
for use in truncating numerical grids for electromagnetic computations (Berenger,
J. Comp. Phys., pp. 185-200, 1994). His original approach involved the splitting
of the field components into two parts, and treating each part separately. Impres-
sive results have been obtained using this formulation for truncating free space
regions. However, its performance is degraded when used to truncate regions with
loss. Also, the storage requirements are doubled in the PML regions. In 1995,
another formulation of a PML suitable for use in frequency-domain electromag-
netic codes (FEM, FDFD) was published (Sacks, et. al., IEEE Trans. Antennas and
Propagation, pp. 1460-1463, Dec. 1995). This formulation involved using a lossy,
anisotropic material to truncate the numerical grid.

At last year’s URSI meeting, a generalization of the Berenger PML suitable for
numerical truncation of lossy regions was discussed (Wu and Fang, Proc.
USNC/URSI Mtg., p. 336, June 1995). However, the splitting of the field compo-
nents was maintained and additional auxiliary variables were introduced. In addi-
tion, a time-domain implementation of the anisotropic PML was introduced
(Gedney and Roden, Proc. USNC/URSI Mtg., p. 334, June 1995). However, there
was little discussion of truncating regions with loss. In this presentation, we will
discuss the generalization of the anisotropic PML for the truncation of lossy
regions as well as the details of its time-domain implementation.

An FDTD numerical grid which is truncated by the generalized, anisotropic PML
can be divided into four distinct sub-regions: the interior, the faces, the edges, and
the corner regions. We consider the general case where the interior region can be
lossy, either dielectric, magnetic or both. In the frequency domain, the generalized
PML relations for the face regions are constructed by requiring zero reflection at
the interface between the interior and face regions. The PML relations for the other
regions are derived by enforcing the same requirement between two anisotropic
PML regions. The time-domain implementation of the various PML relations
requires the introduction of auxiliary variables, the number of which depends on
the material parameters of the interior region. The details of the PML relations and
implementation requirements for the various regions will be discussed during the
presentation.
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The Design of Maxwellian Absorbing Materials for Numerical
Boundary Conditions and for Practical - Engineering
Applications

Richard W. Ziolkowski

Electromagnetics Laboratory
Department of Electrical and Computer Engineering
The University of Arizona
P. O. Box 210104, 1230 E. Speedway
Tucson, AZ 85721-0104

(520) 621-6173 (office), (520) 621-8076 (fax)
ziolkowski@ece.arizona.edu  (e-mail)

Electromagnetic absorbers have many practical usages. These include the now
famous stealth technologies as well as the more traditional cone absorbing
materials for anechoic chambers. The need for such absorbers does not
diminish. There are many applications for .lighter weight, more highly
absorbing materials, The immense interest in complex media such as artificial
chiral materials has arisen from such needs. Absorbers have also attracted
much attention recently in the computational -electromagnetics community.
The need to truncate the simulation domain in any finite difference or finite
element approach is well-known. Many absorbing boundary conditions (ABCs)
have been developed to achieve this truncation. Like with any real-life
absorber, the perfect ABC would absorb perfectly any frequency of
electromagnetic radiation incident upon it from any angle of incidence. The
Berenger perfectly matched layer (PML) ABC comes quite close to this goal.
However, a major drawback to the Berenger PML ABC is that it requires a non-
Maxwellian implementation through the field equation splitting introduced by
Berenger. This is not a serious drawback numerically, but it does mean that a
PML region can not be realized physically.

A Maxwellian material interpretation of the Berenger perfectly matched layer
(PML) will be developed in the presentation using polarization and
magnetization fields. The PML material is found to be a passive lossy electric and
magnetic medium with particular conductivity and Debye dispersion
characteristics. Although it is recognized that the PML medium is physically
unrealizable, this polarization and magnetization field interpretation reveals

the necessary characteristics of a perfect clectromagnetic absorber. A
physically realizable, Maxwellian material that has those perfect absorption
properties will then be constructed with these concepts. The numerical

implementation of the perfect absorber will be given, and the resulting
reflection coefficients from a perfect electric conductor-backed slab of this
material will be characterized. It will be shown for broad bandwidth pulsed
fields that this absorber, .like the non-Maxwellian PML, has absorption
characteristics in the 70-110 dB range for large angles of incidence. Strategies
will be discussed for engineering this dispersive electric and magnetic absorber
artificially with a substrate that has an array of appropriately designed
radiating elements embedded in it.
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High Frequency Analysis of Spatial Coupling
in a Complex Environment

Ronald J. Marhefka
The Ohio State University
ElectroScience Laboratory

1320 Kinnear Road

Columbus, OH 43212-1191

In determining communication system performance, it is either necessary to
optimize the transmission between two antennas or to minimize the interference
from one antenna to another. This is especially true when the antennas are in close
proximity to one another. In an open environment, it is usually desirable to use
numerical methods such as integral or differential based techniques. When the
environment is large and complex in terms of a wavelength, however, it is often
difficult to use them in practice. Analyzing antennas systems at UHF or above on
aircraft or in and around buildings are common examples.

The Uniform Geometrical Theory of Diffraction (UTD) has been used
successfully for the analysis of antennas in the presence of large scattering
structures. In the past, most work has been conducted on perfectly conducting
structures. More recently, much theoretical development has been done to provide
rigorous solutions to the general problem of material wedges. These solutions are
usually limited to certain types of material, angles, two dimensions, etc. The use of
a newly developed heuristic solution for the diffraction from the junction between
multilayered material plates is possible. The types and number of interactions that
lead to reasonable engineering solutions will be discussed. This entails double
diffraction for perfectly conducting structures to multiple combinations of
reflections, transmissions, and diffractions for transparent materials.

The spatial coupling between antennas is based here on the generalized
reaction theorem. A modified Frii’s transmission formula is used which allows the
incorporation of the concept for pattern factors for the sources, vector effective
heights for the receivers, and UTD ray fields from the scattering structures to
obtain the coupled power. The antenna information can be obtained from
numerical methods, pattern factors, or tabulated data from simpler situations.

Examples of the coupling between antennas in a complex environment will
be discussed. The various individual diffraction mechanisms comprising the
propagation paths between antennas for simple geometrical configurations are ,
validated using moment methods. The examples are then extended to represent
more realistic geometries such as simple aircraft and building models.
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SCATTERING ANALYSIS OF NONMETALLIC FACETED SOLIDS
USING UNIFORM FIELD INTEGRATION METHOD(UFIM)

Jacob J. Kim* and Oren B. Kesler
Texas Instruments Incorporated
2501 W. University, M/S 8019
McKinney, Texas 75070

During the past decades many researchers investigated the high-frequency
electromagnetic (EM) scattering from conducting faceted solids such as polygonal
cylinders, and developed several asymptotic solutions to predict the scattering
from the conducting object. Those high-frequency techniques include simple
geometrical optics (GO), and physical optics (PO), and more complicated
techniques, such as geometrical theory of diffraction (GTD), physical theory of
diffraction (PTD), and uniform theories of diffraction (i.e., UTD and UAT),
equivalent current method (ECM), and incremental length diffraction coefficients
(ILDC). However, if the faceted solids become non-metallic materials or radar
absorbing material(RAM) coated conducting materials, then their applications are
still limited to the simple two-dimensional(2-D) geometry due to lack of three-
dimensional(3-D) analytic solutions or too many unknowns for matrix inversion.

This paper describes an efficient high-frequency EM scattering analysis
technique, which is referred to as Uniform Field Integration Method(UFIM), to
predict the first order 3-D scattering from either nonmetallic faceted solids or
RAM coated conducting solids. The UFIM (J. J. Kim and O. B. Kesler, ACES
Proceedings, 21-28, 1995) has been previously used in the EM scattering analysis
of complex discontinuities on an electrically large object, and proved its accuracy
and computational efficiency. The same analytic approach can be used here for the
nonmetallic faceted solids. The UFIM utilizes simple 2-D scattered field
formulations for nonmetallic or RAM coated wedge structures, and predicts 3-D
scattering from the faceted solids. The 2-D scattered fields for the nonmetallic or
RAM coated wedge shapes can be readily obtained by available numerical
solutions such as MOM, FDTD, TLM, etc. An assumption made here is that the
edge excited surface wave fields are not important and neglected in this analysis.
This is true when the surface under consideration has some loss such that the edge
excited surface waves decay very quickly away from the edge.

The UFIM predicted results were compared with other known analytic
solutions(e.g., ECM and PTD) for conducting plates and polygonal cylinders. A
few test models with RAM coated surfaces were also constructed and the results
of the UFIM prediction were compared with actual 3-D RCS measurements. All
comparisons showed very good agreements. The main advantage of this technique
is in its simplicity and applicability for the arbitrary shaped nonmetallic faceted
solids.
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NUMERICAL CALCULATION OF GTD COEFICIENTS
FROM MOMENT METHOD MATRICES

Francis X. Canning
Rockwell Science Center
1049 Camino Dos Rios
Thousand Oaks, CA 91360

Previous work on the Impedance Matrix Localization
(IML) method has repeatedly strengthened its analogy to
ray methods. An new combined field equation generated
using IML eliminated interactions across the interior -of a
closed convex perfectly conducting body. This equation is
(quasi) local, similar in character to a local high frequency
approximation. Can one use this to find numerical values for
GTD coeficients, again strengthening the analogy? Scattering
of TE radiation by a perfectly conducting circular cylinder is
considered. The new combined field integral equation of
IML gives a block circulant matrix T. On each block row of T,
there is a sub matrix D on the diagonal, to the right of D
there is a sub matrix R, and to the left there is L. Further
away from the diagonal, we approximate all matrix elements
by zero. The k-th block row of the moment method egn. is

LJk-1+DJk+RJk+1 =Vk for all k (1)

For k representing a part of the cylinder in the shadow
region, V=0. Assume there is a complex number ¢ such that

Jk+1 = CJk=02 Jk-l (2)
Combining Eq. (1) and Eq. (2) we get
{2L+cD+R} J_1=0 (3)

The condition that the matrix in Eq. (3) have a zero
eigenvalue is used to find ¢ and then the associated
eigenvector is found. The constant ¢ and eigenvector Jx-1

are found to agree well with GTD formulas.
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NUMERICAL CALCULATION OF DIFFRACTION COEFFICIENTS OF
GENERIC CONDUCTING AND DIELECTRIC WEDGES USING FD-TD

Glafkos Stratis Veeraraghavan Anantha Allen Taflove
Cellular Infrastructure Division Northwestern University Northwestern University
Motorola Inc. Evanston, IL 60208 Evanston, IL. 60208

Aurlington Heights, IL 60004

Classical theories such as the Uniform Theory of Diffraction (UTD) have been used in the past to
obtain analytical expressions for diffraction coefficient for canonical problems such as the
infinite perfectly conducting wedge. Although these theories predict the fields accurately in the
far-field region for simple problems, it is difficult if not impossible to extend these theories to
find diffraction coefficients for wedges composed of dielectric and imperfectly conducting
materials. In fact, the classical problem of diffraction from an infinite lossless dielectric wedge
has not been solved analytically.

In this paper we present numerical results for diffraction coefficients for the infinite conducting
wedge and the infinite lossless dielectric wedge using FD-TD. We calculate the diffraction
coefficients for frequencies from dc to 1.5 GHz at a number observation points for steady state
plane wave illumination. Comparison of the numerical results for the infinite conducting wedge
with the analytical solutions obtained using UTD show a close correspondence between the two
methods in the far-field region. In the near-field region and for the infinite lossless dielectric
wedge, numerical convergence studies indicate the validity of our results.

Further, we study and compare the diffraction of CDMA (Code Division Multiple Access) and
TDMA (Time Division Multiple Access) pulses impinging upon infinite conducting and
dielectric wedges using FD-TD - a problem that is especially interesting to the cellular and
personal communications industry.

Overall, we demonstrate that numerical simulation of diffraction using FD-TD is an extremely

powerful tool that can provide solutions for practical problems which classical analytical
techniques cannot provide.
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NUMERICAL DIFFRACTION COEFFICIENTS FOR WEDGES
: WITH LOCALIZED INHOMOGENEITIES

G. Manara™
Department of Information Engineering, University of Pisa
Via Diotisalvi 2, I-56126 Pisa, Italy

R. Coccioli, G. Pelosi
Electrical Engineering Department, University of Florence
Via C. Lombroso 6/17, I-50134 Florence, Italy

The analysis of electromagnetic scattering from complex bodies with
dimensions much greater than the wavelength can be efficiently
accomplished by resorting to high-frequency codes based on asymptotic
techniques, such as the Uniform Geometrical Theory of Diffraction
(UTD). Usually, an electromagnetic model is defined by locally
approximating the outer surface of the scatterer by canonical geometrical
shapes and imposing on them suitable boundary conditions. In most cases,
to simplify the problem the boundary condition for a perfect electric
conductor is chosen, although impedance  boundary conditions are
sometimes used to take into account the material properties of the body.
However, this procedure is in principle not able to accurately predict
“significant contributions to the scattered field which may arise from
localized material inhomogeneities and geometrical irregularities of the
structure. This issue is addressed in this communication, in which a
standard numerical procedure is developed to account for contributions to
the scattered field due to localized inhomogeneities, as for instance
cavity — backed inhomogeneously filled -apertures, 1n an otherwise
canonical perfectly conducting wedge.

The technique described defines a standard way for constructing
high —frequency numerical diffraction coefficients for irregular wedge
configurations with localized inhomogeneities. It is worth noting that in
such cases, codes based only on high-frequency techniques may fail,
depending on the dimensions of the localized irregularities. The procedure
proposed, which ‘is obtained by reformulating the hybrid method
described in (G. Pelosi, et al. IEE Proceedings—H, Vol. 142, No. 2, pp.
183-189, 1995) based on the Finite Element Method (FEM), allows
extending the class of problems that can be analyzed by ligh —frequency
codes. The actual configuration is regularized by recovering the
corresponding perfectly conducting wedge canonical shape. The total field
in the presence of the irregular wedge is evaluated by adding a correction
term to the standard UTD diffraction coefficient, which is given by the
product of a vector diffraction coefficient and a vector depending on the
incident field. The vector diffraction coefficient is obtained by multiplying
a constant matrix times a simple column vector whose entries account for
the observation angle. For a given irregular structure, the constant matrix
needs to be evaluated only once using the FEM based numerical
procedure proposed, and then stored. It can be efficiently used later on in
the context of a general high-frequency code, introducing only minor
modifications into the code structure.
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ENHANCING DIRECTIVITY OF SLOTS ON A FACE OF AN
IMPEDANCE WEDGE BY SURFACE WAVE DIFFRACTION

G. Manara*, P.Nepa
Department of Information Engineering, University of Pisa
Via Diotisalvi 2, I-56126 Pisa, Italy

P.H. Pathak
ElectroScience Laboratory, The Ohio State University
1320 Kinnear Rd., Columbus, OH 43212, U.S.A.

R. Tiberio
College of Engineering, University of Siena
Via Roma 56, I-53100 Siena, Italy

Radiation from slots on the faces of a wedge is a canonical problem in antenna
" analysis and design. In this context, the definition of simplified simulation models
is of importance for understanding dominant radiation mechanisms. The main
purpose of this paper is to investigate a specific useful phenomenon which may
occur for an impedance wedge. In particular, when suitable reactive surface
impedance boundary conditions are imposed on that face where the slots are
present, surface waves can be excited and surface wave diffraction at the edge of
the impedance wedge can be used to increase the directivity of the array of slots.

A simplified analysis is presented here, by modelling the slots by magnetic
line sources. In a first instance, coupling effects among the slots are neglected.
Within this approximation, it is found that space -and surface wave diffraction
contributions from the edge may play an important role in the radiation
mechanism. On one hand, space wave diffraction provides the continuity of the
field across the shadow boundary. On the other hand, the diffracted field due to a
strongly excited surface wave provides an equivalent edge source, that radiates a
field contribution with an amplitude which is comparable with that of the direct
field from the slot array. Its phase depends on the distance between the phase
center of the array and the edge, times the phase constant of the surface wave,
which is different from that in free-space. Thus, this latter equivalent edge source
field contribution may be usefully combined with the direct radiation of the array.
In particular, when the distance between the phase center of the array and the edge
source satisfies a Hansen-Woodyard condition, an enhanced maximum directivity
is obtained. Uniform asymptotic expressions are used to calculate the diffracted
field contributions; thus, providing a very accurate approximation of the actual
Green's function of the impedance wedge.

In a second instance, a more accurate analysis is performed by resortlng toa
suitable hybrid technique which combines a Moment Method procedure with a
ray field description of the Green's function of the wedge. This method allows to
effectively account for mutual couplings due to surface wave excitation,
propagation and diffraction from the edge.

Numerical results will be shown during the oral presentation.
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EQUIVALENCE BETWEEN PHYSICAL OPTICS
AND APERTURE INTEGRATION FOR OPEN-ENDED WAVEGUIDES

S. Maci*, P. Ya. Ufimtsev?, R. Tiberio®
'Dep. of Elec. Eng., Univ. of Florence, Via S.Marta 8, Florence, Italy
2 Electrical Eng. Dept., Univ. of California Los Angeles, CA 90024-1594, US.
3 College of Eng., Univ. of Siena, Via Roma 77, 58100, Siena, Haly

The eigen-mode radiation from an open-ended waveguide (OEW) of
arbitrary cross-section is considered. The following theorem is
demonstrated: the Kirchhoff-Kottler aperture integration (AI) for the
radiated field is equivalent to the physical optics (PO) approach applied
to the wall currents. In particular, it is found that the fields predicted
by AI and PO are exactly the same outside the OEW, while the sum of
the AI field plus the umperturbed feeding field is equal to the PO field
inside the OEW. No restrictions are imposed on the configuration of the
waveguide walls; thus, including non perfectly conducting, corrugated
and dielectric loaded walls.

Although this rigorously established equivalence between AI and PO
techniques is interesting per se, in practical applications it also provides
the freedom of choosing that technique which allows more efficient
calculations. In most instances, Al is a more desirable formulation
which implies a finite domain integration. However, owing to the semi-
infinite extent of its integration domain, sometimes the PO integration
can be easily performed in a closed form along the generatrix of the
cylinder; thus, it allows Al to be reduced to a line integration along the

edge either exactly or by means of asymptotic approximations.
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CLOSED FORM SOLUTION FOR THE
FIELD RADIATED AT FINITE DISTANCE
BY AN OPEN ENDED CIRCULAR WAVEGUIDE

F. Mioc, F. Capolino', M. Graziani', S. Maci', R. Tiberio’
'Dep. of Elec. Eng., Univ. of Florence, Via S.Marta 3, Florence, Italy
%2 College of Eng., Univ. of Siena, Via Roma 56, 53100, Siena, Italy

A high-frequency formulation is presented for predicting the field at
finite distance from open ended circular waveguide that is excited by an
axially-symmetric mode. The formulation is based on the Incremental
Theory of Diffraction (ITD) [Tiberio, Maci, IEEE Trans on Antennas
Propagat, May 1994]. In particular, the field is predicted by correcting
the Kirchoff-type aperture integration (AI) by a rim integration of
incremental, fringe ITD contributions. When the observation point is
below the aperture plane, first order field contributions from the rim
are partially optically shadowed. As a consequence, the integration of
the ITD contributions is limited to that part of the rim which is
directly seen from the observation point. Double diffraction,
incremental contributions are introduced in order to compensate the
discontinuity of the first order field contributions across the aperture
plane. This allows to describe the diffraction mechanism even for modes
that are very close to their cut-off frequency, when a strong
discontinuity occur at the aperture plane. All the line integrals
described above are evaluated asymptotically, so that a complete
closed-form solution is obtained. In particular, an Al closed form,
asymptotic expression is derived by using its equivalence with the
Physical Optics (PO) approach applied to the wall currents. Both the
first and the second order ITD integrals are asymptotically evaluated
by a uniform stationary phase method. .

In the far field limit, this closed form expression recovers that
presented in a previous work [AP-S Symposium, Newport-Beach,
August 1995] which was successfully validated against the exact Wiener
Hopf{ solution.

The solution presented here is found accurate also for waveguide of
moderate dimensions and may usefully be employed to treat
interactions among circular elements of a beam forming array.
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DIFFRACTION AT AN EDGE CLOSE TO A POINT CAUSTIC

S. Maci*, P. Bussotti', L. Borselli!, F. Capolino', M. Albani®
1Dept. of Elec. Eng., Univ. of Florence, Via S.Marta 3, Florence, Italy
2College of Engineering, Univ. of Sienﬁ, Via Roma 56, 58100, Siena, Ltaly

High-gain reflector antennas for space applications sometimes require
pressing performances of side lobes and cross-polarisation levels. These
performances are particularly important in Cassegrain and Gregorian
arrangements, where high polarisation purity is often imposed and
where the spill-over lobe can approach the main beam direction.

In order to satisfy these strong requirements, could be convenient to
block the direct spill-over from a Gregorian sub-reflector, as well as
separating the primary feed from the main reflector surface for avoiding
the perturbation of the induced currents on the same reflector. This can
be done by inserting a suitable screening of the primary feed. This
screening could be arranged by entirely enveloping the feed/sub-
reflector system, except for a small aperture around the point caustic.
On the other hand, this arrangement could provide strong diffraction
effects if the edge of the aperture is not sufficiently far from the caustic
zone. This effects may perturbate the antenna radiation pattern both
directly or via deformation of the main reflector induced currents. An
alternative, less perturbative screening could make use of a separation
wall close to the primary feed. Again, particular care should be taken in
getting the edge out from the caustic point.

In order to investigate the mechanism of perturbation caused by the
above separation wall, a canonical, two dimensional problem is analyzed
in this paper. It consists of a half-plane illuminated by a caustic point
field, that is produced by an ellipse-shaped reflector illuminated by a
prime focus Gaussian pattern.

As is well known, the geometrical and the uniform theory of
diffraction (GTD/UTD) are not able to treat caustic field, so that
alternative high-frequency methods are required. A hybrid Physical
Optics (PO)/UTD approach is used to find the field at finite distance
from te edge. In particular, the incident field is decomposed into
elementary PO contributions, each of which illuminates the half- plane.
The total field is obtained by integral superposition of the UTD
response to each elementary contribution. An asymptotic high-
frequency solution is derived from the above integral.

Numerical results are presented in order to show the perturbation of
the screen on the secondary field for various distances of the edge from
the caustic point.
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Time-Domain Incremental Length
Diffraction Coefficients for Edges

Peter M. Johansen
Electromagnetics Institute
Technical University of Denmark, DK-2800 Lyngby, Denmark

The physical optics (PO) scattered field from perfectly conducting struc-
tures is limited in accuracy because the PO current fails to closely ap-
proximate the exact current on the structure close to shadow boundaries
and surface discontinuities. The accuracy of the scattered field can be
significantly increased by adding to the PO field the fringe wave (FW)
field that takes into account the diffraction caused by edges. One way to
calculate the FW field is to integrate the incremental length diffraction
coefficients (ILDC’s) for edges (R. A. Shore and A. D. Yaghjian, IEEE
Trans. Antennas Propagat. 1, 55-70, 1988) along the illuminated part
of the edges of the structure. The ILDC’s can be determined from an
analytical integration of the FW current on the canonical wedge along
incremental strips.

The problem of extending the combination of PO and ILDC’s for edges
into the time domain is addressed in this talk. In fact, the time-domain
version of PO (TD-PO) has already been derived and has been used in
many publications recently. In this talk the time-domain version of the
ILDC’s (TD-ILDC'’s) for edges is developed by analytically Fourier trans-
forming the ILDC’s mentioned in the previous paragraph. The TD-PO
field yields a good approximation to the exact scattered field for early
observation times. By adding the field from the TD-ILDC’s a good ap-
proximation to the exact scattered field can be obtained for longer ob-
servation times. This fact is illustrated numerically by consideration of a
2-dimensional triangular cylinder illuminated by a plane wave with Gaus-
sian time dependence. The far field is calculated using both the fast
Fourier transform on method of moments data and the combination of
TD-PO and TD-ILDC'’s.

381




Calculation of Creeping Rays from a 3D Smooth Object
by Using Equivalent Currents

Masahiko Nishimoto and Hiroyoshi IKUNO

Department of Electrical Engineering and Computer Science
Kumamoto University, Kurokami, Kumamoto 860, Japan

Geometrical Theory of Diffraction (GTD) is one of the powerful techniques
for analyzing scattering and diffraction of electromagnetic waves by complicated-
shaped objects. However, it fails near the caustics of the diffracted rays as well as
near the shadow and reflection boundaries. In order to improve the failure of the
GTD near the caustics of diffracted rays, the equivalent edge currents method
(EECM) and the physical theory of diffraction (PTD) are proposed. However, the
EECM and PTD are available only for the caustics of the edge-diffracted rays, and
are not available for the caustic of the creeping rays. For example, in the case of
diffraction by a smooth body of revolution for axial incidence, an infinite number
of creeping rays are focused on the axis and a caustic is constructed. However, the
EECM or PTD are not available for such a caustic, and effective method available
for the caustics of the creeping rays is not proposed so far.

In this paper, we present a new method for calculating a Creeping ray
contribution which is valid at and near the caustic of creeping rays. The basic
concept of this method is similar to the EECM. In this method, we assume the
equivalent line currents for creeping rays along the contour on which the condition
r(P) -r(P) = 0 is satisfied, where P is a point on the contour, n(P) is a normal
vector on the surface at P, and r(P) is a vector directed from P to the observation
point. In order to determine the strengths of equivalent line currents for the
creeping rays, we employ the diffraction coefficients of the conventional GTD. By
evaluating the radiation integral of the obtained equivalent currents, we can get the
creeping ray contribution which is valid within the caustic region. In order to check
the validity of this method, we apply it to the diffraction by a sphere and compare
the obtained results with the rigorous and the conventional GTD solutions. We can
find, from the comparison, that the failure of the GTD near the caustic is removed
in this method, and accurate solution is obtained in this area. Furthermore, in the
region far away from the caustic, we can also find that the results of this method
approach to those of the GTD.
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PERTURBATION EXPANSION OF A CAVITY
GREEN’S FUNCTION SUGGESTED BY A '
NONUNIFORM WAVEGUIDE-FED APERTURE

ROBERT W. SCHARSTEIN

Electrical Engineering Department
University of Alabama
Tuscaloosa, AL 35487-0286
phone 205-348-1761, fax 205-348-6959
e-mail rscharst@ualvm.ua.edu

The physical problem (in R?) is a nonuniform, wedge-shaped waveguide
that terminates in a ground-plane slot. A pair of simultaneous integral
equations for the aperture (electric) fields in two displaced apertures re-
sults from the application of the equivalence principle. In addition to the
half-space and sectoral-waveguide regions, a third lens-shaped cavity re-
gion is introduced in order to simplify the boundaries in terms of purely
Cartesian or polar coordinate systems. Access to a Green’s function of the
Helmholtz operator, which satisfies Neumann boundary conditions (for the
polarization considered) on the cavity walls, ensures uniqueness of the solu-
tion without having to introduce another pair (tangential magnetic fields)
of unknown functions.

The important static Green’s function for the cavity is obtained by trans-
forming to bipolar coordinates. An integral expression for the second term
in the perturbation expansion (for low frequency) of the dynamic Green’s
function is carried through the Galerkin analysis of the global integral equa-
tions. In this way, some economy is enjoyed by requiring computation of
only the features of this Green’s function that are directly applicable to
the physical aperture problem. Further progress is achieved through some
asymptotic evaluation of the correction term, by exploiting the electrical
thinness of the lens-shaped cavity.



Sources at the Edges of a Straight Conductor

Y.L. Chow and A, Torabian-Esfahani
Electrical and Computer Engineering
University of Waterloo

The tangentia! electric field on a conductor is zero. If the conductor is straight (flat patch
or straight wire), as an antenna this geometry brings about a phenomenon that only the
edges of the straight conductor appear to produce sources that give the tangential electric
field, while the actual current and charge distributions on the conducting surface appear to
produce nothing, i.¢. zero net electric field parallel to the tangential direction. A well
known example is the three point model of a dipole antenna, of which the radiation, both
the near and far field, appears to emanate from points at top, bottom and the feed of the
dipole. It was shown [1], with a suitable interpretation, that three point models applied as
well to the normal electric field and the tangential magnetic field. We shall call these, for
both dipoles and patches, edge sources.

This paper shows that such edge sources appear under both RF and DC conditions, and
for both antennas and scatterers. In addition to the above dipole antenna, some examples
are:

(1) Charged finite wire at DC,

(2) Charged flat conducting patch at DC,

(3) Radiation and scattering from an arbitrarily shaped dipole antenna,

(4) Radiation and scattering from a slot antenna,

(5) Radiation and scattering from a microstrip patch antenna,

(6) Geom. theory of diffraction (GTD) of TE and TM waves on a conductive half plane.

Similar to the GTD sources, these edge sources are “simulated images”, at the edges of an
arbitrary conducting patch or finite wire. For an infegral equation solution, this means that
one can reduce a two dimensional integration of electric current over a patch antenna, to a
one dimensional integration of magnefic cutrent around the edge of the patch, like

. Example 5 of the above. Also one can reduce the one dimensional integration of efectric
(or magnetic) current along a piecewise-linear arbitrary antenna dipole (or slot, or
straight edges of the patch), to the evaluations of point sources at the inflation points, feed
and ends of the antenna, like Example 3. Individually and in combination, they bring about
a substantial reduction in computation, and an increase in physical insight to the properties
of the fields and radiation impedance at the conductor. These physical insights, as well as
their implications to the boundary conditions on the conductor, will be discussed.

{1} E.C. Jordan and K.G. Balmain, “Electromagnetic Waves and Radiating Systems”
Second Edition, pp. 333 to 336, Prentice-Hall, Inc. EnglewoodCliff, N.J., 1968,

385




The radiowave signal can exceed the speed of light in
the Reissner-Nordstrom metric

T. Do-Nhat

Department of Electrical and Computer Engineering, University of
Waterloo, Waterloo, Ontario, Canada N2L 3G1.

ABSTRACT

The trajectory of a massless particle influenced by the Reissner-
Nordstrom metric has recently been expressed as a power series of the
perturbation parameter e=3a/2R) [T.Do-Nhat, Can.J. of Physics, Vol.73,
Nu.9&10, 1995, pp.608-614], where a is the Schwarzschild radius and R
is the nearest distance of. the orbit to the center source point having
both mass M and charge Q@ (Heaviside Lorentz units). The velocity v of a
massless particle seen from the background frame is expressed in terms
of its velocity v, in the ¢ direction in the equatorial plane of the spheri-
cal coordinate system (r,8,¢) as follows:

2)2
v Vg 1 |{dr
= [ 25 ] (1)

c c

where ¢ is the light velocity in vacuum. By using the conservation of
angular momentum, energy and the null geodesic equation vy is given by

-t R @)

r

Vg a b?

> = (1545
where a=(2GM)/c?, b’=1e®R%/2 with v=Q?/(187GM?) and .G being the gravi-
tational constant. By using (1), (2) and the asymptotic expression of the
trajectory of a massless particle, the ratio v/ can be calculated. For
instance, if there is no charge, i.e., Q=0, v/ is always less than 1 and is
about 08401 at r=R=10%m for a neutron star of one solar mass and
radius R. However, the effect of charge increases the ratio v/c. For
instance if e=0.01 and ~7¢’=0.05 the ratio v/c is 1.0091 at r=R. In addition,
for a massless particle moving along the radial direction in the equatorial
plane it can be proved from the above metric that v/c=1—a/r+b%/42 The
above results suggest that the speed of light influenced by the Reissner-
Nordstrom metric can exceed that in vacuum.
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Travelling time of a radiowave signal influenced by the
Reissner-Nordstrom metric

T. Do-Nhat

Dept. of Elect. & Comp. Eng. University of Waterloo
Waterloo, Ontario, Canada, N2L 3Gl1.

ABSTRACT

The trajectory of a massless particle influenced by the Reissner-
Nordstrom metric has recently been expressed as a power series of the
perturbation parameter e=3a/2R) [T.Do-Nhat, Canadian J. of Physics,
Vol.73, Nu.9&10, 1995, pp.608-614], where a is the Schwarzschild radius
and R the nearest distance of the orbit to the center source point having
both mass M and charge @ (Heaviside Lorentz units). The time T
required for the electromagnetic signal to travel from point A(r,¢,) to
point B(ry,$,) in the equatorial plane of the spherical coordinate system is
derived by using either the null geodesic equation or the equations
governing the conservation of angular momentum and energy in the rela-
tivistic sense. Mathematically it is given by

[ -1

2 12
T=f 1——-‘5—-+b—2 [(dr/d¢)2—ar+b2+r2] d¢ , Null geodesic ,or (1)
$ r
52 1/2%2 52 -1
= [1-—-;-2—-5—;2- ({lrz/R 1—-‘:—+? d¢ , Conser.of Ener.& Momen.

The above two equations are equivalent, however the second one is
much more simpler given the known trajectory of a massless particle. By
using representation of the trajectory in power series of ¢ the time T can

also be expressed in power series of ¢, i.e., T= Y] [T,(¢2)-T(¢1)le" , where

n=0

cTo(¢) = Rtand , cTy(4) = R[%tan¢——§-%+-23—ln(tan(1r/4+¢/2))] (2)

CRIE 3Ll 4, 3. 5 31, ¢
T, = R rY— Jo+( . + 3 Jtang+ 9 tan’g+( 12 + 5 )c052¢]
It is noted that a=(2GM)/?, ~e?=2b%/R?, 7=Q*/(18xGM?) where G is the
gravitational constant and ¢ the light velocity in vacuum. The time T
given by (2) was checked by utilizing two formulas of (1).
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Prediction of the force between a point mass and a
point charge from Einstein’s gravitational theory

T. Do-Nhat

Department of Electrical and Computer Engineering, University of
Waterloo, Waterloo, Ontario, Canada N2L 3G1.

ABSTRACT

There are four known basic forces in nature: the Newtonian gravi-
tational force, the electromagnetic force, the weak and strong nuclear
forces. However, the interaction between masses and charges are not
well understood although it exists in Einstein’s gravitational theory in
the metric form derived by Reissner [Ann. Physik. 50, (1918) 106] and
Nordstrom [Verhandl.Koninkl.Net. Akad. Wetenschap., Afdel. Natuurk.,
Amsterdam. 26, (1918) 1201] in 1916 and 1918, respectively. Recently,
this metric has been used to describe the null geodesic of a massless par-
ticle by using the perturbation method [T.Do-Nhat, Canadian J. of Phy-
sies, Vol. 73, Nu. 9 & 10, 1995, pp.606-614]. It should be noted that the
tensor g¢; of the Reissner-Nordstrom metric satisfies Einstein’s static
field equations with the static electromagnetic energy-momentum tensor
derived in the Minkowski space-time from the theory of special rela-
tivity. In this paper, by utilizing the thus mentioned metric and the
classic Lagrangian in the Minkowski space-time in the low velocity
regime with a potential, the potentials among point masses and point
charges are derived in closed forms. It should be noted that in the pro-
cess of this derivation the classic Newtonian and Chandrasekhar poten-
tials were recovered. In particular, the newly discovered potentials
between a point mass and point charge were obtained, from which the
force between a point mass and point charge can be found easily. The
leading term of this repulsion force in dyne is given by

2
Fp= 10“2Gm—§-— )

where G is the gravitational constant, m the mass of a point particle, »
the distance between particles expressed in cgs units and @ the charge of
a particle in Coulomb. We shall show the derivation of the new potential,
as well as its significance. If this potential can be verified experimen-
tally, then this is an indirect test to Einstein’s gravitational theory
which successfully predicts many interesting interactions so far.
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The Difference between the Lorentz- and the Coulomb-Gauge
in Terms of the Displacement Current

Schwab, Adolf J.; Fuchs, Christoph; Kistenmacher, Pcter
Institute of Electric Energy Systems and High-Voltage Technology, Karlsruhe University, 76128 Karlsruhe, Germany

This paper states that the only difference between the Lorentz- and Coulomb-~Gauge is the representation of the
displacement current Jp, in the magnetic vectorpotential A. It will be demonstrated, that in the Lorentz-Gauge
cause and effect are intermingled for the sake of simplifying the solution process. Additionally, the physical
meanings of the scalar and vector potentials ¢ and A are changed which is rarely appreciated. In the Coulomb-
Gauge cause and effect are clearly separated, at the expense of the more difficult solution of a complex volume
integral.

By decomposing the current density fields into longitudinal (irrotational) and transversal (rotational)
components, the difference between the Coulomb- and the Lorentz-Gauge can easily be visualized. For
example, the total current density field of a dipole antenna can be divided into three components: the
conduction current J¢ (longitudinal component), the quasistatic displacement current completing the
conduction current to a closed loop Jp (longitudinal component) and the non stationary displacement current in
the far field Jpx (transversal component), Fig. 1.

ALorentz

ACoulomb
Applying the Coulomb-Gauge results mathematically in 2 wave equation for A where the disturbing function
on the right side is the source function of the electromagnetic field: the applied conduction current Jc
completed by its quasistationary displacement current Jp; (only the longitudinal component!). Thus cause (right
side) and effect (left side) are clearly separated. Unfortunately, solving for the vector potential Acouoms implies
a very difficult volume integral over the conduction and the displacement current.

Wave equation using Coulomb-Gauge: AA Coutomd ~ eyazAc%’”""’ =—p(Jc+Ip)

Solution for the vector potential Acouoms: Acouomb(Tst) = I Jelr.t ) I It )

|r X, l v - rq|
The Lorentz-Gauge changes the wave equation in 2 way, that only the conduction current J¢ remains as
disturbing function which renders the solution of the volume integral much easier. The displacement current Jp
which originates from the generated conduction current is hidden in the vector potential Ay genz. Therefore a

part of the cause, the displacement current , is moved to the effect A oeentz.

- . FA
Wave equation using Lorentz-Gauge: AA L ren — sp—;—%‘ﬁ =—uJe
Solution for the vector potential Ay orens: Aporenz(r:) = J’ "]C("qvtl ) av
Lkl 7

Ay eeniz a0d Acouoms are different, as well as the scalar potential Qroens is not anymore the same scalar potential
as it is used in electrostatics. A new derivation of the Lorentz-Gauge will be presented which shows clearly the
correlations between physics and mathematics.
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RESONANT AND BANDWIDTH TRANSFORMER OF WAVE TYPES WITH
RESISTIVE FILM (Topic Bl or B4)

Prof. V.B. Kazanskij, O.V. Bondarenko
Kharkov State University, Radio Physics Faculty, 4 Svobody Sqr.,
310077 Kharkov, Ukraine. Phone 7-0572-45-72-57

The object of the research work - to design an electrodynamic model of integral
construction of facility with separate and common (merged) functions of frequency and mode
selector, switch, mode inverter, phase rotator, absorbing coating.

The method of two-sided equivalent boundary conditions for narrow-meshed periodic
grid of metal strips has been chosen by the way as basic one. The developed theory permits to
extend the application of this method to vector problem in diffraction theory and for arbitrary
material parameters of neighbourhood boundary medium. The theory is oriented to analytical
solution convenient as for physical analysis as for its computer realization.

The integral construction of microwave energy control block for multifunctional duty
has been offered. Its resonant cavity incorporates a resistive film as an absorbing element,
polarized converter of narrow-meshed metal films, matched magnetodielectrical layers.

The results of the study, which deal with the total and partial resonance and wave band
ﬁeld transformation, inversion and reflection due to the change in frequency and excited
regimes, may be considered as original. The study of reflection and transmission resonators
with polarized sensitive connections and partially homogeneous filling material including
resistive film has been carried out.

The opportunity of its multifunctional use as a dielectric resonator with raised Q-factor,
mode stabilizer, exciter, inverter and power divisor among alternative degeneration models,
mode stabilizer, device with nonmechanic phase and amplitude control of waveguide waves.

Signatures M‘Pﬂ V.B. Kazanskij- corresponding author

O.V. Kdarenko (post graduate student)-presenter

390



Thursday pPM URSI-A  Session 3 Chesapeake B

EM Modeling and Simulation

4:00

4:20

4:40

5:00

5:20

G. Smith

Evaluation of the Pulse Radiation Performance of Novel
Ultrawideband Antennas from FD-TD Computations
Mark Kragalott, Michael S. Kluskens, William P. Pala,
Naval Research Laboratory

Reflection Due to an Inhomogeneous Dielectric Slab in ........... 393
a Rectangular Waveguide
Jean-Fu Kiang, National Chung-Hsing University

Resonances of Perfectly Conducting Wires and Bodies of ........ 394
Revolution Buried in a Lossy, Dispersive Half Space
Stanislav Vitebskiy, Lawrence Carin, Duke University

Numerical Verification of the Resonance Wavenumber of ......... 395
an Empty Dielectrometer

Joseph R. Mautz, Ercument Arvas, Syracuse University,

Gordon Kent, G. D. K. Products

The Surge Coupling to Shielded Cables .......c.cocvvvivininnnnn. 396

Yinghau Lu, Jonhong Lin, Youngang Gao, Beijing
University of Posts and Telecommunications

391




Evaluation of the Pulse Radiation Performance of Novel
Ultrawideband Antennas from FD-TD Computations

Mark Kragalott, Michael S. Kluskens, and William P. Pala
Radar Division, Code 5316, Naval Research Laboratory
4555 Overlook Avenue SW, Washington, DC 20375-5336

Email: kragalot@crystal.navy.nrl.mil, Phone: 202-767-1047

January 3, 1996

Novel ultrawideband (UWB) antennas have been developed and their pulse radiation performance has
been evaluated with finite-difference time-domain (FD-TD) computations. The antennas are formed by
parallel plates-whose separation is increased (flared) in the direction of radiation. When the width of the
parallel plates remains constant over the length of the antenna, the antenna resembles a flared notch. If the
width of the parallel plates increases toward the aperture, then the antenna is similar to a TEM horn. The
parallel plates are fed with a coaxial cable that is orientated either orthogonal to the plate length or in-line
with a balun transition. The parallel plate separation is chosen to be less than one-quarter wavelength at the
highest frequency in the pulse spectrum so that dispersive higher order TE or TM propagation modes are
cut off, which leaves the non-dispersive TEM mode as the only significant propagating one. In addition, the
aperture size is at least one-half wavelength at the lowest frequency in the pulse spectrum so that radiation
of all frequency components can occur along the fiare. The FD-TD method was ideal for evaluation of UWB
antenna radiation because of its inherent ability to allow for pulse excitation and generation of far-zone
time-domain data with a single computer run. In addition, FD-TD permits a visual qualitative analysis of
antenna performance through animation of the near-zone time-domain fields.

The initial designs consisted of linear and exponentially tapered flared notch designs with abrupt, but
resistively loaded, aperture and feed terminations. The sharp terminations caused a significant degradation
in the antenna pulse radiation performance. Subsequent antenna designs, such as the elliptical ring notch,
had smoothly varying terminations that vastly improved radiation performance, even though no loading was
utilized. Figure 1 shows a comparison between the energy pattern of the exponentially tapered notch with
resistively loaded abrupt terminations and the elliptically tapered notch with smooth terminations. Each
antenna was fed by a voltage with a gaussian modulated sine time variation, with a center frequency of 8 GHz
and a 1/e bandwidth of 8 GHz. The antennas had a parallel plate separation of .5 cm and an aperture size of
4.5 cm. Note the wider energy pattern of the elliptical notch owing to the absence of a sharp end termination.
Although the desirability for a wider energy pattern is related to the application, a good UWB radiator will
tend to preserve the input pulse shape over the range of angles where radiation energy is strongest. Figure 2
shows a fidelity comparison between the two notches. A fidelity of one indicates perfect reproduction of the
input signal. The elliptical ring notch has a superior fidelity compared to the exponential notch, particularly
over the range of angles for which radiated energy is significant. This performance advantage is due mainly
to the avoidance of feed and end terminations by the use of a ring design. Other antenna designs with rolled
end terminations showed a similar performance advantage.
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Reflection Due to an Inhomogeneous
Dielectric Slab in a Rectangular Waveguide

Jean-Fu Kiang
Department of Electrical Engineering
National Chung-Hsing University
Taichung, Taiwan, ROC

Waveguides loaded with dielectrics have been studied for different applications like
cross polarization reduction, dielectric constant measurement, and scattering. Mode-
matching technique, FDTD, and finite element methods have been used for analysis. In
all these works, only homogeneous dielectrics have been considered.

The main contribution of this work is to derivé a general numerical scheme to solve
the reflection and transmission problems of rectangular waveguides loaded with an in-
homogeneous dielectric slab. The.eigenmodés in an inhomogeneous layer is first solved
numerically. The field distribution in each layer is then expressed in terms of these eigen-
modes. Then reflection matrices across layer interfaces are defined to reduce the number
of unknowns. The effects of the slab parameters including permittivity, conductivity, and
air gap width on the reflection coefficient of the dominant mode are analyzed.

First, the reflection coefficient of the dominant mode is calculated with different slab
dielectric constant and thickness. As the dielectric constant increases, the reflection coef-
ficient oscillates as frequency changes. The maximum magnitude of reflection coefficient
also increases, but never reaches one except at the cutoff frequency. When the slab con-
ductivity increases from 0.010/m to 1000/m, the magnitude of the reflection coefficient
first decreases then increases. The oscillation over the frequency range diminishes when
the slab conductivity is higher than about 13/m.

Next, consider the effect of an air gap between the dielectric sample and the waveguide
wall. When the gap is half of the waveguide height, total reflection may occur at certain
frequencies. The reflection due to a slab with a parabolic profile has also been analyzed.
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Resonances of Perfectly Conducting Wires and Bodles of Revolution
Buried in a Lossy, Dispersive Half Space

Stanislav Vitebskiy and Lawrence Carin
Department of Electrical and Computer Engineering
Duke University
Durham, NC 27708-0291

The Method of Moments is utilized to compute the complex resonant
frequencies and modal currents of perfectly conducting wires and bodies of
revolution buried in a lossy, dispersive half space. To make such an analysis
tractable computationally, the half-space Green's function is computed via the
method of complex images, with appropriate modifications made to account for
the complex frequencies characteristic of resonant modes. Results are presented
for wires and bodies of revolution buried in lossy soil using frequency-dependent
measured parameters for the complex permittivity, and we demonstrate that the
resonant frequencies generally vary with target depth. In addition to presenting
results, relevant issues are addressed concerning the numerical computation of
buried-target resonant frequencies.

With recent developments in short-pulse sources and antennas, several
researchers have been investigating transient radar techniques for the detection and
identification of buried objects. For localized targets, an important identification
tool is the well-known singularity expansion method (SEM), which exploits the
fact that the late-time portion of the time-domain fields scattered from a target can
be represented in terms of a sum of damped exponentials, each characterized by
a complex frequency. The SEM is attractive for airborne targets because the
resonant frequencies are aspect-independent (although their excitation strengths are
generally aspect dependent), and therefore they provide a useful target signature.
However, for objects buried in a half space (or other underground scenario), the
total target is the object in the presence of its environment; i.c., when the object
depth and orientation change, the characteristics of the total target will in general
also change. Thus, in the context of SEM-based identification for GPR, it is
important to determine the degree to which the resonant frequencies change as a
function of target depth and orientation. '

Although researchers have examined the SEM processing of GPR
signatures, we are unaware of a rigorous analysis of the resonances of buried
targets. Our algorithm computes the resonant frequencies of targets buried in a
frequency-dependent, lossy half space, with rigorous account taken for the effects
of the air-ground interface; particular results are presented here for the cases of
buried perfectly conducting wires and bodies of revolution.
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Numerical Verification of the Resonance Wavenumber
of an Empty Dielectrometer

tJoseph R. Mautz, *Gordon Kent, and 'Ercument Arvas

tDepartment of Electrical and Computer Engineering
Syracuse University, Syracuse, NY 13244-1240

*G.D.K. Products, 1995 Stanley Road, Cazenovia, NY 13035

The TEg; resonance wavenumber k = 27 f/c of an empty dielectrometer
was computed. Here, f is the TEq;; resonance frequency and c is the speed of
light in vacuum or, more appropriately, in the air present in the dielectrome-
ter when it is “empty.” The dielectrometer is the cylindrical cavity shown in
Fig. 1 where the dotted line is the axis of the cylinder. In Fig. 1, ¢ = 1.270635
cm, I = 1.019556 cm, and h is variable. The walls of the cavity are as-
sumed to be perfectly conducting. Actually, the walls at radius 2e¢ cannot
be present because they would prohibit insertion of a dielectric slab into the
dielectrometer. One would obtain the dielectric constant of a slab of material
of width & by inserting it into the gap of length h between the two halves
of the dielectrometer and observing the subsequent change in the resonance
frequency of the TEqg;; mode. The walls at radius 2a facilitate computation of
the resonance wavenumber; their presence has little effect on this wavenumber.

The moment matrix involved in the method of moments solution for elec-
tromagnetic scattering of an external electromagnetic field by the closed con-
ducting surface of the dielectrometer shown in Fig. 1 was obtained when the
external medium is homogeneous. By assumption, this external medium is
the same medium (air) with which the “empty” dielectrometer is filled. The
TEo11 resonance wavenumber of this medium in the dielectrometer was taken
to be its wavenumber at which a relative minimum of the magnitude of the
determinant of the moment matrix occurs. Of course, the search for this rel-
ative minimum was confined to an interval thought to contain only the TEq;;
mode. In Fig. 2, (kn/kom) — (ke/koc) is plotted versus h/(2a) where k,, is the
measured resonance wavenumber, k. is the computed resonance wavenumber,
and ko and ko are respectively these wavenumbers at A = 0. Now, ko was
not actually measured but chosen to make the average of (kw /kom) — (ke koc)
small. The computed value ko, was about 0.003% higher than the exact value
given in terms of a root of a Bessel function.
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The Surge Coupling To Shielded Cables

Yinghua Lu Junhong Lin Yougang Gao

Beijing Univ, of Posts and Telecommunications P.0.Box 156, Beijing 100088,
P.R.China

Abstract

In many real time domain problems, such as LEMP, NEMP, EMP, ESD, and so o1
It is not difficult to deal the coupling to cable problems in frequency domain. But for th
surge coupling to shielded cables cases, we. may meet trouble when we use Fourie
transform or Laplace transform to obtain the time domain solution especially when th
transmission is lossy.

In this paper, the surge coupling characteristics on a lossy tramsmission line ar
discussed. The rules of using Laplace transformation are given. Discussions about th
characteristics of time signals to shielded cable are given.

In the paper, a buried under ground shielded cable with plastic protection layer i
the NEMC radiation is considered. Two important special function are introduced. Th
characteristics of the parabolic cylinder function are given.

At last, we get the NEMP induced current and voltage in the inner conductor of th
cable

i(t,z)~ Ry OVJ—Z[ZF(I 0,a,a,m)— F(t oz,a,m)e_z -
l— _a(l-z)
F@,— 7 ,a,a,me 7]
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V(t,z)~ ROIOV\/——Z[G(I ,a,a,mle —G(t,V a,a,mle 7]
P. »
References

[1]Yinghua Lu, "A Treates on the NEMP Coupling to Telecommunication Lines'
BUPT Technique Report, 1988.

396



Thursday pM AP/URSI-B Sess. 10 Constel. Ballroom D

Antennas III
C. Courtney Page

1:20

1:40

2:00

2:20

2:40

3:20

3:40

4:00

4:20

4:40

5:00

Concepts and Performance Estimates of the Coaxial Beam
Rotating Antenna (COBRA)
Clifton Courtney, Voss Scientific, Carl Baum, Kirtland Air Force Base

Design and Performance of Gimbaied Reflector Antenna ................ 399
Guan G. Cheng, Henry S. Chang, F. C. Chang, TRW Space and
Electronics Group

Designing Offset Reflector Antennas Using Constrained ............... 400
Minimization to Reduce Cross Polarization

K. K. Shee, W. T. Smith, S. Y. Chea, University of Kentucky,

M. C. Bailey, NASA Langley Research Center

Spacecraft Antennas for the Next Millennium ......coooviiiniiininnnns 401
Te-Kao Wu, TRW Antenna Product Center

Electrical Size Limitations of Antennas .........ceccooieeinieeinn 402
Craig A. Grimes, The University of Kentucky

A Novel Technique for Suppressing Antenna Side Lobes ............... 403
M. Hamid, S. Choudhry, University of South Alabama

An Optimized Meanderline Polarizer ... 404
Robert G. Schmier, Westinghouse Electronic Systems Group

Complex Source - Dual Series Approach in Simulating ................ 405
a Reflector Antenna Radiating Near an Interface

S. V. Boriskina, Kharkov State University, A. I. Nosich, Institute

of Radiophyics and Electronics, Ukraine

Integrated Q-Band MMIC Diffraction Grating Transmitter ............. APS
Randall E. Lehmann, Texas Instruments, Inc., Nai-Hsiang Sun,
Jerome K. Butler, Southern Methodist University

Annular Slot Antennas on Extended Hemispherical .....cccceeeneeee APS
Dielectric Lenses
F. Colomb, K. Hur, W. Stacey, M. Grigas, Raytheon Company

Aymmetrical Gaussian-Hermite Beam Mode Analysis of ................ APS
a Corrugated Pyramidal Rectangular Horn with corrugations in the
E-Plane Walls

Tao Shen, Zhongliang Sun, Wenbin Dou, Southeast University,

China

397




CONCEPTS AND PERFORMANCE ESTIMATES OF THE COAXIAL
BEAM ROTATING ANTENNA (COBRA)

Clifton Courtney* Carl Baum
Voss Scientific Phillips Laboratory / WSQ
416 Washington St., SE 3550 Aberdeen Ave., SE
Albuquerque, NM 87008 Kirtland Air Force Base 87117

Many high power microwave (HPM) sources utilize the T™Mp1 (Ep1) circular
waveguide, or the coaxial TEM mode as the output mode. If radiated directly, these
modes generate a doughnut-shaped pattern with a boresight null. To avoid this, one
often resorts to mode conversion techniques to convert the azimuthally symmetric
mode to a more useful circular TE or rectangular TE( mode. Unfortunately, mode
conversion is not perfect (efficiencies are typically 50% to 75%), and the addition of
the mode converter adds weight and length to the source. Antenna designs that avoid
mode conversion have been considered, but they tend to be low gain, do not radiate a
boresight peak (along the axis of the source), and consequently the nature in which
the HPM source is pointed becomes an issue. This paper describes a concept for a
novel class of reflector antennas. Designated the Coaxial Beam-Rotating Antenna
(COBRA), these anten- Main
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gain, circularly polar- Sﬂ'g‘;ﬁ,g"”",ﬁ" T™M,; Mode
ized, pencil beam bore- Coaxial Gogmetry ~ (OPtional
sight peak. The funda-
mental idea is to use a n —> Eem—

stepped  reflector to A

>~

-
Stepped
Sagfeﬂector

A/

transform the azimuthal- 7)“ Transformer -~

ly symmetric mode of Coaxial

th Vari Section

e source. arious Gircular

configurations of the Conical -
. Horn % >

COBRA concept will be

presented including:

single, stepped parabolic COBRA Antenna Concept (Cassegrain Option)

reflector; dual reflector with stepped subreflector; and configurations with coaxial
feeds that drive directly the reflector / subreflector. An analysis of the radiated field
dependence on the number of steps in the reflector, and calculations to show its
circularly polarized nature will also be presented. '
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Design and Performance of Gimbaled Reflector Antenna -

Cheng, Guan G., Chang, Henry 8., and Chang, F.C.
TRW Space and Electronics Group
One Space Park, 02/2356
Redondo Beach, CA 90278

Antenna systems with scanning beam capability via reflector gimbal are under
investigation. The phased array antenna electrically scans the beams whereas
gimbaled antenna for which the entire antenna is gimbaled, steers its beam
mechanically. A gimbaled reflector antenna can be thus considered a scanned
antenna half electrical and half mechanical per se. To gimbal the reflector
instead of entire antenna is mainly the isssue of the weight and cost. Gimbaled
reflector antenna compromises the scan performance over the weight of the
gimbal mechanism structure.

Two configurations of gimbaled reflector antenna systems are proposed. First is
an offset parabolic reflector antenna with a single feed element. The reflector is
equipped with a gimbal pedestal whose pivot point placed near the center of the
dish. The beam would be scanned roughly twice the angle as the reflector tilted.
Computer simulation model has been developed and verified by the hardware
measurements. Good agreement between calculated and measured data is
evident. Parametric study for beam scan characteristics reveals interesting
results to some extent, and. useful design curves and beam deviation factors
were generated for practical applications. Moreover, results from selection of
different rotation axes of the gimbal system are also shown for comparison.

Second antenna is an offset Cassegrain system with multiple feed elements.
The beamforming network (BFN) includes variable amplitude and phase (VAP)
weight elements for each antenna feed. The gimbal pedestal is placed under the
main reflector for the beam scan. It is shown that the scan loss as well as the
beam distortion are more significant as oppose to the single feed case. However,
the scan loss can be recovered in large portion by the adjustment of amplitude
and phase weightings. In other words, the beam aberration caused by the
reflector movement is corrected by the compensation of both amplitude and
phase for each feed. An algorithm has been developed for the determination of
the weight vector for any arbitrary scan angle. Numerical resuits show that the
reflector gimbal with array feed suffers more gain loss if the weights remain
unchanged, and it can regain more than 90% of the scan loss if the weights were
adjusted to compensate for the scan effect. It addresses the feasibility of the
gimbaled reflector antenna with array feed for minimal scan loss.
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DESIGNING OFFSET REFLECTOR ANTENNAS
USING CONSTRAINED MINIMIZATION TO REDUCE

CROSS POLARIZATION
K. K. Shee*, W. T. Smith, S. Y. Cheah M. C. Bailey
Department of Electrical Engineering Electromagnetic Research Branch
University of Kentucky NASA Langley Research Center
Lexington, Kentucky 40506-0046 Hampton, Virginia 23681

This paper presents an approach for designing low cross—polarized offset reflector
antennas using a constrained minimization algorithm. The elements for the array
feeds of the reflectors are composed of Potter-type horns [Potter, Microwave
Journal, 1963]. Previous studies have shown that multimode-type horns such as
these can be used to reduce the cross polarization of reflector antennas [Rudge,
Adatia, Elect. Lett., 1975; Jacobsen, IEEE Trans APS, 1977]. The cross polarization
improvement is achieved by determining the optimum ratios of the TE{; and TMy;
modes for the individual horns. The goal of this work is to use a conjugate gradient
algorithm to determine these mode ratios for the feed elements subject to the
constraint that the cross polarization levels of the antenna are below a given design
threshold.

High levels of cross polarization in antennas can cause undesired interference and
unacceptable performance degradation for communication links. Cross polarization
can also cause measurement errors in radiometer applications. There are many
sources for cross polarization including the polarization purity of the feed elements,
reflector geometry, feed displacement, diffraction from supporting structures, etc.
In this study, the cross polarization performance of offset reflectors with array feeds
of Potter horns are considered. The TE{; modes dominate the designed performance
of the co-polarized pattern while the TM;; modes are used to reduce the
cross—polarized pattern to desired levels.

In this presentation, the constrained minimization algorithm used to compute the
mode ratios for a multi-element feed array that minimize the offset reflector cross
polarization radiation will be outlined. Results will be presented for both unscanned
and scanned reflector antennas.
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Spacecraft Antennas for the Next Millennium

Te-Kao Wu
TRW
Antenna Product Center
One Space Park
Redondo beach, CA 90278

NASA’s Deep Space programs, such as Cassini (to Saturn), Pluto fast fly-by, Mars
Environmental Survey (MESUR), Rover, Mars Relay Satellites, ... etc., will usher
the challenging exploration of the solar system well into the next millennium. The
on-going and future space missions have already imposed stringent requirements
(i.e. high efficiency, low mass, low cost, wide operating frequency band, and high
data rate) on the spacecraft design. Advanced spacecraft antenna technologies are
thus definitely needed to properly maintain the telecommunication link and to
perform high resolution radar remote sensing and surface mapping.

Several new and advanced antenna concepts are proposed for the next millennium
space missions. They are (1) light-weight solid reflector antenna, (2) inflatable or
unfurlable reflector antenna, (3) beam waveguide antenna, (4) piezoelectric »
actuator array for large reflector antenna surface compensation, (5) neural network
for reflector surface compensation, (6) reflectarray or FLAP (flat parabolic)
antenna, (7) scan-lossless Luneberg lens antenna, (8) MMIC phased array, (9)
optical beam forming phased array antenna, (10) quasi-optical grid array, (11)
digital beam forming array, (12) superconductive beam forming array, (13) shared
aperture solar/antenna array, (14) frequency scanning antenna, and (15) scanning
beam antenna with dielectric wedges.

Some of these concepts are currently in their preliminary development stages and
some others are new ideas which have to be investigated further. However, their
potential advantages and disadvantages will be discussed in the presentation. As
the antenna technology keeps advancing, some of these concepts might lead to a
successful spacecraft antenna design for the next millennium. Finally, these
advanced antenna concepts may also be applied to NASA’s near-earth space
missions, such as Earth Observing Satellite (EOS), SeaWinds, Space Imaging
Radar (SIR), ... etc.
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ELECTRICAL SIZE LIMITATIONS OF ANTENNAS

Craig A. Grimes
Department of Electrical Engineering
The University of Kentucky, Lexington KY 40506, USA
Ph: 606.257.2300 ext 273. email: grimes @engr.uky.edu

The time domain Poynting theorem is used to develop a general expression for
complex power at all points in any radiation field that is centered on and produced by
a localized emitter. We find that the traditional method of calculating complex power
using the complex Poynting vector applies to fields generated by sources that are
either solenoidal, TE with respect to the radius vector, or irrotational, TM with
respect to the radius vector, but not to mixtures of them. Chu's (L.J. Chy, J. Appl.
Phys. 19, 1163-1175, 1948) commonly accepted proof that the Q of electrically
small antennas is large and increases precipitously with decreasing size is based
upon the traditional complex Poynting vector. Both Chu's and Harrington's (R. F.
Harrington, J. Res. Nat. Bur. Stds. 64D, 1-12, 1960) later analytical proofs
showing that whatever value of Q is tolerable there is an electrical size below which
the value is exceeded and the antenna is unsatisfactory, are based upon the complex
Poynting vector. Neither work, therefore, is applicable to mixed types of modal
fields. Collin and Rothschild (R. E. Collin, S. Rothschild, IEEE Trans. Ant. Prop.
12, 23-27, 1964) supported the work, but their argument is based upon the
unproved assertion that the reactive field energy is equal to the integral of the local
field energy over all exterior space less the real part of the complex Poynting vector
divided by the speed of light. Therefore there is no acceptable proof-of antenna
limitations in mixed modal types of fields.

Widely accepted reviews proclaim the issue to be settled: there is a severe lower limit
to the usable electrical length of antennas. However an unanimous opinion is not
necessarily a correct one. In this paper we give a simple example of an antenna that
generates mixed TE and TM type modes of mixed orders, for which the input
impedance can be purely resistive, independently of the electrical size, and Q
increases with decreasing electrical size less rapidly than Chu showed to be
necessary: We conclude that there is reasonable hope of obtaining an electrically
small, efficient radiator of electromagnetic power.
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A NOVEL TECHNIQUE FOR SUPPRESSING ANTENNA SIDE LOBES

M. Hamid and S. Choudhry
Department of Electrical Engineering
University of South Alabama
Mobile, Alabama 36888, U.S.A.

Horns, waveguides and dipoles are not only used as radiators, but also as primary feeds for
reflector antennas and their high side lobes adversely affect the performance and efficiency of the
antenna as a whole, Various approaches have been used to reduce the edge fields as in the dual-
mode hom by Potter (1963), the dielectric ring horn by Satoh (1972), the two concentric
dielectric rings horn by Wong and Brandt (1979), the hybrid mode horn by Lawrie and Peters
(1966) and Clarricoats and Taylor (1964), the dielectric conical homn by Lier (1986), the
dielectric loaded horn by Stanier et al (1986), the absorber lined horn by Knop (1986) and the
specially flanged horns by Bumside and Chuang (1982) and Chamma and Hamid (1986).

The proposed technique aims at increasing the main lobe level while suppressing the side lobe
levels of apertures, reflectors and monopoles over ground planes. The technique involves
placing a loop wire physically parallel and close to the diffracting edge and separately excited so
as to radiate in phase opposition to the equivalent edge current. The magnitude of the loop
current is fixed for symmetric mode excitation of horns and waveguides and symmetric
azimuthal currents on ground planes with monopoles vertically above the center point. For a
circular waveguide operating in the TE11 mode, a circular loop parallel to and at an optimum
location away from the edge (inside the waveguide) excites the TM11 mode to produce almost
equal E- and H- plane radiation patterns or a very low cross-polarization pattern.

The paper describes several experimental arrangements 10 verify the proposed technique. The
first consists of a special circular waveguide section fabricated with a slot in the wall to allow
for insertion and sliding of the compensating loop. The optimum location of the loop was
found by observing the reduction in the side lobe levels of the E-plane pattern until these levels
became almost identical with the increased side lobe levels of the H-Plane pattern. At the same
location the beamwidths of the two patterns became almost the same.

The second experiment consists of a wire loop located near the edge of a circular aperture in a
conducting screen excited by a normally incident plane wave. The improvement in the main to
first side lobe ratio was found to be significant. Similar results were obtained using a slit type
aperture between the two edges of a double wedge with high conductivity.

The third experiment consists of a monopole over a ground plane formed experimentally from a
bronze wire mesh over a flat wooden surface. the radiation pattern was measured for square and
circular ground planes of different sizes with and without a compensating loop located along
the border line of the ground plane. The improvement in the amplitude of the main beam and
reduction in the first few diffraction lobes is encouraging and is. expected to be even more
significant when the technique is applied to reduce edge diffraction in compact ranges.
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An Optimized Meanderline Polarizer

Robert G. Schmier
Westinghouse Electronic Systems Group
P.O. Box 746, MS 55

Baltimore, MD 21203 -

Meanderline polarizers are commonly used in conjunction with linearly
© polarized antennas to convert the antenna’s linear polarization to circular
polarization. - They are typically constructed from -one or more layers of
“meandering” planar metallic traces which when oriented relative to the
polarization of the antenna look like a staircase. The metal traces are typically
etched on a very thin material, such-as a polyimide film, and several identical
layers of these are spaced approximately one quarter wavelength apart by foam or
honeycomb spacers. The polarizers constructed in this manner are very light,
mechanically rigid, and can typically operate over more than an octave bandwidth
with fairly good return loss (~15 dB) and axial ratio (~3 dB) performance.

If one requires better performance than the typical meanderline polarizer, or
reduced thickness, several things can be done to optimize performance over a
specified frequency band. These include the incorporation of various dielectric
layers and variation of the metallic traces on various layers of the polarizer.
Optimization can be performed empirically, but is implemented muoch more
efficiently here via a spectral moment method computer code which is run inside
an optimizer code. '

This paper will present the design and performance of several optimized
meanderline polarizer radomes. One of the polarizer panels is designed to operate
over about 10% bandwidth at Ku-band with less than a 20 dB return loss and
about 1 dB axial ratio. It incorporates two identical meanderline traces and an
additional dielectric matching layer and is less than 0.25”-thick. Another design,
integrated directly into a radome, operates over about 20% bandwidth and allows
variation in the metallic traces on different layers in addition to. variation in
dielectric thickness to optimize performance.
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Complex Source - Dual Series Approach in Simulating
a Reflector Antenna Radiating near an Interface

Svetlana V. Boriskina* , Alexander I. Nosicht and Ayhan Altintas #
*Radiophysics Department, Kharkov State University, Kharkov 310077, Ukraine
+Institute of Radiophysics and Electronics, Kharkov 310085, Ukraine
#DepL of Electrical and Electronics Engineering, Bilkent Ijniv., 06533, Bilkent, Turkey

It was shown that the complex source point method can be used to
characterize the source directivity in reflector antenna simulations,
since the uniform source with the complex coordinate generates a
beam field in the real space. In our treatment the complex source
point approach is used in combination with the method of
regularization. The reflector antenna is located near the imperfect flat
ground, and the ground influence on the antenna radiation is
investigated.

Fig. 1 shows a general 2-D
reflector antenna geometry and the
coordinate system used here. The
original boundary problem is first
formulated in terms of the dual
series equations and then
regularized by using the Riemann-
Hilbert technique. The resulting
Fredholm second kind matrix
equation is solved numerically with -~
guaranteed accuracy. The feed NS e datadddsd
directivity is included in the analysis ig. 1. A circular reflector antenna geometry
by the complex source point ( CSP') method.

Although we considered the reflector antenna near the impedance
plane, the method is applicable to various host media. A similar
approach. can be used to simulate 3-D spherical reflector antennas, but
in this case the regularization procedure is based on another analytical
technique.
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The Design of Multi-Beam Microstrip Antennas
Using Finite Difference Time Domain 3D Structure Simulator

Chen Wu, Patrick Yue, Yan Zhuang and John Litva
Wireless Technigue Group
Communications Research Laboratory
McMaster University
Hamilton, Ontario, Canada, L8S 4K1
e-mail: wuchen@mecmaster.ca

Abstract
The Multi-beam antenna has potential capabilities to increase channel capacities and
provides antenna diversities for PCS applications. The beamforming network (BFN) is the
key components of a multi-beam antenna. In this paper microstrip Butler matrixes were
designed at 2 GHz band by using the Finite Difference Time Domain 3-Dimensional
Structure Simulator (FDTD 3DSS). The first an aperture coupled 3-dB proximity coupler
(T. Tanaka, K. Tsunoda & M. Aiawa, IEEE Trans. MTT-36, No.12, pp1752-1757, 1988)
was designed and fabricated on RT/duroid material (g, = 10.8, thickness = 0.025™). The
second a 4-beam microstrip antenna array was developed. The Fig. 1-3 show the 4-
element microstrip Butler matrix BFN and Fig. 4 gives the 4 outputs when the BFN
excited at port 1. The detail designed and measured results will be presented at the
conference. The authors would like to thank the university program of Rogers
Co poration. to provide free RT/duroid board for this research.
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Fig. 3 The upper layer of the microstrip Butler matrix. Fig4 The outputs of the BFN when it is excited at port 2
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INITIAL RESULTS OF A HIGH LATITUDE PROPAGATION
EXPERIMENT CONDUCTED OVER AURORAL PATHS

A. G. Sonsteby* J. K. Breakall
Applied Research Laboratory Department of Electrical Engineering
The Pennsylvania State University The Pennsylvania State University
P.O. Box 30 University Park, PA 16802
State College, PA 16804

R. D. Hunsucker G. K. Lott

RP Consultants Code EC/t
7917 Gearhart Street Naval Postgraduate School
Klamath Falls, OR 97601 Monterey, CA 93943-5000

During Phase-1 of the PENEX program, a high frequency transmitter was installed
at Wales, Alaska (65.6°N, 168.1°W). Receivers were located at Fairbanks,
Alaska (64.5°N, 147.5°W), Seattle, Washington (47.4°N, 122.2°W), and San
Diego, California (32.4°N, 117.1°W). The Wales - Fairbanks path and the Wales
~ Seattle path represent auroral high frequency circuits. The purpose of PENEX
Phase-1 was to collect calibrated high frequency propagation data over high
latitude circuits. Presently, six months of data have been reduced and archived
from the Fairbanks and Seattle receiver sites.

The channel probe waveform consisted of a wideband binary phase shift keyed
signal transmitted at 5.604 MHz, 11.004, and 16.804 MHz. In addition to the
probing waveform, system status telemetry and station callsign (NAF) were
transmitted at regular intervals using frequency shift keyed and on/off keyed
signaling waveforms respectively. Modified linear recursive sequences (LRS) were
used to generate the probe waveform using sequence length of 1024, 2048, 4096,
and 8192 bits. At each receiver site, downconverted in-phase and quadrature
receiver channels were digitized and archived to DAT. Correlation based
processing techniques were then used to resolve the received propagation modes
in terms of propagation delay and channel imposed Doppler shift. Use of maximal
length LRS to modulate the probing waveform provided fairly good resolution in
time delay and Doppler frequency. Receiver calibration data was then used to
compute the signal strength (in microvolts) of each received propagation mode at
the input of the receiver. The archived reduced data set includes signal strength,
relative propagation time delay, Doppler shift, signal power, and noise power
information for up to three received modes at each of the transmission frequencies
received at Fairbanks and Seattle.

An overview of the PENEX Phase-1 system will be presented including a detailed

description of the PENEX processing methodology. In addition, selected results
from the PENEX high latitude propagation database will be presented.
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SINGLE SITE LOCATION IN THE HF-BAND - LONG-TERM MEASUREMENTS
WITH AN INTERFEROMETRIC DIRECTION FINDER

Hinrich Mewes, Jiirgen Rumold Thomas Damboldt
C. Plath GmbH, DF Systems Dr. Damboldt Telecommunications
Gotenstrasse 18, Arheilger Woogstrasse 65
D-20097 Hamburg, Germany D-64291 Darmstadt, Germany

Even in the time of satellite communication long distance links in the HF band (3 - 30
MHz) via the ionosphere are still of great significance. Consistent there is need for re-
connaissance and location in this frequency band. Various direction finding algorithms
are used today, for example the interferometric direction finder (DF), beamforming and
high resolution spectral estimation algorithms. In classical radio location systems a
minimum of two DF sites at various locations is used to determine the intersection of
lines of bearing, which gives an estimate of the transmitters location. Another approach
is the SSL (Single Site Location) technique which is capable to estimate the location of
transmitters with only one direction finder. Prerequisite for this method is the ability of
the DF to measure both azimuth and elevation angle of the incoming wave. This is for
example possible by using the interferometric DF. The SSL method works if
- the wave is propagating via the ionosphere (sky wave propagation)
- the virtual height of the ionosphere at the point of reflection is approximately known
- the wave is propagated with a single "hop" (the number of ionospheric reflections)
between transmitter and DF. .
Clearly these assumptions may not be satisfied in practice. If we do not know the
position of the transmitter (which is the normal situation in reconnaissance) we will not
know the point of reflection. Hence it is not possible to measure or estimate (by means
of an appropriate propagation prediction program) the ionospheric behavior at this point.
Furthermore the number of hops is unknown. Nevertheless the SSL method works
satisfying in some cases. The following table shows some results obtained by
measurements with a multichannel DF system (H.Mewes, J.L ter Haseborg, F. Wolf:
IEEE Int. AP-S, 682-685, June 1993) and an ionospheric prediction program:

Freq Azimuth Azimuth Distance Distance Transmitter
[MH=z] des.val. measured des.val. estimated
6.075. 174.8° 174.5° 626km 589km Wertachtal, GER
6.030 188.4° 185.5° " 533km 622km Muehlacker, GER
11.670 220.1° 221.8° 931km 1095km Allouis, France
21.605 112.0° 112.2° 4884km 2314km Dubai, UAE

The distance to transmitter Dubai was estimated assuming one hop, but in fact two hops
took place resulting in an error of factor 2. In our presentation we will show additional
data including long term observations of various transmitters (azimuth and elevation,
signal amplitude, estimated distance). The data is used to check the validity of a new
prediction program which is actually under development.
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Effects of polarization in HF Localized Wave Beam Propagation in Ionesphere

Nikolai I.Petrov
Al-Russian Electrotechnical Institute
19-39, Lenina str., Istra,
Moscow region, Russia
Phone: (095) 5603400, Fax: (095) 5603134, e-mail: alex@rdiees. msk.ru

Abstraet

Investigation of polarization in HF propagation in ionosphere is of practical interest. Usually
an anisotropy of ionosphere leading to polarization effects is considered. In this paper the
equations describing electromagnetic wave propagation taking into account inhomogeneity and
anisotropy of ionosphere are obtained and the polarization effects using the quantum mechanical
methods are investigated.

In [1] the quantum mechanical methods and coherent states formalism io describe a propa-
gation of localized scalar wave beams in the waveguide Earth-ionosphere are used. In this paper
these methods are used to investigate polarization effects in ionosphere waveguide.Consider the
dielectric permittivity tensor ¢ = g + #, where & is the isotropic part and 4 is the small
anisotropic pari. Vector Maxwell equations in the paraxial approximation may be reduced to
the parabolic equation for the two-dimensional electric field A, = (Ez, Ey)e—kveos,

7 1 1 7 1
{Eae + WAJ. + bt e (uisVi+Viga)+ TP (ViVipys - V.LP‘uV.L)} AL =0,

where k = Z* is the wave number, 8; = VEeg s Vo = (8,8,), the sign L means the
transverse components of a tensor B .

If the inhomogeneity of ionosphere is neglected we obtain usual equation for the anisotropic
ionosphere.lt is seen that both the gradients of field and gradients of i enter into equation. Even
for homogeneous medium, when x4 = const, in the case of spatial limited beams the gradients
are not vanished and describe the changes of polarisation caused by diffraction.

The algebraic perturbation theory is used to calculate the beam parameters and the matrix
of coherency. It is found that the degree of polarization decreases by the quadratic law with
distance due to inhomogeneity of ionospheric. Particularly, for the wavelength of radiation
A = 100m and axis displacement of an incident beam zo = 50km we have 10% depolarisation
on the distance z ~ 7. 10%m due to the diffractional effects.

Results obtained need to be taken into account at the determination of ionosphere parameters
using polarization measurements, particularly, at the determination of the electron density by

Faradey method. Localized wave packets supposed may be useful at the iransmission radio
waves on the long distances.

References

(1] N.LPetrov and LN.Sisakyan, iIRSI Int. Symp. on Elecirom. Theory, Sydney, Australia,
pp 412-414, 1992,
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Investigation of reactions of the lower ionosphere
to remote strong earthquakes using records of
radio noise and partially-reflected signals

A.M.Gokov, A.LGritchin, O.F.Tyrnov

Kharkiv State University, Kharkiv 3 10077, Ukraine

In the paper on the basis of the experimental data obtained by the
partial-reflection technique for more than 180 earthquakes, there are
studied radio-noise variations within £ = 2-4 MHz and characteristics
of disturbances generated or amplified in the ionospheric D-region.
over these events. Our investigations were carried out for the
earthquakes having E > 10!! J, which occured over land and under
water at different R- ranges from the observation site for the
earthquake depth being h = 1-100 km. Duration of the continuous
observation series was > 1-10 hr. ’

It has been found that for the earthquakes having E > 1012 J at a
moment of the seismic shock and 2-4 min later, there are observed a
sharp increase (several times) in radio-noise amplitudes ( A ) at f = 2-
4 MHz with the probability p = 30-77 % ( for different conditions );
for those having E < 1012 J there is p < 10 %. For the earthquakes
over land, p is 1.5-4 times larger than that for the earthquakes under
water.

After the earthquakes on the height-time dependences of the radio-
noise amplitudes and partially-reflected signals having different time
delays, one may observe quasi-harmonic changes with p = 65-70 %
and p = 40 % for the events over land and under water, respectively.
On the basis of analyzing the experimental data bank, a number of
disturbances were recorded in the lower ionosphere; their duration,
periods and apparent velocities ( V ) of their transfer in the lower
ionosphere ( V ~ 0.5-100 km/sec ) being determined. The disturbances
with V = 0.5-4; ~ 10-20 and ~ 100 km/sec were the most frequently
recorded ones. There was made up a classification of possible types of
the disturbances generated or amplified in the lower ionosphere after
the earthquakes, a scheme of their transfer over global distances
being considered.
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On strong thunderstorms affecting the ionospheric
D-region parameters, characteristics of noise and
partially-reflected signals

A.M.Gokov, A.LGritchin, O.F.Tyrnov

Kharkiv State University, Kharkiv 310077, Ukraine

In the paper there are given results of our experimental investigation

of possible effects of strong thunderstorms on the middle latitude
ionospheric D-region parameters and characteristics of sounding SW
radio waves by means of the partial reflection and vertical sounding (
ionosonde ) techniques. The total number of observation series having
duration of ~ 1-10 hr over the periods of strong thunderstorms was
26.

Analyzing the experimental data has allowed to find the following
featyres,

1. Over the periods of strong thunderstorms at h = 87-105 km, the
occurence probability of sporadic layers becomes ~ 2-4 times larger;

2. Strong thunderstorms may cause in the atmosphere infra-acoustic
waves with f > 0.5 Hz, which penetrate into the lower ionosphere
with their vertical velocities being V > 300 m/sec;

3. For thunderstorms in the lower D-region ( h < 70 km ) in 40 % of
the events, the background ionization has been found to become
several times larger up to N < ( 5-7 ) 102em™3 ;

4. In the upper D-region ( h > 75 km ), no marked (>30 %)
changes in N during thunderstorms have been found;

5. The electron-molecule collision frequency v at h =63 km for some
events has become 1.7-1.8 times larger if compared with that for the
undisturbed conditions.

Possible reasons of such changes in N and v at h < 70 km may be
precipitation of charged particles from the magnetosphere or
variations of the ionosphere electric potential due to changes in the
near-Earth atmosphere, conditioned by the strong thunderstorms.
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Electron collision frequency variations and
electric field measurements in the ionospheric
D-region

A.M.Gokov, S.I.Martynenko

Kharkiv State University, 310077 Kharkiv, Ukraine

It is well known that electric field may produce dig disturbances in
lower ionosphere parameters. Our experimental results have shown
that a possible cause for the apparence of big enough electron
collision frequency variations is the influence of atmospheric electric
field. This fact gives a chance to measure the electric field in the
lower ionosphere using remote sounding facilities.

During 1978 - 1994 in Kharkiv State University, there were
investigated variations of the effective electron collision frequency in
the ionospheric D-region in different geliogeophysical conditions (
seasons, zenith angle, solar and magnetic activity ) by means of the
partigl reflection technique ( operational frequency of the partial
reflection facilities was f = 1.8-3.0 MHz, pulse length 256 mks , pulse
repetition frequency F = 1 Hz ). The differential absorption. of
ordinary and extraordinary modes was neglected at the altitudes 60-
66 km. The signal-to-noise ratio was more than 5. The total number of
records has exceeded 170 ( the partial reflection amplitude records
duration was 10-15 min )., '

It was obtained the distribution of the effective electron collision
frequency changes at the altitudes 60-66 km ( the error of
determining the collision frequency in these heights interval was < 50
% ). It was developed the technique for estimating atmospheric
electric field variations on the lower boundary of the ionosphere using
the experimental values of the effective electron collision’ frequency.
We found, that the electric field to be E > 0.25 V/m in approximately
70 % cases. Our results correspound to undisturbed ionospheric and
atmospheric conditions. Under disturbed conditions, the magnitude of
E was approximately two times larger than the undisturbed one.

So these facts must be taken into account in the research of
ionospheric processes, meteorological and propagation effects ( for
instance, during accidents at atomic power stations, the near-earth
atmospheric layer condition may increase, wich results in decreasing a
background electric field of the capacitor Earth-Ionosphere and in
arising considerable disturbances of the lower ionosphere parameters
(SIMartynenko, IM.Fuks, R.S.Shubova, Geomagnetism i aeronomiya.
V.34,N 2,pp.121-129, 1994 )).
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Influence of nuclear accidents on the parameters
of VLF signals

S.I.Martynenko
Kharkiv State University, Kharkiv 31007'), Ukmine
I.M.Fuks and R.S.Shubova

Institute of Radio Astronomy, Ukranian Acadamy of Sciences, Kharkiv, 310002,
Ukraine

Under receiving the GBR-station signals ( operational frequency 16
kHz) in Kharkiv, passing near the Chernobyl NPS, 25.04.1986 through
11.05.1986, it has been found that over the accldent period, the night
SIgnal-amphtude level increased and practically achieved the day-
time one (under undisturbed conditions, the night signal-amplitude
was 5-10 times less than the day-time one as the receiving station
was situated in the vicinity of an interference minimum of the first
and second night modes). The amplitude and phase records have
shown quasi-periodic variations with a prevailing period of about 1.5
hours.All the above-mentioned effects were continuously observed
25.04.1986 through 11.05.1986, which coincides with the mass media
information on the elimination of the consequences of the accident.
More weak but also anomalous changes in a VLF phase (10.2 and 13.6
kHz) were observed during the Leningrad NPS accident (March 25-
26, 1992).

_One of the possible models of this phenomenon suggests that
radioactive releases increase the near-to-Earth atmosphere conduction
and change the vertical conduction current between the ionosphere
and the Earth. Electric-field changes arising at the same time at the
ionospheric  boundary - cause ionospheric plasma-parameter
disturbances, and provide conditions for transforming the waveguide
modes of VLF-signals. A cause of arising long-term quasiperiodic
variations is not quite clear. One of the mechanisms suggests some
intensification of ionospheric natural oscillations having a period of
about 90 min under the influence of disturbing factors. Another
mechanism is based on a possibility of modulating the ionospheric
parameters being influenced by periodic radioactive releases from the
reactor.
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