












































































































































































































































































































































































































































































































































































































































































64-8 

Finite· Difference Analysis of Optical Fibers 

Lakshman S. Tamil and Gregory Alcklen 
Erik Jonsson School of Engineering and Computer Science 

and 

Center for Applied Optics 
The University of Texas at Dallas 

Richardson, Texas 75083 

We have developed a numerical method for analyzing inhomogeneous optical 

fibers using finite differences. The method does not use an iterative procedure to 

find the eigenvalues of the propagating modes as opposed to the earlier works 

in this area. 

The propagation characteristics of an optical fiber, under the 'small index 

gradient' and 'weakly' guiding approximation' is governed by the Bessel differential 

equation. Various grid points were chosen along the radial direction (see Fig. 

below) and finite difference equations are written at these grid points. The set of 

finite difference equations can be put into a matrix equation of the form Au= O. The 

elements of the matrix A are functions of the width of the grid, refractive index at 

the grid points, the normalized frequency and propagation constant. u is a column 

vector whose elements are the eigenfunctions at the grid points. The problem is 

. converted into an eig!'lnvalue problem by post multiplying the matrix equation by 

'PlPI !, where Pl is a transformation matrix defined for the problem such that 

the matrix equation can be rewritten as an eigen equation [T - a/H) v = O. Here, 

T is a tri-diagonal matrix, f3 is the propagation constant which we are interested 

in, I is an Identity matrix, v = PI1U is a vector whose elements are a linear 

combination of the elements of the vector u, and a is a constant. We see that 

the propagation constant can be easily computed by finding the eigenvalue of the 

tri-diagonal matrix. 
Co .. 

Jackillng 
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MODAL ANALYSIS OF COUPLED OPTICAL FIBER CORES WITH 
RADIALLY ARBITRARY INDEX PROFILES BASED ON THE 

CIRCULAR HARMONICS EXPANSION METHOD 

Chih-Sheng Chang and Hung-chun Chang' 

Department of Electrical Engineering 
National Taiwan University 

Taipei, Taiwan, Republic of China 

Circular harmonics expansion method has been used to solve the guided modes 
propagating on a composite two-core fiber in which the cores have step refractive­
index distributions and the cladding is uniform (Wijngaard, J. Opt. Soc. Amer., 
63, pp. 944-950, 1973). In the method the fields in the cores are expanded in terms 
of the Bessel functions and those in the cladding in terms of two sets of the modified 
Bessel functions corresponding to the two cores, respectively. In this paper we show 
that this method can be generalized to treat the coupled structure in which the cores 
have radially arbitrary index profiles and an efficient and accurate numerical model 
is thus established. The main feature in the proposed formulation is that the circu­
lar harmonics expansion method is combined with any available numerical method 
(finite difference, finite element method, etc.) which could provide the modal prop­
erties of the individual single-core fibers. In our model the finite element method is 
employed. Modal cutoffs of the higher-order modes can also be determined under 
this formulation if the fields in the cladding are expanded in terms of the eigen­
functions of the Laplace equation in cylindrical polar coordinates, similar to that 
discussed in a separate paper presented by the same authors in the accompanying 
IEEE AP-S Symposium. Figure 1 shows the geometry of the cross section of the 
coupler structure in this study. Figure 2 gives one of the numerical calculations: the 
normalized propagation constant B versus the normalized frequency V for the first 
two modes of the coupler composed of two touching (D = d/(al + a2) = 1) identical 
cores with a-power index distributions for (t = 1,2, lO, and 00 (step-index). Here, we 
consider scalar modes. Vector modes can be calculated using the same formulation. 

--~~~~4-+-~+-~XB 

Figure 1 
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64-10 

A NUMERICAL PROCEDURE USING 
THE SHIFTED POWER METHOD FOR ANALYZING 

DIELECTRIC WAVEGUIDES WITHOUT INVERTING MATRICES 

Ching--Chuan Su 
Department of Electrical Engineering 

National Tsinghua University 
Hsinchu, T AIW AN 

For a transversely inhomogeneous dielectric waveguide a transverse field 1/J 
satisfies the scalar wave equation 

V~1jJ(x,y) + [kBf(X,y) - tPj1jJ(x,y) = 0, (1) 

where kB = uJJlofo, f(X,y) denotes relative permittivity distribution, and {J is 
the propagation constant in the axial direction. Applying the finite­
difference technique the partial differential equation becomes the linear 
algebraic simultaneous equations: 

h{ 1/Ji+t,j + 1/Ji-t,j + 1/Jhj+l + 1/Jhj-l - 41/Jij} + kBfij1/Jij = tP1/Jij, (2) 
where 1/Jij = 1/J( ifl,jfl) , fjj = f( ifl,jfl) , and fl is a small increment in length. 

For a fixed value of k{) the simultaneous equations can be arranged to the 
form of standard eigenvalue problem: 
h=~ 00 

where A is a matrix, and jJl and x are the eigenvalue and eigenvector to be 
found. The largest eigenvalue in magnitude and its eigenvector can be found 
using the power method. However an actual calculation gives the largest 
eigenvalue in magnitude of, approximately, -8/ fl2. Apparently, this 
eigenvalue is unphysical. By noting the terms in the brace of (2) it is seen 
that this spurious mode originates from the finite-difference scheme. 

In order to avoid this trouble one of the popular approaches is to fix the 
constant {J and arrange the simultaneous equations to the generalized 
eigenvalue problem: 

Bx = kBCx. (4) 
In this form the interesting eigenvalues are the smallest, which can be found 
using the inverse power method (or called the subspace iteration method for 
some variant). This approach requires one to invert or, equivalently, 
factorize the matrix B and hence is inefficient in both memory space and 
computer time. 

The unphysical eigenvalues occur in the equation (3) can be avoided by 
shifting the eigenvalues as in the form: 

(A-sI)x = (jJl-s)x, (5) 
= AX 

where I is the unit matrix and s is a suitable constant. Let s be, say, -8/ fl2, 
then the largest eigenvalues A will correspond to the dominant modes and 
can be found by the power method and its variants with simultaneous 
iteration. This method is more efficient, since the major computation is just 
the multiplication between matrix A and vector x or the operations on the 
left-hand side of (2). A drawback of the proposed method is that the 
convergence rate is sfower. 
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Signals 
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A Multiple Array Solution to the Radomly Polarized Coherent 324 
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Keith Struckman -, Sanders Associates Inc. 
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Superresolution Effect~ in Broadband Antenna Arrays 
Sven Nordholm-, I. Claesson, P. Eriksson, University of Lund 

Adaptive Phase Compensation for Distorted Phased Array by 
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1cnho Tsao', National Taiwan University 

Noise-Subspace-Approached Adaptive Beamformer Using Systolic 
Array Based on Givens Rotation 
Shun-Hsyung Chang, Kuang-Chih Huang-, Chun-Yen Chang, National Sun 
Yat-Sen University 

Bearing Estimation in the Presence of Near-Field Sources 
Yih-Min Chen', Ju-Hong Lee, Chicn-Chung Yeh, Nalional Taiwan 
UniversilY 
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A MULTIPLE ARRAY SOLUTION TO THE RANDOMLY POLARIZED 
COHERENT MULTIPATH RESOLUTION PROBLEM 

Keith Struckman 

SANDERS 
A LOCKHEED COMPANY 

ABSTRACT 

Coherent multi path signals can be resolved by a spatial smoothing superres­

olution technique (T. J. Shan, M. Wax and T. Kailath, "On spatial smoothing for direction-of­

arrival estimation of coherent signals," IEEE ASSP-33, Aug. 1985). The spatial smoothing 

technique does not, however, steer beams that cancel the interfering multipath. This pa­

per describes a new multiple array technique that resolves multiple coherent signals by 

adaptively weighting the array voltages and polarization responses as the direction vectors 

are steered. These weights are adjusted to maximize the correlation between the steering 

vector and the weighted signal vectors. A maximum is observed when the steering vector 

is pointed towards the direct path. At this maximum, the array is steered toward the direct 

Signal and nulls are directed at the multipath. 

This adaptive techinque is capable of reducing HF signal distortion created 

when HF signals travel through the ionosphere over several paths that introduce polar­

ization shifts and time delays. Computer simulations are used to show adapted pattern 

resolution properties and the reduction in signal distortion achieved by multi path cancel­

lation. 
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EXPERIMENTAL AND TIlEORETICAL STUDIES OF TIlE RELATIONSHIP BE1WEEN 

HELIX GEOMETRY AND TIlE MACROSCOPIC CHIRALITY PARAMETER OF 

COMPOSITES CONTAINING RANDOMLY DISPERSED HELICES 

V.V. Varadan* and V.K. Varadan 
Center for the Engineering of Electronic and Acoustic Materials 

The Pennsylvania State University 
University Park, PA 16802 

Materials which lack inversion symmetry are characterized by the constitutive relations, 

D = EE + I3E. V x E and B = I1H + 1311 V x H. Such materials, called chiral or handed 

materials, exhibit a handedness in their microstructure. No systematic study has been made of the 

relationship between the geometry of the handed microstructure and the macroscopic properties. 

Theoretical models have been developed that relate the microscopic polarizability of such structures 

to macroscopic properties. Recently, the macroscopic properties for a series of laboratory samples 

containing left handed only, right handed only, and equal mixtures of right and left handed metal 

springs of known geometry and volume fraction have been obtained experimentally. Using the 

experimental data in conjunction with the theoretical model and the known geometry of the 

laboratory samples, relationships are obtained between geometry and macroscopic properties, 

especially the chirality parameter. Such relationships will be of great importance in tailoring the 

geometry of the microstructure for customized properties at microwave and millimeter wave 

frequencies. 
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AVERAGED ELECTRICAL PROPERTIES OF FINELY 
LAYERED BIANISOTROPIC MEDIA 

Michael Schoenberg* and Tarek Habashy 

Schlumberger-Doll Research 
Old Quarry Road 

Ridgefield, CT 06877-4108 

* On Leave to: Federal University of Para 
Belem, Para, Brazil 

A stationary finely layered medium is equivalent, in the long 
wavelength limit, to a homogeneous medium. We derive a 
formulation, using matrix algebra and the basic elements of group 
theory, to calculate the constitutive properties of the equivalent 
homogeneous medium. Each thin (but varying thickness) layer is 
homogeneous and one of n different bianisotropic, and in general, 
nonreciprocal constituent media. The equivalent medium too will be 
bianisotropic and nonreciprocal. The n constituents are randomly 
distributed in such a way that there exists some minimum thickness 
D, much smaller than the wavelength of the insonifying 
electromagnetic wave, such that the relevant statistical properties of 
the distribution, in this case the n concentrations, are stationary when 
calculated over any layering thickness greater than D. A 
periodically layered medium is a special case of a stationary medium 
with D equals the period. 

For any homogeneous constituent, the set of material properties 
maps into an element of a commutative group. A reverse mapping 
retums the material properties of the constituents. A simple addition 
of group elements gives the group element of the equivalent 
homogeneous medium. The power of this formulism lies in the fact 
that addition of an inverse element - subtraction - provides the means 
to remove a given constituent from a homogeneous medium. If the 
group element of the remainder corresponds to a stable 
homogeneous medium, a valid decomposition of the original medium 
into constituents is achieved. 
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Decoupled El'\'f Plane 'Vave Reflection Coefficient for a Lossy 
Material Backed by a Conductor using Frequency Dependent 

Material Parameters 

K.D. Trott" and M.K. Hinders 

RADC/EECT 

Target Characterization Branch 

Applied Electromagnetics Division 

Hanscom AFB, MA 01731 

The reflection coefficient for a conductor backed slab of lossy material 
(Dallenbach absorber) is derived, and the expression is decoupled into front 
face and travelling wave terms. It is shown that for lossy materials the 
combination of these two terms gives a lIull for a single frequency or elec­
trical thickness (product kd where k is the material wavenumber and d is 
the electrical thickness), and as kd increases, the total reflection reduces to 
the reflection from the front face. Reflection from this configuration will 
be shown for materials where dielectric loss is dominant and for materials 
where magnetic 1055 is dominant. The null location (in terms of ~) will be 
discussed for both of these cases. These results match those previouly pub­
lished (E.F. Knott, IEEE Trans. Ant and Prop, Vol AP-27, No.5, Sep 79). 
Most reflection analyses are for single frequency or assume that the mate­
rial parameters are constant with respect to frequency. This analysis also 
considers the case where the material parameters are functions of frequency. 
Additonal resonances due to this variation are explored. 
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Modelling of Material Parameter Time Dependence for 
Radome Materials 

R.L. Wittschen*, K.D. Trott and M.K. Hinders 

RADC/EECT 

Target Characterization Branch 

Applied Electromagnetics Division 

Hanscom AFB, MA 01731 

The frequency and time dependence of material parameters of candidate 
radome materials is modelled by allowing for loss arising from relaxation-time 
phenomena. Measured broad band frequency data from a recently completed 
program is utilized for the materials of interest. This data is inverse Fourier 
transformed numerically to give time functions for complex IL and e. These 
time functions are then approximated by a linear combination of damped 
exponential curves, each of which is characterized by an amplitude and a 
relaxation time, giving an expression for each of the form: 

for t 2: o. 

The characteristic Ai, Ti for each material are then tabulated, and can be used 
in a variety of time-domain scattering problems. In addition, the exponential 
series can be Fourier transformed in closed form using the one-sided transform 
of the exponential to derive a frequency dependence that conforms to existing 
models such as Debye's which gives for each mode 

(e~ - eoo.) 
e' - je" = eoo + '. . 

1 + JWT; 
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MEAN WAVE PROPAGATION IN A SLAB OF ONE-DIMENSIONAL 
DISCRETE RANDOM MEDIUM 

Dept. 

by 

Sasan S. Saatchi 
Laboratory for Terrestrial Physics 

NASA Goddard Space Flight Center 
Greeenbelt, Maryland 20771 

Roger H. Lang 
of Electrical Engineering and Computer Science 

George Washington University 
Washington, DC 20052 

A study has been made of the propagation of time harmonic waves 
through a one dimensional medium of discrete scatterers randomly 
positioned over a fInite interval L. The random medium is modeled by a 
Poisson impulse process with density A. In this model the scatterer 
positions are independent random variables, identically distributed. 
The invariant imbedding procedure is employed to obtain a set of 
stochastic differential equations for the fIeld inside the slab and the 
reflection coeffIcient of the layer. 

In the case where the reflection coeffIcient is known by using the 
Markov properties of the Poisson impulse process, an exact 
integro-differential equation of the Kolmogorov-Feller type is derived 
for the probability density function of the fIeld. This result provides 
the basis for a rigorous verifIcation of various formal approximate 
techniques such as Foldy's method. 

On the specialization to the case where the concentration of the 
scatterers is low, a two variable perturbation method in small A is used 
to obtain an approximate solution for the mean field. This solution, 
varying exponentially with respect to AL, is valid for any thickness of 
the layer. Further it is shown that the result compares exactly with 
the mean fIeld obtained by Foldy's approximate method. 
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PADE' APPROXIMANT FOR ELECfROMAGNETIC SCATTERING 
FROM A CONIFEROUS FOREST 

M.A.Karam* & A.K.Fung 

Wave Scattering Research Center 
Electrical Engineering Dept., Box 19016 

University of Texas at Arlington 

Arlington, Texas, 76019, USA 

A coniferous forest is modeled as a two-layer medium above a rough soil interface. The 
upper layer is the crown consists of leaves and branches. The lower layer is the trunk 
layer. The branches are represented by randomly oriented circular cylinders with different 
radii and lengths. The leaves are modeled as needles with a specified orientation 

distribution and number density. The trunks are modeled as randomly positioned vertical 
cylinders. 

The first and second order solutions of the radiative transfer formulation for such a 
canopy is integrated by using the Pade' approximant to account for electromagnetic multiple 
scattering. The total scattering coefficient is expressed in terms of the scattering amplitude 
tensors of the leaves, branches, trunks and soil. The generalized Rayleigh Gans 
approximation is applied to obtain the leaf scattering amplitude tensor. The branch and the 
trunk scattering amplitude tensors are obtained by estimating the inner field by the fields 
inside a similar cylinder of infinite length. The Kirchhoff method is applied to calculate the 
soil scattering amplitude tensor. 

Numerical results are presented for the backscattering coefficient to illustrate the 
differences between the first-order, second-order and the Pade' approximant at different 

frequency bands. Also, the effects of the orientation and number density for the leaves and 
the branches on the backscattering coefficient are investigated and the main characteristics 
of the coniferous forests are extracted. Finally, comparisons with field measurements are 

made. 
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WIRE SCATTERERS AND ANTENNAS 
IN CHIRAL MEDIA 

Dwight L. Jaggard, John C. Liu, Annette C. Grot and Philippe Pelet 
Moore School of Electrical Engineering 

University of Pennsylvania 
Philadelphia, PA 19104 

Electromagnetic chirality is found in materials characterized by the 
constitutive relations D = £E + i~B and H = BIll + i~E for the electromagnetic 
field vectors D, E, B and H where, for the time harmonic case, £,11 are the 
permittivity and permeability of the medium and ~ is the chirality admittance. This 
admittance is introduced to take into account the handedness properties of the 
material and its absolute value is the measure of material chirality. Ch~ media is 
characterized by a pair of eigenmodes and their corresponding wavenumbers 

k± = ± rolJ./;c + ...J k2 + (rol1~c)2 . 

Here we examine the interaction of waves with metallic wire scatterers and 
radiators immersed in unbounded chiral media. Our interest is in the differential 
scattering cross section and the backscatter or radar cross section of such wires and 
the radiation properties of wire antennas in chiral media as a function of material 
chirality. The problem is formulated by developing the integral equation for the 
current, solving numerically and calculating the resulting scattered or radiated 
fields. As expected from physical considerations, the wires must be of sufficient 
length before chirality manifests itself in the induced currents although the two 
eigenmodes characteristic of the media can be excited by a variety of currents. In 
particular, two current modes characteristic of chiral media do not become evident 
for electrically short wires or dipoles but rather need larger structures in order to 
develop. 

Shown below, as an example where chirality plays a role in the induced 
currents, is the current distribution on a thin wire illuminated by an incident plane 
when the wire is twelve wavelengths long. On the left is shown the achiral (non­
chiral) case and on the right is displayed its chiral counterpart. Since the boundary 
conditions at the wire ends are the same in both cases, chirality manifests itself by 
changes in the current magnitude in the central portion of the wire. We find that 
chirality introduces additional spatial frequency components in the current 
distribution. Analogous effects are found for the case of wire antennas . 
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CURRENT ON 
A LONG CYLINDRICAL ANTENNA 

IN CHIRAL MEDIA 

Nader Engheta 
The Moore School of Electrical Engineering 

University of Pennsylvania 
Philadelphia, PA 19104 

Chiral materials, which belong to the class of biisotropic media, 
are described by the constitutive relations D = EE + i~cB and H = (1/11) B + 
i~cE. It is known that the characteristic plane waves propagating in a 
homogeneous chiral medium are right- and left-circularly polarized 
(RCP & LCP) waves, having differing propagation wave numbers. 

In this talk, we examine analytically the current distribution on 
an infinitely long cylindrical antenna embedded in a homogeneous 
lossless chiral material. The antenna consists of a perfectly conducting, 
infinitely long, circular cylinder excited by a localized belt of axially 
directed monochromatic electric field at the surface of the cylinder. It is 
shown that due to the chirality of the surrounding material, the surface 
current density on the antenna has an extra azimuthal component in 
addition to the axial component. It is also shown that on such an 
antenna, the surface current density on either side of the source gap 
consists of two parts,each travelling away from the source with 
differing velocities. The relationship among these two parts, travelling 
velocities, and chirality of the surrounding medium is discussed and 
given. We present analytical expressions for these components of 
surface current density on this antenna. We also demonstrate the 
characteristics of the input impedance and far-zone radiated fields of 
such an antennas. The motivation behind the present investigation, 
besides its theoretical and academic importance, is provided by the 
physical insights gained from the results obtained in this study. Such 
insights would enable us to better understand and analyze thoroughly 
the problem of integral equation for the current induced in a finite-size 
wire antenna embedded in chiral materials. This problem is presently 
under study. 
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CURRENTS INDUCED ON PACEMAKERS BY EXTERNAL 
HF-FIELDS 

Volkert Hansen 
Institut fur Hoch- und Hochstfrequenztechnik 

Ruhr-Universitat Bochum 
D-4630 Bochum, FRG 

Artificial cardiac pacemakers are very effective 
tools in the therapy of cardiac diseases, a fact, which 
leads to an increasing number of patients living with 
implanted pacemakers. For a safe operation the voltage 
produced at the terminal of the pacemaker by an external 
source must not exceed a specified level. Further strong 
currents at the tip of the lead may produce unwanted 
heat. Therefore the electromagnetic field strength which 
may exist outside the human body without dangerous 
consequences must be determined. So far, there are many 
experimental and theoretical investigations for the 
frequency range up to some MHz, but less information for 
higher frequencies. The reason is that for lower 
frequencies the effect of the electrical and magnetical 
field can be treated separately and that the overall 
size of the body and especially of the pacemaker is much 
smaller than the wavelength. Both facts allow the 
application of simplified methods. This is not longer 
true for the VHF and UHF range. 

within the last ten years several numerical codes 
have been developed to calculate the specific absorption 
rate (SAR) of human bodies. Typically these start with a 
model of the body consisting of small homogeneous cells. 
In order to model correctly the box and the lead of the 
pacemaker inside the body, very small cells would be 
required, this would lead to extrem large sets of linear 
equations to be handled. Therefore, in order to get a 
first idea what happens we started with a pacemaker 
embedded in a two-dimensional model of the body 
consisting of two thin layers of skin- and of fat-tissue 
and a bigger layer representing the lung. The pacemaker 
is excited by a uniform plane wave of obliged angle of 
incidence. An integral equation for the currents on the 
pacemaker is formulated applying the exact Green '·s 
function of the multilayered media. This Green's 
function is determined with the help of Sommerfeld 
integrals, thus taking into account mutual coupling and 
the boundary condition in the interfaces. The integral 
equation is solved by the method of moments. As was to 
be aspected, the lead acts as an receiving antenna with 
a standing wave current distribution. From the current 
on the lead the voltage at the terminal of the pacemaker 
is calculated. Further the field distribution in the 
surrounding area is determined using again the Green's 
function. In order to discuss the heat produced per 
volume inside the tissue, lines of constant level of IEI2 
are given. 
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European Space Research & Technology Ctr; Paolo Lampariello, 
University of Rome "La Sapienza" 

A Structured Algorithm for the Synthesis of Planar Arrays 
E. Botha', D. A. McNamara, University of Prctoria 

The External Contribution to the Scattering from an Antenna Array 
of Slot~ 
J.A. G. Malherbc', C.W. I. Pastorius, D. A. McNamara, Univcrsity of 
Pretoria 
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LEAKAGE AND RADIATION PROPERTIES OF COUPLED 
MICROSTRIP TRANSMISSION LINES 

* Yi Yuan and Dennis P. Nyquist 
Department of Electrical Engineering 

Michigan State University 
East Lansing, Michigan 48824 

Accurate full-wave evaluation of dispersion and leakage properties of 
microstrip transmission lines is essential to the analysis of wave propag­
ation and device interactions in micro/mm-wave integrated circuits operating 
at high frequencies. A rigorous full-wave integral equation formulation for 
the microstrip environments has been presented by the authors, and the dis­
persion and leakage properties of a single microstrip line have been studied 
[Yo Yuan and D.P. Nyquist, 1989]. 

In this paper, the dispersion characteristics and leakage properties of 
coupled microstrip transmission lines are investigated by the same full wave 
integral equation approach. It is found that, unlike the single strip line 
which has only higher-order mode leakage, the dominant mode of the coupled 
system can become leaky at high frequency due to the coupling effect. Con­
sider the EHo system mode of two coupled microstrip lines as an example. 

When the two lines are wildly separated, the propagation eigenvalues ap­
proach that of the corresponding isolated-line limit. As the two lines be­
come closer, the coupled system modes, symmetric and antisymmetric, emerge 
and split away from the isolated mode; when the two strips contact each 
other at the edges, the symmetric mode reverts to the EHo mode of an isolat-

ed strip with double width and the antisymmetric mode becomes the EH\ mode 

of the same double-width strip. In certain circumstances, when the two 
strips are closely spaced, the propagation eigenvalue of the anti symmetric 
mode becomes complex, its phase constant falls below that \ of the surface 

wave of the associated layered structure: Plko < A~o' and the coupled mode 

becomes leaky. Power leaks away in surface wave form or space radiation 
when frequency becomes higher than certain critical frequency. 

Numerical implementation for the coupled microstrip line is developed. 
Details of dispersion characteristics, leakage properties and current dis­
tributions are obtained and are compared with other published data whenever 
it is available. 
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SURFACE WAVE EXCITATION IN ANTENNA FEED 
NETWORKS 

W.P. Harokopus~ W. Ali-Ahmad, G.M. Rebeiz, P.B. Katehi 

Radiation Laboratory, University of Michigan, Ann Arbor, MI 

Abstmct-
Microstrip feed networks in monolithic array applications can exhibit high losses 

mostly associated with the power propagating in the substrate in the form of sur­
face waves. These waves, which are cylindrical in nature, are excited in the vicinity 
of the microstrip discontinuities, and propagate away from them in selective di­
rections. In large arrays operating at high frequencies, the substrate structure 
supporting the feed network and the radiating elements becomes electrically thick. 
As a result,the power propagating in these waves increases resulting in spurious 
coupling between the discontinuities in the feed network which in turn deteriorates 
the performance of the array considerably. 

The understanding of the surface wave effects may become a critical factor in the 
successful design of a monolithic array by eliminating their excitation or use them 
to improve the array performance. To analyze these effects, an appropriate integral 
equation is considered which is solved numerically in the space domain using the 
method of moments. The microstrip feed network is assumed as made up of planar 
discontinuites such as Bends, Open Ends and Tee junctions printed on single- and 
multi- layer substrates. Initially, the discontinuities are studied as isolated circuit 
elements and the total power loss due to space and surface wave excitation is 
computed from the scattering parameters. In addition, stationary phase technique 
is applied to evaluate the percentage of the total radiated power launched into 
surface waves. In this manner, patterns are obtained for the dominant mode 
(T 1110 ) and first higher order mode (TEo). 

Upon completion of the theoretical study, experimental verification will be per­
formed by comparing with far-field surface wave pattern measurements in isolated 
discontinuities. The edges of the substrate will be tapered to minimize the reflec­
tion of the surface waves and the field will be measured with an appropriate probe. 
Specifically, the surface wave radiation for an Open End, Bend, Tee junction and 
Cross junction will be analyzed and discussed extensively. 
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RADIATION MODES OF BIAXIALLY ANISOTROPIC SLAB WAVEGUIDES 

Benjamin Beker and Thinh Q. Ho· 
Department of Electrical and Computer Engineering 

University of South Carolina 
Columbia, SC 29208 

It is well known that the solution to Maxwell's equations for planar isotropic 
waveguides will consist of guided as well as radiation modes. These modal solutions may 
be used to expand an arbitrary field within the slab region, thereby allowing for the 
mathematical formulation of the waveguide boundary-value problem. However, for 
anisotropic slabs, solutions to Maxwell's equations have been, thus far, restricted to 
guided modes alone (D. Marcuse and I. P. Kaminow, "Modes of a Symmetric Slab 
Optical Waveguide in Birefringent Media, Part II: Slab with Coplanar Optical Axis', IEEE 
J. Quantum Elect., QE-15, no. 2, Feb. 1979, also see A. Knoesen et aI., "Hybrid Guided 
Modes in Uniaxial Dielectric Planar Waveguides", J. Lightwave Tech., vol. 6, no. 6, June 
1988). 

In this paper, the radiation modes of a planar waveguide characterized by biaxial 
permittivity and permeability tensors, § and g, are derived. It is shown that they are 
orthogonal to one another, and may be-normalized with the help of the delta function. To 
verify their correctness, scattering by a dominant guided mode impinging on a step 
junction of a grounded anisotropic slab (see Figure below) is considered. The step height 
is assumed to be small (compared to the wavelength) so that an approximate 
perturbation technique could be employed to solve for the radiation loss using either the 
guided or the radiation modes. The results obtained via the two methods must be 
identical, thus providing the means for validating the derived radiation mode expressions. 

z 
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ABSTRACT 

COMPUTATION OF S-PARAMETERS FOR MICROSTRIP-FED 
SLOT ARRAYS 

N. L. VandenBerg· 
P. B. Katehi 

Radiation Laboratory 
Department of Electrical Engineering and Computer Science 

The University of Michigan 
Ann Arbor, Michigan 48109-2122 

An attractive approach for high frequency array antennas is the use of cavity­
backed slot radiators individually fed by shielded microstrip lines. Such an array 
has compact planar form which can be made conformal and also has well con­
trolled radiation characteristics making it suitable for high performance applica­
tions. Each element is fed by a microstrip line which passes through the cavity wall. 
The microstrip lines are driven by a main feed line through a series of directional 
couplers whose coupling ratios, together with the cavity /slot/microstrip geome­
tries, are used to control the amplitude and phase taper of the array. The slots are 
covered by a dielectric material which acts as a radome and whose thickness can 
be used to control the mutual coupling between elements. 

A brief description of the full-wave analysis of the cavity elements is given based 
on an integral equation formulation. A generalized dyadic Green's function for 
cavities is used, allowing multi-layered microstrip structures as may be required by 
additional circuit elements for active antennas or functions such as phase steering. 
The equations are solved using conventional Method of Moments techniques. 

The formulation for finding the S-parameters of the individual elements is pre­
sented based on the Reaction Theorem. The method employs the solution for the 
fields in multi-layered shielded microstrip which are found from an integral equa­
tion involving the Green's function for layered waveguide and the modal current 
on the strip. Application to the special case of strip line is presented in comparison 
to measured data. 

339 

iii 



70-5 

POWER LEAKAGE FROM THE DOMINANT MODE 
ON.COPLANAR W A VEG UIDES 

WITH FINITE OR INFINITE WIDTH 

H.Shigesawa· and M.Tsuji 
Doshisha University, Kyoto, Japan 

and 

A.A.Oliner 
Polytechnic University, Brooklyn, New York 

It is not generally known that above a certain critical frequency 
the dominant mode on uniform coplanar waveguides will leak power into 
a surface wave on the outer portions of the waveg!!ide or the support 
structure. In an integrated circuit context, this -leakage can result 
in significant cross talk and power loss. Furthermore, the leakage 
effects are different when the lateral extent ( width ) of the outer 
plates is finite or infinite. We describe here the nature of the 
power leakage and the reason for it, and we show in what ways the 
guide width influences the leakage effects. Most of these features 
are presented here for the first time. 

The simplest case is encountered when the outer plates of the 
coplanar waveguide ( CPW ) are infinite in width. Away from the 
central region of the CPW we then have a grounded dielectric layer of 
height equal to that of the substrate, on which the lowest surface 
wave is the TMo mode. Leakage then occurs above-the -frequency at 
which the dispersion curves for the CPW dominant mode and the TMo 
surface wave cross each other, and the power leaks at an angle to the 
guide axis in the form of the TMo surface wave. This leakage has not 
been reported previously in the literature. 

When the outer metal plates are finite in width but the 
dielectric substrate layer extends laterally indefinitely. the outer 
structure is an ungrounded dielectric layer whose lowest surface wave 
is the TEo mode. Above the frequency corresponding to the crossing 
of the dispersion curves for the CPW dominant mode and the TEo surface 
wave on the ungrounded substrate, we will find leakage from the 
dominant mode into the TEo surface wave. Note that the conditions 
for leakage in the finite-width and infinite-width cases involve dif­
ferent effective structures ( one grounded and the other ungrounded) 
in addition to different surface waves. 

Other physical effects also appear when the plate width is 
finite, such as coupling to a second dominant mode, and a standing 
surface wave ( laterally ) under the outer plates if the leakage 
condition for the infinite-width case occurs at a lower frequency than 
that for the finite-width case, which is usual. We will present 
accurate quantitative data ( obtained by employing an improved mode­
matching procedure ) for the dispersion behavior and the leakage 
constants as a function of frequency for all of these cases. 
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TRANSITION-REGION BEHAVIOR OF A NEW LEAKAGE EFFECT 
ON MICROSTRIP LINES WITH ANISOTROPIC SUBSTRATES 

M. Tsuji" and H. Shigesawa 
Doshisha University. Kyoto. Japan 

and 

A. A. Oliner 
Polytechnic University. Brooklyn. New York 

We were the first to report (at the 1989 International Microwave 
Symposium) that the dominant mode on uniform printed-circuit wave­
guides could exhibit a new class of power leakage effects when aniso­
tropic dielectric materials are used as substrates. 

As an example of such waveguides, let us here consider microstrip 
line when the c-axis of an anisotropic substrate is perpendicular to the 
substrate surface. Then the microstrip line dominant mode has its 
electric field predominantly along the c-axis. Since the waveguide 
also includes the conductor-backed dielectric slab regions extending 
semi-infinitely outside the strip, those regions can also support the 
dominant TMo surface wave at all frequencies ( its polarization is the 
same as that of the micros trip line mode ) and the TEl surface wave 
above its cutoff frequency ( its polarization is perpendicular to the 
c-axis). When the c-axis permittivity is lower than the permittivity 
in the plane perpendicular to this axis, an inversion occurs at a certain 
high frequency in the relative phase velocities between the microstrip 
line dominant mode and the TEl surface wave, and the microstrip line 
dominant mode leaks power at an angle into the TEl surface Wave at fre­
quencies above this inversion, or crossing, frequency. 

This crossing region involves a complicated transitioll between a 
spectral real solution and a nonspectral complex solution. The figure 
shows an example of our calculations when Epsilam 10 is used as the 
substrate; it indicates the behavior of the normalized phase constant 
/3/ko with the frequency. Our calculation, based on an improved mode­
matching method, shows that the solution, which is real at low fre­
quencies, reaches the dispersion curve of the TEl surface wave at the 
pointCDas the frequency increases, and then continues as a llOlISpectral 

3.158 real solution. At the 
Mlcrostdp-lin. Nonspectral./ frequency indicated by@, it 
dominon. mod. (2)complex ./ connects with a nOllspectral 

~ -l- // complex solution which 3.156 

.::! 3.154 

corresponds to the new leaky 
wave on the microstrip line 
explained above. Somewhat 
similar complicated behavior 
has been found in corre­
sponding transition regions 
from leaky waves to surface 
waves, but here the frequen­
cy ranges are reversed and 

C!l. 

3.152 

3.150'----..L----'----.L----'--J the behavior is more in-
0.237 0.238 0.239 volved, as will be explained 

hl'A.o in the talk. 
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The Short Circuit and Load for the Moment Method Solution of a 
MicrostripIine 

by Y.L. Chow' and G.E. Howard 
University of Waterloo, Waterloo, Ontario, Canada 

M.G. Stubbs, Communications Research Centre 
Ottawa, Ontario, Canada 

It has been shown (Y.L. Chow, MTI-28, 1980,393-397) that a microstripline can be taken as a bent 
linear antenna and is solvable by the moment method of Harrington with a quasi-dynamic Green's 
function. 

This quasi-dynamic Green's function has been shown to be accurate even for complex circuits like 
spiral inductors and amplifiers (M.G. Stubbs et. al. Proc. 17"' EMC, Rome, Italy, 1987,273-279). 
For good agreement with experiment it is necessary to construct good loads and good short circuits 
for the moment method. 

The construction can be understood from Harrington's moment method formulation of the impedance 
elementZ ... : 

Z = j roiiJ ."& '11.: + ~ ('If. + - 'If. -- \f-+ + \f--) 
Inn m n Inn JOlE. mn mn mn mn 

For linear antennas, the potentials \fm" = 1fm". For microstriplines one simply adds to \fm" and 1fm" 
different contributions from current and charge images (Chow, Ibid.). 

Harrington's formulation requires all segments to be butting against each other. This means that a 
load ZL to ground at the end segment n must be an extra vertical segment as shown in Fig. 1. This 
vertical segment may not be realistic. It is desirable therefore to delete the vertical segment, create 
a "current sink" at the end segment n and to add the load ~ to this horizontal end segment as shown 
in Fig. 2. 

The adding of the load ~ to segment n is obvious. The "current sink" is also simple to create by 
setting to zero all charge potentials 1(.. in the above equation . ... 
This paper gives physical explanations to such simple constructions for ~ and the short circuit. A 
number of examples will be shown. 

j)-1 j) p+1 

\ n-1 11 n Ii 0+1 

=~~~+1 
~ 

GROUND 

Figure 1 The line and vertical load. 

j)-1 ~ 
11\-11 In-11 (f. deleted to 

n-1 1I_n----l'":"\ simulate 
~.c=:=::1'~ 

ZL current sink) 

XXXXXXXXXXXXXX><XXXXXX>«« 
GROUND 

j)-1 j) 

Figure 2 The line, load and short. 
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A LINEAR PHASED ARRAY OF DIELECTRIC-FILLED SLIITED 
ASYMMETRIC RIDGE WAVEGUIDES 

F. Frezza*, M. Guglielmi+, and P. Lampariello* 
* University of Rome "La Sapienza", Rome, Italy 

+ ESA - ESTE~ Noordwijk, The Netherlands 

A novel phased array of parallel leaky-wave line sources for 
millimeter waves was described few years ago (P. Lampariello and A. A. 
Oliner, European Microwave Com., Rome, Italy, pp. 555-560, 1987) that 
presents some very interesting features, such as the absence of cross 
polarization, no blind spots, and no grating lobes. These interesting features 
were obtained by introducing vertical metallic baffles to separate the line 
sources. Recently, we studied the characteristics of a novel leaky-wave line 
source based on a dielectric-filled, slitted asymmetric ridge waveguide. Our 
analysis indicates that this antenna indeed has very flexible electrical 
characteristics. In this paper we propose a phased array composed of such 
line sources separated by vertical metallic baffles. The benefic effects of the 
baffles are retained and a very versatile millimeter-wave phased array is 
thus obtained. 

The single line source consists of a dielectric-filled ridge waveguide 
where the heights of the two arms of the guide are unequal. The top wall 
exhibits a centered, longitudinally continuous slit and the side walls are 
prolonged with vertical baffles. Because of the asymmetry introduced on 
the ridge waveguide, a horizontally polarized electric field is excited in the 
air-filled upper stub of finite height. The presence of the dielectric allows us 
to make the distance between the baffles less than '}..J2, so that the higher 
order modes are all below cutoff and therefore only a negligible cross 
polarization is present if the baffles are sufficiently long. Moreover the 
constraint on the distance between baffles automatically avoides grating 
lobes. 

When a number of parallel line sources are put together, a two­
dimensional scan is achieved by imposing a phase shift between successive 
parallel radiators in the array. 

We present here an accurate transverse equivalent network for this 
phased array that employs a unit-cell approach; in this way all mutual 
couplings are rigorously taken into account. A transverse resonance 
equation is then derived whose solutions furnish the performance 
characteristics of the array. The results obtained show that a conical scan is 
achieved without blind spots and confirm the flexibility of the structure; in 
fact, by varying suitable geometrical parameters, it is possible to control 
independently the direction of maximum radiation and the beam width. 

;rl ___ r-____________ 
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A STRUCTURED ALGORITHM FOR THE SYNTHESIS OF PLANAR ARRAYS 

E.Botha* and D.A.MFNamara 

Department of Electronic and computer Engineering, 
University of Pretoria, Pretoria, South Africa, 0002. 

Experience with existing numerical procedures for 
planar array synthesis soon reveals that, in spite of 
statements to the contrary, there is still much reliance on 
a cut and try approach. Although various exact and numerical 
synthesis techniques exist that yield the excitation for a 
linear array (or one-dimensional sequence), these techniques 
and expressions do not generalize to the processing of 
general two-dimensional sequences (or planar arrays), 
primarily due to the absence of a two-dimensional 
factorization theorem. 

A transformation to represent two-dimensional sequences 
as one-dimensional sequences (R.M.Mersereau & D.E.Dudgeon, 
IEEE Trans., vol.ASSP-22, pp.320-325, 1974) has been applied 
to represent rectangular planar arrays (with the elements 
laid out on a rectangular grid) as equispaced linear arrays 
in tandem. We will refer to the latter as the equivalent 
composite linear array. The advantage is that the above 
transformation effectively specifies the planes in which the 
planar array pattern has to be sampled; this alleviates the 
problem associated with sampling in the principal and 
addi tional arbi trarily chosen planes leading to incorrect 
pattern behaviour in intermediate planes. This sampling 
supplies the pattern required of the equivalent composite 
linear array. A linear array synthesis procedure is then 
used to synthesise the equivalent composite linear array 
which will provide the above pattern, and the linear array 
elements are then inverse-transformed to the original planar 
array configuration. 

In the presentation the results which have thus far 
been obtained using the above approaches will be described 
and evaluated. 

344 



70-10 

THE EXTERNAL CONTRIBUTION TO THE SCATTERING FROM AN ANTENNA 
ARRAY OF SLOTS 

J.A.G.Malherbe*, C.W.I.Pistorius and D.A.McNamara 

Department of Electronic and Computer Engineering, 
University of Pretoria, Pretoria, South Africa, 0002. 

The radar cross-section of a slot antenna array can be 
conveniently divided into an internal contribution 
dependent on the feed network connected to each slot, and 
an external component due to scattering from the conducting 
portions making up the face of the array. In view of the 
increasing interest in the radar cross section of antennas 
some way of estimating these effects is clearly desirable. 
By considering each slot to be the opening of an "inlet" 
recently published techniques for intake geometries 
(H.Ling, S.W.Lee & R.Chou, IEEE Trans., vol.AP-37, pp.648-
654, 1989) might be used for determing the internal 
contribution. In this paper a method will be discussed for 
finding the external contribution. 

The array face is first considered to be infinitely 
large, and to consist of a doubly periodic planar array of 
rectangular slots in an infinitely thin groundplane. A 
moment method solution is used to determine the current 
distribution over the conducting portion of each unit cell. 
This current distribution is then used along with an 
appropriate array factor to determine the external 
contribution to the scattering from an actual finite array. 

In the presentation the measured (on a compact range) 
and calculated results which have thus far been obtained 
using the above approaches will be described and evaluated. 
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ABSTRACT 

Application of a Layer-Peeling Technique 
to Identify Dielectric Constants of 

Stratified Media 

by 

S. Giles 
University of Toledo 

This paper is concerned with the identification of the position and dielectric 

constant of simple stratified media. Reflection coefficients are obtained from 

information contained primarily in the reflected time signal resulting from a 

known incident signal striking the media. Actual measurements are done in the 

frequency domain over an eighteen gigahertz bandwidth and Fourier 

transformed to the time domain. The theory of the technique is presented; and 

actual results are given for stratified particleboards and polyethylene slabs. 
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ACTIVE E-FIELD SENSOR FOR MEASUREMENTS OF TRANSIENTS 

Art Thansandote*, Stan S. Stuchly, Maria A. Stuchly+ and M. Barski 

Department of Electrical Engineering 
University of Ottawa 
Ottawa, Ontario 
Canada KIN 6NS 

+Bureau of Radiation and 
Medical Devices 

Health and Welfare Canada 
Ottawa, Ontario 
Canada KIA OL2 

In measuring transient and pulsed electromagnetic fields, one requires 
electrically small antennas which can operate in a very wide frequency range 
with minimal perturbation to the measured field. When amplifiers or other 
active components are incorporated into the antenna, the whole system 
becomes an active sensor. The sensors for transient field measurements 
should have a wide dynamic range, well-defined directional responses and 
minimal response to the unwanted field quantities. 

From the two types of possible sensor responses, we have selected the one 
proportional to the field rather than to the derivative of the field. The active E­
field sensor utilizes a spherical antenna with two high input-impedance buffer 
amplifiers and a differential amplifier located inside the sphere. The antenna 
consists of two identical hollow plastic hemispheres which were silver-coated ' 
inside and attached to each other around the perimeter. The top point of each 
hemisphere was connected to a buffer amplifier using a large diameter 
cylindrical conductor. Two sensors have been investigated with upper 
frequencies of 500 MHz and I GHz respectively. 

A monopole configuration of the 500-MHz sensor was manufactured, tested 
and calibrated in a TEM cell in both the frequency domain (using HP 3577 A 
and HP8510B network analyzers) and the time domain (using a PSPL lOOOC 
impulse generator, a Tektronix 7912HB digitizing oscilloscope and a Compaq 
386/20 microcomputer). A Tektronix P6501 microprobe was used as a buffer 
amplifier. The time domain data were converted into the frequency domain 
using complex FFT and compared with the results in the frequency domain. 
The performance of the sensor was also modelled using a computer simulation 
program SPICE. The results of the three methods show that the sensor gives 
a flat output response with I m V /(V 1m) sensitivity from 10kHz to almost 400 
MHz. The rise time of the output pulse is less than 500 ps. 
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ANALYSIS AND MEASUREMENT OF ACOUSTIC PULSE DIFFRACTION 

G.R; MELLEMA, M.J. YEDLIN, ZHANG QIN AND E.V. JULL* 
Department of Electrical Engineering 

and Geophysics and Astronomy 
University of British Columbia 

Vancouver, Canada V6T lWS 

Diffracting edges produce characteristic signatures in 
seismic records. These may indicate the prescence of geological 
faults and associated hydrocarbon traps. Here numerical and 
experimental models of acoustic pulse diffraction by structures 
involving edges are described. The structures studied are plane 
and curved half planes and step discontinuities. 

The uniform geometrical theory of diffraction is used in the 
analysis. Consequently the discontinuities analyzed at present 
are not small in wavelengths. The experimental arrangement uses 
commercial audio frequency equipment and a personal computer to 
produce a swept frequency source signal which is later cross 
correlated with the return signal to eliminate the limitations of 
the loudspeaker response. Signal processing of the return is used 
to enhance the diffraction hyperbolas. The result is an 
inexpensive but remarkably effective system for identifying 
diffracting edges. Ridges as small as 0.3 mm. on a smooth plane 
are detectable at audio frequencies with this system. 

Numerical and measured results agree well for simple 
structures so the experimental facility can be expected to provide 
verification of synthetic results for more complicated 
structures. 
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BROADBAND TRANSIENT 
ELECTROMAGNETIC SCATTERING LABORATORY 

Michael A. Morgan 
Electrical & Computer Engineering Department 
Naval Postgraguate School, Monterey, CA 93943 

Norman J. Walsh· 
National Defense Headquarters, DLAEEM 4-9 

Ottawa, Ontario, Canada, KIA OK2 

A brief historical review of the Transient Electromagnetic Scattering Labora­
tory (TESL) at the Naval Postgraduate School is presented. This is followed by a 
discussion of the theory and operation of the current free-field facility. 

Implementation of state-of-the-art technology and a novel impulse generation 
system has significantly enhanced both the bandwidth and the signal to noise ratio 
of TESL measurements within the last year. This upgrade combines a new digital 
processing oscilloscope receiver with a specially constructed dual GaAs FET parallel 
amplifier transmission system. The resultant system provides real-time transient 
scattering responses with a frequency bandpass exceeding 1 to 12 GHz. Details of the 
problems and solutions accompanying this recent enhancement are considered and 
example validations are shown which illustrate the high level of fidelity attainable. 
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Figure 1 Transient Backscattering by an 8 cm Diameter PEC Sphere 
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An Incident Field Sensor for EMP Measurements 

Everett G. Farr* 
EMA, Inc. 

Joseph S. Hofstra 
BOM International, Inc. 

When making field measurements at EMP simulators, one needf 
broadband antennas that are flat to above 100 MHz. In addition, 
it would be helpful if these antennas were directional, in order 
to reject reflections from directly behind the sensor. This 
becomes important in extrapolation procedures that correct for 
differences between the field generated by the simulator and an 
actual threat field (E. G. Farr, Sensor and Simulation Note 311, 
1988). Currently available antennas, however, are short dipoles 
and small loops, which are omnidirectional in one plane. The 
purpose of this paper is to report on the development of an 
antenna that solves this problem with a 1 + cos(theta) antenna 
pattern in both the E- and H-planes. We call this antenna the 
Balanced Transmission-line Wave (BTW) sensor. 

The design of the antenna is based on the idea that if one 
could sum the antenna patterns of a short dipole and a small 
loop, one could achieve a directional sensor. A technique 
was proposed some time ago to implement this (J. Yu, et. al., 
Sensor and Simulation Note 243, 1978), but the device was never 
built and tested. 

In this presentation, a simple theory of operation is 
discussed. Furthermore, experimental results are presented for a 
prototype sensor. A Front/Back ratio of 20-29 dB was achieved in 
field measurements. These results confirm the principal of 
operation of the sensor, and encourage further engineering 
development. 
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TIME DOMAIN ANTENNA CONCEPTS 

M. Barnes, M. Poirier and L. Peters, Jr.* 
The Ohio State University ElectroScience Laboratory 

1320 Kinnear Road, Columbus, OR 43212 

Antennas to be used in a video pulse radar are to be discussed. Such 
radars are used ever more frequently for ground penetrating radars (GPR). 
A major goal is to achieve as much isolation between transmitter and receiver 
as is practical before any processing. To date, the scheme that best achieves 
this role has been the crossed dipole where the orthogonality properties of 
the two antennas are used to achieve isolation. This has the advantage of 
detecting only nonsymmetrical targets. For geological exploration, it would 
not detect interfaces parallel to it. ' 

I 

A novel GPR antenna was constructed by using separate parallel trans-
mitting and receiving antennas mounted on a resistive sheet. The transmis­
sion and reflection characteristics of this antenna are compared to those of 
the more conventional antennas, including one that is used on a com~ercial 
system. It is found to yield results comparable to those of the crossed dipole, 
except, of course, parallel interfaces become detectable. 

One of the major difficulties with antennas to be used with video pulse 
antenna is the bandwidth properties. Usually the antenna provides a filter-

I I ing characteristic. Conventional very broad! antennas, spirals etc. become 
I dispersive and require data processing to preserve the pulse width. Several 

schemes for providing broad band antennas are to be discussed. 
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BISPECTRAL ANALYSIS OF RADAR SIGNALS 

Ismail Jouny and Eric K. Walton° 
ElectroSc.ience Laboratory 

Electrical Engineering Department 
The Ohio State University 

Columbus, Ohio 43212 

Time domain (or range dOlll.ain) analysis of the scattering from a radar 
target is typically done using the impulse response, (the inverse Fourier 
t.ransform (1FT) of t.he frequency domain response). The result is a range 
profile which can display the scattering from the radar target as a function 
of range (or time), but. which provides no information about. the relationship 
between the various range (or time) domain responses. It is not possible, 
for example, to distinguish single mode specular scattering from multiple 
interactions. This paper will present an application of a signal processing 
technique called the Bispectrum which can be used to study such interaction 
effects. 

The Bispectrum B( Wi, W2) of a t.ime series is often computed by taking 
the two-dimensional Fourier transform of a triple product of the time series 
data {x(t)} with two delayed versions. 

Radar scattering data, however, is not time series data, but is given in the 
frequency domain. Its Bispectrum is a mapping to the two dimensional 
t.ime domain (or 2-dimensional range domain using t = 2r / c where t and r 
represent the time and range to the target respectively). In tIlls two dimen­
sional mapping, a. response at (rangel, ra.nge2) indicates the magnitude of 
the interaction between scatterers at rangei and those at range2' 

In this paper, we will show Bispectral mappings based on both a simple 
three-scatterer model and on data from experimental measurements. It will 
be shown that the Bispectral mapping into the bi-range domain results in 
responses which can be interpreted in terms of both single specular reflec­
tions and multiple interaction terms. In many cases, it is actually possible 
to distinguish between the interaction terms and the single scatterer terms; 
a distinction not possible with the impulse response. 
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J. M. Arnold', A. P. Ansbro, University of Glasgow 
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for the UTD Applications 
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DEVEWPMENT OF NUMERICAL ELECTROMAGNETIC-BASIC SCATIERING 
CODE FOR SPACE STATION APPLICATIONS 

A DESCRIPTION AND ANTENNA CHAMBER EVALUATION 

E. M. Bracalente*: M. C. Gilreath 
NASA Langley Research Center 

Hampton, VA 23665-5225; PH: (804) 864-1810 

R J. Marhefka 
The Ohio State University ElectroScience Laboratory 

1320 Kinnear Road Columbus, Ohio 43212-1156 

A brief description of the Numerical Electromagnetic Code - Basic Scattering 
Code (NEC-BSC Version 3.1), along with results of a comparative evaluation of 
calculated far-field patterns, with patterns measured in an antenna chamber 
are presented. The NEC-BSC program is a user-oriented computer code for the 
electromagnetic analysis of radiation from antennas in the presence of complex 
structures at UHF frequencies and above. The code can be used to predict near­
or far-zone patterns of antennas in the presence of scattering structures. Simu­
lation of the scattering structures is accomplished by using combinations of 
multiple flat plates, elliptic cylinders, cone frustums, and ellipsoids. 

The analysis is based on uniform asymptotic techniques formulated in terms of 
the Uniform Geometric Theory of Diffraction (UTD). Essentially any antenna 
type can be defined since the UTD solutions are based on infinitesimal elements. 
A number of antenna types, such as dipoles, and rectangular and circular aper­
tures are defined in the program. The code has been successfully used to model a 
wide range of problems, such as scattering from living quarters and structures of 
a Space Station (SS), using plates and curved surfaces. A description of the code's 
many other features and its operation are included in a Users Manual which is 
available upon request. 

Using a precision 1/30 scale model of the middle section ofthe SS, antenna 
pattern measurements were made at 60 GHz in a compact range for both broad 
and narrow beam antennas. Patterns were calculated at 2 GHz, using the NEC­
BSC code simulating the full-scale SS, and the same antenna types as used for 
the measurements. Excellent agreement was obtained between calculated and 
measured patterns as shown in the figure for a principal E-plane pattern. 

180' 
Measured Pattern 
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Eliminating Spurious Shadow Boundary RCS 
Contributions from Physical Optics Solutions for 

Coated Bodies 

John Baldauf 
University of Illinois at Urbana-Champaign 
1406 W. Green Street, Urbana, Illinois 61801 

In high-frequency applications physical optics (PO) has 
an advantage over geometric optics in that numerical 
integration of surface currents over an approximate surface 
representing a body is easier in many cases than determining 
the specular ray scattering from a body. For plane wave 
scattering from a smooth convex body, the transition from the 
"lit" region of the body to the "shadow" region is, in general, a 
gradual transition. The PO solution, however, is based on a lit 
region where the surface currents are nonzero, and a shadow 
region in which the surface currents are zero. The sharp 
boundary between the lit and shadow regions is a nonphysical 
characteristic of the surface currents. Therefo.re, the 
contribution to the' scattered fields from this nonphysical 
truncation of the surface currents is not necessarily valid. 
These scattered field components from the shadow boundary 
can in some cases be removed by subtracting the "PO diffracted 
fields" from the PO solution. 

The PO diffraction coefficients for determining the PO 
diffracted fields from curved perfectly conducting bodies were 
derived by Gupta and Burnside (AP-35, May 1987, pp. 553-
561). This work will present a formulation of the more general 
PO diffraction coefficients for a curved coated body. These 
diffraction coefficients will be applied to scattering from bodies 
of revolution to remove the spurious PO components from 
scattered fields from coated bodies. 
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ELECTROMAGNETIC SCATTERING BY METALLIC TAPES 
ON pANELED COMPACT RANGE REFLECTORS 

G.A. Somers·, P.H. Pathak and I.J. Gupta 
The Ohio State University ElectroScience Laboratory 

Department of Electrical Engineering 
Columbus, Ohio 43212 

In present day compact range systems the main reflector may be physi­
cally very large for operation over a large bandwidth necessitating the need 
for the reflector to be manufactured in sections. Once these paneled sec­
tions are aligned, one can use metallic tape to cover the inter-panel gaps. 
It is therefore of interest to study the effect of the scattering by the tape 
on the fields in the target zone of the range. The scattering by a metal­
lic tape on a reflecting surface was previously examined in two dimensions 
(2-D) by the method of moments and an empirical study was presented to 
indicate the effect of the tape as a function of tape dimensions,[I.J. Gupta 
and W.D. Burnside, AMTA Conference, Monterey, Calif., Oct. 1989, pp. 
15-35-15-39]. However that procedure is computationally time consuming 
and difficult to apply to the 3-D situation. 

In this paper, an analytical solution is presented for the scattering by 
the 2-D tape configuration via the generalized scattering matrix technique 
used in conjunction with the Wiener-Hopf procedure. The 2-D analytical 
solution is compared with a reference moment method solution to confirm 
the accuracy of the former. In addition, the solution is also compared to the 
simpler physical optics approximation to determine the range of validity of 
the latter. The analytical result for the 2-D tape scattering configuration is 
then extended to treat the corresponding 3-D case by using the concept of 
incremental diffraction coefficients [R. Shore and A. Yaghjian, IEEE T-AP, 
Vol. 36, No.1, Jan. 1988, pp. 55-70] over a finite region. 

The present solution obtained for analyzing the scattering by 3-D rect­
angular perturbations also has applications in RCS prediction if they are 
present on otherwise low cross-section platforms. 
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APPLICATION OF THE GENERALIZED RAY EXPANSION 
METHOD TO ANALYZE THE EM SCATTERING BY 
ARBITRARY OPEN-ENDED WAVEGUIDE CAVITIES 

Robert .J. Burkholder" and Prabhakar H. Pathak 
The Ohio State University ElectroScience Laboratory 

1320 Kinnear Road 
Columbus, Ohio 43212 

The generalized ray expansion (GRE) method was developed recently to 
analyze the complex problem of EM scattering by large open-ended waveg­
uide cavities of relatively arbitrary shape. Basically, the scattering from just 
the open end alone can be found via the geometrical theory of diffractipn 
(GTD) used in conjunction with the equivalent current method (ECM), 
whereas, the field scattered into the exterior due to the presence of t'he 
interior waveguide termination is found by discretizing the aperture at the 
open end into a relatively small number of sub-apertures and by launching 
the rays from each sub-aperture into the cavity with the initial ray ampli­
tudes weighted by the far field radiation pattern of the sub-aperture. This 
approach has the advantage that, unlike the conventional GO ray shooting 
approach, the GRE method launches and tracks a grid of rays within the 
cavity just once, independent of the external plane wave incidence angle, 
and the fields diffracted into the cavity by the edges at the open end are 
implicitly included in the analysis. 

The basic ideas of the GRE were illustrated by solving the scattering by 
relatively simple 2-D semi-infinite open-ended waveguide geometries with 
an interior termination [P.R. Pathak, et al., IEEE APS International Sym­
posium and URSI Radio Science Meeting, San Jose, Calif., June 1989, pp. 
840-843, and P.R. Pathak, R.J. Burkholder, URSI International Sympo­
sium on EM Theory, Stockholm, Sweden, August 1989, pp. 181-183]. In 
the present paper, the GRE approach is extended to treat the far more 
general situation of EM scattering by relatively arbitrary 3-D semi-infinit1e 
open-ended waveguides with an interior termination. Specifically, the gen­
eral rules required for estimating the relative sizes and shapes of the sub­
apertures and the number of ray-tubes launched from each sub-aperture are 
developed for the 3-D case, and the general conditions for the applicability 
of the GRE procedure are obtained. Numerical results will be presented 
which illustrate these extensions of the GRE as applied to the scattering 
analysis of several specific 3-D open-ended cavity geometries, such as a 
cavity with a linealy tapered rectangular cross-section, an S-shaped cav­
ity with a constant rectangular cross-section, an S-shaped cavity with a 
cross-section transition from rectangular to circular, etc. 
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ELECTROMAGNETIC PLANE WAVE DIFFRACTION 

BY A WIDE AND THICK SLIT 

Hiroshi SHIRAI 
Department of Electrical and Electronic Engineering 

Chuo University 
1-13-27 Kasuga, Bunkyo-Ku 

Tokyo 112 JAPAN 

Because of its simple shape, aperture diffraction of electromagnetic 
waves has been investigated by many authors and reported in various 
literature. When an infinitely thin slit is composed by two half planes~' it 
would be rather easier to treat the diffraction problem and many analytical 
techniques, including rigorous Mathieu function expansion in the elliptic 
cylinder coordinate system, are applicable. However, if the slit has a fin­
ite thickness, it will be more difficult to solve the problem. From. a view 
point of practical applications, it would be very interesting to see the effect 
of the thickness of the slit. 

In this paper, we shall discuss about plane wave diffraction by a wide and 
thick slit. Based on the assumption that the slit's aperture a and thickness b 
are pretty large (i.e. ka,kb»l), method used here is the high frequency 
asymptotic ray technique. For the geometry where the two half planes are 
located in x-y plane, observation location may be classified into three 
regions: 
A) illuminated re$ion ( z>O ), 
B) waveguide region ( -b<z<O,-aI2<x<aI2 ), 
C) transmitted region( z< - b ). 

In each region, the scattered field should be constructed in a proper 
manner, such that the numerical evaluation is efficient. For region A, dqm­
inant scattered field consists of primary diffraction fields from each edges of 
the aperture, and if any, reflected plane waves. Also needed are re-radiation 
fields from the aperture, which account for the effect of slit's thickness, and 
are the only contribution t<;l the transmitted region C. For region B, in addi­
tion to infinite number of multi-bouncing diffracted rays, a part of the 
incident wave directly enters here. This situation makes the ray summation 
formula cumbersome. Then, it may be useful to convert the ray summation 
into the corresponding parallel plane waveguide modal summation. Such 
conversion technique may be established by Poisson summation formula 
which has been successfully applied to various problems. Thus derived for­
mula has been applied to compute the scattered field, and these result will 
be presented. 
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ANALYSIS OF A FREQUENCY SELECTIVE SURFACE 
HAVING A HONEYCOMB SUPPORT· A SCATTERING MATRIX 

APPROACH 

Chi H. Chan· 
University of Washington 

Roy E. Jorgenson 
Sandia National Laboratory 

James Joseph 
University of Illinois 

Frequency Selective Surfaces (FSSs) are used as dichroic 
sub reflectors for large reflector antennas and as antenna radomes on 

II aircraft. Due to the high strength-to-weight ratio requirement for these 
applications, FSSs are usually backed by a layer of honeycomb which 
provides a strong yet lightweight support. Accurate characterization of an 
FSS along with its honeycomb support is important for the successful 
design of these dichroic surfaces and antenna radomes. 

In the literature, analysis of FSSs having a honeycomb support is 
performed by replacing the honeycomb with an equivalent dielectric 
layer. A systematic study to validate this approach for impinging plane 
waves with different incidence angles and polarizations has not yet been 
reported. This paper presents an analysis of an FSS backed by 
honeycomb based on the scattering matrix approach. In order to use this 
approach, the periodicity of the FSS is assumed to be an integral 
multiple of that of the honeycomb. This analysis is carried out in two 
stages as summarized below. 

First, the scattering matrices for the FSS and the honeycomb are 
generated separately. The honeycomb scattering matrix must be 
generated several times in order to map it to a matrix that corresponds to 
the perioidicity of the FSS. This new matrix is then cascaded with the 
FSS scattering matrix. Representative results of the spectral response of 
the composite FSS and honeycomb structure will be presented. These 
results will be compared to those calculated using the equivalent 
dielectric model. 
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APPLICATION OFILDC'S FOR CALCULATING 
ntE RCS OFPOLVHEDRICSTRUCTURES 

S. Maci, T. Foggi, G. Pelosi and R. Tiberio· 
Department of Electronics Engineering, 

University of Florence, Italy. 

Incremental length diffraction coefficient (ILDG) or equivalent current (MEG) 

formulations obtained from the rigorous solution of the canonical wedge problem, 

provide an effective tool for predicting the RGS of complex structures. 

Recently, an ILDG solution for an impedance wedge has been derived, which is applicable 

to Sommerfeld spectral integral representations of the scattered field [G. Pelosi et aI., 

AP-S/URSI Symposium, 1988]. So far its pratical applicability is restricted to those 

cases where such a representation is available. 

In this paper, this ILDG solution is employed to calculate the RGS of polyhedric 

structures. It allows us both to investigate into the usefulness of the solution and to give 

a physical interpretation of the various scattering mechanisms that may be excited at the 

edge of a wedge. Several numerical experiments have been performed in order to provide 

a) an estimate of the importance of the fringe and surface wave contributions for 

various wedge angles and impedances; 

b) an analysis of whether and where higher order contribution are required; . 

c) an inspection of the implications related to the numerical implementation of the 

algorithms. 

To this end, numerical results obtained from applications to simply shaped, test 

structures, are presented. Also, the accuracy of the method is discussed and the effect of 

partial thin coatings is emphasized; 
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SPECTRAL GTD-FFT COMPUTATION OF FOCUSSED REFLECTOR FIELDS 

J. M. Arnold and A.P. Ansbro 

Department of Electronics & Elec1rical Engineering 

University of Glasgow 

Glasgow GI2 8QQ 
Srotland 

It is wen known that the use of GO and GTD methods for the romputational analysis of focal 

region fields is obstructed by a confluence of caustics and shadow boundaries which occurs near 

the focus. GO caustics arise from confluent stationary phase points of the PO integration over the 

reflector surface, and GTD caustics arise from similar degeneracies in the PTD edge-current 

integrals. Apart from the asymptotic field nonuniformities implied by these singularities, the 

occurrence of multiple nearby stationary points renders ray tracing difficuh. 

These problems do not occur if the diffraction problem is formulated in the spectral domain, 

rather than in the configuration space domain as is conventionally the case. In spectral domain GO 

one seeks those FaYS pr<>pagating in a given direction, rather than those passing through a given 

point. For the reflector problems we are addressing here, only one GO ray, and only two GTD 

rays which cannot degenerate, emerge from a focussing reflector with a plane-convex aperture. 

The stationary phase points corresponding to these rays can be found ana1ytically for a paraboloidal 

reflector surface in offset-focus configuration. These facts permit a simple construction of the plane 

wave spectrum of the focussed field by means of a uniform GO/GTD treatment without caustics. 

The configuration space focal region field can be reconstructed from the spectral domain by the 

1 FFT alogorithm. An the spectral domain calculations can be carried out analytically in c10sed form, 

i·. including Fresnel integral transition functions for the spectral domain shadow boundary, formed 

by the set of directions of those diffracted rays which are degenerate with reflected rays. 

II 

II 

: I 

This method, when implemented numerically, provides a very efficient means of calculating 

focal- region fields. The rate- determining step is the FFT, which samples the focal region field at 

one point per diffraction lobe. Only one FFT is required to span a region in the focal plane, and the 

accuracy is asymptotically consistent with Kener's formulation of GTD, limited principally by 

aliasing errors in the FFT. The method successfuny eliminates all the problems encountered in 

configuration space GO/GTD, while retaining the essential simplicity of these geometrical 

techniques. 
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ANALYTIC SURFACE-RAY TRACING ON A GENERAL 
HYPERBOLOID OF REVOLUTION FOR THE UTD APPLICATIONS 

+ * * +R. Bhakthavathsalam , V. Sudhakar and R. M. Jha 
Departm~nt of Electrical Communications Engineering 

Department of Aerospace Engineering 
Indian Institute of Science, Bangalore -560 012 India 

In this paper; the integral ray-geometric parameters 
for the general hyperboloid of revolution (GHOR) have 
been presented for the first time for application to 
the high-frequency ray-theoretic formulations like the 
UTD (Pathak et al, IEEE Trans. AP-29, 911-922, 1981). 
This 3-dimensional derivation has been possible due to 
the successful application of the Geodesic Constant 
Method (GCM) developed by these authors (Jha et al, 
IEEE A-P Symp., 207-210, 1989). 

In this method we establish that the Prolate-spheroidal 
Coordinate System is a Geodesic Coordinate (u,v) System 
so that a simplified expression for the geodesic 
differential equation of the first order can be readily 
obtained. As a subsequent step the metric of the arc 
length is integrated to get the arc length stu) as a 
function of the incomplete elliptic integral of the 
second kind E(x,k) 

stu) 
a cosh u 

c E( 2 2 1/2' 
(a +h ) 

(1) 
ac 

where a and ~c~ are the shaping parameters of the 
GHOR. Similarly, the generalized Fock parameter has 
been derived in terms of the incomplete elliptic 
integral of the first kind, F(x,k), as 

~(u) 
k4 a cosh u 

~ F((a2+h2)1/2' 
(2 ) 

ac 

where 

Once these parameters have been obtained the surface 
ray fields can be readily computed by using Pathak's 
UTD formulations. Finally, these rigorous results 
along with the earlier published results (Jha et al, 
IEEE A-P Symp., 207-210, 1989) form the complete set of 
ray parameters for the entire set of quadric surfaces 
of revolution. 
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A GEODESIC CONSTANT METHOD FOR THE DETERMINATION 
OF SURFACE RAY GEOMETRIC PARAMETERS FOR 

AN ELLIPSOID OF REVOLUTION 

+ * * +R. Bhakthavathsalam , V. Sudhakar and R. M. Jha 
Departm~nt of Electrical Communications Engineering 

Department of Aerospace Engineering 
Indian Institute of Science, Bangalore -560 012 India 

Although the ray-theoretic methods like the UTD (Pathak 
et aI, IEEE Trans. AP-29, 911-922, 1981) are valid for 
convex surfaces in general, actual calculations have 
been presented mostly over the developable surfaces 
only. In particular, the radiators (antennas) on the 
ellipsoid of revolution are taken on the equatorial 
axis and the surface-ray paths are assumed to be 
confined to the principal directions thereby reducing 
it to the special case of a 2-dimensional ray analysis. 

In contrast, a rigorous analysis for the surface-ray 
tracing on an ellipsoid of revolution in 3-dimensions 
based on the Geodesic Constant Method (GCM) is 
presented here. This differential geometry analysis in 
the Geodesic Coordinate System readily yields all the 
required ray parameters (except the integral types) in 
the closed form. In the case of the integral-ray 
parameters, viz. the arc length stu} and the 
generalized Fock parameter ~(u), suitable substitutions 
reduce them to the incomplete elliptic integrals of the 
second and first kind, denoted respectively by E(x,k} 
and F(x,k}. 

(1) 
ac 

~(u) 

(2 ) 
ac 

The expressions derived here follow from the parametric 
equations expressed in the Geodesic Coordinate System 
(Jha et aI, IEEE A-P Symp., 203-206, 1989). The ray 
parameters derived by the above method can be readily 
substituted in the UTD formulations to obtain the 
mutual coupling for arbitrarily located antennas on the 
surface of the ellipsoid of revolution. This 3-
dimensional ray geometric analysis can be extended to 
the radiation problems as well. 
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CLOUD AND PRECIPITATION INVESTIGATIONS BY 
POLARIZATION DIVERSITY RADARS IN THE USSR 

* D. B. Kanareikin, S. Yu.Matrosov, Yu.A.Melnik,A. V.Ryzhkov 
G.G.Shchukin,A.B.Shupyatski,V.D.Stepanenko,V.K.Zaviruha 

Main GeophYSical Observatory, Leningrad, USSR 
Central Aerological Observatory, Moscow, USSR 

In this report a brief review of investigations of 
clouds and preCipitation held in the USSR by means of 
polarization diversity radars is presented. The first 
Soviet works in the field of radar polarimetry in 
meteorology dealt with problems of identification of 
hail zones in Cb clouds. As a result, some simple 
criteria were obtained for hail detection. These were 
based on jOint measurements of radar reflecti Vi ty and 
linear depolarization ratiO (LOR). Appropriate 
polarimetric devices attached to conventional 
meteorological radars were deSigned. At the present 
time speCial attention is devoted to investigations of 
hydrometeors by measuring differential reflectivity 
(ZOR) and j oi nt LOR and ZOR measurements. These 
research works are carried out by means of an automatic 
radar polarimetric system operating in X-band. A lot of 
experiment data were obtained concerning vertical 
structure of ZDR distributions in clouds and 
preCipitation. It was shown that different hydrometeor 
types can be clasSified by their ZDR Signatures. It is 
obViOUS also that jOint ZDR and LOR measurements afford 
remove ambigUities in the interpretation of 
conventional radar data 

One of the nontraditional approaches in radar 
polarimetrics is Mueller matrix elements and anisotropy 
parameters estimation for meteorology targets. Mueller 
matrix elements evaluation is based on the measurement 
of the reflected power while radar antenna polarization 
is being changed. Either a phase plate or a 
polarization grid can be used as a polarizer for such a 
change. The anisotropy parameter is defined as a ratiO 
of radar reflectivities on linear and circular 
polarizations. Aforementioned approaches prOVide an 
opportunity to gain new information about hydrometeors. 

Some theoretical results are also presented in the 
report. They concern classification of meteorological 
targets in terms of invariant polarization parameters. 
Such a consideration allows POSSibilities for 
polarization selection of hydrometeors by graphical 
interpretation on the Poincare sphere. Co-poll and 
cross-poll nulls zones for different meteorological 
targets are represented on thiS sphere. Some results of 
theoretical modelling of various polarization 
parameters for different hydrometeor types are also 
conSidered in the report. 
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POLARIMETRIC SIGNATURES OF HYDROMETEORS 

D.S. Zrnic 
National Severe Storms Laboratory 

1313 Halley circle 
Norman, OK 73069 U.S.A. 

Telephone: (405) 366~0403 

Radars that switch between linear orthogonal polarization 
provide estimates of the reflectivity factor at 
horizontal polarization ZH' the differential reflectivity 
factor ZDR' the differential propagation constant KDP ' and 
the correlation coefficient between horizontally and 
vertically polarized echoes Pw(O). A decision rule that 
partitions the four dimensional space of these variables 
is sought such that each partition corresponds to an 
ideRtifiable hydrometeor population. The problem is 
complicated because polarimetric signatures of 
hydrometeors are not unique. Nevertheless some success 
has been achieved in detecting regions of mixed phase 
hydrometeors, hail and pure rain. Improved 
quantification of rainfall is possible and even 
discrimination of large hail seems to be probable. 
Theory suggests that needle like ice crystals should also 
have discernible signatures. Examples of some data from 
convective storms in Oklahoma will be shown to 
corroborate theoretical predictions. 
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THE EFFECTS OF THE TARGET MOTION ON THE MULLER MATRIX 

Yasuo Kuga, Adib Nashashibi*, and Adam Zysnarski 

The Radiation Laboratory 
Department of Electrical Engineering and Computer Science 

University of Michigan 
Ann Arbor, Michigan, 48109 

To obtain the Muller matrix of the target, the usual technique is measuring the 
scattering matrix by a coherent polarimetric radar and calculating the Muller matrix 
by taking the correlation of different elements in the scattering matrix. In this case 
-the radar transmits V (vertical polarization) and receives V and H (horizontal 
polarization). Then it transmits H and receives V and H. Because V and H 
polarizations are sequentially transmitted, the components of the scattering matrix 
are not acquired simultaneously. If the target is stationary, the sequential data 
acquisition does not cause any problems for calculating the Muller matrix. 
However, if the target is moving, the Muller matrix obtained from the scattering 
matrix measurement may not be correct because some components of the Muller 
matrix are defmed as the average of the correlation between V and H components. 
The correlation of V and H components measured at different time is not same as 
the correlation of V and H measured at the same time. 

In this paper we will present the experimental studies of the effects of the target 
motion on the Muller matrix. We used a vector network analyzer based radar 
system for obtaining the scattering matrix in wide-band fr,uency range. Our 

results show that the first 4 components, Ifvvl2, Ifhvl2,lfvhl , and Ifhhl2, do not 
depend on the target motion as expected. However, the terms representing the 
correlation between V and H polarizations are significantly different between the 
stationary and moving targets. 
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BACKSCATTERING ENHANCEMENT OF LARGE 
RANDOM DISCRETE SCATTERERS OF MULTIPLE 

SIZES AND POLARIMETRIC DEPENDENCE 

Charles E. Mandt", Leung Tsang and Akira Ishimaru 
Department of Electrical Engineering, FT-lO 

University of Washington 
Seattle, Washington 98195 

Abstract 

Backscattering enhancement has been previously observed for a random 
medium containing a sparse distribution of scatterers of very large size. It 
was found that the depolarized return contains an enhancement that is un­
obscured by single Mie scattering and cannot be accounted for by transport 
theory. 

A second order theory based on identical scatterers was previously used 
to account for the observed enhancement. The theory is obtained by sum­
ming the first and second order ladder terms and the second order cyclical 
term of the Bethe-Salpeter equation. The cyclical term is included since this 
contributes directly to the backscattering enhancement not accounted for in 
the ladder approximation which is consistent with the transport theory. Mie 
scattering is used to compute both the copolarized and depolarized return 
and gives reasonable agreement with experimental data. However, the copo­
larized return contains rapid fluctuations with angle that is characteristic of 
Mie scattering for particles of identical size. However in the experiment, the 
particles follow a size distribution. Recently we have made calculations of 
the copolarized and depolarized return and have included a size dist.ribution. 
As a result, the fluctuat.ions have generally disappeared. Good comparison 
with experimental data is obtained for both returns from a slab medium 
containing a sparse distribution of dielectric spheres with average ka of 298 
and optical thickness of 2. 

We have also computed the Mueller matrix elements for the same case. 
Using second order multiple scattering with the effects of size distribution 
included, the Mueller matrix elements for the ladder and cyclical t('rllls are 
derived and summed. This model is used to investigate the effects different 
incident wave polarization states have on the backscattering enhancement. 
Calculated data is shown for linear, circular, and elliptically polarize(: plane 
waves incident on a slab medium containing a sparse distribution of large 
discrete scatterers. 
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DETERMINING k~ISOT.RIPIC PROPERTIES OF 
rCfBY THE POLARIZATION PASSIVE MICROWAVE 

* Dr. prof. Logvin A.I., Dr. prof. Kozlov A.I. 

USSR, Moscow 
Moscow Civil Engineering Aviation Institute 

In studying sea and mainland ice problems ari­
se which are connected with determining its structu­
re physical, mechanical and chemical properties. On.e 
of the essential ice characteristics is its anisot­
ropy as a geophysical characteristic of an object. 
Polarization characteristics of ice microwave radia­
tion make it possible to determine its anisotropic 
properties. Studying the changes in microwave radia­
tion brightness temperatures at different polariza­
tions (vertical and horizontal) at different visual 
angles has the possibility of determining the 
essential ice anisotropic properties, the ways of 
building ice dielectric permitivity Itensors being 
considered. Ice sounding experimen~s by active ra­
dar methods confirmed the tensor character of dia­
lectric permitivity in Antarctics shelf ice and on 
some types of sea ice. That's why the use of polari­
zation measurements of ice microwave radiation pro­
vides another technique for increasing the correct­
ness of the data obtained. The study gives the main 
correlations connecting the values of different 
brightness temperatures in horizontally and verti­
cally polarization components of microwave radiation 
with the values characterizing the object anisotropy. 
In this case the concept "polarization anisotropy" 
is applied which is concidered within the framework 
of varions models, describing object anisotropic 
state (ice in particular). It shculd be indicated 
that the problem is considered both in terms of de­
terministic and statistic methods. In certain condi­
tions the results obtained can be applied not only 
to ice surfaces but to any other geophysical objects 
with anisotropic properties as well. Within the fra­
mework of the problem of ice anisotropic properties 
being solved one more appL.ication of radiopolarime­
tic analysis can be mentioned. Through the analysis 
of the polarization structure of ice proper radia­
tion it is possible to determine the strained state 
of an ice object. In other words, it is possible to 
show the directions of C-axis orientation in ice, 
to answer the question whether the ice object under 
investigation is in a strained state. Unfortunately 
so far we have failed to receive quantitative esti­
mations by radiometry methods. 
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NUMERICAL ERROR IN THE FINITE ELEMENT 
TREATMENT OF THE OPEN-REGION HELMHOLTZ 

EQUATION 

Richard Baca * 
Electromagnetic Communication Laboratory 

University of Illinois 
1406 W. Green St. 
Urbana,IL 61801 

Andrew F. Peterson 
Schaol of Electrical Engineering 
Georgia Institute of Technology 

Atlanta, GA 30332-0250 

The direct numerical solution of the Helmholtz equation is a promising 
alternative to conventional integral equation formulations for electromagnetic 
scattering from highly heterogeneous bodies. The differential equation is 
augmented with some form of absorbing boundary condition in order to model 
open regions, and discretized using the fmite element method. For a variety of 
electrically small test cases, the accuracy of the approach appears comparable to 
integral equation formulations (peterson, Journal of Electromagnetic Waves and 
Applications, vol. 3, pp. 87-106, 1989;. Peterson and Castillo, IEEE Trans. 
Antennas Propagat., vol AP-37, pp. 601-607, May 1989.) Errors that have been 
observed in the numerical results are often attributed to the use of approximate local 
absorbing boundary conditions. 

Recent research suggests that errors observed in the solution may not 
originate with the absorbing boundary condition, but with the process of 
discretizing the differential equation itself. A systematic study of these errors was 
attempted using a one-dimensional equation representing the electromagnetic 
scattering from a dielectric slab. Results will be presented that clearly indicate a 
progressive phase error in the solution that grows in proportion to the size of the 
problem domain. This error is observed for both total-field formulations and 
scattered-field formulations, and appears to be independent of the absorbing 
boundary condition. Although the error can be reduced by decreasing the cell sizes 
in use or employing smoother basis and testing functions within the fmite element 
discretization, its presence may place a practical upper limit on the electrical size of 
the problem domain. 
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PLANE WAVE SCATTERING FROM MATERIAL CYLINDERS 
AT OBLIQUE INCIDENCE 

USING THE BYMOMENT METHOD 

A. C. Cangellaris* 
R. Lee 

Electromagnetics Laboratory 
ECE, Building 104 

University of Arizona 
Tucson, AZ 85721, USA 

This paper deals with the problem of electromagnetic wave scattering of 
plane waves from infinite cylindrical structures in a homogeneous medium 
at oblique incidence. The axis of the cylinder is taken parallel to the z-axis 
in a cartesian coordinate system. The cross-section of the cylinder can be of 
any shape, while its material composition is also arbitrary, with dielectric 
permittivity e, magnetic permeability p., and electric conductivity q being 
arbitrary functions of (x,y). 

With the field variation along z defined by the incident field according to 
exp( - r z), it is well-known that the problem can be formulated in terms 
of the z-components of the electric and magnetic fields. For the finite­
element solution of the problem, the material properties are assumed con­
stant within each element, thus (V~,I - u2)Ez = 0 and (V~,I - u2)Hz = 0 
within each element, where u2 = jp.w(q+jew)-r2. The method of weighted 
residuals is used to formulate the finite-element expressions. The boundary 
conditions along material interfaces are then incorporated properly in the 
resulting weak formulations of the above equations for Ez and Hz, thus 
producing the final coupled weighted-residual statement of the problem. 

The finite-element solution is performed using the bymoment method (A. 
Cangellaris and R. Lee, 1989 IEEE AP-S International Symposium Pro­
ceedings, 1116-1119). This method, uses an artificial conforming surface 
to decouple the scatterer from the exterior homogeneous region. The solu­
tion in the interior is generated solving a standard Dirichlet boundary-value 
problem, and it is coupled to the exterior by an elegant use of Green's theo­
rem in the exterior region. Numerical results will be presented for the case 
of various geometries, along with comparisons with series solution results 
for the case of a circular cylinder (J.R. Wait, Can. J. Phys. 33, 383-390, 
1955) that demonstrate the validity of the formulation and the associated 
computer program. 
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FINITE ELEMENT SOLUTION OF ELECTROMAGNETIC 
SCATTERING BY A BODY OF REVOLUTION 

USING AN ASYMPTOTIC BOUNDARY CONDITION 
ON A CYLINDRICAL OUTER BOUNDARY 

R. Gordon* and R. Mittra 
Electromagnetic Communication Laboratory 

University of lllinois 
Urbana, IL 61801 

In two recent papers (R. Gordon & R. Mittra, 1989 URSI Digest; R. Mittra & 
R. Gordon, IEEE T-AP, June, 1989) we have presented a finite difference 
technique for solving the- problem of electromagnetic scattering by a p.e.c. body of 
revolution(BOR). In order to more accurately model bodies having irregular cross­
sections, to more easily handle problems in which inhomogeneities are present, and 
to eliminate the inaccuracies arising from taking numerical derivatives, we have 
now developed a finite element program for solving this same problem. The 
potentials we use are the coupled azimuthal potentials (CAPs) introduced by 
Morgan and Mei for the inhomogeneous BOR problem. These potentials satisfy a 
pair of coupled partial differential equations. We show how the weak form of these 
equations can be used to develop a finite element formulation of the problem 
without the use of a variational expression. We also show how a cylindrical outer 
boundary can be used to truncate the finite element mesh. For long, slender 
scatterers, the use of a cylindrical rather than a spherical outer boundary can 
significantly reduce the number of unknowns needed. The Bayliss-Turkel (B-T) 
type of absorbing boundary condition, typically used for FEM mesh truncation at 
the outer boundary, does not lend itself to generalization to the potentials used in 
this problem. Instead, an asymptotic boundary condition obtained from Wilcox's 
expansion for the scattered field in terms of powers of r- 1 is shown to be very 
convenient for the mesh truncation problem for the CAPs. 

An important feature of this approach to solving the FEM problem using an 
absorbing boundary condition is that it enables one to derive a good approximate 
solution to the scattering problem in just one step. In contrast, the Unimoment 
method involves a two-step procedure, which not only requires repeated solution of 
the p.d.e. but the inversion of a full matrix as well. Numerical results are presented 
for some representative problems and are compared with analytical solutions as well 
as with those obtained from a Method of Moments approach. The comparisons are 
found to be quite favorable. 
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A COMPARISON OF ISOPARAMETRIC EDGE ELEMENTS 

AND DNET ELEMENTS 

FOR 3D ELECTROMAGNETIC SCATTERING PROBLEMS 

1. W. Parker*, R. D. Ferraro, P. C. Liewer 

Jet Propulsion Laboratory / California Institute of Technology 
4800 Oak Grove Drive 
Pasadena, CA 91109 

Two novel types of three-dimensional isoparametric finite elements are 
introduced for computing two and three dimensional vector basis functions which 
are compatible with 3D electromagnetic scattering problems. Isoparametric edge 
elements are conformable to curved surfaces, and have degrees of freedom which 
correspond to the tangential field along the lattice edge. In a quadratic element of 
this type, the tangential field varies quadratically along the edge interpolating the 
values at three nodal points on the edge. While the resulting fields from this 
quadratic element scheme are not divergenceless, the solutions are nonetheless 
highly accurate. Tangential continuity of fields are maintained across element 
boundaries, while normal components of fields are discontinuous. 

The DnEt element is node-based, with 3 degrees of freedom per node. At 
non-boundary nodes, these degrees of freedom represent the x,y,z components of 
the field. The degrees of freedom for nodes at material boundaries represent the 
field components in a rotated coordinate system, with the component normal to the 
boundary scaled to correspond to the flux density rather than the field. For electric 
fields, the degrees of freedom at a boundary node represent the D normal 
component and the two E tangential components, hence the name DnEt. Both these 
new elements thus treat boundaries of dielectrics, permeable materials, and 
conductors in such a way that the appropriate field jump conditions are maintained 
automatically. For edge elements continuity of normal D holds in a Galerkin sense. 

Our implementation schemes follow directly from the weak form of the 
vector Helmholtz equation, and thus correctly model the general cases of 
anisotropic and non-uniform materials. An absorbing boundary condition is 
compatible with each of the element types. Scattered field results for 
implementations of each element type illustrate qualitative agreement of the two 
finite element method results with analytic solutions. Both methods lend themselves 
to implementation on distributed computing systems. We discuss the relative merits 
of each method in terms of accuracy, computational complexity, and ease of parallel 
implementation. 
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USE OF DIVERGENCELESS BASIS FUNCTIONS IN FINITE ELEMENTS 
FOR ELECTROMAGNETIC SCATTERING PROBLEMS 

Xingchao Yuan*, Keith D. Paulsen, and Daniel R. Lynch 

Thayer School of Engineering, Dartmouth College, Hanover, NH 03755 

The use of divergenceless vector basis functions in finite element solution of Maxwell's 
equations is examined. These vector basis functions are defined within a triangle (2-D) or a 
tetrahedron (3-D). They are associated with each of the edges of the triangle or tetrahedron rather 
than the nodes. The continuity of the tangential component of the vector field is exact while the 
continuity of the flux is approximate. Use of these type of basis in finite elements solving 
Maxwell's equations do not seem to contain any parasite solution or "spurious mode" as the scalar 
basise do. 

To examine the field behavior on the dielectric interfaces, we first solve a boundary value 
problem, that is, to find the electric field inside a finite region for a given tangential magnetic field 
on its most outer boundary. We then use these vector basis functions in the hybrid finite element 
and moment method to solve the scattering problems due to inhomogeneous dielectric objects (2-D 
and 3-D). In both cases, we found the numerical solution agrees well with the exact solution when 
it is available. The discontinuities in the normal component of the electric field on the dielectric 
interface are approximated reasonably well. However, as the dielectric contrast increases, the mesh 
has to be well resolved to approximate the field well. 
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FINITE ELEMENT MODELING OF LOW 
FREQUENCY SCATTERING IN SEAWATER 

George T_ Shoemaker 
Division of SE&T 

Pennsylvania State University, Erie 
The Behrend College 

Station Road 
Erie, PA t6563~0203 

Three dimensional electromagnetic scattering has been 
widely used as a remote sensing technique for many years, 
Recently there has been a great deal of attention focused on 
the application of numerical methods to the modeling of 
electromagnetic scattering in both two and three dimensions. 
Of particular interest is the ability to utilize numerical 
methods to solve scattering problems which are difficult to 
solve by other means. One area of interest has been the solution 
of electromagnetic scattering problems in conductive media such 
as seawater. Generally problems of this type are low frequency 
in nature and occur in an unbounded region. 

Finite elements offer a convenient means of dealing with 
the complex geometries encountered in this type of scattering 
problems. However, scattering in unbounded regions is generally 
difficult to model using finite elements. The author of this 
paper recently reported the results of studies which demonstrated 
the feasability of modeling low frequency scattering problems 
in conductive media via the unimoment method. At the time the 
study had been limited to electrically small scattering objects. 
That work has since been extended to include scattering objects 
which are on the order of a wavelength or larger in size. Thi·s 
paper will report the results of these studies as well as studies 
to determine the effects of mesh size on the accuracy of the 
algorithm_ 
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FD COMPUTATION IN ANISOTROPIC 
MEDIA USING UNCONSTRAINED MESHES 
OBLIQUE INCIDENCE ON 2-D SCATTERERS 

Carey M. Rappaport" 
Northeastern University 

Boston, MA 02115 

Edward B. Smith 
United Technologies Research Center 

East Hartford, CT 06108 

We present a novel algorithm to compute the field in the vicinity of anisotropic 
media, using Finite Differences (FD) applied to grid points on an unconstrained 
triangular mesh. The material boundaries are prescribed in x-y only, indepen­
dent of z. The permittivity and permeability are general tensors, with non-zero 
xy and yx elements, and with each element also independent of z. The ability 
to analyze obliquely incident waves with arbitrary polarization gives the pro­
posed method an advantage over previously reported techniques of computing 
the fields in the presence of anisotropy. Generalizing the procedure to three 
dimensional geometries uses the same concepts, but is of course more tedious. 

Finite Difference EM field computation in either time or frequency domain 
(FD-TD, FD-FD) is clearly a promising means of theoretically simulating wave 
interaction with complex objects. Although recent improvements in compu­
tational power have made problems with a great many grid points tractable, 
it is still essential to have methods that are as efficient and accurate as pos­
sible. Thus unconstrained meshes, with varying triangular element sizes and 
shapes which closely fit the curves and edges of real objects are preferable to 
rectangular meshes. However, complications arise in non-cubical meshes when 
components of field contribute to orthogonal components of flux_ 

The novel method uses the integral forms of the Faraday and Ampere laws 
on complementary, interlocking Dirichlet/Delaunay grids to find the fields tan­
gential to one grid from flux values tangential to the other. Anisotropy is 
considered by first finding the complete vector flux at each grid point from 
the flux along each segment leading to that vertex; and then averaging adja­
cent vertex flux vectors and inverting to give the field component along each 
grid segment. This averaging provides the correct segment tangential field even 
though the Maxwell equations provide only the segment tangential flux (which 
is not simply proportional to the field in anisotropic media). 

Capability to theoretically predict anisotropic scattering efficiently is an impor­
tant but difficult problem. This method helps make it more tenable. 
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A FINITE INTEGRAL TECHNIQUE APPLIED TO 
TRIANGULAR SUBDOMAINS REPRESENTING AN 

INFINITE CYLINDER OR ROTATIONALLY SYMMETRIC 
BODY 

J. E. Wheeler III" and D. R. Wilton 
Department of Electrical Engineering 

University of Houston, Houston, TX 77204-4793 

Maxwell's equations in integral form are applied directly to a flat triangu­
lar mesh using simple sub-domain basis functions to represent the fields. A 
system of matrix equations is thus obtained which represents a discrete ap­
proximation to Maxwell's equations. The magnetic field quantities may be 
eliminated among the equations to obtain a discrete approximation to the 
Helmholtz equation which also reduces the total number of unknowns. Two 
formulations are used, one in which the mesh represents the cross section of a 
waveguide, and the other, a longitudinal cross section of a body of revolution. 
Advantages of the triangular mesh formulation are that irregular boundaries 
may be accommodated easily and the density of triangles/unknowns can eas­
ily be increased in regions of rapid field variation. The approach reported 
also has the advantage that the fields are defined at all points interior to 
triangles and hence complex interpolation schemes and severely restricted 
triangle shapes are not required. To date only regions bounded by conduc­
tors have been modeled; however, it is anticipated that various boundary 
termination approaches can be straightforwardly implemented for treating 
exterior problems. 

The formulation has been validated by determining cutoff frequencies of 
certain cylindrical waveguides and the resonant frequencies of rotationally 
symmetric cavities. Inhomogeneously filled cases and several mesh schemes 
have been examined. Cutoff frequencies of rectangular and circular waveg­
uide modes are found to agree well with analytic results, even for relatively 
coarse meshes. Comparisons with computed and measured results have also 
been made for inhomogeneously filled cavities. 
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A MODIFIED TRANSVERSE ELECTRIC FIELD 
FINITE-ELEMENT FORMULATION 

FOR DETERMINING 
THE PROPAGATION CHARACTERISTICS 

OF ENCLOSED 
PLANAR MICROSTRIP GEOMETRIES 

M.F. Pasik* 
A.C. Cangellaris 

Electromagnetics Laboratory 
ECE, Building 104 

University of Arizona 
Tucson, AZ 85721, USA 

This paper presents a method for determining the propagation character­
istics of guided waves in uniform cylindrical waveguides of arbitrary cross­
sections. The boundary condition on the wall of the guide is given in terms 
of an equivalent surface impedance. The method is based on a weighted­
residual formulation of the vector wave equation for the electric field trans­
verse to the axis of the cylinder. The finite-element method is used to 
select the expansion and weighting functions. The resulting matrix eigen­
value problem is in the form of a generalized eigenvalue equation. 

Currently we are interested in applying the method to rectangular cross­
sections. For example, the method can be used to determine the shifts in 
the propagation constant for partially filled waveguides due to walls of finite 
conductivity. 

To increase the numerical efficiency of the method, we have developed an al­
ternate formulation for analyzing enclosed planar microstip structures. This 
method uses the above transverse electric field formulation for the regions 
around the microstrip and a weighted-residual formulation for properly cho­
sen vector potentials in the remainder of the cross-section. To simplify the 
application of the tangential field continuity conditions along the dielec­
tric interfaces as well as the boundary conditions at the conducting walls 
of the enclosure, the modes of the stucture without the microstrip present 
are used as entire domain expansion and testing functions in the vector 
potential formulation. The two formulations are coupled by satisfying the 
interface conditions at the artificial boundary used to separate the region 
surrounding the micros trip form the rest of the waveguide. 



! 

77-10 

APPLICATION OF FD AND PCGM FOR FREQUENCY-DOMAIN SCATTERING PROBLEMS 

DONG,YA-MING and XIAO,YAN-MING* 
(Department of Information and Control Engineering, 
Xi'an Jiao Tong University,Xi'an,PRC) 

Good results can not be achieved by utilizing the method of moment to the solution of electrically large scattering problems or to that of complex scatterer in inhomogeneous medium as the limitation of computer storage and CPU time_ In this paper, the frequency-domain finite-difference (FD) method with absorbing boundary condition and the proconditioned conjugate gradient me~ thod (PCGM) is applied to solve EM scattering problems. For the solution of the scattering field scattered by a perfect conduc­ting body in various medium, we directly use the finite-difference method to solve frequency-domain wave differental equation. A absorbing boundary condition [1] is introduced at some distance from the scatterer in order to achieve a reflection-free trunca­tion of a FD-FDlattice. The PCGM [2] is used to solve the large sparse matrix equation arising from the wave differental equation. Classical iterative methods may yield poor convergence rates when applied to large sparse of simultaneous equations. In our PCGM technique we formally carry out an incomplete choleski factoriza­tion of the coefficient matrix. During the factorization some off-diagonal coefficients is discarded and at the same time the magnitude of the corresponding diagonal elements is adjusted. Hence the convergence rate of CG iteration which is performed implicitly on the preconditioned matrix is greatly improved be­cause of the eigenvalues being clustered around a small number of distinct values. In computer program one-dimension array is adpoted to store non-zero elements of the coefficient matrix and the factorizated coefficients. This makes the quantity of storage considerably reduced. Several numerical examples are performed' by the technique mentioned above. The acceptable results predict this combination method is likely to be very promising. 
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Adaptive Arrays for Multipath Fading Reduction 

Seungwon Choi* 
SungHo Cho 

Electronics & Telecommunications Research Institution 
P. O. Box 8, Dae Duk Science Town, Dae Jun, Korea 

Tapan K. Sarkar 
Department of Electrical Engineering 

Syracuse University 
Syracuse, NY 13244, USA 

This paper presents procedures of applying adaptive algorithms such as the method of 
Steepest Descent (M-SD) and the Conjugate Gradient method (CG-M) for solving 
ill-conditioned matrix equations which arise in multipath telecommunications. 

Autocorrelation matrices and cross correlation vectors are computed based on the the 
assumption that ensemble averages of the signals are available. LMS method which uses the 
single time values rather than the average values is also considered and the performances are 
compared to that of M-SD and CG-M. 

The algorithms considered in this paper do not require the matrix inversion to be computed. 
Therefore, the size of the matrix, which is determined by the number of antenna elements, can be 
arbitrarily set for enhancing the array performance. When the correlation matrices are to be 
computed, it is imponant to note that the mutipath components are correlated with one another 
and thermal noises exist at each antenna element. The more are the multipath components 
correlated with one another, the worse becomes the eigenvalue distribution of the matrix. This 
paper treats generalized mutipath problems in following two senses: First, matrices and vectors 
are computed for the different values of correlation factor thus the optimum weights are 
computed for each different case; Secondly, there is no restriction on the number of antenna 
elements so that the optimum weights can be computed regardless of the number of components 
in the input signals. 

The performance of each adaptive algorithm is compared by utilizing the array weights 
obtained from each adaptive algorithm for forming the pattern nulls along the incident angle of 
interference components. CPU time for the convergence with a desired accuracy in each method 
is also compared and we conclude that CG-M can converge faster than the other methods 
considered in this paper. 
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N onspecular Nature of Physical Optics 
Scattering 

Robert T. Brown 
Lockheed Aeronautical Systems Company 

Dept. 77-22, ~ldg. 311, Plant B-6 
P.O. Box 551 

Burbank, California 91520 

Until recently it was widely believed that bistatic scattering in the phys­
ical optics approximation always has a main lobe "centered on the specular 
direction," or the direction dictated by Snell's law for a planar surface. For 
example, the above statement is made by Knott et al. (Radar Cross Sec­
tion, Norwood, Massachusetts:Artech House, 1985, pp. 121-122), accompa­
nied by schematic illustrations of a main lobe in the specular direction for 
bistatic scattering from a flat plate. The assumption of specular bistatic 
scattering has been the basis for suggestions that one could combine phys­
ical optics with specular ray tracing in multiple scattering calculations. 

However, it has been pointed out by Asvesias (IEEE Trans. Antenna.! 
Propagat. vol. AP-34, pp. 1459-60, 1986) that the specular assumption is 
valid in the physical optics (PO) approximation only for TE polarization, 
or scattering of radiation initially polarized with the electric field perpen­
dicular to the plane defined by the normal to the scattering surface and 
the propagation vector of the incident radiation. In the work reported here 
the complete scattering matrix for bistatic PO scattering from an arbitrary 
planar surface has been examined. For the diagonal terms the direction 
of maximum scattering lies in the plane of incidence; for TE polarization 
(UHH) there are two maxima, one in the forward scatter direction and one 
in the specular direction; for TM polarization (uyy ) the two maxima always 
lie between the outward normal and the specular direction, and between 
the inward normal and the forward scatter direction, respectively. Only in 
the limit of infinite target width do the maxima approach the forward and 
specular directions. For the off-diagonal, or cross polarization terms, the 
maxima can never lie in the plane of incidence, since the cross sections Uy H 

and UHY always vanish in this plane. The pattern for these cases is split 
into lobes located in pairs about the plan'" of incidenct' and ske,Yed away 
from the specular or forward directions toward the ¢. = 71"/2, 371"/2 plane. 
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CURRENTS ON A CONE WITH ROUNDED EDGE AT HIGH FREQUENCIES 
FOR ON AXIS ILLUMINATION 

D. BOUCHE*, B. LEROY 
CESTA - BP n° 2 

33114 - LE BARP FRANCE 

A cone with rounded edge, illuminated by an on 
axis plane wave, is computed using an electric field 
integral equation axisymetric code at several fre­
quencies. The total length of the cone is about 30 
wavelengths at the highest frequency. 

The currents are then computed asymptotically 
using. 

- physical optic plus travelling wave diffracted 
by the cone (Trott - PHD Thesis - OSU), plus small 
perturbation currents due to the discontinuity in 
curvatuve diffraction and creeping rays, on the illu­
minated part. 

- Fock functions with ray convergence on the 
curved part in the shadow and light shadow transition 
zone 

- a combination of Fresnel and Fock functions on 
the flat base in the penumbra. 

- modified sphere solution near the axial caus­
tic of creeping rays in the penumbra. 

The agreement between the two solutions is 
everywhere within 10 %. 

Some applications of the results for hybrid 
asymptotic/method of moment techniques are discussed. 
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PREDICTION OF BISTATIC SCATTERING FROM 

PERFECTLY CONDUCTING FLAT PLATES BY 

THE METHOD OF EQUIVALENT EDGE CURRENTS 

Olav Breinbjerg 
Electromagnetics Institute 

Technical University of Denmark 
DK-2800 Lyngby, Denmark 

Within the latest four decades the method of equivalent edge cur­
rents (EEC's) has been treated in regard to both derivation andap­
plication by several authors. This is true for all three distinct types 
ofEEC's: GTDEEC's, POEEC's, and PTDEEC's which yield approxi­
mations to the total, the physical optics part, and the fringe wave 
part of the scattered field, respectively. A number of different EEC 
expressions causing discrepant values for the calculated field conse­
quently exist. For GTDEEC's the result is obviously erroneous. A 
comparison of the different expressions is made possible by bringing 
these on a common form. 

A new derivation leading to a general set of EEC's is carried out. 
The applied procedure resembles that of [A. Michaeli, Trans. AP, 
Vol. AP-32, No.3, 1984, pp. 252-258] but differs in two important 
aspects. First, the half plane solution is employed directly; second, 
the direction of the incremental strip is not restricted to be perpen­
dicular to the edge and it thus appears parametrically in the final 
expressions. It is found that the previously reported expressions can 
be retrieved by assigning different values to this parameter. Fur­
thermore, the cause of the gross error in GTDEEC's is understood by 
observing the effect of the incremental strip direction. 

By appropriately directing the incremental strip it is found that the 
POEEC's will recover the PO field exactly. The proper direction de­
pends on the projections of the directions of incidence and observa­
tion onto the plane of the plate. For PTDEEC's the incremental strip 
is directed along the Keller cone. An optimum set of EEC's is then 
obtained by adding POEEC's and PTDEEC's based on different 
directions of the incremental strips. 

The half plane EEC's do not account for edge interaction effects oc­
curring on the actual scatterer. A refinement based on truncation of 
the incremental strip is therefore obtained. Both the direction and 
the length of the incremental strip will thus appear parametrically 
in the new EEC expressions. 

Numerical results for the disc and the square plate are presented 
and compared to an exact and a moment method solution, respec­
tively. 
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Adiabatic and Intrinsic Modes for Propagation in Longitudinally 
Inhomogeneous Guiding Environments 

L. B. Felsen. 
Department of Electrical Engineering/Computer Science 

Polytechnic University, Farmingdale, NY 1173S 

and 

L. Sevgi, on leave from 
Department of Electrical Engineering 

Technical University of Istanbul, Ayazaga, Turkey 

Abstract 

Electromagnetic wave propagation in waveguides or ducts with inhomogeneous 
properties along the propagation direction is becoming increasingly important for 
applications ~ natural environments, such as the earth's troposphere, and in man­
made devices such as tapered couplers, graded index components, and horn antennas. 
In general, analytical modeling for this class of problems requires coupling between 
the modes that would exist in the locally homogeneous surroundings. When the' 
longitudinal variation is gradual over relevant wavelength scales, lowest order mode 
coupling can be accounted for by local (adiabatic) modes which adapt continuously, 
wi thout coupling to other adiabatic modes (AM), to the slowly changing conditions. 
However, the AM formulation fails in cutoff regions that are usually caused by 
narrowing duct dimensions; here an impinging trapped mode is either totally reflected, 
with evanescent decay beyond the cutoff zone, or converted into a radiating mode by 
~kage. To uniformize the AM formulation through the cutoff regions, it has been 
proposed to "flesh out" the sparse AM spectrum by a spectral continuum constructed 
from the AM field (I.M Arnold and L.B. Felsen, Wave Motion 8, 1-14, 1986; J. Acoust. 
Soc. Am. 1990). This reconstructed continuum, referred to as an intrinsic mode (1M), 
can be reduced to the AM when legitimate but remains applicable in its nonreduced 
state where the AM fails. 

The 1M formulation is tested here on two canonical tWO-dimensional guiding 
environments which are separable in a curvilinear (cylindrical) coordinate frame but 
are parametrized in terms of locidly adaptive AM. The first is a perfectly conducting 
homogeneous wedge waveguide. The second is a graded index waveguide whose 
refractive index varies like n2(p,9)=n~_(Q9/p)3, where (p,9) are cylindrical 
coordinates, while Do and Q are constants; here, the AM are confined transversely 
between modal caustics which parametrize the AM as well as 1M construction. The 
AM and 1M formulations are reviewed and then applied to the two test geometries. 
In each case, it is shown that the properly parametrized 1M can be transformed into 
the known exact modal solutions. Moreover, asymptotic reductions of the 1M integral 
by saddle point techniques yield the compact AM away from cutoff points as well as 
compact uniform (Airy function) transitions across cutoff points. In an extensive set 
of numerical computations, numerical evaluation of the full 1M integral is compared 
with the reduced asymptotic forms and also with the closed form known exact 
solutions. The results establish guide lines for subsequent applications where 
canonical reference solutions are unavailable. 
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SIMPLE ANALYTICAL SOLUTION 
TO ELECTROMAGNETIC SCATTERING BY A TWO DIMENSIONAL 

CONDUCTING OBJECT WITH EDGES AND CORNERS 

Wan Chun and Korada Umashankar 
University of Illinois at Chicago, Chicago, Illinois 60680 

Allen Taflove 
Northwestern University, Evanston, Illinois 60201 

Arthur Jordan 
Office of Noval Research, Arlington, Virginia 22217 

Simple and rigorous analytical solution is presented by invoking on-surface radiation 
condition theory (OSRC) for the analysis of electromagnetic scattering by a perfectly conducting 
two dimensional object. The scattering object is assumed to be placed in a free space medium 
and is excited by a time harmonic plane wave having either transverse magnetiC (TM) or 
transverse electric (TE) polarization. The close form analytical result for the induced electric 
current distribution and the radar cross section is principally applicable to the case of a convex 
conducting object having arbitrary two dimenSional cross section with arbitrary edges and 
corners. 

Earlier, only the preliminary OSRe study is reported for the electromagnetic scattering 
by a two dimensional conducting circular cylinder, a thin strip and a square cylinder with TM 
polarization. Further, a differential equation solution is reported for the scattering by a 
circular cylinder with TE polarization. Some validation data are also reported for the induced 
surface current and the radar cross section. Specifically, in the OSRe study reported earlier 
for the strip scatterer and the square cylinder scatterer, the effect of the nonuniform electric 
currents at the geometric corners are completely excluded, but only the uniform currents are 
taken into account in the calculation of the radar cross section. In the present study, a rigorous 
boundary value analysis is reported to include the nonuniform electric currents at the corners 
so that arbitrary cross sectional convex geometries conSisting of arbitrary edges and corners 
can be systematically analyzed. For the scattering geometries considered, it is also shown that 
the OSRe result for the induced electric current has a close correspondence to the electric 
currents of the physical theory of diffraction. Two canonical conducting scattering objects, such 
as, a triangular shaped scatterer and a thin strip scatterer are analyzed for the plane wave 
excitation to demonstrate applicability of the analytical results reported in this paper. 
Validation data for the induced surface electric current distribution and the monostatic radar 
cross section are also reported by comparing the OSRe data with respect to the numerical 
solution Obtained by solving the electric field integral equation based on the method of moments 
technique. 
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Shi-Ming Lin', Northwestern Poly technical University; Wolfgang-M 
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STUDY OF DPCA AND SPACE-TIME PROCESSING 
FOR AIRBORNE CLUTTER REDUCTION 

Edward C. Barile* 
Ronald L. Fante 
Jose A. Torres 

The MITRE Corporation 
Bedford, Massachusetts 01730 

A model has been developed to describe the structure of 
target and clutter echos received on the elements of a moving 
radar array in both the space-time and Fourier domains. Using 
this model we will demonstrate how a space-time processor 
suppresses both fixed and moving clutter while tuning to a 
hypothesized target. DPCA (displaced phase center antenna) will 
be shown to be a special case resulting from suppressing the 
ground-frozen clutter. The eigenvector spectral decomposition of 
the clutter covariance matrix will then be used to develop 
insights into how clutter is suppressed, and the effects of random 
clutter motion, antenna phase and amplitude errors, velocity 
mismatch, etc., on the performance of the space-time processor. 

394 



1'1 
I 
I 

I 

i 

88-2 

GLINT NOISE CANCELLATION METHODS FOR AN 
OPEN LOOP, EXTENDED MONOPULSE, AUTOMOTIVE RADAR 

Vahid Badii* 
Department of Engineering 

Indiana-Purdue University at Fort Wayne 
Fort Wayne, IN 46805 

Dale M. Grimes 
Department of Electrical Engineering 

The Pennsylvania State University 
university Park, PA 16802 

Monopulse radar shows promise for use as an 
anti-collision sensor. Normally, monopulse radars 
employ a beam sweep of 3 degrees or less. The 
Grimes have proposed a new type of extended monopulse 
entitled cradar. (D.M. Grimes and C.A. Grimes, IEEE 
Trans. Vehicular Technology, Feb. 1990.) The 
proposed system is an extended monopulse capable of 
an angular sweep of 17 degrees and a range of 100 
meters. 

The effects o.f glint noise can limit the 
tracking accuracy of monopulse radars. The problem 
is amplified when, as in automotive environment, tar­
gets cannot be considered point-like. In some 
cases, the point being tracked by radar can move out 
of the physical confines of the target. 

Aperture averaging and frequency averaging are 
two possible methods used to mitigate the effects of 
glint noise. Both these methods were tested through 
computer simulation for the proposed horn antenna 
of the system. The analysis shows that aperture 
averaging alone is not enough to solve glint 
noise problems. Averaging over a range of 
frequencies centered about the proposed operating 
frequency shows that it can alleviate the glint 
noise problem for cradar. 
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SPREAD SPECTRUM CODENG FOR VLF/ELF UNDERGROUND 
COIOlUNICATION 

R. RAGHURAM, TRENTON STATE COLLEGE, TRENTON, NJ-086S0* 
& 

S. V. RAVIKUMAR, DLRL, HYDERABAD, INDIA 

Through the earth communication is usually done in the VLF 
or ELF range. This is because of the increased depth of 
penetration possible with skin depths of the order of 100 
meters. This paper deals with uplink (underground to 
surface) wireless VLF/ELF communication in coal mines. The 
main source of noise at the mine surface is due to power 
line interference at harmonics of the power line frequency. 
The effectiveness of spread spectrum coding in combating 
this noise is described here. 

The uplink uses PSK at a bit rate of 20 bits/sec with the 
carrier at 2.S kHz. Bukofzer and Buettner (URSI meeting, 
June, 1989, p.187) describe a similar communication link. The 
addition of spread . spectrum coding with maximum length 
sequences of length N=2D- 1 with n ranging from 3 to 7 is 
considered here. Typically power line interference is an 
order of magnitude greater than the signal strength and 
several orders of magnitude greater than the atmospheric 
noise. Our analysis also considers the presence of Gaussian 
atmospheric noise as given by CCIR 322 in addltion to the 
power line interference. 

The probab1l1ty of error was calculated as a function of 
spread spectrum sequence length N. It dropped from 10-1 in 
the absence of spread spectrum codIng to 10-5 for N=31 at 
ITA=37S amp-mI. (ITA refers to the product of transmitter 
loop current, the number of turns, and the loop area). 
Further increase in N provided only a marginal improvement. 
For N=31, the bandwidth required approaches that of the 
system and· further increases in N may be infeasible anyway. 
At N=lS, the effective noise due to power line interference 
dropped below the atmospheric noise, again indicating that 
the optimum sequence length is between IS and 31. 

The calculations were done using different bit rates, ITA 
values, mine depths, etc. When the bit rate was reduced to 
12 from 20, the error probability reduced from 10-3 to 10-5 

for ITA=125 and N=31. For ITA=125 and a bit rate of 20 
bits/sec, the optimum sequence length N was closer to 63 
than 31. 
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THE ANALYSIS OF DOWNCONVERTER DESENSITIZATION IN THE 
PRESENCE OF NOISY LOCAL OSCILLATOR AND AN 

UNMATCHED ANTENNA 

Author. Itzhak Shapir, Microwave Department, 
RAFAEL, P.O.Box 22250 (87), Haifa 31021, ISRAEL 

Abstract: 

The paper considers the noise products generated at the 
mixer's I.F. port by the Local Oscillator's Far From the 
Carier A.M Noise and Phase Noise. A method to calculate 
the Noise Figure of an integrated front-end, configured 
with a mixer as the input element, is suggested. 

When a portion of the noisy L.O signal leaks through 
the R.F. port of the mixer, and than reflected from, the 
antenna back into the' R.F. port, baseband noise will 
appear at the I.F. port, causing desensitization. This 
baseband noise is significant when the total delay for 
that path is in the same order of magnitude as 
l/BW •• p. (where BW •• ~. is the ultimate I.F. 
b.andwidth) • 

An original, accurate, low cost measurement set-up, is 
sUggested. This set-up enables the simUlation of any 
practically matched antenna, when measuring the mixer's 
convertion loss and noise figure, and to perform A.M and 
Phase Noise measurements on the Local Oscillator driving 
the mixer. Distinguishing between A.M and Phase noise is 
based on D.C. measurements at the I.F port. The accl.lracy 
obtained is good, since the leaky signal received is 
synchronic with the L.O., from which it was derived. 
Thus no synthesiser is required for that measurement. 

Measurement results of a typical mixer and it's L.O. 
A.M. and Phase Noises are presented in table 1. As 
from that table, for a 2: 1 VSWR antenna (siml.llatedl, 
10 MHz both types of noise contributed significantly 
the output noise, while causing up to 15 
desensitization due to Phase Noise, andup to 
desensitization due to A.M. Noise. At 18Hz both noises 
were insignificant. 

seen 
at 
to 
dB 

5 dB 

Table I: Measurement results. 
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ESTIMATION OF POLARIZATION CHARACTERISTICS 
IN THE PRESENCE OF NOISE 

Ping Guan Li 
Donald R. Miedaner 

Adaptive Technology, Inc. 
309 Curtis Street 
Syracuse, NY 13208 

ArIon T. Adams* 
Department of Electrical and Computer Engineering 

Syracuse University, Syracuse, NY 13244-1240 

Three different methods for Estimation of Polarization Characteristics 
are described and compared. These methods are (1) an Eigenvector 
Method (2) a Direct Method and (3) an Adaptive Nulling Method. 

Two different characterizations of the Polarization are used. The 
first involves Ellipticity and Tilt Angle; the second involves Relative 
Magnitudes and Relative Phases of two orthogonal electric field 
components. Each characterization breaks down for either circular 
or linear Polarization. For instance, Tilt Angle is not defined 
for circular Polarizat'ion. The combined representation covers the 
complete range of Polarization. 

A simulation has been carried out to determine errors in each of 
the quantities Ellipticity, Tilt Angle, Relative Magnitude, Relative 
Phase as a function of those four variables and of single-to-noise 
ratio. The results show that all three methods are effective. Methods 
(1) and (2) yield identical results. For small signal-to-noise ratios, 
methods (1) and (2) are more accurate than (3). For large 
signal-to-noise ratios, the three methods merge. The methods are 
rapid and accurate. 
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A KNOWLEDGE-BASED APPROACH TO MULTISENSOR AND 
FULL POLARIMETRIC TARGET IDENTIFICATION 

J. Richard Huynen 
P.Q. Research 

In this paper we review some approaches towards target identification (TI), which uses the full 
polarimetric target return, and which could include other multisensor data input. General target 
identification is a task which sti1l awaits a theory. Most of what is called TI at present ultimately 
depends on a human observer to recognize and identify the targets at hand from scenery. There 
is an appalling lack of awareness of significance between data obtained on one hand and reality 
of targets conceived, on the other. That these two are not synonymous is clear, if we look at the 
same targets under different circumstances, different environments, different aspect angles with 
different sensors, etc. There is a "constaut" somewhere hidden within the barrage of data we 
obtain, and which should tell us that there is a target (detection) and secondly, that it is a specific 
physical object, we are trying to identify. 

There is simply lacking at present a general theory of target ID, which identifies physical targets 
without human perceptive intervention. The approach presented here is an application of a general 
theory of target identification which the author developed [1] and which now has been completed. 
The novel part consists of an algorithmic justification for the author's polarimetric target 
decomposition theorem which can be extended to multisensor target data inputs. 

The algorithmic process is written as 

where Q2 stands for the extended target coherency mattix, iPA> is the algorithm to be employed, 
and ilIA> is the average single target which is extracted from the target database. Hence the 
process: 

is that of selection of a single object from the target input data. 

The general approach for multisensor input can already be found in [2]. This procedure clearly 
singles out a single preferred object in contrast to an eigenvalue decomposition where a choice 
among the possible eigen-targets still must be made. 
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THE CONCEPT OF THE POLARIMETRIC MATOIED SIGNAL AND IMAGE FILTERS: 
APPLICATION TO RADAR TARGET VERSUS CLUTTER OPTIMAL DISCRIMINATION 

Wolfgang-M. Boerner*, Wei-Ling Shao and Chuang-LiLiu 
Department of Electrical Engineering and Computer Science 

university of Illinois at Chicago 
UIC-EECS/CL, 840 W. Taylor st., SEL 4210, m/c 154 

Chicago, IL 60607 USA 

In radar polarimetry it is the objective to enhance useful target 
signatures and at the same time reduce the undesired background 
clutter in high resolution radar imaging. With the recent ad­
vances in POLarimetric Synthetic Aperture Radar (POL-SAR) systems 
design, it is now possible to obtain complete coherent scattering 
matrix [51 information on a pixel-by-pixel basis for POL-5AR 
recordings simultaneously at three separate bands (JPL/DC8:P/CjX). 
Provided such complete POL-5AR four complex channel data sets are 
available, it is possible to accomplish useful target versus unde­
si rable clutter separation and discrimination by applying the P1UF 
method. In PMIF the individual pixel matrices are optimized using 
the three stage procedure and statistical histograming. It is 
then shown how optimal target versus clutter discrimination and 
image contrast enhancement is achieved provided the average 
characteristic target polarization states differ sufficiently from 
those of the averaged clutter polarization states. The PMIF 
method is demonstrated using recent JPL/DC8-P/CjX-band POL-SAR 
data sets of the San Francisco Bay area. 
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POLARIZATION VEcroR TO!-lCGRI\PHIC IMAGING: 
ANALYSIS OF THE POLARIZATION CORRECTION TERM 

Shi -lUna Lin* 
Department of Applied I1athematics 

and Electromagnetic Wave propagation 
Northwestern Polytechnical university 
Xi' An, Shaarud Province, P. R. China 

al'J.d 

wolfgang-no Boerner 
Department of Electrical Engineering and Computer Science 

university of Illinois at CHicago 
UIC-EECS/CL, 840 W. Taylor St., SEIr-4210, mjc 154 

Chicago, IL 60507 USA 

The depolarization effects in vector diffraction tomography are 
investigated, which result mainly from the terms (VE)/E and (Va)/a 
in the wave equation. Because these terms are hitherto not being 
considered in the Born and/or Rytov approximations, a simplified 
model is introduced. For the inverse problem of image formation, 
oblique incidence on a lossless dielectric circular cylindrical 
scatterer is considered for the case of plane wave interaction at 
microwave frequencies. Because the radiation wavelength is com­
parable to the size of the object inhomogeneities, in diffraction 
tomography, we must consider the wave nature of the scattering 
problem and solve the inverse problem correspondingly. By consid­
ering the problem in its wave nature, we can account for such phe­
nomena as reflection, refraction and depolarization, all of which 
occur in diffraction tomography, where here major emphasis was 
placed to determine the effect of depolarization using the Born 
approximation. The results of this first order polarization 
correction study show that depolarization effects should not be 
neglected in the formulation of microwave (vector) diffraction 
tomography and that more extensive studies are required in order 
to make vector diffraction tomography work in practice. 
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OPTD~ POLARISATION PROCESSING OF 
PASSIVE MICROWAVE RADIATION 

Dr. prof. Demidov ~.M.~ Dr. prof. Vagapov K.Kh. 
USSR, Moscow 
Moscow Civil Engineering Institute 

Generally, the signals of microwave radiation 
itself are random p~ocesses, that's why processing 
such signals must be carried out within the frame­
work of the filtration theory. Considering the sig­
nals of radio thermal radiation objects in the form 
of Markovian random processes makes it possible to 
design the optimal· receivers of such signals on the. 
basiS of the methods of the Markovian theory of non­
linear filtration synthesis. It is supposed that re­
ceiving mutually orthogonal polarized components 
Which are transformed into signals with random pha­
ses and amplitudes in the receiving channel is car~ 
ried out. The synthesiS of optimum in terms of the 
criteria of the parama,~ers rootmean-square errors 
minimum signals receiver with the use of a priori 
stochastic differential equations for the descrip­
tion of dynamic amplitudes and phases of the'si~ls 
orthogonal components has been accomplished~ The 
Relay model is used as the model for Signals ampli­
tudes changes. The equal distribution is taken for 
the pr~ses changes. As a result the receiver struc­
ture will contain two processing channels each of 
Which contains the AGC and PLL systems. The numeri­
cal analysis of root-mean square errors of amplitu­
des and phases selection is fulfilled. The synthesis 
of optimal receiver of thermal radiation signal is 
done in the same way if we use the direct brightness 
temperature. The model of changing brightness tempe­
rature in the form of the Gaussean model. As a re­
sult we get a two channel receiver with tracking 
targets the performance of Which is determined by 
the performance of low-pass special filters. As be­
fore the estimations of root-mean-square errors in 
brightness temperature filtration have been obtai­
ned. As the structure data were synthesized within 
the framework of minimum mean-square error cri texi­
um optimization, brightness temperatures estimations 
obtained provide maximum accuracy of their selection. 
It should be pointed out that this approach is ra­
ther limited due to the fact that the Gaussean ap­
proximation aposteriory probability denSity of the 
parameter being determined is assumed. Although this 
situation is widely used in pratice of radiometry 
the above condition is not observed in some cases. 
As additional investigations show that the use of 
non-Gaussean approximation doesn't result in chan­
ging a receiver structure but affects the type and 
characteristics of the structure filter. 

402 



.. 1 

88-10 

PROSPER'rIES OF SCATTERING MATRIX 
S'£ATISTICS 

if-
Dr. prof. Kozlov A.I., Dr. prof. Logvin A.I. 
URSS, Moscow 
Moscow Civil Engeneering Aviation Institute 

For the class fluctuating obkects the law of 
changing multi-size density of probability distri­
bution for scattering matrix complex elements are 
considered. Its invariance to the polarization ba­
sis remplacement is shown. Similar results have be­
en obtained for correlation and covariance matrices. 
Transformations of mean values and dispersions of 
scattering matrix elements are considered separate­
ly, invariance of these elements dispersions sums 
are proved, their extreme values are calculated. 
This makes it possible to obtain determining non­
equalities for dispersion values. The concept of 
Graves generalized matrix is introduced and its 
transformations are found. It is shown that the 
elements of correlation matrix are not independent 
and there exist corresponding limitations for them. 
The results of scattering matrix elements statistic 
simulation based on random timely changing proper 
values and coordinates of the proper basis on Poin­
care's sphere for this matrix are given. It gave 
the opportunity to simUlate distribution laws for 
real and imaginary elements of the scattering matriX, 
their modules and arguments, anositropy extent, com­
plete coss-section, generalized phase, matrix deter­
minant. ~he results obtained made it possible to de­
termine digital characteristics of these random va­
lues (the mean value, disperSion, excess, etc) and 
to calculate correlation moments and functions. We 
could show in the simulation process that distribu­
tion laws obtained dii'fer greatly from the univer­
sal laws obtained by classic ways of simulation but 
they are in conformity with experimental results. 
The extent of probability distribution density for 
anisotropy extent, modules and phases of scattering 
matrix elements are calculated within the framework 
of object presentation as a system of independent 
reflectors. Systematizing t~le obtained on the basis 
of Pearson's distributions and checking their cor­
respondance to probability densities widely used 
are carried out. The results obtained are compared 
to the experimental data which makes it possible to 
speak of rather stable laws for a wide class of ob­
jects. This, in its turn, opens some possibilities 
for creating polarization adaptive systems Which 
can be used in future for interference reflections 
suppression. 

403 

1'1 [ I 





.1 

URSI Digest 
Author Index 

Author Page Author Page 

Abdel-Magid, Y. L. ............... 387 
Abe, Takeo ..................... 210 
Acree, D. W ..................... 296 
Adachi, S ....................... 180 
Adams, Arion T. . ................ 398 
Agrawal, Amit P .................. 119 
Aicklen, Gregory ................. 319 
Alfas, Swen .................... 86 
Alford, Neil M ................... 161 
Ali-Ahmad, W. Y ............. 131. 337 
Allison, Michael J ................. 26 
AItintas, Ayhan .................. 155 
Ando, Makoto ............... 255, 293 
Andres, Fernando Las Heras ......... 316 
Ansbro, A. P. . .................. 363 
Antar, Y.M. M ................... 208 
Aoki, Hiroshi ................... 255 
Aoyagi, Paul .................... 287 
Arabi, Tawfik R .................. 315 
Arceneaux, Walter S ............... 249 
Arnold, J. M. . .............. 236,363 
Arvas, Ercument ............... 10, 38 
Assai, F. T. ..................... 270 
Baca, Richard ................... 3"(4 
Bacon, Larry D ................... 186 
Badii, Vahid .................... 395 
Baertlein, Brian A .............. 30, 300 
Bagby, J. S. . ................... 226 
Baker, J ........................ 307 
Bakhtazad, A. . .................. 115 
Baldan, M. S. ................... 34 
Baldauf, John ................... 357 
Balzano, Q ...................... 203 
Banerjee, Partha P ............. 148, 151 
Bansal, Rajeev ................... 264 
Bar-Ness, Yeheskel ............... 325 
Barbosa, Afonso M ................ 168 
Barile, Edward C. ................ 394 
Barkat, Mourad .................. 325 
Barkeshli, Kasra .............. 43, 313 
Barkeshli, Sina ............... 35, 311 
Barnes, M. . .................... 353 
Barski, M ....................... 349 
Barth, M. J ................... 27, 220 
Baum, Carl E .................... 306 
Bedigian, Oscar J. . ............... 270 
Beker, Benjamin ................. 338 
Benevello, O. . .................. 285 

Berrie, Jeffrey A. . . . . . . . . . . . . . . . .. 63 
Besieris, Ioannis M ............ 149,238 
Bhakthavathsalam, R. . . . . . . . . .. 364, 365 
Bhartia, Prakash . . . . . . . . . . . . . . . . .. 19 
Bhattacharyya, Asoke K. ........... 79 
Blanchard, A. J ................... 111 
Blanchard, Andrew J ............... 210 
Boerner, Wolfgang-M ... 118, 119,210,256 

. . . . . . . . . . . . . .. 257,400,401 
Bomholt, Lars . . . . . . . . . . . . . . . . . .. 66 
Booton Jr, Richard C ............... 221 
Booysen, A. J. . . . . . . . . . . . . . . . . . .. 64 
Bornemann, Jens . . . . . . . . . . . . . . . .. 92 
Bosisio, Renata G. . . . . . . . . . . . . . . . .. 7 
Botha, E. . ..................... 344 
Bouche, D. ............. 174, 177, 389 
Bouquet, J. J. . .................. 174 
Bowling, Donald R ................ 161 
Bracalente, E. M .................. 356 
Brandfa, M. . ................... 309 
Bredow, J. W .................... 212 
Breinbjerg, Olav ................. 390 
Broschat, S. L. .................. 290 
Brown, Brian S ................... 325 
Brown, Gary S ................... 99 
Brown, Robert T .................. 388 
Brudny, Vera L. ................. 103 
Bucca, S. E. . ................... 254 
Burkholder, Robert J. . . . . . . . . .. 238, 359 
Butler, Chalmers M ............. 73, 198 
Cable, V. ................... 67, 254 
Calamia, M. .................... 44 
Cangellaris, A. C. ..... 123, 124,216,375 

....................... 382 
Cardillo, Gerard P ................. 258 
Carin, Lawrence ................. 228 
Castillo, Steven .............. 204, 267 
Chamma, W. A. ................. 32 
Champagne, Nathan J. . ............ 129 
Chan, C. H ............... 96, 100,361 
Chan, M ....................... 216 
Chang, Albert ........... . . . . . . .. 40 
Chang, Chih-Sheng ............... 320 
Chang, Chun-Yen ................ 325 
Chang, David C. .............. 16, 146 
Chang, Hsin-Chin ................ 107 
Chang, Hung-Chun ............... 320 
Chang, J. . ..................... 270 



URSI Digest 
Author Index 

(cont.) 

Author Page Author Page 

Chang, Shun-Hsyung '" ........... 325 
Changsheng, Si .................. 92 
Chatterjee, Monish R. . . . . . . . . .. 10 1, 151 
Chaudhuri, Sam P. . . . . . . . . . . . . . . .. 79 
Chaudhuri, Sujeet K. . ............. 257 
Chen, C. ....................... 193 
Chen, Chun Hsiung ............... 232 
Chen, Jei S. .................... 98 
Chen, K. M. ................ 112, 307 
Chen, K. S. . . . . . . . . . . . . . . . . . . . .. 94 
Chen, Sian-Tek .................. 108 
Chen, Yih-Min .................. 325 
Cherry, Paul .................... 290 
Chew, W. C. ..................... 5 
Chiavetta, Robert J. ............... 42 
Chilo, J .................... 187, 188 
Cho, Sung H. . .................. 386 
Choi, Seungwon ................. 386 
Chou, C.-K. . ................... 290 
Chow, Y. 1. .................... 342 
Christodoulou, C. G. . ............. 249 
Chu, Ruey-Shi . . . . . . . . . . . . . . . . . .. 82 
Chu, Tah-Hsiung ................. 257 
Chuang, Huey-Ru ................ 203 
Chun, Wan ..................... 392 
Ciric, I. R. ..................... 33 
Claesson, I. ..................... 325 
Cloete, K ....................... 246 
Cole, R. S. ..................... 45 
Collins, J. D ..................... 263 
Compton, R. C. .................. 270 
Compton, Jr., R. T. . .............. 386 
Courtney, Clifton C ................ 198 
Cown, Barry ................ 244, 245 
Crowell, Kelly . . . . . . . . . . . . . . . . . .. 85 
Cruz, J. 1. ..................... 92 
Cucci, Alessandro ................ 270 
Cuevas, J. G ..................... 61 
Cwik, T ..................... 21,266 
Davidson, David B. ............... 70 
Davis, W. A .................. 59, 254 
Dawoud, M. M. . ................. 387 
Demarest, Kenneth R .............. 214 
Demidov, J. M ................... 402 
Depine, Ricardo A. . .............. 103 
Dewan, H. S. . .................. 191 
DiLeo, J. C. . ................... 211 
Dinger, Robert J .............. 159, 161 

Dominek, A. .................... 63 
Drici, Zahia . . . . . . . . . . . . . . . . . . . .. 17 
Dubard, J. 1. .................... 185 
Dudley, D. G .................... 240 
Duncan, Heath 1. ................. 163 
Dunn, J ........................ 199 
Dvorak, Steven 1. ................ 20 
Dybdal, R. B. . .................. 354 
Dzougaev, V. . .................. 233 
Edrich, Jochen ................... 290 
Eleftheriadis, G. V. . .............. 131 
Elkamoun, N ................ 187, 188 
Elsherbeni, Atef Z. . . . . . . . . . . . . . . .. 72 
Encinar, J. A .................... 167 
Engheta, Nader ....... 134, 136, 137, 333 
Erbil, A ........................ 158 
Eriksson, P ...................... 325 
Esselle, Karu P ................... 350 
Esteban, J. . .................... 231 
Estrada, J. P ..................... 244 
Facheris, 1. ..................... 114 
Fante, Ronald 1. ................. 394 
Farr, Everett G. . ................. 352 
Fellinger, P. . ................... 309 
Felsen, 1. B. . . . .. 175, 178, 239, 297, 391 
Fernandes, Carlos A. . ............. 168 
Ferraro, R. D .................... 377 
Fisher, S. W. . . . . . . . . . . . . . . . . . . .. 67 
Foggi, T. . ..................... 362 
Fok, Fredric Y. S ............... 31, 34 
Fonseca, Sergio B. . . . . . . . . . . . . . . .. 92 
Foo, Bing-Yuen .................. 256 
Fordham, J. A. .................. 296 
Fralich, Russ .................... 270 
Freni, Angelo ................... 114 
Frezza, F. ...................... 343 
Fried, Z ........................ ]]0 
Friedlander, Gershon .............. 241 
Friedman, M. . .................. 301 
Fujii, Saloshi .................... 325 
Fukai, lchiro .................... 286 
Fung, A. K. ........... 94, 111,212,331 
Furini, F. . ..................... 181 
Gao, Feng ...................... 166 
Garcia, A. C. . . . . . . . . . . . . . . . . . . .. 92 
Gay, Jean ...................... 177 
Gay, Joclle ..................... 177 
Gedney, Stephen D ................ 262 



URSI Digest 
Author Index 

(cont.) 

Author Page Author Page 

Ghodgaonkar, D .............. 113, 191 
Giarola, Auilio J. . . . . . . . . . . . . . . . .. 92 
Gibbs, D. P. . ................... III 
Gieger, R ....................... 287 
Giles, Sammie ......... ' .......... 348 
Gilreath, M. C. . ................. 356 
Gimeno, B. . . . . . . . . . . . . . . . . . . . .. 92 
Giuli,D ........................ 114 
Glisson, Allen W ................. 127 
Gondo, Mitehizo ................. 75 
Gordon, R. K. . .................. 376 
Goto, Naohisa ................... 293 
Graglia, R. D. ................... 56 
Grimes, Dale M ................... 395 
Grimm, J. M .................... 152 
Grossman, Barry ................. 17 
Grot, Annette C. ................. 332 
Gruener, K ...................... 212 
Guglielmi, Marco .......... 36, 153,343 
Guo, Yanehang .................. 387 
Guoding, Li .................... 92 
Gupta, Inder J. .............. 248, 358 
Gurel, L. ........................ 5 
Gurke, T. . ..................... 309 
Habashy, T. M ............... 3\0,327 
Hafner, Ch. . . . . . . . . . . . . . . . . . . . .. 68 
Haihua, Mao . . . . . . . . . . . . . . . . . . .. 92 
Hall, R. C. ..................... 57 
Hall, W. F. . .................... 254 
HaIlidy, William ............. 245,261 
Hanlling, Jerome D. . .............. 270 
Hanna, Victor Fouad .............. 20 I 
Hansen, Roben C ................. 159 
Hansen, Thorkild Birk ............. 172 
Hansen, Volkert .................. 334 
Harada, K. ..................... 180 
Harokopus, W. P. . ............... 337 
Harrah, Sleven D. ................ 52 
Harrington, R. F. ................. 38 
He, Helen Y ..................... 192 
Hejase, Hassan A. N ............... 163 
Helaly, A ....................... 270 
Herczfcld, Peler R ................. 270 
Herdeg, W. F. ................... 53 
Hennida, Xulio Fernandez .......... 280 
Heyman, Ehud . . . . . . . . . . . . . .. 239. 241 
Hildcrbrnnd, Glen D. .............. 58 
Hill, David A. . .................. 229 

Hinders, M. K. ......... .138,328,329 
Hirokawa, Jiro ................... 293 
Ho, Thinh Q ..................... 338 
Hoefer, Wolfgang J. R .......... 284, 288 
Hofstra, Joseph S. . ............... 352 
Hoorfar, Ahmad. . . . . . . . . . . . . . . . .. 16 
Howard, G. E .................... 342 
Hua, Y ........................ \0 
Huang, J. . ..................... 270 
Huang, Kuang-Chih ............... 325 
Huang, Yi·. . . . . . . . . . . . . . . . . . . . .. 92 
Huang, Yung-Dar ................ 325 
Hubing, Todd H. . ................ 205 
Hunsberger, F ................. 67, 254 
Hurel, F ........................ 159 
Hursl, M. P. . ............. , ..... 197 
Huynen, J. R .................... 399 
Hwang, Yal~um .................. 108 
Hwu, Shian-Uei .................. 129 
Hyodo, Manabu .................. 290 
Ikuno, Hiroyoshi .............. 75, 241 
lIavar.lsan, P ..................... 112 
Inoue, Masalo ................... 255 
Ishihara, T. . .................... 178 
Ishimaru, Akira ...... 54,96,98, 100,371 
Iskander, Magdy F. . ........... 65, 290 
Ismail, A. N ..................... 387 
Ito, Koichi ..................... 290 
Itoh, Kiyohiko ................... 354 
Itoh. Tal~uo ................... 4, 292 
Ivanova, N ...................... 233 
Ivrissimtzis. L. P .................. 173 
Jackson. David R. ......... 36, 158, 224 
Jacohi. N ....................... 266 
Jacobs, J. P. . ................... 196 
Jaggard. Dwight L. .... 136. 137. 27!l. 332 
Jamhrina, Jose Luis Fernamkz ....... 316 
James, G. C. . . . . . . . . . . . . . . . . . . .. 51 
Jamnejad, V ..................... 270 
Janaswamy, Ramakrishna ........... 227 
Jedlicka. Russ ................... 204 
Jha, R. M. . . . . . . . . . . . . . . . . .. 36-+, 365 
Jian, Qian .................. 194,281 
Jin, Jian-Ming ................... 260 
Jordan, Arthur ................... 392 
Jorgenson, Roy E. . ............... 361 
Josefsson, L. .................... 270 
Joseph. J. .................. 222, 361 



URSI Digest 
Author Index 

(eont.) 

Author Page Author Page 

Joseph, R. • . • . . • . . . • • . . . . • . . . . .. 48 
Jouny, Ismail .•••....•...•....... 354 
Jull, E. V ..•....•.•............. 350 
Jurgens, T. G ................•... 218 
Kadaba, P. K .................... 193 
Kagoshima, Kenichi . . . . . . . . . . . . . .. 92 
Kahny, D ....................... 209 
Kaires, Roben G .................. 73 
Kalhor, Hassan A ................. 37 
Kaliouby, Leopoldine . . . . . . . . . . . . • .. 7 
Kanareikin, D. B .................. 368 
Karam, Mostafa A. . .............. 331 
Kasai, Haruo .................... 290 
Katagi, Takashi .................. 255 
Katehi, P. B. ...... . . . . .. 131,337,339 
Katz, Daniel S. . .......... 29,215,302 
Kennis, P. . . . . . . . . . . . . .. 159,160,290 
Khan, S ........................ 264 
Kiang, Jean-Fu .................. 294 
Kiang, Yean-Woei ................ 307 
Kim, Moonil .................... 270 
Kim, Se-Yum ................... 311 
Kim, Y ........................ 95 
Kim, Y. S. . .................... 386 
King, Stephen M. ................ 98 
Kinoshita, T. . ................... 255 
Kinowski, D ................. 159,160 
Kishk, Ahmed A. .......... 72, 126,208 
Kitamura, Shinzo . . . . . . . . . . . . . . . .. 54 
Ko, Wai Lee . . . . . . . . . . . . . . . . . . . .. 8 
Kongyu, Feng ................... 258 
Kosanovich, S. . ................. 287 
Kosma, M. N. . . . . . . . . . . . . . . . . . .. 67 
Kottapalli, K. ................... 10 
Kotulski, Joseph D. ............... 71 
Kowan, Marek W, ............... 134 
Kozlov, A. I. ......... 120,369,372,403 
Kriegsmann, Gregory A ............. 268 
Kuester, E. F. ................... 199 
Kuga, Yasuo ............. 98, 102,370 
Kunz, K. . . . . . . . . . . . . . . .. 67, 202, 254 
Kuo, Chih-When .................. 4 
Kuster, Eric J .................. 83,312 
Kuster, Niels . . . . . . . . . . . . . . . . . . .. 66 
Kwak, B. S. . ................... 158 
Kzadri, Boutheina ................ 81 
Lagerlof, R. .................... 270 
Lam, Chi-Ming .................. 54 

Lampariello, Paolo ................ 343 
Lande, Boris S. . ................. 373 
Lang, Roger H. . ................. 330 
Langenberg, K. J. . ............... 309 
Larson, Kent K ................... 199 
Law, C. L. ..................... 169 
Le Roux, J .............•........ 185 
Lee, Ching-Her .................. 226 
Lee, David O. . .................. 258 
Lee, Jay K. . . . . . . . . . . . . . . . . . . . .. 84 
Lee, Ju-Hong ................... 325 
Lee, Roben ............ , 123, 124, 375 
Lee, S. W ...................... 314 
Lee, Taek-Kyung ................. 311 
Leroy, B ....................... 389 
Lesko, Mavis B. .................. 3 
Li, Hsueh-Jyh ................... 213 
Li, Jiang . . . . . . . . . . . . . . . . . . . 258, 277 
Li, Jianxin ..................... 387 
Li, Ping G ...................... 398 
Li, Shi-Zhi ..................... 50 
Liang, Guo-Chun ............. 159,219 
Liewer, P. C. .................... 377 
Lin, Chi-Sen ................. i... 23 
Lin, Chin-Ru .................... 148 
Lin, Ding-Bing .................. 257 
Lin, Feng-Li , ................... 213 
Lin, Min-Chin ................... 307 
Lin, Shi-Ming ............... 120,401 
Lin, W. C. . .................... 302 
Lin, Weigan .................... 258 
Lind, T. S. ..................... 65 
Lindell, Ismo V. . ............ 140, 141 
Ling, Hao .................. 292, 314 
Litva, John ................. 270, 292 
Liu, Ce ........................ 184 
Liu, Chuang-Li .................. 400 
Liu, John C. ................ 137, 332 
Liu, Y. W .................. 159,219 
Liyang, Zhang ................... 255 
Logvin, A.!, ......... 120,369,372,403 
Long, Stuart A. . ................. 158 
Lou, S. H .................... 96,100 
Luebbers, Raymond ........ 67,202,254 
Luk, K. H. . .................... 290 
Luo, S ......................... 298 
Lynch, Daniel R. ............. 254, 378 
Ma, Jinxi ...................... 33 



I 
, I 

URSI Digest 
Author Index 

(conL) 

Author Page Author Page 

MacDonald, Alan D ............... 158 
MacReynolds, Katie ............... 247 
Maci, S. . ................... 44, 362 
Maciel, J. J. . ................... 297 
Madia, Francesco ................. 270 
Madjar, Asher ................... 270 
Malherbe, J.A. G. . ........... 246,345 
Manabe, Takeshi ................. 325 
Manara, Giuliano ................. 200 
Mandt, Charles E ................. 371 
Mannaa, Hassan M. . .........•.... 130 
Mannikko, Paul D ................• 198 
Mano, Seiji ..................... 255 
Manry, Jr., Charles W. . ............ 290 
Marhefka, R. J ............... 173,356 
Marks II, Roben J ................. 54 
Matrosov, S. Y ................... 368 
Mayes, Paul E. ................... 3 
McDougall, J. A. . ................ 290 
Mclean, James .................. 292 
McLeod, R. R. ............... 27, 220 
McNamara, D. A ......... 196,344,345 
Mcleod, Roben R. . . . . . . . . . . . . . . .. 26 
Medgyesi-Mitschang, L. N. .. 128, 164, 295 
Mei, Kenneth K .............. 159,219 
Mellema, G. R. . ..............•.. 350 
Mello, L.A.R.Silva . . . . . • . . . . . . . . .. 45 
Melnik, A. . .................... 368 
Mendonca, J ...............•..... 211 
Michalski, K. A ............... 15,237 
Michielssen, Eric ................. 125 
Midya, Pallab ..............•. 14,315 
Miedaner, Donald R ..............• 398 
Migliacco, J ..................... 315 
Miling, Kun .................... 250 
Mills, Duncan ................... 292 
Mishra, S. R ..................... 208 
Mittra, R ...... 8, 125,222,262,287,288 

................... 303,376 
Mitzner, K. M. . ................. 279 
Moffatt, David L. ............... 28, 31 
Mohammadian, A. H ............... 254 
Monakov, A. A. . ................ 371 
Monle, T. D. . ................... 135 
Monzon, J. Cesar ................. 274 
Moore, Dr. Rick L ................ 158 
Morgan, Michael A ............ 162,351 
Moroz, R ....................... 158 

Mostafavi. Masoud ................ 311 
MOLt, R. C. . .................... 270 
Mudaliar, Saba .................. 84 
Nagurney, Ladimer S. . ............ 91 
Naishadham, K ............... 175, 193 
Nance, E. C ..................... 212 
Nashashibi, Adib ................. 370 
Nava, E ........................ 154 
Nevels, R. D. . ................ 74, 85 
Newman, T ..................... 109 
Newpon, C ..................... 153 
Ng, Gary .•.................... 108 
Ng, K. T ................... j •••• 109 
Nghiem, David .............. 159, 224 
Ngo, Hoc D. ................ . . .. 69 
Nishimoto, Masahiko ........... 75,241 
Nordholm, Sven ............. r ... 325 
Nyquist, Dennis P ....... 81, 112,1152,225 

................... 307,336 
Odendaal, J. W ..........•........ 251 
Ogami, Osamu .................. 92 
Ogawa, Yasutaka ................. 354 
Ohmiya, Manabu ................. 354 
Oksanen, Markku ............. 142, 143 
Oliker, Vladimir ................. 55 
Oliner, A. A. . . . . . . . . . . . . . . .. 340, 341 
Olsen, R. G ..................... 179 
Orime, Nobutake ................. 255 
Oniz, Carlos .................... 318 
Osborne, C. F .................... 212 
Ostrovityanov, R. V. . ............. 371 
Pankaskie, T. A. . ................ 179 
Pao, Hsueh-Yuan ................. 147 
Paollela, Arthur .................. 270 
Papa, Roben J. .................. 97 
Papiernik, A. . . . . . . . . . . . . . . .. 185, 285 
Park, Dong Chul ................. 54 
Parker, J. . ...................... 377 
Pasala, Krishna M ................. 318 
Pasik, Michael F .................. 382 
Pastorius, C.W. I. ................ 345 
Pathak, Prabhakar H. ... 200, 238, 358, 359 
Paulsen, Keith D .............. 254, 378 
Pearlman, Ronald A. .............. 314 
Pearson, L. W. . ................. 237 
Pelet, Philippe ................... 332 
Pelosi, Giuseppe .......... 44, 200, 362 
Peng, S. T. . .................... 150 

,I 
~1------~-------------------------'-----rrjirrTI~--------------------------------



URSI Digest 
Author Index 

(cont.) 

Author Page Author Page 

Pennock, S. T ................. 27,220 
Perlik, Andrew T ................. 217 
Peters, Jr., Leon .................. 353 
Peterson, A. F. . ........... 6, 122, 374 
Petroit, Robert G. . ............... 324 
Phillips, Greg C. ................. 110 
Phu, Phillip . . . . . . . . . . . . . . . . . . . .. 98 
Pierronne, M. . .................. 174 
Piket, M. J .................. 301,302 
Pino, Antonio Garcia .............. 280 
Pistorius, C. W. I. ......... 64,246,251 
Pogorzelski, R. J. . . . . . . . . . . . . . . . .. 78 
Poirier, M. . .................... 353 
Pompei, D .................. 185,285 
Popovic, Zoya B .................. 270 
Potter, Kent A. . ................. 270 
Potukuchi, J. R. . ................. 270 
Poulton, G. T. ...... . . . . . . . . . . . .. 51 
Pribetich, J. '.' ................... 290 
Pribetich, P. ............ 159, 160,290 
Prince, J. L. .................... 216 
Putnam, J. M ................ 128,295 
Qin, Zhang '" .................. 350 
Quinn, Lauren H .................. 101 
Ra,Jung-Woong ................. 311 
Radecki, Denis J ............... 35,311 
Raghuram, R. . .................. 396 
Rahmat-Samii, Y ................. 55 
Rahnavard, M. H ................. 115 
Ramahi, Omar M. . ............... 303 
Rao, K.V. N ..................... 211 
Rao, K.V. S. . . . . . . . . . . . . . . . . . . .. 19 
Rao, Sadasiva M ............... 14,315 
Rappaport, Carey M. . ............. 380 
Rascoe, D. . .................... 270 
Ravikumar, S. V .................. 396 
Rawle, W. D .................... 165 
Ray, Scott L. ................... 6, 26 
Razban, T .................. 187, 188 
Rebciz, Gabriel M ............. 131,337 
Rebollar, J. M ............... 154,231 
Ricoy, M. A .................. 62,276 
Riley, Douglas J .............. 186,265 
Riley, L. ....................... 270 
Rino, Charles L. ................. 69 
Ro, R. ........................ 190 
Robertson, R. C. ............. 166, 273 
Rode, B ........................ 53 

Rodriguez, E. ................... 95 
Rojas, R. G ..................... 139 
Rokuhara, Shinji ................. 92 
Ross, J. . . . . . . . . . . . . . . . . . . .. 112, 307 
Rothwell, E. J. ............... 112, 307 
Russchenberg, H.W. J .............. 369 
Rutledge, David B. . .............. 270 
Rynne, B. P. . . . . . . . . . . . . . . . . . . .. 74 
Ryzhkov, A. V ................... 368 
Saatchi, Susan S. . ................ 330 
Sabbagh, Harold A ............. 35,311 
Sakurai, Kimio .................. 293 
Sanadiki, Bassam ................. 311 
Saoudy, S.A .................... 254 
Sarabandi, K. ................... 60 
Sarkar, Tapan K. ........ 10, 14,315,386 
Sathiaseelan, V. . ................. 302 
Sato, Motoyuki .................. 258 
Sawaya, Kunio ................... 180 
Sawyer, M. Dwayne ............... 290 
Scharstein, Robert W. . . . . . . . . . . . . .. 80 
Schaubert, D. H. . ................ 270 
Schindel, Richard F ................ 210 
Schmitz, James L. ................ 39 
Schoenberg, Michael .............. 327 
Schwering, Felix K ................ 162 
Sebak, A. .................. 270, 275 
Seguinot, C. ............ 159, 160,290 
Sengoku, Masakazu ............... 210 
Senior, T. B. A ................... 276 
Sevgi, L. ....................... 391 
Shaarawi, Amr M ................. 149 
Shafai, L. ............ 32, 165, 270, 275 
Shaheen, Willian A ............... , 91 
Shankar, V ...................... 254 
Shao, Wei-Ling .................. 400 
Shapir, Itzhak ................... 397 
Sharpe, Robert M ................. 129 
Shaw, G. M ..................... 354 
Shchukin, G. G ................... 368 
Shen, C. Y ....................... 9 
Shen, Hao-Ming ................. 147 
Shen, Liang C. .......... 184, 192,277 
Shen, X ........................ 38 
Shi, Jian-Hui . . . . . . . . . . . . . . . . . . .. 23 
Shigesawa, H. . . . . . . . . . . . . . .. 340, 341 
Shimura, Masaru ................. 290 
Shirai, Hiroshi ................... 360 



i I 

URSI Digest 
Author Index 

(cont.) 

Author Page Author Page 

Shoemaker, George T .............. 379 Toland, Brent ................... 55 
Shope, Steven M. . ............... 258 Tomassoni, Alberto ............... 270 
Shupyatski, A. B .................. 368 Torres, Jose A. . ................. 394 
Sihvola, Ari H ............... 140, 141 Tretyakov, Sergei A. ...... 141,142,143 
Silva, Franklin C. ................ 92 Tripathi, V. K. ............... 298,317 
Silvestro, John W ................. 198 Tripp, V. K ..................... 18 
Simpson, T. L. .............. 166,273 Troll, K. D. . . . . . . . . . . . .. 138, 328, 329 
Singh, Ritu ... . . . . . . . . . . . . . . . . .. 11 Tsai, I-Sheng .................... 232 
Singh, Surendra ............... 11, 130 Tsang, Leung .......... 54, 96, 100, 371 
Sinha, B. P ................. , 254, 275 Tsao, Jenho . . . . . . . . . . . . . . . . . 213, 325 
Siqueira, G. L. . . . . . . . . . . . . . . . . . .. 45 Tsuji, M. . ................. 340,341 
Slade, G. W ..................... 228 Turner, C. D. . .............. 186,265 
Smith, Edward B. ............ 268, 380 Twine, David G ................... 2 
Smith, P. D. .................... 74 Tzuang, Ching-Kuang ... , .......... 150 
Soares, Antonio J. ................ 92 Ucci, Donald R ................... 324 
Somers, G. A. . .................. 358 Ul'ynov, V. l. ............... 120,308 
Sorbello, R. M. . ................. 270 Umari, M ................... 113,190 
Spenuk, Mike ................... 292 Umashankar, Korada .......... 217, 392 
Staton, Leo ................... " 52 Uslenghi, P. L. E .......... 56,135,181 
Steich, D. . ................ , 202, 254 Vagapov, K. K ................... 402 
Stepanenko, V. D. . ............... 368 Vahldieck, Ruediger. . . . . . .. 92, 254, 292 
Stevens, W. G. . ................. 211 VandenBerg, N. L. ................ 339 
Stienberg, B. Z. . ................. 239 Varadan, V. K. .......... 113, 190,326 
Strattan, Robert D. . . . . . . . . . . . . . . .. 58 Varadan, Vasundara V .. , 113, 190, 191, 326 
Struckman, Keith ................. 324 Vengsarkar, Ashish M .............. 149 
Stubbs, M. G. . ................... 342 Vidmar, R. J: ................... 252 
Stuchly, Maria A. ................ 349 Viitanen, Ari H ................... 141 
Stuchly, Stanislaw S. . ......... 349,350 Vo1akis, John L. .... 43,62, 176,260,263 
Su, Ching-Chuan ................. 321 ....................... 313 
Such, V ... , .... , ............... 92 Vook, Frederick W ................ 386 
Sudhakar, V ................. 364,365 Wait, James R. . ................. 272 
Suess, H. . ..................... 212 Waldman, J. . ................... 110 
Sun, Xiaoguang .................. 278 Walsh, Norman J. . ............... 351 
Sunahara, Yonehiko ............... 255 Walton, E. K. . .................. 354 
Syed, H. H ...................... 176 Wang, D. S ..................... 164 
Taflove, Allen .... " 29,48,215,217,218 Wang, Huei ..................... 108 

. . . . . . . . . . . . . .. 301,302,392 Wang, J. J. H ........... 18,83,296,312 
Takacs, L. A. . .................. 67 Wang, Jian ................. 270,292 
Tamil, Lakshman S ............ 292,319 Warne, Larry .................... 204 
Tanaka, Kazuo .................. 92 Watters, David G. . ............... 252 
Tanaka, Mitsuro .................. 119 Wayland, Robert J. . .............. 258 
Thansandote, Art ................. 349 Webb, Kevin J ................... 228 
Thorburn, M. A. ............. 298,317 Wegrowicz, L. A. ................ 22 
Thursby, Michael. . . . . . . . . . . . . . . .. 17 Wei, Jianwen ................... 255 
Tiberio, R. .............. 44, 200, 362 Weikle, II, Robert M ............... 270 
Tien, Ching-Cheng ................ 150 Weiss, Ira M. . .................. 386 
Tirkas, Panayiotis A. . ............. 214 Wenbing, Wang .................. 255 
Tirkel, A. Z ..................... 212 Wendel, H. . . . . . . . . . . . . . . . . . . . .. 53 

1.11 



URSI Digest 
Author Index 

(cont.) 

Author Page Author Page 

Wheeler III, J. E. . ................ 381 
Wheless, Jr, W. P. . . . . . . . . . . . . . . .. 90 
White, David J ................... 159 
Wiesbeck, W. . .................. 209 
Williams, H. B. . ................. 270 
Williams, Jeffery T ..... 106, 129, 158. 159 

....................... 224 
Wilton, D. R. . .............. 129, 381 
Wiuschen, R. L. ................. 329 
Woodworth, Margaret B. . .......... 97 
Wright, Steven M. . . . . . . . . . . . . . . . .. 2 
Wu, Chuan-lie . . . . . . . . . . . . . . . . . .. 50 
Wu, Doris ...................... 146 
Wu, Ke ............... 230, 254, 292 
Xi, An-Qing .................... 118 
Xiang-Yuan, Wang ............... 194 
Xincai, Ma ..................... 258 
Xu, Hai ....................... 258 
Ya-Ming, Dong .................. 383 
Yaghjian, Arthur D ............... , 41 
Yamada, Hiroyoshi ............... 354 
Yamaguchi, Yoshio ........... 118,210 
Van, Wei-Lin ................... 119 
Yan-Ming, Xiao .................. 383 
Yang, Daniel .................... 108 
Yang, Jian ..................... 120 
Yang, Rugui ................ 255,258 
Yao, Chong-Bin ................. 23 
Yedlin, M. J ....................• 350 
Yee, Kane. . . . . . . . . . . . . . . . . . . . .. 40 
Yeh, Chien-Chung ................ 325 
Yngvesson, K. S .................. 270 
Yoneda, H ...................... 255 
York,R. A ...................... 270 
Yoshida, Norinobu ............. 87,286 
Young, Jonathan D. ... . . . . . . . . . . .. 49 
Yu, C. Long .................... 56 
Yu-bao, Shen ................... 194 
Yuan, Xingchao .................. 378 
Yuan, Yi ................... 225, 336 
Yung, Edward K. N. .............. 92 
Yung, K. N. . ................... 169 
Zaghloul, A. I. ................... 270 
Zaki, Kawthar A. . ................ J07 
Zaviruha, V. K. . ................. 368 
Zhang, K ....................... 158 
Zheng, D ....................... 15 
Zhivotovsky, L. A ........... " 120, 308 

Zhong, Shun-Shi ................. 23 
Ziolkowski, R. W ......... , 27, 149,299 
Ziskind, lIan .................... 325 
Zonge, Kenneth .................. 258 
Zrnic, D. S ...................... 369 
Zysnarski, Adam ................. 370 
van Zyl, J. ......... . .......... 209 



i,ll 



- IN APPRECIATION -

The Antennas and Propagation Society acknowledges and greatfully 
appreciates the support and release time given to members of the 1990 
Symposium Steering Committee by the following employers: 

TEXAS INSTRUMENTS INCORPORATED 

ELECTROSPACE SYSTEMS INC 

ROCKWELL INTERNATIONAL CORPORATION 

E-SYSTEMS 



, 

I. 

TEXAS INSTRUMENTS 
ANTENNA DEPARTMENT PRODUCTS 

BROADBAND SPIRAL ANTENNAS 

ELECTRONICALLY SCANNEO ARRAYS 

RADOMES 

SLOTTEO ARRAY ANTENNAS 

Other capabilities include: 
• State-of-the-art indoor test ranges 
• Low observable sensor analysis, design, and measurements 
• Advanced microwave materials technology 
• Rotary joints 



Total Systems . .. 

A SPECTRUM OF POSSIBILITIES. 
Electrospace Systems has the 

capability to meet all of your 
electronic systems requlremen1s. 
Our systems are custom designed 
to meet your exact specifications. 
WE UNDERSTAND AND SUPPLY WHAT 
YOU NEED. 

Successful C', telecommunica­
tions and EW systems' designers 
and engineers rely on having all 
the necessary companents In one 
location. Electrospace Systems has 
the Iotalln-hause capability 10 
complete ANY electronic systems 

project Our reputation as a total 
systems company Is based on our 
ability to meet the needs of our 
customers on schedule w~h high 
quality, dependable, 'Amerlcan­
made systems. 

Rapid response to cuslomer 
requirements Is possible only 
because Electrospace Systems 
maintains a tatalln-house systems 
capability. We research. design. 
engineer and manufacture 
systems In their entirety. 

Electrospace Systems has the 

experience and resources to 
handle any c', telecommunica­
tions or EW system. THE SPECTRUM 
OF POSSIBILmES IS ENDLESS. 

For more Information on 
Electrospace Systems and Its 
capabilities, please write or call 
our marketing department 
Electrospace Systems. Inc. 
1301 East Collins Blvd. 
P.O. Box 831359 
RIchardson. Texas 75083-1359 
214-470-2106 
TWX: 910-867-4768 IIJk 



II 
'I 
! I 

il 
I" 

I! 
I 

'I', 
I 

, I, 

'I 
I 

~l~ Rockwell 
"'.~ International 

COLLINS DEFENSE COMMUNICATIONS 

FROM VLF TO EHF, ROCKWELL INTERNATIONAL 

CORPORATION'S COLLINS DEFENSE 

COMMUNICATIONS IS MEETING THE 

COMMUNICATIONS REQUIREMENTS OF THE 

U.S. DEPARTMENT OF DEFENSE, NATO ALLIES 

AND MORE THAN 40 OTHER COUNTRIES 

WORLDWIDE. 

ACROSS THE FREQUENCY SPECTRUM COLLINS 

DEFENSE COMMUNICATIONS PROVIDES 

PRODUCTS, SYSTEMS AND SERVICE FOR 

TACTICAL AND STRATEGIC COMMUNICATIONS 

LINKS HELPING TO ENSURE A LASTING 

PEACE IN A CHANGING WORLD. 

il~I~"----~----------------------~!~'"~I--------------------------





!.I, 

II 

',"'1"1-----,-------------,----,.,.11,-1.,-----------------



W117 W109 

AP-S/URSI TECHNICAL MEETINGS 

DALLAS CONVENTION CENTER, First Floor 

Entrance to 
City Halt Garage 

AP-S/URSI BUSINESS MEETINGS 



WEST BALLR.OOM 
(A, B, C, 0) 

(MTT-S TECHNICAL 
SESSIONS) 

SECOND 
FLOOR 

i 
i 

(COMPANY 
EXHIBITS) 

EXHIBIT HALL 

CAFETERIA 

DALLAS CONVENTION CENTER, Second Floor 

EAST BALLROOM 
(A, B, C, 0) 



Radio Science Meeting 
and 

International IEEE/ AP-S 
Symposium 

June 24-28, 1991 

The University of Western Ontario, 
London, Ontario 

The 1991 North American Radio Science Meeting, sponsored by 
the U.S. and Canadian National Committees for U.R.S.I. and 
the International Symposium sponsored by the I.E.E.E. 
Antennas and Propagation Society (AP-S), will be held jointly 
in the Social Sciences building at the University of Western 
Ontario, London, Ontario, Canada from June 24 to 28, 1991. 
The technical sessions for both will be coordinated to provide 
a comprehensive and well-balanced program. All Commissions 
of U.R.S.I will be included and a USNC/CNC/URSI sponsored 
Student Prize Paper Competition will conducted. Workshops 
and Special Courses will be offered by AP-S. 

Inquires regarding this conference may be directed as fOllows. 

General Inquires: D. Ruest, Conference Coordinator, 
613-993-9009, FAX 613-957-9828. 
N.R.C., Ottawa. 

AP-S Program: 

URSI Program: 

Dr. SJ. Kubina 514-848-3093. 
Concordia Univ., Montreal 

Dr. H.G. James, 
C.R.C., Ottawa 

613-998-2230 



:'~I --""-'-iii: ----,---





I 
II IJI 





~~ 

W117 

WI09 

WI02 

WIOS 

Inverse Problem 

Active Element Arrays 

Effect of Material on 
Antennas & Radomes 

Imaging 

~-~:s:l 




