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APPLICATION OF DOMAIN DECOMPOSITION METHODS 
FOR THE ELECTROMAGNETIC ANALYSIS 

OF LARGE TWO- AND THREE-DIMENSIONAL STRUCTURES 

C. T. Spring* and A. C. Cangellaris 
Department of Electrical and Computer Engineering 

University of Arizona, Thcson, AZ 85721 

A domain decomposition method is implemented for the electromagnetic 
modeling of electrically large structures. The objective is to develop the 
solution in a piecewise manner over properly defined subregions of the struc­
ture and then to couple in the subregions in a rigorous and computationally 
efficient manner. The total structure is logically partitioned into smaller 
regions, and numerical solutions are calculated in each of the small regions 
using a superposition of basis excitations. These bases are equated with field 
derivatives on the boundaries. By invoking the continuity of the fields them­
selves at the boundaries, a matrix is formed to solve for the fields throughout 
the entire structure. This final matrix has a sparse character that allows for 
very efficient inversion. 

The advantages of this decomposition approach are improvements in flex­
ibility, accuracy, and timesavings over conventional methods. Gains in flexi­
bility are made by being able to model each region with a different numerical 
technique best suited for the geometry of the particular region. Two- and 
three-dimensional studies of guided structures using the scalar and vector 
Helmholtz equations demonstrate its flexibility. By working with smaller 
areas, the numerical mesh generation is greatly simplified. Gains in accu­
racy are made by eliminating the ill-conditioning associated with very large 
matrices, thus diminishing the round-off error associated with large matrix 
inversion. Accuracy is also increased by avoiding multiple analysis of repeti­
tious regions; this is especially useful in analyzing periodic or nearly periodic 
structures. 

In addition the decomposition approach is ideally suited for parallel pro­
cessing. Each region can be analyzed independently, and each basis exci­
tation can be analyzed independently; therefore, at least two levels of par­
allelism can be exploited in the decomposition approach. Finite numerical 
techniques also have several levels of parallelism that can be exploited. Ex­
amples from a two-dimensional parallel code on the Connection Machine 
illustrate the utility of the approach. 
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An Application of Nested Equivalence Principle Algorithm (NEPAL) 
in Matrix-Vector Multiplication of Iterative Algorithms 

JIUN-HwA LIN" AND WENG CHO CHEW 

ELECTRO MAGNETICS LABORATORY 

DEPARTMENT OF ELECTRICAL AND COMPUTER ENGINEERING 

UNIVERSITY OF ILLINOIS 

URBANA, IL 61801 

Solving the matrix equation iteratively has gained a lot of attention since 
the matrix storage is not required and for each iteration, only some matrix­
vector multiplications are performed. So, if the converging rate is reasonably 
fast, the iterative approach is an efficient method to solve large problems~ For 
example, conjugate gradient (CG) type algorithms are very popular. Per­
forming the matrix-vector multiplication directly requires O( N2) operations, 
which is still computationally intensive, where N is the number of unknowns. 
Exploiting the convolution feature of the matrix equation, we can use fast 
Fourier transform (FFT) to speed up the calculation of matrix-vector multi­
plications. The comlplexity of this method is O( N log N). But in order to 
prevent aliasing problems, zero-padding scheme is necessary. This renders 
FFT not as efficient as it should be. 

Recently, we have developed NEPAL [W.C. Chew and C.C. Lu, IEEE 
Antennas and Propagation Society International Symposium Digest, pp. 184-
187, July 18-25, Chicago, 1992] to perform a fast matrix inversion. The 
basic idea is that the object is appropriately divided into many small groups, 
and then, using Huygens' principle, the sources in each small group can be 
replaced with the surface sources on the boundary. Next, we group four small 
groups as a subgroup and again, replace sources inside the subgroup with 
the surface sources on the boundary of ea:ch subgroup. Repeated nesting 
of the subgroups with larger subgroups, we eventually obtain four largest 
groups with surface sources representing the effects produced by those original 
sources within the groups. Therefore, in order to find the field on one group 
from the other three, we only need to calculate the contributions directly 
from the surface sources instead of from each original source inside those 
three groups. Furthermore, to find out the field at some specific point due to 
the other sources, we just replace those outside sources with surface sources 
on the group where that point belongs to. By repeated nesting, it reduces 
to the smallest group, where the contributions from many outside sources 
are accounted for by a dozen of surface sources lying around the smallest 
group. The complexity of this algorithm is O(NlogN) principally. But 
techniques can be employed to speed up the calculations of finding surface 
sources, therefore to reduce the prefactor using, e.g., wavelet transforms or 
fast multipole method. An O(N) algorithm is possible. 
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CONVERGENCE OF SUCCESSIVE IMAGES 
WITH RELAXATION 

Raphael Kastner 
Department of Electrical Engineering, Physical Electronics 

Tel Aviv University, Tel Aviv 69978, Israel 

The method of successive images has been presented recently (R. Kastner, 1992 
AP Symposium). The basic idea is based on the availability of the exact solution for 
an impressed tangential electric current near a perfect electric conductor (PEC) 
surface, i.e., its image. Therefore, if any incident field could be expressed via its 
equivalent incident current over a surface adjacent to the scatterer, the solution 
would be straightforward. In general, however, both electric and magnetic 
equivalent currents describe the incident wave. The method of successive images 
overcomes this problem by successively deducting portions of the equivalent 
magnetic current and transforming them into terms of the unknown equivalent 
electric current. The basic algorithm is modified here with a relaxation stage, as 
follows: 

1. Given an incident field, determine the equivalent incident electric and magnetic 
sources from the incident magnetic and electric fields, respectively. 

2. Store the electric contribution .f'I. 

3. Split M<q, the magnetic contribution, into two parts, #1 and #2 (normally, 50% 
each). Compute the new electromagnetic field (both electric and magnetic) 
generated over the surface by part #1 only. Store part #2. 

4. Determine the additional component of the electric field from the new magnetic 

field. Add it to .f'I. Check for convergence. 

5. Compute the new equivalent magnetic current by adding two components: (1) 
the new component resulting from the new electric field, (2) component #2 of step 
3. 

6. Go to step 3. 

This algorithm now weighs the new value ofM<q with the previous one, as seen in 
step s. This relaxation feature of the algorithm serves to enhance convergence 
considerably. The efficiency of the method is dependent upon the number of 
iterations P. At each iteration, step 3 requires an integration of the source and 
Green's function over the scatterer. It is an operation of the order ofN2, where N 
is the number of unknown over the surface. The total number of operation is thus 
PN2. 

In several exampl~s we show that the number of iterations is quite low. We have 
also observed that this number is almost independent of the size of the scatterer. 
Typically, ten to twenty iteration steps have been sufficient for reconstructing MoM 
solutions for two dimensional scatterers. One can see that indeed an N2 algorithm 
has been devised. 
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A MULTILEVEL-DISCRETIZATION FAST INTEGRAL-EQUATION 
SOLVER FOR LARGE SCALE ELECTROMAGNETIC COMPUTATIONS 

M. Bleszynski+ and T. Jaroszewicz++ 
+ Science Center, Rockwell International Corporation 

P.O. Box 1085, Thousand Oaks, CA 91360 
++ Physics Department, UCLA, Los Angeles, CA 90034 

We describe a new fast integral-equation solver applicable to large-scale elec­
tromagnetic scattering problems. As it is based on an iterative solution of the 
linear system of equations obtained as a result of discretization, its most essen­
tial part is a fast convolution method (physically, a fast evaluation of a field 
generated by a given current distribution). 

The fast convolution algorithm (of complexity O(n logn), where n is the 
number of unknowns) is based on: 

1. Recursive approximation of the original (full) matrix of the linear system 
by a sum of a sparse matrix and a smaller full matrix; physically, the former 
corresponds to the "near-field", and latter to the "far-field", generated by 
a coarsened current distribution (hence smaller matrix size). 
2. The use of a uniform regular grid at each resolution level; this discretiza­
tion results in a Toeplitz matrix, for which convolutions can be evaluated 
by means of fast Fourier transformations. 
The algorithm utilizes multilevel adaptive discretization, in which the reso­

lution may be different in various regions of the scatterer, resulting in significant 
memory saving (compared to a unfirm discretization). Corrections to the dis­
cretization based on uniform grids are systematically implemented by local grid 
deformations (e.g., at interfaces), and by evaluating corrected short-rangecon­
volutions. The method takes also into account restrictions following from the 
oscillatory behavior of the integral kernel (Green's function of the Helmoltz 
equation). 

The convolution algorithm employs restriction and prolongation operations 
analogous to those of multigrid methods; they are implemented in a way ensur­
ing continuity of the field at the boundaries between the discretization sub do­
mains. Evaluation of far-field contributions from various domains is organized, 
by utilizing Fourier transforms, in a way minimizing the number of terms in 
the. explicit sum over distant sub domains; as a result, only nearest-neighbor 
sub domains have to be summed over expplicitly. 

Because of the local character of the convolutions (only nearest-neighbor 
sub domains involved at every discretization level), the algorithm is well suited 
for massive paralhmzation. 
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SCATIERING BY AN IMPEDANCE BODY OF REVOLUTION WIlli 
j AN ARBITRARY PATCH 

S. F. Kawalko(*), S. R. Laxpati and P. L. E. Uslenghi 
Department of Electrical Engineering and Computer Science, M/C 154 

University of lllinois at Chicago 
851 S. Morgan Street 

Chicago IL 60607-7053 

This paper will present some results on the scattering of a linearly polarized, 
obliquely incident plane electromagnetic wave by a scatterer with a rotationally 
symmetric body of uniform surface impedance with a small region (patch) of 
different surface impedance. The body is rotationally symmetric with respect to 
the z-axis. Previously, results of scattering from such a body with arbitrary 
varying surface impedance and with fins has been reported by the authors [URSI 
International Symp. on EM Theory, Sydney, Australia, August 1992]. 

The generalized Maue integral equation formulation for the surface currents on 
the body is carried out. Either the magnetic field, electric field or combined field 
integral equation is solved numerically for the vector electric surface currents. 
The method of moment procedure with parametric elements is employed in the 
numerical solution. To implement this, the generating curve for the body of 
revolution is described in parametric form along the arc length. This permits the 
mapping of the surface of the body as well as the patch into rectangular regions. 
These regions are then subdivided into smaller rectangular regions (surface 
patches). The electric surface current density on a surface patch is represented by 
two-dimensional Hermite expansion functions. This choice of basis function 
permits discontinuities in the surface currents as well as their derivatives ~d yet 
permits the use of the Dirac delta function as the testing function to transform the 
integral equations into a matrix equation. 

The matrix equation is solved for the coefficients of the expansion function at 
each node via LU decomposition technique. From the knowledge of the surface 
current densities on the surface patches, the far scattered fields are derived; the 
integral representation of the far field is evaluated numerically. The bistatic radar 
cross section is then calculated for various angles of incidence and the results are 
plotted as 3-D surface plots. 

The Fortran -77 computer code which has been previously validated has been 
modified for the present case. The results for the scattering by a cone-cylinder 
geometry with a patch on the cylindrical as well as conical part of the body will 
be presented. These results will be compared with the results for scattering by a 
cone-cylinder geometry with a constant surface impedance. 

320 



TRANSVERSE ELECTRIC SCATTERING FROM CLOSED SURFACES: 
AN INTEGRAL EQUATION FORMULATION 

IN TERMS OF CHARGE AND AVERAGE CURRENT 

K. M. Mitzner* 
MS W944/UB Northrop Corporation 

8900 washington Blvd., Pico Rivera, California 90660 

J. L. Volakis and L. C. Kempel 
EECS Department University of Michigan 

Aim Arbor, MI 48109 

It was shown in a recent paper (K. M. Mitzner, J. L. 
Volakis, J. M. Jin, L. C. Kempel, and D. Ross, "An 
Integral Equation in Terms of Charge for TE scattering by 
Curved Open Surfaces", July 1992 URSI Radio Science 
Meeting Digest, p. 85) that TE scattering from an open 
surface of constant section can be calculated using a 
charge integral equation (CIE) rather than an integral 
equation in terms of current. 

This paper extends the approach to bodies 
surfaces, including perfect electric 
impedance boundaries, and tubes of resistive 
impedance) card. 

with closed 
conductors, 
(and complex 

For the closed surface it is necessary to introduce one 
additional unknown, the spatial average of the current. 
If the surface is divided into N zones, there will then 
be N + 1 unknowns, the average current and N values of 
charge. The condition that total charge vanish provides 
the required additional equation. 

The formulation makes use of a representation of the 
current as the sum of its average value plus an integral 
of the charge, a representation·that follows fro3 the 
current being a periodic function of the arc length 
parameter on the surface. The integral of the charge 
leads numerically to matrix elements that are defined by 
double integrals, but the double integrals have special 
structure that makes it still possible to fill the matrix 
in O(N2) operations. 

The new formulation is well-behaved down to arbitrarily 
low frequency and indeed has been designed to separate 
correctly in the static limit into an electric 
polarizability problem and the problem of determining the 
current induced by the applied magnetic field. The 
latter problem is trivial for a uniform applied field. 
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A NOVEL TECHNIQUE TO CALCULATE 
THE ELECTROMAGNETIC SCATTERING BY 

SURFACES OF ARBITRARY SHAPE 

• J. S. Lim and S. M. Rao, Department of Electrical Engineering, 
Auburn University, Auburn, AL 36849. 

D. R. Wilton, Department of Electrical Engineering, University of 
Houston, Houston, TEXAS 77004. 

Much progress has been accomplished in the last decade in the 
development of numerical solution procedures for handling 
radiation and scattering by arbitrarily shaped, three dimensional 
conducting/material bodies. These procedures, primarily, are based 
on the application of the surface equivalence principle and the 
well-known method of moments solution procedure to solve the 
integral equations. For conducting bodies, the solution to the 
electric field integral equation (EFIE), obtained by enforcing the 
total tangential electric field component to zero on the 
scattering surface, is a preferred choice. This is because, the 
EFIE is applicable to both open and closed bodies. At present, 
there exist many user-oriented computer codes, based upon the EFIE 
solution, capable of predicting the surface currents and scattered 
fields . accurately in the resonance region which may be defined as 
the range of frequencies for which the maximum dimension of the 
structure is of the order of wavelength. Although the EFIE 
solutions are highly accurate in the resonance region, problems of 
inaccuracy and ill-conditioning have been reported at very low 
frequencies. Some work has been done in this area to alleviate the 
ill-conditioning problem but these methods are cumbersome to apply 
for a general arbitrarily shaped geometry. In this work, we 
present an alternate method which is easily applicable to both low 
and resonance frequency ranges. The new method is simple, 
efficient, accurate, and robust at all frequencies. In the present 
method, we approximate the scattering surface by planar triangular 
patches and define a new pair of basis functions for the method of 
moment solution. These basis functions decompose the surface 
current density into divergence-less and curl-free parts which 
essentially get decoupled at the very low end of the frequency 
spectrum. Further, these new pair of basis functions are also used 
as testing functions to generate a diagonally dominant moment 
matrix which is well-conditioned at all frequencies. Numerical 
results for various structures are presented· and compared with 
other methods. 
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Vectorization of the Path Integral for 3-D 
Electromagnetic Scattering Applications 

Robert Nevels*, Zuoguo Wu and Chenhong Huang 
Department of Electrical Engineering 

Texas A&M University 
College Station, Texas 77843-3128 

The path integral was originally developed as a Green's function for a 
parabolic or Schrodinger type equation. By a suitable transformation the 
parabolic equation and its associated path integral expression can be converted 
into an elliptic or scalar Helmholtz type equation. The recently developed 
Fourier transorm path integral (FTPI) numerical method has been successful 
in evaluating the path integral for a number of scalar scattering problems. 
However, because to date only a scalar formulation has been available, the 
usefulness of path integral has been limited to one and two dimensional scat­
tering geometries. An example which will yield a scalar form of Helmholtz 
equation solvable by the path integral method is the two dimensional case in 
which a TM incident wave is scattered from an inhomogeneous cylinder. The 
TE incidence case could not be solved by this method. 

In this paper we will present a general path integral solution for the vec­
tor Helmholtz equation. The method is based on a dyadic formalism and the 
result is valid for scatterers composed of any combination of conducting, inho­
mogeneous or anisotropic materials. The result is fully programmable by the 
FTPI method. Sources of any polarization may be used and the method can 
be applied in three dimensions. As in the scalar case the size of the scatterer is 
still restricted to a few (generally less than 5) wavelengths due to limitations 
imposed primarily by the fast Fourier transform code upon which the FTPI 
method is based. However, it will be shown that many of the scalar FTPI 
method advantages are still true for the general vector case. These advantages 
include programming ease and versatility. 
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SURFACE INTEGRAL EQUATIONS FOR ELECTROMAGNETIC 
SCATTERING PROBLEMS INVOLVING THIN SHEETS 

OF COMBINED DIELECTRIC AND MAGNETIC PROPERTIES 
FOR NEAR-GRAZING INCIDENCE ANGLES 

E. Bleszynski*, M. Bleszynskit and H. B. Tran* 

* NAA, Rockwell Int., P.O. Box 92098, Los Angeles, CA 90009 
t Science Center, Rockwell Int., P.O. Box 1085, Thousand Oaks, CA 91360 

Scattering and radiation properties of thin layers of combined dielectric 
and magnetic properties are of considerable interest in radar cross section re­
duction applications and antenna design. Calculations of fields generated by 
such systems simplify considerably if the layers can be modeled by infinitesI­
mally thin sheets of electric and magnetic currents on which suitable boundary 
conditions are imposed which allow one to reduce the volume integral equations 
to approximate surface integral equations. We derive such surface mtegrru equa­
tions for electromagnetic scattermg problems involving thin penetrable layers 
of combined dielectric and magnetIc properties as weIr as impenetrable sheets 
with two different face impedances. 

Our formulation is based on the surface integral representation for the fields 
outside a thin material layer in terms of two surface polarization currents J and 
M. 

J(r) = IN(r) + JT(r), 

M(r) = MN(r) + MT(r), 

(la) 

(lb) 

where J N' MN and J T' MT are the normal and tangential current components 
with respect to the sheet surface. By evaluating the fields values following 
from this representation on two sides of the layer and subjecting them to the 
boundary conditions in a form of generalized "Ohm's laws" for the polarization 
currents, we obtain a set of two coupled surface integral equations for J and 
M. The generalized "resistivity" coefficients appearing in tliese "Ohm's laws" 
depend on the material properties of the layers or on the values of surface 
impedances. For some particular cases, the integral eguations decouple. 

While simulation of thin sheets by currents with tangential components 
only yields accurate results for near normal incidence, the mclusion of normal 
components of the currents substantially improves the thin sheet aRproximation 
for the near grazing incidence. Also, our formulation is valid for inJiomogeneous 
layers with position-dependent material properties. We discuss the relation our 
of method to that of Ref. [lJ where integral equations involving tangential 
and normal field components for a thin dielectric strip were presented and the 
boundary conditions for a thin pentrable, homogenous dielectric/magnetic layer 
have been proposed. We also analyze the relation of the parameterization of 
the material properties of the sheet used in our approach to that based on the 
higher order impedance boundary conditions, considered recently in [2J . 

[1 J T. B. A Senior and J. Volakis, "Sheet simulation of a thin dielectric layer" , 
Radio Science, Vol. 22(7), pp. 1261-1272, 1987. 

[2J T. B. A Senior "Generalized boundary and transition conditions and the 
question of uniqueness", Radio Science Vol. 27(6), pp. 929-2934, 1992. 
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RIGOROUS ANALYSIS OF VARIOUS COAXIAL LINES WITH 
ARBITRARY CROSS-SECTION USING mGH-ORDER BEM 

Zhang Feng Fu Junmei 

(Dept. of Information and Control Engineering 
Xi'an Jiaotong University, Xi'an 710049, P.R.C.) 

Thu. a.m. 

With the development of microwave technique, various coaxial lines are 
utilized for numerous cases. Thus, it is necessary to determine the 
characteristic impedance of a coaxial line with arbitrary cross-section. There 
are many available analytical and numerical approaches. Generally, we 
may use conformal transformation or the finite element method. But the 
former is constrained to some complex cases, the latter will consume huge 

'computation time. It is the main purpose to develop a simple, efficient and 
general method to improve the accuracy of the calculation of the characteristic 
impedances. 

In coaxfl li~es~ thrpotential u is satisfied to two-dimensional Laplace 
equation (c u/iJx +a u/tJy =0). With the Green theorem and Cauchy principal 
value integral, the Laplace equation is converted to a new equation, as the 
similar one (C.A.Brebbia et al., Boundary element technique in engineering, 
London: Butterworth, 1980, pp.36-65). Discretizing the boundary with' 
high-order boundary element, linear equations can be obtained which is 
derived from that equation. Solving these equations, the potential 
distribution is determined, then the characteristic impedances can be calculated 
easily. 

Compared with the analytical solution of coaxial lines with circular or 
elliptical cross-section, the accuracy of this, approach has been verified. 
Then the characteristic impedances of several kinds of noncircular coaxial lines 
with arbitrary cross-section are calculated. Compared with the existing data, 
all our results are as accurate as the data available in literatures, 
Some results are believed to be more accurate than those reported in the 
literature. Furthermore, the computation time is less than that of other 
approaches. Thus, the presented method is a simple, rigorous and general 
method for this kind of problems. 
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PO/PTD ANALYSIS OF ARRAY-FED SINGLE- AND 
DUAL-REFLECTOR ANTENNAS 

Dah-Weih Duan* and Yahya Rahmat-Samii 
Department of Electrical Engineering 
University of California, Los Angeles 

Los Angeles, CA 90024-1594 

'[ 9t Efficient and accurate high frequency diffraction techniques for reHector an­
~~i ':: tenna analysis have been of interest for many years. Among these techniques, 
~'\ r'r Physical Optics (PO) has been widely used because it is accurate in the main 

~" j 'I' beam region and the first few sidelobes. However, for far-angular regions and 
~ '1'" s the cross-polarized fields, the PO solution may not be as accurate. The Phys-
~ ~ ical Theory of Diffraction (PTD) modifies the PO field by adding a fringe 
~ _ 't~~~~~as?,mpto~!c~~I!~El?E?~,~~tes the diffraction from the ~dge of the 
] ~ ,scatterer. In the past, attempts have been made to apply the P I'D analy­
~ ~ ~ sis to single-reHector antennas. In this paper, the PTD technique is applied 

f A: ~ ><... phasized that the PTD fringe field analysis presented in this work is readily ~ 
'" ~ ~ to analyzing array-fed single- and dual-reHector antennas. It must be em-

~~) ~ applicable to existing PO computer programs for reHector antenna analysis, 
~ ~, ~ and only marginally increases the CPU time required by the PO analysis. 

~ \) '" In the formulation, a thorough singularity analysis ofthe PTD diffraction 
-~ - ); ~ ~ coefficients is conducted in order to avoid the apparent singularities. Sec-

i\ \' ,ondly, surface derivatives and local coordinate systems that are required in 
~ ~.~ ~ ~ the PO /PTD analysis are developed systematically for commonly used reHec­
~ ".", ,~ tor surfaces (such as paraboloid, hyperboloid, ellipsoid, and shaped surfaces 
'B, ~ ~ represented by a Jacobi-Fourier global expansion) with superquadric aper-
\.', \ ~ ~ ture boundaries. Furthermore, a general computation scheme employing the 
(i C'~ --:( ~ Eulerian rotations is developed to handle array feeds with arbitrary exci-

~
~ ~ ~ ~ tations, positions, and orientations. The feed elements can be modeled by 
~ \ <) ),." ~ various methods such as sources of cosq or Gaussian type, various aperture 

V 0 j type horns, models based on measurement data, or the outcome of a complex 
"S'" <:;) ~ Jl diffraction analysis program. 
, ,J: ,\ "'~ 

~ h,) \) 
~ it?' A computer program has been developed based on the above formulation 
~ t/>, I ~ \,<":\ for PO /PTD analysis of array-fed single- or dual-reHector antennas. Compar-
"i, ~ j isons with published computational and experimental data, and with other 
~ c ~~' ) ~ techniques such as GTD and ~oM. are carried out. R~presentativ~ ex~m-

'--\:, '\ ~ pIes such as the antennas used III dIrect-broadcast satellIte commulllcatlOns 
s;: r, (DBS) are presented to demonstrate the effectiveness of the PTD fringe field. 

\;j In particular, a method for determining the incident angles in computing the 
PTD fringe field for array feed and subreHectors is presented. The effect of 
the fringe field in a dual-reHector antenna is also carefully investigated. 
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NUMERICAL COMPARISON OF ASYMPTOTIC AND EXACT 
FORMULATIONS FOR FIELDS NEAR CONVEX SURFACES. 

D.Chatterjee* and R.G.Plumb 

Radar Systems and Remote Sensing Laboratory, 

University of Kansas, Lawrence, KS 66045-2969 

Abstract 

The problem of calculating the creeping wave fields in the neighborhood of a smooth 
convex surface is of fundamental importance in predicting EM! coupling for antennas 
mounted on or near aircraft fuselages [T.E.Durham, IEEE Symp. Electromagn. Compat. 
Rec. pp. 420-427, Aug. 1987]. To analyze the EMI coupling at high frequencies and for 
large aircrafts, the UTD coupling formulation [P.H.Pathak & N.N.Wang, IEEE-T-AP-
29, pp. 911-922, Nov. 1981] generally yields correct results for sources on the curved 
surface. When sources are off, but, still shadowed by the cylinder, the UTD scattering 
formulation [P.H.Pathak, W.D.Burnside & R.J .Marhefka, IEEE- T-AP-28, pp. 631-640, 
Sept. 1980] provides an alternate way of computing the surface field. In both cases, 
coupling depends on the geodesic path length between the attachment & launch points 
of the surface ray traveling from the source to the receiver. By invoking the principle of 
locality of high-frequency radiation [B.R.Levy & J .B.Keller, Commun. Pure & Applied 
Math., v. XII, pp. 159-209, 1959], one can study the special case of scattering by a 
conducting circular cylinder, which is a canonical problem in this case. 

The UTD scatter.ing and coupling formulations are basically different asymptotic 
approximations to the general problem studied earlier [V.A.Fock (ed.), Electromag­
netic Propagation & Diffraction Problems, Pergamon Press, 1965, U.S]. This difference 
arises because of the two different asymptotic approximations to the Hankel function, 
Ht1),(2)(kr), [N.Bleistien & R.A.Handelsman,Asymptotic Expansions of Integrals, pp. 
268-273, Dover 1986 , N.Y.], where v and kr are the order and argument of the Han­
kel function, respectively. Such approximations result in the Pekeris caret P"h({) (UTD 
scattering) & surface-Fock functions Uo({),Vo({) (UTD coupling). The quantity { is the 
universal Fock parameter and depends on the location of the sources and the frequency 
of propagation. It was observed that the UTD scattering and coupling were mutually 
exclusive in nature [D.Chatterjee, M.A.Sc thesis, E&CE Dept. Concordia University, 
Montreal, 1992]. The mutual exclusivity being manifested w.r.t the height kh from the 
curved surface of the cylinder. (Here k is the wavenumber and h is the actual height 
from the curved surface.) Near the cylinder (kh ..... 0 ), the UTD scattering yields infi-
nite fields, while, far away from, the cylinder (kh ..... 00), UTD coupling is invalid due to 
limitations in the pertinent formulations. Thus, it is important to identify the accuracy 
of the formulations at a specific distance (kh)from the curved surface of a cylinder. 

In the recent past improved UTD scattering formulation [P.Hussar & R.Albus, IEEE­
T-AP-39, pp. 1672-1680, Dec. 1991] was obtained. This improvement gave better 
numerical agreement with the earlier UTD scattering result when both were compared 
to the exact (eigenfunction) result for the same problem - near the shadow boundary 
and in the deep shadow regions. However, this new UTD formulation, still contains 
terms that might lead to incorrect results in the deep shadow as kh ..... O. 

This paper will thus examine the two UTD scattering, UTD coupling (asymptotic) 
formulations and compare them with the TE eigenfunction (magnetic line source) case. 
Results for IEtl vs. kh will be presented for different values of '" (beyond & near the 
shadow boundary) and ka = 10,20,100,500,1000. The results will provide further 
insight into developing uniform asymptotic formulations when sources are at different 
heights from the cylinders surface. 
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SLOPE DIFFRACTION AT PERFECTLY CONDUCTING EDGES: 
A PTD CONSTRUCTION 

P.Ya. Ufimtsev* and Y. Rahmat-Samii 

Electrical Engineering Department 
University of California, Los Angeles 
Los Angeles, California 90024-1594 

K.M. Mitzner 

Northrop Corporation 
MS W944/UB 

8900 East Washington Boulevard 
Pico Rivera, California 90660 

Slope diffraction is a special case of edge diffraction, when a scattering edge is 
situated in the direction in which the directivity pattern of an incident wave has a 
zero. One distinguishes slope diffractions of different orders. Here we consider 
the most important one to be the slope diffraction of the first order. In this case, 
the directivity pattern has a zero but its first derivative is not equal to zero. Such 
a phenomenon occurs in reflector antennas, when one tries to decrease side 
lobes, and in the diffraction process, when several scatterers (or different parts of 
the same scatterer) interact. 

The slope diffraction is investigated within the framework of the Physical Theory 
of Diffraction (PTD). The basic idea of PTD consists of the separation of surface 
currents into two parts: The uniform (geometrical optics) current jO, and the 
nonuniform (diffraction) current jl. A scattered field created by the uniform 
current jO is known as the Physical Optics approximation. In this paper we 
investigate corrections to the Physical Optics approach caused by the nonuni­
form current jl. These corrections are found for diffraction fields both in ray 
regions and in diffraction regions such as the vicinity of shadow boundaries, 
smooth caustics, and focal lines. The general theory is illustrated by some 
representative examples. 
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AN INCREMENTAL SLOPE DIFFRACTION COEFFICIENT 

s. Mad, R. Tiberio, A. Toccafondi 
University of Florence, via S. Marla 9, 50199 Florence, Italy. 

G. Manara* 
University of Pisa, via Diotisalvi ~, 561~6 Pisa Italy 

Accurate calculations of the radiation pattern of reflector 
antennas, as well as predicting the characteristics of antennas mounted 
on complex structures are of interest in several practical applications. 

Recently, an Incremental Theory of Diffraction (lTD) has been 
developed to provide a unified framework for describing high-frequency 
phenomena. This method is applicable to any local shape, where a 
uniform, cylindrical, local canonical configuration with arbitrary cross­
section is appropriate. Also, its formulation is uniformly valid at any 
incidence and observation aspects, including caustic of the 
corresponding ray-field representation. The procedure is essentially 
based on a localization process, developed by a rigorous Fourier 
transform analysis of canonical problems. This allows to define local 
incremental field contributions that are adiabatically distributed either 
on the actual lit surface or at its shadow boundary line. This leads to a 
representation of the total field which consists of a Generalized 
Geometrical Optics (GGO) field and incremental diffracted field 
contributions. 

So far, explicit lTD formulations have been obtained only for a 
plane wave incident at a wedge and for an observation point at a finite 
distance from its edge. By reciprocity, the same result is used to treat 
the scattering in the far zone of an incident field with a local, spherical 
wavefront. 

In this paper, the formulation is extended to treat the case of an 
incident wavefront which may exhibit rapid spatial variations. To this 
end, the incremental, diffracted field contribution is augmented by an 
incremental, slope diffraction contribution. In a local, incident ray-fixed 
coordinate system, slope effects are accounted for that may occur in the 
angular coordinates both perpendicular (if>') and parallel ((3') to the 
plane of incidence. The asymptotic analysis shows that such slope 
contributions may be calculated as the directional derivatives of the 
incident field times their pertinent, incremental slope diffraction 
coefficients. It is found that this latter involve only very familiar 
transition functions. A dyadic expression is obtained for the 
electromagnetic vector problem. 

The effect of a radial component of the incident field is also 
considered. Eventually, the use of a plane wave spectral representation 
of the incident field is investigated. 
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DIFFRACTION OF AN INHOMOGENEOUS PLANE WAVE 
BY AN IMPEDANCE WEDGE 

G. Manara*, P. Nepa 
Dept. of Information Engineering, University of Pisa, Italy 

R G. Kouyoumjian 
Dept. of Electrical Engineering, The Ohio State University, USA 

B.J.E. Taute 
CSIR, Aeronautical Systems Technology, Pretoria, South Africa 

Recently, a high-frequency solution was presented for the 
diffraction of an inhomogeneous plane wave by a perfectly conducting 
wedge (RG. Kouyoumjian et al., Proc. IXth Italian Nat. Meeting on 
Electromagnetics, 53-56, Assisi, Italy, 1992). In that paper an exact 
integral representation of the field was determined by an analytic 
continuation of the integral representation for the homogeneous 
plane wave case. Then, the integral representation was evaluated 
asymptotically to obtain a uniform, high-frequency expression for the 
diffracted field. 

In this paper the same procedure is applied to treat the more 
general case of the diffraction of an inhomogeneous plane wave by a 
wedge with different impedance faces. Uniform asymptotic 
expressions are derived which contain the UTD transition function 
but with complex arguments. Particular attention is devoted to the 
description of the discontinuity compensation mechanism which 
takes place at the shadow boundaries of the incident and reflected 
fields. The displacement of these boundaries from their conventional 
locations in the case of homogeneous plane wave incidence is 
described. The dependence of these displacements on losses in the 
medium surrounding the wedge is discussed, ahd the the locations of 
the transition regions are given. 

Of considerable interest in the scattering from an impedance 
wedge is the excitation of surface waves at the edge of the wedge (G. 
Manara et al., IEEE AP-S Int. Symp. Dig., 14-17, London, Ontario, 1991). 
The dependence of the surface wave parameters on the evanescence 
angle associated with the incident plane wave is investigated in detail. 
The surface wave shadow boundary is geometrically determined and 
the continuity of the solution at that boundary is described. 

Several numerical results will be shown both to demonstrate 
the continuity of the total field across the shadow boundaries of the 
incident field, the reflected field and the surface waves and to show the 
importance of the different field contributions. 

332 



Thu. a.m. 

A UNIFORM ASYMPTOTIC ANALYSIS FOR THE SCATTERING 
AND DIFFRACTION BY SMOOTHLY INDENTED BOUNDARIES 

CONTAINING EDGES 

E. D. Constantinides' and R. J. Marhefka 
The Ohio State University, ElectroScience Laboratory 

Department of Electrical Engineering 
Columbus, Ohio 43212 

It is well known that the classic geometrical optics solution fails near transi­
tion regions where the scattering mechanism is no longer localized and the field 
behaves in a more complicated manner. It is therefore necessary to analyze 
the fields within such regions by employing uniform asymptotic procedures. 
In this paper, uniform asymptotic expressions for the reflected and diffracted 
fields will be presented for both two and three dimensional smoothly indented 
(concave or concave-convex) boundaries containing edges. Such surfaces give 
rise to composite shadow boundaries resulting from the confluence of a smooth 
caustic of singly reflected rays and a reflection shadow boundary (RSB) as­
sociated with an edge in the reflecting surface. When the RSB is not in the 
immediate vicinity of the caustic, the conventional UTD edge diffraction coeffi­
cient developed by Kouyoumjian and Pathak and involves the Fresnel integral 
as a canonical function can be used to effectively describe the edge diffracted 
field behavior in the neighborhood of the RSB. Furthermore, the ordinary Airy 
integrals and their derivatives are the appropriate canonical functions for the 
description of the high-frequency fields in the neighborhood of the smooth 
caustic (Pathak and Liang, T-AP 38, 1192-1203, 1990). However, when there 
is a confluence of both reflected and caustic type shadow boundaries, neither 
the Fresnel integral nor the ordinary Airy integrals adequately describe the 
transition region phenomena, and they must be appropriately replaced by the 
incomplete Airy functions (Levey and Felsen, Radio Sci. 4, 959-969, 1969). 

The expressions for the reflected and diffracted fields derived in this paper 
are casted in a .UTD format; they remain valid across the composite shadow 
boundary and reduce to the known expressions in the exterior. The new edge 
diffraction coefficient involves the incomplete Airy function and is in agreement 
with the usual UTD diffraction coefficient when the RSB is sufficiently isolated 
from the smooth caustic. The new solution is applicable to both near-zone 
(antenna) and far-zone (RCS) problems, and its accuracy is verified via an 
independent moment method analysis. 
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HYBRID RAY-MODE REPRESENTATION 
OF ELECTROMAGNETIC PULSE 

PROPAGATION ON CONCAVE BOUNDARY 

T.Ishihara*, K.Yukutake and K.Goto 
Dept. of Electrical Engineering, 

National Defense Academy, 
Hashirimizu, Yokosuka, 239, JAPAN 

High-frequency propagation along and near a concave boundary 
excited by a time harmonic source close to the boundary exhibits 
anomalous effects attributable to the failure of ray theory for the 
high-order multiply reflected fields. The high-order reflected rays 
have been treated collectively, either in terms of a selected number 
of the lowest-order whispering gallery(WG) modes that are guided 
along the surface or in the integral form IT.Ishihara, L.B.Felsen, 
Radio Science, 1988). Geometrical ray convergence problems can 
be avoided if the fields is expressed as a sum over all excited WG 
modes. However, a modal representation is inconvenient to calcu­
late the fields at high frequency, and is difficult to interpret the 
propagation phenomena physically. A hybrid ray-mode representa­
tion can overcome the deficiencies of the ray representation. 

In the present investigation, various representations derived for 
the time-harmonic regime are extended to account for the electro­
magnetic pulse propagation excited by a. high-frequency pulsed 
source with a Gaussian envelope located on a concave boundary. 
Numerical comparison of the asymptotic solutions with a reference 
solution calculated from the modal representation reveals the 
accuracy and utility of the various representations. Included are 
ray-optical, whispering-gallery mode, and canonical integral, and 
various combination of these. Of special interest from a physical 
standpoint is the hybrid ray-mode representation that comprises a 
mixture of (N(ro)+l) geometric optical rays and M(ro) (ro:angular 
frequency) whispering gallery modes, with criteria provided for 
the proper choice of N(ro) and M(ro). One may observe the ray-like 
behavior of the waveform at early times and mode-like behavior at 
late times. 
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SCATTERING FROM IMPEDANCE POLYGONAL CYLINDERS AT RESONANCE 
USING HIGH FREQUENCY METHODS 

G. Muller, F. Molinet (*) 
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Thu. a.m. 

The launching coefficient of a TM surface wave tends to unity when the 
real part of the surface impedance is negligibly small and its 'imaginary part 
becomes large. As a consequence, the surface wave launched at an edge of a 
polygonal cylinder is practically not attenuated by further diffractions at 
the other edges. Hence high order multiple scattering of surface waves occur 
and produce resonance effects which must be taken into account in the 
calculation of the scattered field. 

The direct summation of all the individual contributions of surface waves 
having encountered one to n, interactions with the edges of a polygonal 
cylinder is very cumbersome and time consuming. 

A more efficient method has been developed which leads to the exact 
summation of the series of multiple interactions. On each face of the 
polygonal cylinder, the diffracted field due to a surface wave of amplitude 
unity propagating along this face is choosen as an unknown. If the cylinder 
has N faces, a total number of 2N unknowns occur. It is shown that these 
unknowns verify a system of 2N linear equations. The total diffracted field 
which is expressed as a linear combination of the solutions of this system, 
with known coefficients is then readily obtained. 

The method has been applied to a cylinder with a triangular cross 
section as shown on Fig. 1. The surface impedance with respect to vacuum is 
constant and equal to 5j. Fig. 2 shows the echo width divided by the 
wavelength as a function of the relative wave number klko calculated by this 
method. 
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A UNIFORM GTD TREATMENT OF SURFACE DIFFRACTION 
BY IMPEDANCE AND COATED CYLINDERSt 

Paul E. Hussar 
TIT Research Institute 

185 Admiral Cochrane Drive 
Annapolis, MD 21401 

The uniform geometrical theory of diffraction (UTD) permits the 
analysis of electromagnetic scattering by electrically large conductors at 
modest computational expense. If the UTD is to be extended to treat 
scattering by curved surfaces which are either coated or characterized by a 
constant surface impedance, the problem of rapidly calculating the fields in the 
vicinity of the shadow boundary (i.e. the transition region) must be solved. 
Historically, UID results for the transition region (conducting case) have 
relied on tabulated values of the hard and soft Pekeris functions obtained via 
numerical integration. While this approach can be adapted to cover other 
cases, function values would need to be tabulated over an immense material 
parameter space to satisfactorily cover the range of practical problems. The 
eigenfunction summation method proposed by Kim and Wang (H. T. Kim and 
N. Wang, IEEE Trans. Antennas Propagat., pp. 1463-1472, Nov. 1989) can 
be used as an alternative to numerical integration, but remains far too 
computationally intensive to be directly included within UTD field-computation 
algorithms. The purpose of the present paper is to provide a uniform GTD 
technique that is applicable to impedance and coated scatterers and satisfies the 
demands of computational efficiency. In the case of a conducting cylinder, a 
recently derived residue series representation (p. Hussar and R. Albus, IEEE 
Trans. Antennas Propagat., pp. 1672-1680, Dec. 1991) is known to accurately 
describe the field throughout the shadow region. Analogous representations 
are shown to permit rapid field computations everywhere in the shadow region 
of an impedance or coated cylinder. Only the shadow region is considered, 
and the discussion is limited, for simplicity, to two-dimensional problems. 
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COMPARlSON OF NUMERlCAL AND EXPERlMENTAL COUPLING 
RESULTS BETWEEN ANTENNAS MOUNTED ON A CIRCULAR 

CYLINDER ' 

D.Chatterjee· and R.G.Plmnb 

Radar Systems and Remote Sensing Laboratory, 

Electrical and Computer Engineering 

The University of Kansas, Lawrence, KS 

Abstract 
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Modeling of EMI coupling between antennas mounted on a circular cylinder is a 
canonical case that provides answers to similar problems arising in more real-world situ­
ations. EMC analysis codes, routinely employed in predicting EMI coupling for fuselage­
and wing-mounted antennas [H.P.Widmer, ECAC-CR-83-048, DoD EMC Analysis Cen­
ter, North Severn, MD, U.S.A, 1983], generally contain the state-of-art formulations for 
accurate quantification of EM fields in these situations. For fuselage-mounted antennas, 
the canonical geometry of a circular cylinder serves as a fundamental model in comput­
ing the creeping wave fields over smooth convex surfaces. To validate such user-oriented 
codes, for more advanced applications, it is necessary to perform periodic validation of 
these formulations in the codes by either comparing them against experimental or other 
theoretical results. 

In the recent past, efforts in such direction were attempted by many workers [G.C.Genelio 
& A.F.Pesta,IEEE Symp. Electromagn. Compo Rec., pp. 72-74,1985], [T.E.Durham,IEEE 
Electromagn. Compo Rec., pp. 420-427, Aug. 1987]. The work of Durham contains 
enough information on the behavior of a class of high-frequency (asymptotic) formula­
tions for creeping waves and their comparisons with experimental data. The coupling 
gain between antennas was computed by using the Numerical Electromagnetics Code­
Basic Scattering Code (version 2) (NECBSC2) [R.J .Marhefka and W.D.Burnside, Tech. 
Rep. # 712242-14, ESL, OSU, Dec. 1982], and the Aircraft inter-Antenna Propagation 
with Graphics (AAPG) codes. (The AAPG code has been described in the report by 
Widmer, cited above.) The verification of Durham's results via alternate techniques 
and additional comparisons have been performed [D. Chatterjee, M.A.Sc thesis, E& CE 
Dept., Concordia University, Montreal, 1992] and presented elsewhere [D. Chatterjee, 
S.J.Kubina & R.J.Paknys, 3rd Canadian Conf. Elec. & Compo Engrg., Ottawa, Sept. 
1990], [D. Chatterjee, R.J .Paknys & S.J .Kubina,ANTEM , Winnipeg, Manitoba, August 
1992]. 

However, it appears that by employing the technique used earlier [S.A.Davidson & 
G.A.Theile, IEEE-T-EMC-26, pp. 90-97, May 1984] in evaluating the AAPG code, it 
should be possible to rigorously verify the experimental data in Durham's report. This 
is important because the data refer to the measurements for the canonical case of the 
circular cylinder. Since NECBSC2 code demands that antennas be located off by at 
least a ~ from the curved surface, this verification will also provide information on the 
usage of the code in modeling on-surface EMI coupling. Results from the NECBSC2 
code, the MM-GTD technique and experimental data will be presented for coupling vs. 
frequency cases for both large and small <P angles and torsional & torsionless paths. 
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SPECIAL SESSION AP-S/URSI 0-6 THURSDAY AM 

OPTICAL CONTROLLED ARRAYS 

Chairs: F. Schwering, US Army CECOM; M.B. Steer, North Carolina State University 

Room: Michigan League, Michigan Room Time: 8:30-10:10 

8:30 PHOTONICS AS APPLIED TO ANTENNA SYSTEMS - BENEFITS AND RISKS AP-S 
Brian M. Hendrickson, Air Force Rome Laboratory 

8:50 OPTICAL CONTROLLED PHASED ARRAY RADAR RECEIVERS AP-S 
H.R. Fetterman', S.R. Forrest, D. V. Plant, University of California at Los 
Angeles 

9:10 APPLICATIONS OF OPTICS IN ARRAYS AP-S 
Richard R. Kunath, NASA Lewis Research Center 

9:30 OPTICALLY CONTROLLED PHASED ARRAYS - LATEST TECHNIQUES AP-S 
A.S. Daryoush, Drexel University; R.R. Kunath, NASA Lewis Research Center 

9:50 AMlFM NOISE IN FIBER OPTIC LINKS FOR RADAR ANTENNA REMOTING AP-S 
M. Wechsberg', D.E. Snyder, Hughes Aircraft Company 
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SPECIAL SESSION AP-S/URSI D-7 THURSDAY AM 

DIGITAL CONTROLLED ARRAYS 

Chairs: R.J. Mailloux, Hascom AFB; H. Steyskal, Hascom AFB 

Room: Michigan League, Michigan Room Time: 10:30-12:10 

10:30 OPENING REMARKS 
H. Steyskal, Hascom AFB 

10:50 BEAM FORMING AND ARRAY PROCESSING WITH ACTIVE ARRAYS AP-S 
W.O. Wirth', U. Nickel, FGAN-FFM, EL 

11:10 ANTENNA PATTERNS FOR PROTOTYPE TWO-DIMENSIONAL DIGITAL 
BEAMFORMING ARRAY AP-S 
John F. Rose', Brent A. Worley, Michael M. Lee, U.S. Army Missile Command 

11 :30 ERROR ANALYSIS IN A PRACTICAL DIGITAL BEAMFORMER AP-S 
William R. Humbert', Warren F. Brandow, Rome Laboratory 

11 :50 AN EXPERIMENTAL UHF RADAR USING DIGITAL ADAPTIVE BEAM FORMING AP-S 
Blair O. Carlson, MIT Lincoln Laboratory 
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SESSION URSI A-3 THURSDAY AM 

ANTENNA MEASUREMENTS 

Chairs: K.C. Gupta, University of Colorado 
M. Kanda, National Institute of Standards and Technology 

Room: Michigan League, Room D Time: 8:30-12:10 

8:30 PERFORMANCE EVALUATION OF SYMMETRIC AND OFFSET NEAR-FIELD 
REFLECTOR ANTENNAS 344 
B. Houshmand', M. Zimmerman, University of California at Los Angeles 

8:50 OPTIMIZING THE FEED IMPEDANCE OF REFLECTOR IMPULSE RADIATING 
ANTENNAS 345 
Everett G. Farr, Farr Research 

9:10 NEW IDEAS ON COMMON-MODE RADIATION FROM PRINTED CIRCUIT 
BOARDS 346 
J.L. Drewniak', T.H. Hubing, T.P. VanDoren, University of Missouri-Rolla 

9:30 MICROSTRIP PATCH ANTENNAS WITH LEAKY-WAVE EDGE REGIONS 347 
Azar S. AIr, US Air Force Academy; Kuldip C. Gupta, University of Colorado 

9 :50 FREQUENCY AND TIME DOMAIN CHARACTERIZATION OF UWB ANTENNAS 348 
J.S. Gwynne', J.D. Young, The Ohio State University 

10:10 BREAK 

10:30 DESIGN OF ARRAYS TO RADIATE SHORT PULSES 349 
Victor K Tripp', Scott R. Crowgey, Georgia Tech Research Institute 

10:50 GIT AND TRACKING FEATURES OF A BROADBAND, LOW-COST, AND LOW-
PROFILE LAND-MOBILE SPIRAL-MODE MICROSTRIP ANTENNA 350 
J.J.H. Wang', J.K Tillery, V.K. Tripp, C.B. Chambers, G.O. Hirvela, Wang-Tripp 
Corporation 

11:10 NOISE MODEL OF SERIES DISTRIBUTED ACTIVE ANTENNAS 351 
D.J. Roscoe', A. Ittipiboon, Communications Research Centre; L. Shafai, 
University of Manitoba; M. Cuhaci, Communications Research Centre 

11 :30 ELECTROMAGNETIC PENETRATION OF CAVITY-BACKED APERTURES 
WITH INTERNAL LOADING 352 
Russell P. Jedlicka', Steven P. Castillo, New Mexico State University; Larry K 
Warne, Sandia National Laboratories 

11 :50 OPTIMISING PATTERN SYNTHESIS USING CLASSICAL VARIATIONAL 
METHOD 353 
Xian-zhong Zhang, Nanjing Research Institute of Electronics Technology 
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Performance Evaluation of Symmetric and Offset 
Near-field Reflector Antennas 

B. Houshmand*l and M. Zimmennan2 

1 University of California 
Los Angeles, CA 90024-1594 

2 Analex Corporation, Brookpark, Ohio 

ABSTRACf 

A Near-field reflector antenna provides an effective structure to magnify a small 
phased array into a much larger aperture antenna. This type of antenna system is 
particularly suitable for rapid scanning of a limited view angle. This type of antenna 
system consist of a parabolic main reflector and a confocal parabolic subreflector in a 
concave or convex configuration. A phased array with the dimensions comparable to the 
subreflector is positioned in the near field of the subreflector. The phased array elements 
collectively produce a collimated beam in the near field of the array which is transfonned to 
a tapered but larger collimated beam after reflecting from the sub- and main reflectors. The 
increase in the effective aperture is proportional to the square of the ratio of reflector 
diameters. For this type of antenna system, scanning is achieved by introducing a linear 
phase taper on the phased array elements. 

Performance of near-field antennas is dependent on geometrical arrangments as well 
as the phased array parameters such as number of elements, element size, and excitation 
coefficients. By considering the field contributions due to individual elements, the 
performance of this antenna system can be evaluated. This is in contrast to the collimated 
beam approach where the phased array is replaced by an ideal collimated beam. Including 
the array element effects are particularly important for accurate evaluation of the scan 
performance where the near field phase variations deviate from an ideal collimated beam. A 
computational method based on the geometrical theory of diffraction is available to account 
for the effects of individual phased array elements. Forward and inverse ray tracing 
methods can be employed to compute the main reflector aperture field. For the forward ray 
tracing approach, the incident field from each element is traced as it bounces from the sub­
and main reflectors. The total aperture field is the sum of the fields produced by the 
individual elements. The inverse ray tracing approach relies on computation of the 
reflection points on the subreflector for each feed array element. In this approach, the total 
field is computed on a grid on the surface of the main reflector. For each grid point, the 
total field is the sum of the contributions for the individual elements. While both methods 
are equivalent, each can offer computational advantages depending on the geometrical 
arrangements of the antenna system. For example, the symmetrical configurations are well 
suited for the inverse ray approach. The forward ray approach can be used for the offset 
configurations where the reflection point computation can be particularly time consuming. 
In this talk the performance of symmetric and offest near-field reflector antennas with 
concave and conVeX subreflectors are evaluated. Methods to improve the scan performance 
by geometrical and phased array considerations, and implementation of the forward and 
inverse ray tracing approaches on a parallel machine are presented. 
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OPTIMIZING THE FEED IMPEDANCE OF 
REFLECTOR IMPULSE RADIATING ANTENNAS 

Everett G. Farr 
Farr Research 
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When designing a reflector Impulse Radiating Antenna, one must choose an 
appropriate feed impedance. Using the simplest approximations valid for high feed imped­
ances, one finds that lower feed impedances are always preferable. However, low feed im­
pedances imply thick feed arms, which increase feed blockage for many designs, thus 
reducing the radiated field. Low feed impedances also lead to a breakdown of the ap­
proximation that the effective aperture height is equal to the radius of an aperture for 
circular apertures. Thus, even when there is no feed blockage, there is a reduced aperture 
height at low feed impedances. 

We calculate the radiated field based on a contour integration technique that takes 
into account feed blockage. With these calculations, one can find the optimal feed imped­
ance for a given configuration of feed arms. The analysis is valid in the limit of fast 
risetimes, and is carried out for three different feed structures. 

Consider the IRA of Figure I, with diameter D, focal distance F, and feed imped­
ance Zc=Zofg. The simple model of the radiated field on boresight is 

Ey {r,t)=Vo_D_[Oa{t-2FIC) - ~[u{t)-U(t-2Flc]J (1) 
r r 41fcjg 2F 

where the driving voltage across the feed arms is a step function, V{t) = Vo u{t) and 0a(t) 

is an approximate delta function. If we now keep power constant, the radiated field is 
proportional tof£V.. Ifwe choose to keep voltage constant, the radiated is proportional to 
l/fg. In either case, these simple models suggest a small fg is always preferable. This 
would imply, however, a large aperture blockage, so we must find a way to compromise. 

The problem arises because the field in (I) is calculated by using a contour 
integral that includes the entire aperture. A better approximation is obtained by excluding 
the portion of the aperture that is blocked by the feed, as shown in Figure 1. By doing so, 
one can find an optimal feed impedance. 

l'y 

X 
L..-._~ __ ---' -) 

Figure 1. An Impulse Radiating Antenna (left), and the contour one integrates to find the 
corrected radiated field (right). 
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NEW IDEAS ON COMMON-MODE RADIATION FROM 
PRINTED CIRCUIT BOARDS 

J. L. Drewniak*, T. H. Hubing, T. P. VanDoren 
Department of Electrical Engineering 

University of Missouri-Rolla 
Rolla, MO 65401 

Radiation from printed circuit boards (PCBs) with attached cables is of in­
creasing concern to industry and government organizations. As digital data rates 
continue to increase with an accompanying increase in PCB radiation problems, the 
need for adequately characterizing and modeling this radiation grows. Typical PCB 
designs complete with attached I/O and signal return cables, and possibly contained 
within an enclosure, are too complex to model every feature with current full-wave 
numerical analysis packages. It is common practice to make simplifying assumptions 
concerning the source of radiation from the PCB and then proceed to calculate the 
radiation. Often the assumptions made eliminate aspects of the problem which are 
primary contributors to the radiation. The currents on PCBs are typically broken 
down into two components, differential-mode and common-mode. Drawing an anal­
ogy to a folded-dipole antenna, the differential-mode currents are analogous to the 
transmission-line currents of the folded dipole, and the common-mode currents are 
analogous to the antenna currents. Most often it is the common-mode current that 
is the primary contributor to radiation from PCBs even though the common-mode 
current might be several orders of magnitude lower than the differential-mode cur­
rents. Understanding the fundamental physics and origin of common-mode currents 
is therefore essential so that physical attributes of the PCB design which produce 
these currents are incorporated into sophisticated numerical modeling codes. 

Most fundamentally, radiation can be reduced to a source driving an antenna. 
In the case of common-mode radiation the antenna is the conductors on which the 
common-mode current exists, which usually include conductors that extend well be­
yond the signal conductors which carry the differential-mode or signal currents. The 
source driving this antenna results from differential-mode signals on the PCB, but 
the mechanisms by which differential-mode signals produce common-mode sources 
are not well understood. Two fundamental source mechanisms resulting from com­
mon design configurations on PCBs have been identified, a point differential-mode 
voltage, and a loop differential-mode current which produces a common-mode an­
tenna voltage source. These sources drive the two common-mode antenna halves 
to which they are connected. Experimental results indicate that in many cases the 
loop-current mechanism is dominant. Finding and eliminating this mechanism of 
common-mode radiation can be more difficult than the point-voltage source mech­
anism, because the two antenna halves which the resulting common-mode source 
drive appear to be at the same potential in the design. Numerical and experimental 
results that demonstrate the two mechanisms of common-mode radiation will be 
presented. 
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MICROSTRIP PATCH ANTENNAS WITH LEAKY-WAVE EDGE REGIONS 

Azar S. Ali', Department of Electrical Engineering, US 
Air Force Academy, Colorado Springs, CO 80840 
Kuldip C. Gupta, Department of ECE, University of 
Colorado, Boulder, CO 80309-0425 

This paper presents a micros trip antenna configuration 
wherein the regions in the vicinity of the radiating 
edges are modified such that leaky-waves are excited in 
these regions. This modification consists of adding two 
overlays of a higher dielectric constant cover layer as 
shown in the figure below. Excitation of leaky-waves 
increases the radiation conductance associated with the 
edges of the patch. This increased radiation enhances 
the bandwidth as compared to traditional microstrip 
patch antennas. 

From expressions for the fields in the grounded 
substrate and the leaky wave propagation constants, an 
equivalent edge conductance is defined. This edge 
conductance along with the characteristic impedance of 
ordinary micros trip patches are used to develop an 
equivalent transmission line model. The equivalent 
transmission line model for these novel antenna 
configurations will be discussed and results indicating 
the possibility of much. wider bandwidths will be 
presented. 

This phenomenon of enhanced radiation by the excitation 
of leaky waves is also indicated by a study of the 
radiation from a magnetic current line source on a 
grounded dielectric slab when it is covered by a 
dielectric layer such that the resulting structure can 
support leaky waves. 

high e, cover layer 
/~eakywaveregions 

1::::::::::::::::::::b~:::::::t1:i~:::::::::1 
substrate ! patch e rl 

%"//////////////////////////Wh'////ffhV/////h'/////////h'//////////..0 

coax feed 
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Frequency and Time Domain Characterization of UWB 
Antennas 

J.S. Gwynne* and J.D. Young 
The Ohio State University ElectroScience Laboratory 

Department of Electrical Engineering 
Columbus, Ohio 43212 

The standard narrow band antenna parameters are inadequate in characteriz­
ing an antenna for use in an ultra-wide bandwidth (UWB) system where the 
antennas are expected to operate with bandwidths of at least 25%. In this 
paper, the antenna is viewed as a transducer in which the transmitting and 
receiving cases are fully described by complex transfer functions that provide 
a more natural means of characterizing the antenna for UWB applications. 
Calibrated measured results are presented that characterize the performance 
as a function of angle for three common antennas and a three octave band 
limited impulse waveform. Considered are a rhombic shaped TEM parallel 
plate horn, an AEL double ridged horn, and an AEL pyramidal log periodic 
antenna. 

The time domain transmit and receive transfer functions of our test antennas 
are presented in a contour map as a function of angle for the two principle 
planes and co- and cross-polarized cases. Radiation centers are identified and 
correlated to physical attributes. In addition, the waveform dispersion, the 
peak radiated energy, and the total radiated energy for a band limited impulse 
excitation are compared to an ideal antenna and are used to characterize the 
antennas performance for UWB applications. 
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DESIGN OF ARRAYS TO RADIATE SHORT PULSES 

Victor K. Tripp. and Scott R. Crowgey 
Georgia Tech Research Institute 

Microwave and Antenna Technology Development Lab. 
Atlanta, Georgia 30332 

Thu. a.m. 

A recent surge of interest in impulse radar has necessitated the design of 
arrays for very broad-instantaneous-band signals, rather than for more typical 
narrowband signals. In this paper, we present the performance of various array 
geometries, calculated in the time domain for impulse signals. Besides the elimination 
of grating lobe problems (except for very high repetition rates), interesting features 
are observed related to design requirements. For instance, it is found that a close 
relationship exists between the beamwidth and sidelobe envelope for the CW array 
and those of the pulse array. A very interesting result is that the array factor 
directivity can rise above the nominal limit of 2N for CW arrays simply by separating 
the elements. Where space is limited, it was discovered that "half-wavelength" 
spacing offers no significant advantage over a spacing of 3/4 wavelength or more. 
Where endfire operation is feasible, the directivity was shown to be at least N, even 
for closely spaced arrays whose broadside gain dropped significantly· below N. 
Design principles derived from this investigation include the fact that the best element 
spacing often will be greater than a half wavelength. 
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Figure 1. Array Gain vs. Spacing. 
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Figure 2. Array Gain vs. Steering. 
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G/T AND TRACKING FEATURES OF A BROADBAND, LOW-COST, AND 
LOW-PROFILE LAND-MOBILE SPIRAL-MODE MICROSTRIP ANTENNA 

J. J. H. Wang*+#, J. K. Tillery', V. K. Tripp+#, C. B. Chambers', 
and G. O. Hirvela' 

'Wang-Tripp Corporation 
1710 Cumberland Point Drive, Suite 17 

Marietta, Georgia 30067 
and 

+Georgia Tech Research Corporation 
Georgia Institute of Technology 

Atlanta, Georgia 30332 

The spiral-mode microstrip antenna (1. J. H. Wang and V. K. Tripp, 
IEEE AP Trans. 39, 332-335, 1991) has a number of attractive features for 
applications as a land-mobile antenna: low profile, broadband, aesthetic appeal, 
and potentially low cost. When used in a multi-mode configuration, low-cost 
beam-steering using a single phase shifter is feasible (J. J. H. Wang, G. D. 
Hopkins, and V. K. Tripp, Proc. ISAP'92, Sapporo, Japan, 789-792, 1992). In 
this paper, experimental work on a tracking scheme for this antenna and 
measurements and improvements of its G/T, antenna gain over system noise 
temperature, are discussed. 

The tracking feature of this antenna is aimed at geostationary MSS 
(Mobile Satellite System) applications. The antenna gain G ranges between 6 
and 8 dB over wide elevation angles, which is lower than the typical 10 to 16 
dB gain enjoyed by many mobile antennas currently in use. However, since 
G/T, rather than the antenna gain G, should be used as the fmal figure of merit 
for communication antennas, we tried to focus on narrowing the G/T gap. It is 
often feasible to increase G/T by 2 dB or so by reducing the noise temperature 
T instead of increasing the antenna gain G. Since it may be more costly to 
increase G than G/T, especially for the forthcoming LEO (Low Earth Orbit) 
satellites, the present antenna with a: low G yet a moderate G/T could be a 
practical solution for cost-driven consumer applications. 

Measurements of the antenna temperature, and thus G/T, of the present 
antenna were carried out using a spectrum analyzer (p. Estabrook and W. 
Rafferty, 39th IEEE Veh. Tech. Con[., 757-762, San Francisco, 1989) at Wang­
Tripp Corporation's field sites and anechoic chamber. The removal of edge 
loading used in the earlier model reduces the antenna temperature. Attention is 
also paid to the radiation pattern and the feed network to reduce both the 
external and internal noises of the antenna. 
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Noise Model of Series Distributed Active Antennas 

D.J. Roscoe*, A. Ittipiboon, L. Shafai", M. Cuhaci 

Communications Research Centre 
3701 Carling Ave., P.O. Box 11490, Station H 

Ottawa, Ontario, K2H 8S2, Canada 

"Department of Electrical Engineering 
University of Manitoba 

Winnipeg, Manitoba, R3T 2N2, Canada 

Thu. a.m. 

A cascaded network model has been developed to analyse the noise 
characteristics of a previously developed antenna. This antenna, shown in Figure 1, 
is travelling wave in nature and has active components integrated within it. An 
interesting problem exists when calculating the system temperature of this structure. 
Each section of the antenna contributes to the system noise temperature and each 
section is weighted by the active devices. The noise sources present may be 
identified as: i) device noise; ii) sky noise, and; iii) ohmic losses. The developed 
model utilizes a network equivalent of the antenna that is a combination of resistors, 
attenuators, and active devices. These components are referenced to their 
environment temperature; the rarnation resistance is thus referenced to the sky 
temperature. 

The developed model was verified with experimental measurements. A "Y­
factor" measurement approach was used where the antenna under test was placed in 
a controlled environment. The measured and calculated results presented in Figure 2 
show good agreement. Note that the large temperatures obtained are due to the 
noisy amplifiers used in the fabricated prototype, i.e. NF - 12 dB. 

The details of the model and measurement procedure will be presented at the 
conference. 

Printed Microstrip 
Transmission Line Amplifier 

................... 

Fig. 1 : Fabricated active integrated 
antenna. 

.. .......................................................................... ... 
- - -0- - - Calculated Tout (K) ..... ~ 
__ Measured Tout (K) . 

o 234 5 6 7 
Amp. Gain (dB) 

Fig. 2 : Calculated and measured output 
temperature. referenced to 295 K. 
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ELECTROMAGNETIC PENETRATION OF CAVITY-BACKED APERTURES 
WITH INTERNAL LOADING 

Russell P. Jedlicka!', Steven P. Castillol and Larry K. Wame2 

!Department of Electrical & Computer Engineering 
New Mexico State University Las Cruces, New Mexico 

~lectromagnetic Analysis Division 
Sandia National Laboratories Albuquerque, New Mexico 

Coupling to systems can cause upset or, in the extreme, component burnout. The 
energy can penetrate the shield through radiating structures such as antennas or 
through seams created by bowing at overlap joints. The coupling through narrow slot 
apertures with depth and loss has previously been studied, and an antenna/local 
transmission line model has been validated by measurements. Furthermore, 
rudimentary cavity-backed apertures have been considered. Coupling through narrow 
slot apertures, representative of seams in shielded systems, has been shown to be 
dependent upon aperture width, slot depth and the conductivity of the walls. 
Moreover, the effect on slot coupling when the aperture is backed by a resonant 
structure has been investigated. The original study considered rectangular apertures 
backed by simple cavity structures. This has been extended to observe the effects of 
loading within the cavity. In this experiment, wires and monopoles, which are 
terminated with resistive and reactive loads, are placed within the cavity and the effect 
upon coupling through the slot apertures is observed. 

The work was performed in the 2-4 GHz range. The two inch aperture length 
assured that the first resonance of the slot was excited in this frequency band. The 
widths varied between 0.010 to 0.125 inches. The depths from 0.125 to 0.50 inches. 
The cavity dimensions were chosen to be 3.4" x 1.7" x 3.94" .. Thus, the resonant 
frequency of the rectangular unloaded cavity was also in the frequency band of 
interest. The fields within the cavity were measured with an electrically small probe 
while the cavity was loaded with a 1.25" long monopole as well as a 1.7" long wire 
which was attached between the top and bottom walls. The coupling to the cavity 
was modified by the presence of the conductor as well as the load on the end of the 
wire. The fields within the cavity were found to be significantly reduced (on the order 
of 20 or more dB) when the wire was terminated in a resistive load. Additionally, the 
frequency response was considerably broadened. 

In addition to knowing how much energy is coupled to this configuration, it is 
interesting to study how the power is distributed. That is, of the incident power, how 
much is dissipated in the slot walls, how much in the metallic surfaces of the cavity 
and how much is delivered to loads within the cavity? To investigate these effects, 
the power delivered to a 50 !l load on the end of the wire was also measured. In 
order to determine a bound on the power which would have been delivered to a 
matched load, the input impedance was measured at the bottom of the wire so that 
the mismatch could be determined. The power delivered to a matched load was then 
determined and the effective aperture of the configuration, with and without a 
resistive load on the opposite end of the wire, was computed. The effects of internal 
loading are observed and presented. 
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OPTIMISING PATTBRN SYNTHESIS 
USING 

CLASSICAL VARIATIONAL METHOD. 

Xian-zhong Zhang 
Nanjing Research Institute of Electronics Technology 

Nanjing,.T'Jallg'Su 210013,PRC 

Abstract 

Thu. a.m. 

Many papers on pattern synthesis have been published. This paper tries to 
use Classical Variational Method (CVM) to optimise pattern synthesis of a line 
source and got success. The word "optimisation" used here means that the 
distribution has the highest aperture efficiency with meeting arbitrary given 
pattern restrictions. 

The idea applied in this paper is ,:FIrSt, suppose the radiation pattern F( u) is 
a real function and take the radiation field amplitude on the biggest :FIeld 
strength direction as a functional of aperture distribution f(x) which can be 
proven to be the form of f1(x)-jfZ(x), where fl(x) and fZ(x) are even and odd 
functions respectively. SeCond, using that 1) the energy on the line source 
is constant, 2)the given relationship between the desired pattern amplitude and 
main lobe, 3)derivative of F(u) with respect to u at peak position should be 
zero, one can establish isoperimetric condition set. 

dF -("",,,,>..0 
du 

l=l.2 .... n 

(1) 

(2) 

(3) 

where, n is the number of sidelo~ to be controled. Third, construct a new 
functional and use well-known Euler-Lagrange equation to make up a set of 
equations. Finally, solve this equation set. 

Optimising the pattern synthesis using CVM has the following advantages, 
l)can flexibly control beam shape,null positions, sidelobe level and positions, 
and make one parameter optimised at the same time. 2)the results (f(x), F(u) 
and aperture efficiency) are expressed by analytic forms, which is much 
helpful for further analysis. 3)with clear geometrical and physical sense. 
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APERTURE SYNTHESIS FOR 
ULTRAWIDEBANDjSHORT-PULSE RADIATION 

Ehud Heyman 

Tel-Aviv University, Faculty of Engineering, 
Dept. of Electrical Engineering - Physical Electronics, 

Tel-Aviv, 69978, Israel 

ABSTRACT 

The paper discusses some basic principles in aperture synthesis for radi­
ation of impulse-like fields. It is well known that there is a time-derivative 
relation between the aperture field and the field in the far radiation zone. In 
the frequency domain, this relation has the form of a jw term in the trans­
fer function that connects the spatial Fourier transform of the aperture field 
with the far zone radiation pattern. One way to compensate for this relation 
in order to radiate impulse-like fields is to use wideband sources whose fre­
quency spectrum is proportional to (jW)-l [C.E. Baum, "Aperture efficiencies 
of impulse-like transient fields", SSN-328, 1991]. In the present paper we show 
that a major disadvantage in this realization is that the low frequency com­
ponents diffract at wide angles near the source plane, thereby hampering the 
effective efficiency of the impulse antenna. We also show that it is possible to 
compensate for the aforementioned time derivative relations by using aperture 
synthesis in space-time. It is demonstrated that this relation is a direct con­
sequence of the frequency dependence of the Fresnel distance of the aperture. 
The time-derivative relation can therefore be compensated for by choosing an 
aperture distribution that has a frequency independent Fresnel distance. The 
resulting time-dependent field has the form of a pulsed beam (PB), i.e., a col­
limated impulse-like space-time wavepacket that remains confined all the way 
from the near to the far zone. No field components are therefore lost due to 
diffraction. We present expressions for the time-dependent source distribution 
for this case. 
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ON THE TRANSMISSION OF AN UNDISTORTED 
BROADBAND PULSED BEAM 

Itshak Dvir* and Pinchas D. Einziger 
Department of Electrical Engineering, 

Technion - Israel Institute of Technology Haifa, Israel 32000 

Pulsed beams characterized by highly localized electromagnetic 
energy in space-time have received a due attention recently (e.g., 
R. W. Ziolkowski, IEEE Trans. An~nnas Propagat., 40, 8, 888-905, 
1992, P.O. Einziger & S. Raz, J. Opt. Soc. Am. A, 4, 3-10, 1987). 
The localization characteristic hold promising in applications such 
as ultra-wide bandwidth pulse-driven arrays, covert broadband 
communication, artificial vision, and high resolution detection and 
reconstruction. Unfortunately, while for properly executing some 
of these applications the pulsed beam time-envelope has to be 
maintained undistorted, strong distortion is unavoidable due to the 
space-time dispersion associated with the broadband signal 
propagation mechanism, even in homogenous-nondispersive media. 
Thus, it would be desirable to synthesize the space-time source 
distribution, aiming to support an undistorted time-signal. 

The proposed synthesis scheme, obtained through a direct inversion 
of the space-time radiation integral connecting the source plane 
(z=O) and the arbitrary observation plane (z=zo), results in an 
explicit expression for the spectral content of the source distribution, 
a necessary and sufficient constraint for an undistorted signal at Zo: 

e.{r.co) = ~e.(r~.coo) exJik~(~-l)] , 
COo COo 1. 2zo COo 

where e.(r.coo} is the tangential field source distribution at CO=<Oo' r 
and k are the source coordinates, r=(x,y,O), and the wave number, 
k=co/v, respectively. It should be noted that the source distribution 
undergoes frequency dependent focusing, scaling, and amplitude 
variations. The focusing tenn depends also on the observation plane 
location Z=Zo, continuously varying from the near field to the far 
field zones, and can be implemented by a dispersive thin lens. 
Finally, the above expression may be utilized for synthesizing 
pulse-driven array-elements. 
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DISTORTION OF TRANSIENT PULSED FIELDS IN PROPAGATION 
ABOVE A HIGHLY REFRACTIVE HALF-SPACE 

Thomas Alan Winchester 
Defence Science and Technology Organisation 

PO Box 1500, 
Salisbury SA 5108 Australia 

Abstract In this discussion we examine the pulse distortion of a transient 
electromagnetic pulse generated by an arbitrarily oriented transient current 
element propagating over a highly refractive half-space. Both electric and 
magnetic current sources are considered. The technique is based upon the 
Exact Image Theory developed by Lindell and Alanen, thus avoiding many 
of the problems associated with the evaluation of the Sommerfield integrals 
(IEEE Trans. Antennas Propagat., Vol.AP-32: 0.0.2 pp 126-133 Feb.1984, 
0.0.8 pp 841-847 Aug.1984, 0.0.10 pp 1027-1032 Oct.1984). 

In this formula.tion, the image currents are allowed to exist in a Complex 
space. Asymptotic expressions for the image surrents are available when 
the refracting effect of medium is large. When a Taylor series expansion of 
the complex distance to the image current is used, the integrals can be eval­
uated analytically. FFT techniques are then used to obtain time domain 
results for a given electric or magnetic current pulse. The validity of the 
Ta.ylor Series approximation used is discussed in further detail. A simple 
formulae is obtained from which validity of the Taylor Series approximation 
can be assessed for a given physical a.pplication. With due regard given to 
the spectral content of the transient pulse, it is shown that the propagation 
of transient pulses close to the interface, and direct reflections from below 
the current element, can be analysed accurately using this technique. 

The formulae o.btained can be written in terms of the complementary error 
function of a complex argument. The asymptotic axpansion of this for­
mulae yields a result which, close to the interface, is essentially that of the 
Surface-Wave expansion. However, the formulae discussed here are valid for 
all angles and in the extreme far-field reduce to the Reflection Coefficient 
Method (RCM). The efficiency of this computational technique enables 
the practical use of frequency domain methods to analyse the reflection of 
transient pulses over a highly refractive half-space. Example calculations 
are provided using a Gaussian current pulse, and the validity of the RCM 
is discussed. Regimes in which significant distortion of a transient pulse 
OCcurs are identified. 



PULSED FIELD DIFFRACTION BY A PERFECTLY 
CONDUCTING WEDGE: 

A SPECTRAL THEORY OF TRANSIENTS ANALYSIS 

Reuven Ianconescu and Ehud Heyman· 

Thu. a.m. 

Tel-Aviv University, Faculty of Engineering, 
Dept. of Electrical Engineering - Physical Electronics, 

Tel-Aviv, 69978, Israel 

ABSTRACT 

The canonical problem of pulsed field diffraction by a perfectly conduct­
ing wedge is analyzed directly in the time domain via the spectral theory of 
transients (STT). Within this framework, the diffracted field is expressed as a 
spectral integral of time-dependent (pulsed) plane waves. Closed form expres­
sions for the pulse response are obtained via analytic evaluation of this integral. 
For impulsive excitation, the final results are identical to those obtained previ­
ously via time-harmonic spectral integral techniques; the STT route, however 
explains explicitly in the time domain how the spectral contributions add up 
to construct the field. Via the STT route we also derive new solutions for a 
finite (non-delta) incident pulse. The finite pulse response parametrizes the 
field in terms of the ratio vT / lo, where v is the wave speed, T is the pulse 
length and lo is the ray path. Special attention is given to the field structure 
near the wavefront and in various transition regions. Finally, an important 
feature of the present STT solution, which in fact motivated this study, is that 
it can be extended to wedge-diffraction of pulsed beam fields (Le. space-time 
wavepackets). This subject is addressed in a companion paper. 
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PULSED BEAM DIFFRACTION BY A PERFECTLY 
CONDUCTING WEDGE: 

EXACT SOLUTION AND PARAXIAL APPROXIMATIONS 

Reuven Ianconescu and Ehud Heyman· 

Tel-Aviv University, Faculty of Engineering, 
Dept. of Electrical Engineering - Physical Electronics, 

Tel-Aviv, 69978, Israel 

ABSTRACT 

Pulsed beam (PB) are highly localized space-time wavepackets that propa­
gate along ray trajectories. Because they have these properties they are useful 
in modeling applications addressing highly focused energy transfer, local (high 
resolution) interrogation or probing of the propagation environment, etc. In 
previous publications we showed how the complex source model can be used 
to derive exact closed form solution for certain pulsed beam scattering prob­
lems. The present paper addresses the new canonical problem of PB scatter­
ing by a perfectly conducting wedge. he exact field solution for the diffracted 
wavepacket is derived using a systematic procedure based on the previously 
introduced spectral theory of transients (STT). Further insight into the struc­
ture of the local scattering mechanism is gained by developing uniform local 
models for the diffracted wavepacket. They explain, uniformly, the full richness 
of the scattering phenomena as a function of the incident wavepacket param­
eters: Its direction and distance from the vertex and its spatial and temporal 
collimation. It is shown that if the incident wavepacket strikes near the ver­
tex, it generates a toroidal diffracted wavepacket that propagates essentially 
along Keller cone, as well as shadow boundaries effects in the geometrical op­
tics transition regions. As the distance from the vertex grows this diffraction 
model is gradually deformed into a geometrical optics model. The excitation 
strength of these phenomena are parametrized in terms of the space-time col­
limation properties of the incident wavepacket. The results demonstrate how 
highly focused pulsed fields can be used to probe the scatterer locally. 
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IMPROVING TIm STABILITY OF MARCIllNG ON IN TIME METIIOD 

USING FIR DIGITAL FILTERS 

Ali Sadigh* and Ercurnent Arvas 

Department of Electrical and Computer Engineering 

Syracuse University, Syracuse, NY 13244 
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The Integral equation fonnulation along with the marching on in time method is a well known 

procedure to solve the scattering from objects in time domain. Unfortunately. these solutions tend to be 

unstable in the late times. These instabilities are often observed in an exponentially growing fonn which 

make the solution of certain problems inaccurate if not impossible. 

In this study. an EFIE fonnulation in time domain is applied to perfectly conducting bodies of 

arbitrary shape. Triangular patChes and expansion functions are employed to approximate the surface and 

the equivalent elecUic current on the object, respectively. The fonnulation of the problem involves only 

the fU'St derivative of the magnetic vector potential. The system is excited by a plane Gaussian pulse and 

the marching on in time method is used to solve for the unknown current coefficients by stepping in time. 

In order to eliminate/reduce the oscillatory behavior of the solution in late times. a fmite duration impulse 

response (FIR) digital filter is used. Since the bandwidth of the incident wave is known. it is possible to 

design an FIR filter prior to the solution and use it to filter out the unwanted responses throughout the 

stepping process. The method is very similar to block convolution. Here after computing all the currents 

for some certain number of steps. each of them is convoluted (either directly' or by using FFI') with the 

impulse response of the FIR filter. Using this method. the components of the solution outside the 

bandwidth of the filter are reduced each time we apply the convolution. These "clean" currents are then used 

in the next time steps and the process repeats. This has proved to be very effective in eliminating the 

spurious late time oscillations or reduce them to a Uivial level. FIR filters introduce a constant group 

delay. This translates to a known constant time delay which is compensated for in the course of solution. 

This method in a special case reduces to the three point averaging scheme used by Rynne and Smith 

(JEWA. Vol. 4. No. 12. pp. 1181-1205. 1990). The numerical results. while agreeing very well with the 

published data. show great improvement in the late times. 
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APERTURE EXCITATION OF LW PULSES 

by 

A. M. Shaarawi 

Department of Engineering Physics and Mathematics 

Cairo University, Giza, Egypt 

and 

A. A. Chatzipetros, I. M. Besieris 

Bradley Department of Electrical Engineering 

Virginia Polytechnic Institute and State University 

Blacksburg, Virginia 24061 

It is known that FWM-like solutions can be synthesized as a superposition of Bessel 
beams with appropriate choice of spectra. It has been shown that a Bessel beam 
defined initially on an infinite plane (e.g. the z = 0 plane) will propagate under the effect 
of Huygen's operator in the positive z-direction and that the contributions from the 
acausal negative z-components sum up to zero. Such a proof can be applied directly to 
the FWM pulse to show that, under certain conditions on the free parameters al and /3, 
it has no acausal incoming wave contributions. In fact, for a particular choice of al and 
/3, it will be shown that the FWM pulse can be launched from an aperture with radius 
that shrinks from infinity to a finite value and expands once more to infinity. Such a 
time-varying aperture needs an infinite time of excitation. In contradistinction to the 
other solutions that could be excited from an infinite aperture, like plane waves and 
Bessel beams, the FWM pulse does not require infinite power for the aperture 
excitation. This is the case because as the aperture be.comes infinitely large, the power 
density of the field exciting the aperture decreases to zero at a rate (ct)-2 while the area 
of the aperture increases as (ct)2. These two effects balance each other and the energy 
on the aperture remains constant. Such an excitation acts like a temporal focusing 
aperture, concentrating an extremely weak field distributed over a huge aperture onto a 
much smaller one, which in turn expands once more to infinity. 

In this work, we shall also present results of finite-time excitation of time-varying 
apertures mentioned above. The analysis is carried out by keeping the excitation time of 
the FWM aperture finite. This can be done by imposing a Gaussian time window on 
the excitation field of the apertur~. The resulting solution has finite energy and it is 
dispersive, unlike the FWM pulse. The Rayleigh range of such a pulse is calculated and 
compared to three different diffraction lengths: the Gaussian pulse diffraction length for 
a static aperture, the Hafizi-Sprangle diffraction length for an expanding aperture, and 
the plane-wave diffraction length for an aperture excited by a plane wave. Under 
special conditions and using the above Gaussian time-window, the diffraction length of 
the finite-energy FWM pulse can be made larger than the diffraction lengths mentioned 
above. Other finite-energy pulses, e.g., MPS pulse, are also examined. 
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HIGH RESOLUTION TIME DOMAIN ANALYSIS 
OF VHF jUHF ReS MEASUREMENTS 

M. J. Gerry' and E. K. Walton 
The Ohio State University ElectroScience Laboratory 

Department of Electrical Engineering 
1320 Kinnear Rd 

Columbus, Ohio 43212-1191 

Thu. a.m. 

The experimental study of the backscatter of a cylinder and an ogival 
support structure is presented. The emphasis of the study is on the signal 
processing used to observe the electromagnetic interaction of the cylinder with 
the ogive. These interaction terms are found to be very small in amplitude 
and localized in frequency. As a result, the resolution and signal to noise ratio 
of the algorithms used in the signal processing are very important. For this 
reason, both parametric and classical methods are studied, with the parametric 
method displaying high resolution at small bandwidths, thus providing unique 
insight in the behavior of the target. 

It is well known that radar data measured in the frequency domain is more 
readily analyzed in the time domain. Classical time domain analysis involves 
using the Fourier Transform to find the impulse response of a target. It is 
known that the resolution of the FT is the inverse of the measured bandwidth. 
In this case, where two GHz offrequency (50-2000MHz) data are available, the 
FT has a time domain resolution of only 0.5 nanoseconds which corresponds 
to approximately six inches. 

Parametric spectral estimation can greatly increase resolution by assuming 
a model for the scattering behavior of the target and solving for the param­
eters of that model. More specifically, the scattering behavior of the target 
is assumed to be a sum of complex sinusoids with unknown amplitudes and 
phase· centers. A Forward Backward Linear Prediction technique is used to 
solve for the phase centers. A singular value decomposition is used to. solve 
for the amplitudes of the sinusoids. Moreover, because the algorithm involves 
the use of a model the resolution is not dependent on measured bandwidth. 
In fact, very narrow bands of data can be analyzed with very high resolution, 
allowing for the use of these algorithms in the study of frequency dependent 
scattering. 

High resolution time domain analysis using narrow bands of data allows 
for the location of the interactions between the cylinder and its ogive support 
structure. Bandwidths as narrow as 200 MHz are used in the signal processing 
to isolate the frequency behavior of various scattering mecahnisms. 
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WIDEBAND SCATTERING ANALYSIS OF AN 
ARCHIMEDIAN SPIRAL ANTENNA 

T. G. Moore 
F. P. Hunsberger 

Lincoln Laboratory 
Massachusetts Institute of Technology 

When detailed examination of radar images is performed there can be 
significant information obtained about particular scatterers based upon in­
formation in the image. An antenna is a typical scatterer which presents a 
unique signature in a radar image, and typically provides sufficient informa­
tion in the scattered field to estimate important parameters. 

In this paper we consider the wideband scattering response of a two-arm 
Archimedian spiral antenna. The investigation is performed using the Finite­
Difference Time-Domain method. Computed wideband monostatic radar 
cross sections for various look angles are reported, along with comparisons 
to Method of Moments solutions. The near-field mechanisms responsible for 
the scattering are discussed. 

Based upon the detailed analysis of the scattering mechanisms, an ap­
proach is presented to estimate the critical parameters of a spiral antenna 
from the wideband scattered field response. A particular example is pre­
sented to demonstrate the estimation of these parameters. 
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HIGH RESOLUTION TIME DOMAIN ANALYSIS 
OF VHF jUHF ReS MEASUREMENTS 

M. J. Gerry' and E. K. Walton 
The Ohio State University ElectroScience Laboratory 

Department of Electrical Engineering 
1320 Kinnear Rd 

Columbus, Ohio 43212-1191 

Thu. a.m. 

The experimental study of the backscatter of a cylinder and an ogival 
support structure is presented. The emphasis of the study is on the signal 
processing used to observe the electromagnetic interaction of the cylinder with 
the ogive. These interaction terms are found to be very small in amplitude 
and localized in frequency. As a result, the resolution and signal to noise ratio 
of the algorithms used in the signal processing are very important. For this 
reason, both parametric and classical methods are studied, with the parametric 
method displaying high resolution at small bandwidths, thus providing unique 
insight in the behavior of the target. 

It is well known that radar data measured in the frequency domain is more 
readily analyzed in the time domain. Classical time domain analysis involves 
using the Fourier Transform to find the impulse response of a target. It is 
known that the resolution of the FT is the inverse of the measured bandwidth. 
In this case, where two GHz offrequency (50-2000MHz) data are available, the 
FT has a time domain resolution of only 0.5 nanoseconds which corresponds 
to approximately six inches. 

Parametric spectral estimation can greatly increase resolution by assuming 
a model for the scattering. behavior of the target and solving for the param­
eters of that model. More specifically, the scattering behavior of the target 
is assumed to be a sum of complex sinusoids with unknown amplitudes and 
phase· centers. A Forward Backward Linear Prediction technique is used to 
solve for the phase centers. A singular value decomposition is used to solve 
for the amplitudes cif the sinusoids. Moreover, because the algorithm involves 
the use of a model the resolution is not dependent on measured bandwidth. 
In fact, very narrow bands of data can be analyzed with very high resolution, 
allowing for the use of these algorithms in the study of frequency dependent 
scattering. 

High resolution time domain analysis using narrow bands of data allows 
for the location of the interactions between the cylinder and its ogive support 
structure. Bandwidths as narrow as 200 MHz are used in the signal processing 
to isolate the frequency behavior of various scattering mecahnisms. 
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WIDEBAND SCATTERING ANALYSIS OF AN 
ARCHIMEDIAN SPIRAL ANTENNA 

T. G. Moore 
F. P. Hunsberger 

Lincoln Laboratory 
Massachusetts Institute of Technology 

When detailed examination of radar images is performed there can be 
significant information obtained about particular scatterers based upon in­
formation in the image. An antenna is a typical scatterer which presents a 
unique signature in a radar image, and typically provides sufficient informa­
tion in the scattered field to estimate important parameters. 

In this paper we consider the wideband scattering response of a two-arm 
Archimedian spiral antenna. The investigation is performed using the Finite­
Difference Time-Domain method. Computed wideband monostatic radar 
cross sections for various look angles are reported, along with comparisons 
to Method of Moments solutions. The near-field mechanisms responsible for 
the scattering are discussed. 

Based upon the detailed analysis of the scattering mechanisms, an ap­
proach is presented to estimate the critical parameters of a spiral antenna 
from the wideband scattered field response. A particular example is pre­
sented to demonstrate the estimation of these parameters. 
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A MECHANISM FOR THE PRODUCTION OF ELECTROMAGNETIC 
RADIATION DURING FRACTURE OF BRITTLE MATERIALS. 

Steven G. O'Keefe* and David V. Thiel 
School of Microelectronic Engineering 

Griffith University 
Nathan, Brisbane 4111 Australia. 

Thu. a.m. 

For some time electromagnetic radiation has been associated with the fracturing of 
brittle solids. The authors have investigated rock and ice. Many theories have been 
suggested as the cause of this radiation but none has been completely validated. 
Piezoelectric effects have been suggested especially for rock fracture, but this theory 
does not explain radiation from non-piezo materials. A charge separation mechanism is 
proposed as the source of this radiation. As a crack forms in a material, charge will be 
separated and stored on each side of the crack. This charge would be produced by 
breaking chemical bonds and may also be aided by piezo effects in suitable materials. 
In a conducting material this charge will cause current to flow around the edges of the 
crack. As the crack propagates more charge is produced and more current will flow 
around the apex of the crack. This process and the EM radiation produced can be 
described by a Sturm Liouville solution of the apex current for a one dimensional case. 

This expression was verified using a one dimensional finite difference model and gives 
good agreement to the analytical expression. The model was extended into two 
dimensions which allows examination of the potential over a crack surface. When the 
crack is symmetrical, the currents flowing in the parallel surfaces of the crack are of 
equal amplitude and opposite direction. Because these surfaces are very close together 
the EM radiation produced by these sheet currents will cancel. The current flowing 
around the crack apex is however not mirrored and will produce EM radiation. This 
radiation will be polarised according to the orientation of the crack. Both of these 
effects have been observed after rock blasting in quarries. After the blast the newly 
exposed rock face will relax after the rock in front of it has been removed. This causes 
cracking. The cracks will form in approximately the same plane to relieve this stress. 
The EM radiation produced by each crack should therefore be similarly polarised. This 
effect has been observed by receiving the EM radiation on differently polarised 
antennas. Some antennas receive strong signals while others receive very little. The 
stress relieving cracks, (or crack extensions), occur in long strings where each crack 
produces a pulse of radiation. These strings are often started or terminated with a large 
pulse indicating a larger crack which shifts stress into a new area of rock or relieves 
stress from an area. The shape of the signal received on an antenna will correspond to 
the current around the crack apex. Because of the relatively small capacitance provided 
by the crack surfaces the time over which radiation is produced is predicted to be quite 
short. The relationship between the model and measured signals allows one to deduce 
information about crack formation and propagation. Recent experimental and numerical 
results will be presented. 
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1 :30 ELECTROMAGNETIC SCATTERING BY AN OPEN-ENDED CONDUCTING 
FRUSTUM 368 
Anthony M.J. Davis·, Robert W. Scharstein, The University of Alabama 

1 :50 STATIC SOLUTION FOR THE DIELECTRIC WEDGE 369 
Robert W. Scharstein, The University of Alabama 

2:10 SCATTERING AND RADIATION IN THE PRESENCE OF A MATERIAL 
LOADED IMPEDANCE WEDGE 370 
Michael F. Otero·, Roberto G. Rojas, The Ohio State University 

2:30 A COMPARISON OF THE IMPEDANCE BOUNDARY CONDITION 
FORMULATION AND EXACT SOLUTION FOR A COATED PROLATE 
SPHEROID 371 
J.D. Kotulski, Sandia National Laboratories 

2:50 THEORETICAL STUDY AND OPTIMIZATION OF A BIDIMENSIONAL 
CAPACITIVE GRATING STANDING ABOVE A BACKED METAL SUBSTRATE 372 
J. Y. Suratteau, Aerospatiale Espace et Defense; D. Maystre, M. Saillard, 
Faculte des Sciences de St-Jer6me 

3:10 BREAK 

3:30 POLARIZED RESPONSE TO WEDGE SHARPNESS 373 
Richard S. Grannemann·, Charles S. Liang, General Dynamics 

3:50 SCATTERING OF A TUBULAR CYLINDER WITH DIFFERENT INSIDE AND 
OUTSIDE SURFACE IMPEDANCES 374 
Hung-Mou Lee, Naval Postgraduate School 

4:10 DIFFRACTION BY A PARALLEL-PLATE WAVEGUIDE CAVITY WITH TWO-
LAYER MATERIAL LOADING 375 
Takeshi Momose, Shoichi Koshikawa, Kazuya Kobayashi·, Chuo University 

4:30 ANALYSIS OF A WIRE IN THE PRESENCE OF A HOLLOW BODY OF 
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Zhiqiang Oiu·, Chalmers M. Butler, Clemson University 
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THE PROBLEM OF INVISIBLE OBJECTS 377 
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ELECTROMAGNETIC SCATTERING BY AN 

OPEN-ENDED CONDUCTING FRUSTUM 

ANTHONY M. J. DAVIS* 

DEPARTMENT OF MATHEMATICS 

AND 

ROBERT W. SCHARSTEIN 

DEPARTMENT OF ELECTRICAL ENGINEERING 

THE UNIVERSITY OF ALABAMA 

TUSCALOOSA, ALABAMA 35487 

A mixed boundary value problem is formulated for the surface currents 
that are induced by a time-harmonic plane wave incident upon an open­
ended conductor whose shape is a frustum, namely a finite length portion of 
a cone. Scattered fields are represented in terms of the uncoupled azimuthal 
Fourier modes of this body of revolution. Physically, the scattering may be 
regarded as a distortion of that previously determined for an open-ended 
tube since the same essential features must be exhibited. This reasoning 
provides an appropriate mathematical formulation for this more compli­
cated geometry. Thus, after a suitable change of the radial coordinate, the 
integral equation for the surface currents can be reduced, for each azimuthal 
mode, to a set of linear equations by means of a Galerkin expansion of the 
currents in terms of Chebyshev polynomials with edge-condition weight­
ing. Resultant surface currents and axial fields are calculated for several 
combinations of scatterer geometry and frequency. Induced vector currents 
on the frustum can exhibit extreme variation over the conducting surface, 
in both the azimuthal and radial directions. The numerical implementa­
tion of this mathematical analysis yields a complete and accurate solution 
for both the circumferential and radial currents, as a function of electrical 
length, frustum angle and aspect ratio, and the polarization and orienta­
tion of the incident plane wave. The standing wave nature of the surface 
currents indicates that the interaction between the exciting plane wave and 
the frustum ends occurs via the external surface and internal guided waves 
of the nonuniform waveguide. 
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,UTION FOR THE DIELECTRIC WEDGE 

'ElrS~rS"r 
ROBERT W. SCHARSTEIN 

)EPAR.l'MENT OF ELECTRICAL ENGINEERING 

THE UNIVERSITY OF ALABAMA 

TUSCALOOSA, ALABAMA 35487 

Liin transform is applied to the clas~ica
l boundary value problem 

Duree excitation for Poisson's equation in a two-media geometry. 

be angle 2a and the dielectric contrast Ell €2 are arbitrary, Even 

, symmetry about the wedge bisector is employed to simplify the 

latics. The radial coordinate is transformed according to the Mellin 

Irm, upon which boundary conditions are applied in the remaining 

.thaI coordinate of the polar system. Although this important static 

,em is of great interest in dynamic wave problems, and in particular as 

, .. anonical geometry for the study of dielectric edge conditions, and is often 

/hinted at in the literature, no complete solution has been uncovered by this 

author. The occurance of complete even symmetry where the line source 

lies on the wedge bisector is treated in a soviet text (N.N. Lebedev, I.P. 

Skalskaya, and Y.S. Ufiyand, Worked Problems in Applied Mathematics, 

Dover, 1965). In the case where the wedge angle is a rational multiple of 71', 

the poles of the transform can be nicely represented and the inverse Mellin 

transform becomes a sum of analytic terms. This unique solution satisfies 

all of the physical boundary conditions plus Laplace's equation. Resultant 

static field distributions are presented for several example geometries, and 

the exact edge behavior is extracted from the analytic solution. Besides the 

present interest in the potential behavior for the penetrable wedge, this is 

a pretty example problem to use in a graduate course on boundary value 

problems or complex variable theory. 
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SCATTERING AND RADIATIO.l. 

PRESENCE OF A MATERIAL LV'J:r 
IMPEDANCE WEDGE \~Jt1fJ 

Michael F. Otero* and Roberto G, Rojas 

Ohio State University ElectroScience Lab. 
Columbus, Ohio 43212 

A two dimensional Green's function for a wedge whose faces satisfy th, 

tovich boundary conditions, which is very efficient for numerical computa 

was developed last year (R.G. Rojas & M.F. Otero, 1992 URSI Digest, 

444). The present paper· discusses the use of this Green's function to so, 

scattering as well as radiation problems. The scattering problem involves th\ 

diffraction of an incident plane wave by a two-dimensional material body o~ 

arbitrary shape which is in the vidnity of or attached to the tip of the wedge. \ 

The purpose of this study is to investigate how the material parameters and . 

shape of the body affect the diffraction from the tip of the wedge. The ra­

diation problem involves the study of the radiation of two dimensional slot 

a.ntennas mounted on the faces of the impedance wedge. As in the scatter­

ing problem, the effect of the material body on the radiation pattern of the 

antennas will be investigated. The method of analysis is the Moment Method/Green's function scheme 

where a set of integral equations with as few unknowns as possible has been 

developed. Note that due to the presence of the material body which couples 

the various components of the electric and magnetic fields, it is important to 

obtain integral equations with this property; otherwise, the resulting matrix 

equation becomes too large for practical applications. Several examples will 

be shown illustrating the effect of the impedance values of the faces of the 

wedge as well as the shape and material parameters of the material body on 

the scattering and radiation problems discussed above. 
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Jmparison of the Impedance Boundary Condition 

.ttion and Exact Solution for a Coated Prolate Spheroid 

J. D. Kotulski 

Sandia National Laboratories 

Radiation and Electromagnetic Analysis. Dept. 9352 

Albuquerque. NM 87185-5800 

Thu. p.m. 

impedance boundary condition has been used effectively to analyze conduct-

1, scatterers coated with a dielectric or magnetic material. The applicability of 

.lis method has been described by previous investigators and depends on a number 

of parameters that include the refractive index. radius of curvature. and the thick­

ness of the coating layer with respect to frequency. A test problem to examine the 

accuracy of this boundary condition is the coated conducting spheroid. This prob­

lem can be formulated using an eigenfunction expansion when an impedance 

boundary condition is used or when the coated conducting spheroid is retained. 

This is due to the separable nature of the coordinate system. Additionally. the sur­

face of the prolate spheroidal scatterer can be varied to examine two limiting cases 

-- the wire and the sphere. . 

The purpose of this paper is to compare the solutions of a .coated conducting spher­

oid excited by an equatorial gap.'$ing two different assumptions that account for 

the coating. The first assumption uses the impedance boundary condition on the 

surface to account for the coating while the second solves the coated spheroid with 

no Simplifications for the coating layer. The coating can be magnetic or dielectric 

with conductivity or loss. The input admittance values obtained using both meth­

ods are compared. Furthennore. the poles of the input admittance are examined in 

the complex s-plane. This allows a closer look at the resonance structure of the 

antenna in the context of the Singularity Expansion Method(SEM). Once this com­

parison has been made the limiting cases can be considered (the wire and the 

sphere) where previous results will be compared and discussed . 
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THEORETICAL STUDY AND OPTIMIZATION OF, 

BIDIMENSIONAL CAPACITIVE GRATING STANDING AB, 

A BACKED METAL SUBSTRATE. 

J,Y. Suratteau*, D. Maystre, M. Saillard 

Laboratoire d'Optique Electromagnetique, Faculle des Sciences 

de St-Jar6me, 13397 Marseille Cedex 20 France, and *Aerospatiale 

Espace et Defense, 78133 Les Mureaux Cedex France 

We are seeking structures able to absorb waves in the radar range and not to emit in the 

infrared spectrum. For that we have studied and optimized a device composed of a metallic 

material backed plane substrate covered with a bidimensional capacitive grating of infinitely 

conducting metallic plates. With this aim in view, we have used the Wood anomalies which are 

close linked with the absorption of the incident energy and the excitation of a leaky wave in the 

vicinity of the structure. 

The phenomenological theory of the Wood anomalies, elaborated by one of the 

authors ( D. Maystre ) for classical gratings,was applied to the present structure and we have 

shown that there exists an absorption which is linked with a complex pole and a complex zero of 

the scattering matrix of the device. In particular, in the vicinity of the absorption, when there is 

one propagating reflected Rayleigh order, the reflectivity, considered as a function of the 

wavelength of the incident wave, is very accurately described by an homographic function, 

depending of the pole and the zero. The localization of the pole and the zero in the complex 

plane of the wavelengths allows us to predict quantitatively the wavelength where there is a 

maximum absorption, the value of the minimum reflectivity and the bandwidth of the absorption. 

We used a modal method to compute the reflected Rayleigh orders and to numerically 

'mine the scattering matrix. The numerical computation of the pole and the zero of this 

'9 matrix allows us to optimize the device by minimizing ( with the Powell algorithm) a 

'n which depends of the parameters of the structure. :~ttow numerical results which prove the connection between the location of the 

{e\\Eil.and the absorption of energy. In particular, the phenomenon of total 

'\'lted out when the zero lies on the real axis. Next, we will show some 

, from the Powell oPlimlzing procedure. 
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",,.,.,,,, is mod,"ed in Ie"", of '" im_oe boood"" OOOditino. !leo,o., 'to 
'Ylinde,is 00 100ge, -ettly condo,"og, 'to m,_ """" '"""'" Whi'h is 

",uiva/eo, to th, ""'g,o." "'mpooeo~ of tho '1""" ireld in",,,,,(y 00 tho 

''''''''' of ~, <rlind", h" '0 Ito delenoioed tog,,",, with th, 'loctric """'" 

current. 

I, '''' Ito dedo,," from tho S",Utoo-Cho ",u""_ [1. A. S",,""o, 

Ei«"o,,",gO""o v,M'Y, &C. 8.14, M,o,.,w-RilJ, 1941) ~" ~, _', 

-VOly of~, m'gO'ti, "'d ~,,''''''', (Ypo, of tho '"""" ou"."o~ 00 both 

""'" of ~, iofioitc,im>illy thio W"l of 'h, 'Ylind" d,_"" ~, "'di'hoo 

OO"'Pl'lely. Tire taog",." CO"'poo",,~ of ,Ito '<un, of'
to 

"'di,ted "'ld in""'ih" 

00 bo~ "de, of th, ·"tlJ "" th,o link.,. to tho incid,ot "oJd, through tho 

im_" bouod"" ooodihoo, ~"' ",,,,pI, .. , 'Ito iO""""iff""Oh'" "'''tin", 

fo< ~, '"'" '",,"0,,- No" 'h" th, taog,o"," OO"'poo",~ of th, "'ff,.",,,,, of 'Ito 

"'dimed "oJd inre"'ih" ,, __ tho w>ill of ,Ito ,y1inde, "'" "'''''Ieo,y OOOdi."", 

",",k Wi'hin tho S'''''oo-enu "'''hoo, Md do 00' ""''''hote to the 'olOtioo 

"is problem. 

'0,", th, "'m '"-~ '"""'Ie tho "'di,,"oo, the 'dg, "'odlhoo ,"pH", 

"'0", th" ~, "''''a"" POWe, " fioi", 'od tho "<ld inleo'iti", "'" 

tho 'POOe aw,y fro", th, ,ylin ..... 'rho dOUbl, "'ri" "'P",,",Otatioo 

"de"", of th, 0_" fuo,.oo 0vo, th, en,bys"", Polyno",,,,,, 

,. solVing this problem. 

'tive o{ the a.-" {""tioo creates tho """no"Oi,y in 
'es ","" tho ""1of tho <rlind",. D"" to th, P"",",,,, 

'nt, the dOUble series representation of the SUm of the 
' S function approaching the Wall from inSide and 

;red. This representation has been found. 374 
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DIFFRACTION BY A PARALLEL-PLATE WAVEGUIDE CAVITY 

WITH TWO-LAYER MATERIAL LOADING 

Takeshi Momose, Shoichi Koshikawa and Kazuya Kobayashi* 

Department of Electrical and Electronic Engineering, Chuo University 

1-13-27 Kasuga, Bunkyo-ku, Tokyo 112, Japan 

The problem of scattering from open-ended metallic waveguide cavities has 

received much attention recently in radar cross section (RCS) reduction and 

electromagnetic penetration/coupling studies. As an example of simple two­

dimensional cavity structures, we have previously considered a finite parallel­

plate waveguide with a planar termination at the open end and solved rigorous­

ly the plane wave diffraction using the Wiener-Hopf technique (K. Kobayashi 

and A. Sawai,J. Electromagn. WavesAppl., Vol. 6,475-512,1992). The anal­

ysis has also been extended to treat the case where the region inside the cavity 

is partially filled with a material layer (K. Kobayashi et aI., presented at 1992 

IEEE-APS/URSI/NEM Joint Symposia, Chicago, Illinois, July 1992). 

In this paper, as a generalization to our previous treatment on the material­

loaded case, we shall rigorously analyze the plane wave diffraction by a paral­

lel-plate waveguide cavity with two-layer material loading as shown in the fig­

ure using the Wiener-Hopf technique, where t/Ji is the incident field. The sur­

face of the cavity is infinitely thin, perfectly conducting, and uniform in the y­

direction, and the media inside the cavity for -L <z <D 1 and D 1 <z <D2 are 

characterized by the relative permittivity/permeability (e I,.. /1.1,) and (e2,.. /1.2,), 

respectively. Both E and H polarizations will be considered. Introducing the 

Fourier transform for the unknown scattered field and applying boundary con­

ditions in the transform domain, the problem is rigorously formulated in terms 

of the simultaneous Wiener-Hopf equations. The Wiener-Hopf equations are 

then solved via the factorization and decomposition procedure to yield the 

exact and approximate solutions. The scattered field inside and outside the 

cavity is evaluated by taking the inverse Fourier transform together with the 

use of the saddle point method. The scattering characteristics of the cavity will 

be discussed via illustrative numerical examples of the RCS. 

x t/Ji 

-L 
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ANALYSIS OF A WIRE IN THE PRESENCE OFA HOLLOW BODY OF REVOLUTION WITH AN APERTURE 
Zhiqiang Qiu* and Chalmers M. Butler Department of Electrical and Computer Engineering Clemson University, Clemson, SC 29634-0915 

Interest in this paper focuses upon the electromagnetic response of a wire in the presence of a hollow body of revolution (bar) with an aperture. Both bodies are perfect conductors and they share a common axis. The wire is thin and the bar is a shell of vanishing wall thickness. The surface of the bar 
is continuous except, at its upper end, a circular aperture is cut, exposing its interior to any field created by an exterior source. Aside from the conducting wire and bar shell, all space is filled with material characterized by (j.t,€). Cases are considered in which the axially-directed wire is inside the hollow 
bar, outside the bar, or partially inside and partially outside, i.e., the wire passes through the aperture. Excitations of interest are due to sources both inside and outside the bar and are not limited to circularly symmetric cases. An integro-differential equation is derived for the current induced on 

the wire in the presence of the body of revolution. The coupling between the bar and wire is accounted for by a numerical Green's function, which is essentially the response (axial component of electric field) of the bar to an axial elementary dipole source. The wire equation, with its kernel (exact) modified by the numerical Green's function, is solved by numerical techniques to obtain the wire current distribution. When the incident field is known, the scattered field is computed from knowledge of the wire current, thereby allowing one to compute the total field. By localizing the independent source, the scattering problem can be interpreted as an antenna problem, from whose solution one can determine input impedance and admittance. Data depicting the current induced on the wire scatterer/antenna and the input admittance of the wire in the presence of the bar are presented for 
several bar-wire geometries. The configuration is modified to comply with special cases found in the literature in order to corroborate our results. In addition, results of the wire in the presence of a large (relative to A) circu­lar disk are checked against data approximated from image theory. Good agreement is obtained in all cases. Copious data are presented for the bar 

specialized to be of 11; missile-like shape for alternate locations of the wire (in­side and outside the body, as well as partially inside and partially outside). 
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DIFFRACTION OF ELECTROMAGNETIC WAVES 
AT BLACKBODIES AND THE 

PROBLEM OF INVISIBLE OBJECTS 

P.Ya. Ufimtsev 

Electrical Engineering Department 
University of California, Los Angeles 
Los Angeles, California 90024-1594 

Thu. p.m. 

The Kirchhoff-Kottler model of plane black plates is extended for volumetric bodies with 
arbitrary shapes. This definition of blackbodies (BBs) can be considered as an ideal­
ized model of large scatterers with good radio absorbing coatings. Basic properties of 
the field scattered by BBs are established in the analytical form. Among the properties 
of BBs, the most important ones are the following. The field scattered by BBs almost 
does not depend on their shapes and are only determinded by the size and geometry of 
the shadow contour which is the boundary between the illuminated and shadowed 
sides of the body. Different BBs with the same shadow contour create the same scat­
tered field. The bi-static radar cross section of BBs does not depend on the polariza­
tion of the incident wave. The total power scattered by BB in all directions are only two 
times less than the total power scattered by the perfectly reflecting (metallic) body with 
the same shape and size. The scattered field created by BB is a constituent part of the 
field scattered by any large opaque object. This part of the scattered field cannot be 
removed by any absorbing coatings and can be used for detection of scattering objects 
by multi positioned radars. Some details of this phenomenon can be found in "Journees 
Internationales de Nice Sur Les Antennes", a conference held in Nice, November 12-
14, 1992. See the Ufimtsev paper in Section 5, pp. 461-464. 
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AN ASYMPTOTIC CLOSED FORM APERTURE GREEN'S FUNCTION 

WITH APPLICATIONS TO RADIATION AND SCATTERING BY 

SLOTS IN MATERIAL COATED GROUND PLANES 
Gary A. Somers* and Prabhakar H. Pathak 

The Ohio State University ElectroScience Laboratory 

Department of Electrical Engineering 
Columbus, Ohio 43212 

An asymptotic closed form dyadic aperture Green's function, Va, which 

has been developed recently, will be applied to efficiently treat the electro­

magnetic radiation and scattering by a variety of interesting large but finite 

material coated slot array configurations in PEC ground planes. The high­

~hts of the asymptotic development of Va will be presented. The asymptotic 

Ga will be shown to remain uniformly valid within the surface and leaky wave 

transition regions, and to remain accurate even for separations of source and 

field points, along the ground plane, which are as small as a quarter wave­

length (in free space) or so. Conventional integral equation approaches for analyzing the radiation 

and/or scattering by a large array of material covered slots in PEC ground 

planes require the extremely time consuming numerical computation of the 

exact Sommerfeld integral form ofC", which in general has to be done repeat­

edly. Another commonly used method is the Floquet mode analysis which is 

based on an approximate model of an infinite periodic array for the finite 

array case which therefore does not include array end effects. These end ef­

fects can play a significant role in the performance of low sidelobe arrays. 

In contrast, the present asymptotic .dosed form Ca , which needs no numeri­

cal integration takes into account the array end effects when used within the 

integral equation formulation and provides a very efficient solution which is 

orders of magnitude faster than the numerical implementation (with envelope 

extraction) of the Sommerfeld integral. This computation technique will be applied to several element configura­

tions. First we will consider the case of the linear polarization array where 

the array consists of parallel slots. Second, an array configuration that can 

produce either dual linear or circular polarization is considered. This con­

sists of arrays of subarrays such tha.t the elements within the subarray are 

orthogonal. Third, we will consider the external coupling of the inclined slots 

on a waveguide array. This coupling will be computed for numerous tilt an­

gles and slot separations. In this paper, we will discuss both rectangula.r and 

triangular lattice configurations and a variety of stratification schemes .. 
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RADIATION FROM AN OPEN-ENDED COAXIAL LINE 
THROUGH A MATERIAL LAYER 

Ching-Lieh Li· and Kun-Mu Chen 
Department of Electrical Engineering 

Michigan State University 
East Lansing, MI 48824 

Thu. p.m. 

In this paper, the radiation from an open-ended coaxial line through a 
material layer is studied. Our objectives are to investigate the effects of a 
dielectric material layer on the radiation characteristics of an annular slot antenna, 
and to study the excitation of the complex waves in a dielectric layer by an open­
ended coaxial probe. 

This problem is analyzed by using the integral equation formalism. By 
suitable representations for the EM fields inside and outside the coaxial line, an 
integral equation for the aperture electric field can be derived by matching the 
boundary conditions across the aperture plane and the air-material layer interface. 
The integral equation is solved by applying the method of moments, where the 
basis and weighting functions are chosen to be the modal functions of the coaxial 
line. 

Once the aperture electric field is obtained numerically, the quantities such 
as the input impedance, the EM fields at various regions, and the far-field pattern 
can be calculated. The excitation of surface waves and the radiated wave is also 
identified through the poles and the branch cuts in the complex plane by a 
deformed contour integration for the EM fields. The far zone fields can be 
evaluated by using the saddle-point method of integration along the steep decent 
path. After that the power carried by surface waves and the radiated wave can 
then be calculated by numerically integrating the Poynting vector over a suitable 
surface. 

The distribution of power into the surface waves and the radiated wave is 
examined. As required by the conservation of energy, the sum of the power for 
the surface waves and the radiated power is found to be equal to the transmitted 
power from the coaxial line. Also it is noted that the power of the surface waves 
depends strongly on the physical parameters such as the permittivity, permeability 
and the thickness of the material layer. The radiation pattern as a function of 
frequency and the properties of the material layer is also presented for various 
cases. Moreover, the effect of a multi-layer material medium upon the radiation 
pattern is examined. 
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I'D P:IBLD IlADD'.f:IOB PA'.f'.fBJUI DUB 'fO 
A PBRPBC'.rLY COBDUC'.r:IBa nOOB BllBBDDBD 

D A P:IB:IHLY COBDUC'.r:IBa BUD 

Manish Sinha*, S.A. saoudy-, and John Walsh* 
*paculty of Engineering and Applied Science 

-centre for Cold Ocean Resources Engineering 
Memorial University of Newfoundland 

st. John's, Newfoundland, Canada AlB 3X5. 

The problem of a ground screen situated on real earth can be 
modelled as a perfectly conducting wedge of angle (2-n)~ imbedded 
in an imperfect ground medium. By equating n to 2, the conducting 
wedge is transformed into a half plane interfacing with a real 
earth terrain. 

In this work, the geometrical theory of diffraction is 
utilized, along with geometrical optics, to determine the far field 
radiation pattern due to a line source located parallel to a 
perfectly conducting wedge of angle (2-n)~ with one of its surfaces 
aligned to a ground of finite conductivity as shown in figure. In 
this geometry, there are four radiation mechanisms that must be 
considered in determining the far field pattern in free space. 

The first component is the incident field, which is direct 
radiation from the line source to the observation point. The 
second component is the field reflected from the surface of the 
perfectly conducting wedge due to oblique incidence. Beyond the 
wedge, partial reflection takes place on the imperfect ground 
interface. This third component of partial reflection is dependant 
on soil conductivity and permittivity. The diffraction coefficient 
for this particular wedge geometry, where the surrounding medium is 
not fully free space, will be studied from first principles. The 
resulting diffraction field will be added to the previous three 
field components. Comparisons will be made with available 
literature. 

dhc:twave 

SoD 01 Antte CondUdlvlty 

€,.o 

Free Space e. 

WAVE MECHANISM AT A WEDGE 
IMPEDED IN A SOIL OF FINITE CONDUCTIVITY 
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THE EFFICIENT PREDICTION OF THE RADIATED EMISSIONS FROM 
LARGE AND COMPLEX PRINTED CIRCUIT 

Yuan Zhuang, Ke-Li Wu and John Litva 

Communications Research Laboratory, McMaster University 

Hamilton, Ontario, Canada L8S 4Kl 

With the working frequency becoming higher and higher, electromagnetic interference (EMI) is 

becoming a major constraint in the design of printed circuit boards (PCB's) used in computers and 

communication equipments. Some strict specifications have already been set for the radiated emisions 

from PCB's. The circuit equivalent approach is first used for modelling PCB's. Full-wave analysis 

methods, such as Moment Methods, are also adopted to simulate the currents on PCB's, and then the 

radiations. The former approach is limited by its accuracy and frequency range. The later ones are 

accurate but· usually the size and the complexity of the PCB's being able to analyzed is constrainted 

by the computer memory, computing time, and the model used. In this presentation, an efficient full­

wave analysis technique, modified CG-FFT is utilized to simulate the radiated emissions from large and 

complex PCB's. The CG-FFT algorithm is modified to include the opens, shorts, complex components 

(R,C,L) and source drives which can be located in arbitrary positions within electronic circuits. These 

modifications, combined with the intrinsic merits of CG-FFT, high efficiency ( O(N) in computer 

memory and O( 4N(1 + I092(N» in computing time ), propose a robust tool for the accurate prediction 

oflarge and complex PCB's. To demonstrate this technique, some PCB's are analyzed. The radiationed 

emission (from 20MHz up to IGHz), caused by a non-ideal square-wave typically transmitted in digital 

PCB's, are calculated and compared with the measured results done by a cooperative company. Some 

discussions are made at last. The details will be presented in the symposium. 
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AN ANTENNA ENERGY PROPAGATION MODEL: APPLICATION TO 
DISTANCE MEASUREMENT SYSTEMS 

J.M. Tranquilla and Radha Telikepalli' 
Radiating Systems Research Laboratory 

Department of Electrical Engineering 
University of New Brunswick 

FrederictonIN.B., Canada E3B 5A3 

Energy propagation can be represented geometrically by means of Poynting 
vector flow lines or energy flow lines. Energy flow thus represented gives the 
direction of the time-average Poynting vector at any point in space and the density 
of lines in a particular area is proportional to the average power flow per unit 
area. This type of geometrical representation gives a convenient physical 
interpretation for propagation phenomena. For antennas, the antenna pattern 
amplitude characteristics are represented by Poynting vector flow lines and tl(e 
phase characterstics are presented by phase contours. The amplitude maxima and 
'minima are identified by closely spaced and deflected flow lines respectively. The 
phase contours appear to converge around amplitude pattern nulls. 

The Poynting vector flow lines from an ideal point source radiator are 
radial with respect to the source, however practical antennas differ from a point 
source and there are corresponding changes in the energy flow lines. These lines 
appear in the far field to be directed (converge) toward an imaginary point which 
gives rise to the concept of phase center. For many practical antennas the location 
of this apparent point of convergence is direction dependent. 

In radio positioning systems an observation point is assumed to be located 
radially from the antenna source. The distance determination between the source 
and the observation point is performed using either phase based or time based 
measurements. The phase based calculations utilise measured differential phase at 
the observation point with reference to the antenna source which, when multiplied 
by the wavenumber, gives the value of the range. The time based measurements 
involve the multiplication of the measured propagation time delay and the group 
velocity for distance calculations. 

This paper describes the modelling of phase and group velocities of 
propagation based on the concept of energy flow and the technique is 
demonstrated by considering two simple examples. The typical distance errors 
involved by using constant velocities of propagation are presented. 
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Spherical Near-'field to Far-'field Transformation Using Equivalent 
Magnetic and Electric Current Approaches 

Ardalan Taaghol 
Tapan K. Sarkar 

Mark Miller 

ABSTRACT 

Thu. p.m. 

Two methods are presented to compute far-field antenna patterns from near-field 
measurements. These methods utilize near-field data to determine, first, an equivalent 
magnetic current source and, second, an equivalent electric current source over a fictitious 
planar surface which encompasses the antenna. These magnetic or electric currents are 
used to ascertain the far fields. 

Under certain approximations, the currents should produce the correct far-fields in all 
regions in front of the antenna regardless of the geometry over which the near-field 
measurements are made. Two electric field integral equations are developed to relate the 
near-fields to the equivalent magnetic or electric currents. The Method of Moments is 
used to solve the integral equations by transforming them into matrix equations. These 
matrix equations are solved using Singular Value Decomposition. 

Presented here is near-field to far-field transformation for spherical scanning. 

Ephi,Phi=O,normalized far-fiel.d (dB) 

-60. 

Normalized far-field pattern of an aperture antenna 
determined from the measured near-field. 
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A DOMAIN DECOMPOSITION TECHNIQUE FOR 
ELECTRICALLY LARGE RADOMES 

M.P. Hurst 
McDonnell Douglas Corporation 

P.O. Box 516 
St. Louis, MO 63166 

Analysis of the effects of radomes on the radiation patterns of enclosed 
antennas is typically done via asymptotic techniques, since most practical an­
tenna/radome configurations are too large to apply more rigorous techniques 
such as the method of moments. In cases where boresight error is critical, how­
ever, asymptotic methods do not always yield sufficiently accurate predictions. 
Asymptotic methods do not adequately treat the effects of surface curvature, 
cusps, and guided waves, and significant error in the calculated beam direction 
and gain can occur. In this paper a method is proposed which 'captures the 
most significant of these effects while remaining numerically tractable. 

The method proposed here involves spatial decomposition of an antenna/ ra­
dome geometry into domains of manageable size for moment method analysis. 
The method assumes an excitation at one end of an elongated body such 
as the nose of a vehicle. The geometry is such that rays impinging on the 
walls of the radome are not reflected toward the excited end of the body, and 
thus the fields propagate from one end of the body to the other, possibly 
being partially reflected many times and eventually radiating into the space 
beyond the radome. Rays which do return to the antenna (due to scattering 
from the tip of the radome, for example) are assumed to have a negligible 
effect on the antenna pattern near the main beam direction. The assumption 
that fields only propagate in one general direction allows the various domains 
into which the radome is artificially divided to be decoupled. A cascade of 
isolated scattering problems is solved, one for each domain, with excitations 
derived from the fields calculated in the previous problem. Unlike the method 
of Umashankar, et al., (K.R. Umashankar, S. Nimmagadda, and A. Taflove, 
IEEE Trans. Antennas Propagat., vol. AP-40, pp. 867-877, Aug. 1992) it is 
not necessary in the present method to compute the coupling between each 
pair of points on the body (or, equivalently, to fill a moment method matrix 
for the entire body). This feature provides considerable savings in computer 
storage and run time. 

Two- and three-dimensional examples of problems involving thick dielectric 
radomes will be given in the presentation with comparison to direct moment 
method calculations. 
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DIELECTRIC LENS ANTENNA AT EHF 

A. Kumar 
AK Electromagnetique Inc. 

P. O. Box 240 
30 Rue Lippee 
Coteau Station 

Quebec 
Canada JOP 1EO 

In recent years an increasing number of lens antennas 
have been designed and built at various microwave 
frequencies. A primary use of dielectric lens antennas 
is for multibeam applications such as satellite-born 
antennas where high gain and multi beam patterns can 
be generated by using the wide-angle characteristics 
of lens antennas. 

In this paper, we have designed a dielectric lens 
using shaping techniques in the frequency range of 
43.5 to 45.5 GHz. We have developed a software which 
is based on geometric optics with ray tracing techniqu­
es and the power conservation law. 

The main design objective is to shape the lens to 
serve as an optical transformer, which transform the 
given feed pattern into the desired aperture 
distribution. A technique of comma-correction zoning 
including surface matching method is introduced in 
the software. The software predicts the optimum 
performance of the antenna including weight and 
loss reduction. The coverage of the beam depends on 
excitation of the horn array. In choosing the proper 
horn in an array, special care has been taken to 
minimize mutual coupling effects. . 

Thu. p.m. 

A dielectric lens antenna of stycast dielectric material 
(permittivity = 2.5) has been constructed to verify the 
computed results. The performance of the antenna is 
summarized as follows: 

Characteristics Values Characteritics Values 

Gain 39 c:iBic Polarization RHCP 
Aperture effi. 49% Scan loss < 1 dB 
Antenna loss < 2 dB Sidelobe level < -32 dB 
Cross-pol level Cross-pol level 
in main beani < 24 dB in side lobe < -33 dB 

387 



Thu. p.m. 

THE USE OF MODEL BASED PARAMETER ESTIMATION (MBPE) 
FOR THE DESIGN OF CORRUGATED HORNS 

L. R. Fermelia, G. Z. Rollins, P. Ramanujam 
Hughes Space and Communications Company Los Angeles, CA 90009. 

The model based parameter estimation (MBPE) is an interesting approach to increase the 
efficiency of electromagnetic calculations (Miller, SCEEE, 1991). MBPE involves fitting 
physically motivated approximations to accurately computed or measured electromagnetic 
quantities from which unknown coefficients are numerically obtained. Thus, the performance of 
a component at a few frequencies can be used to intetpolate the performance at a large number 
of frequencies and hence can be used to pick: up any sharp resonances in the frequency re­
sponse, which would otherwise be missed. This approach was used to detect resonance prob­
lems in wide-band corrugated conical horns. Furthermore, MBPE was used inside an optimiza­
tion procedure whose cost function was based on the performance predicted by MBPE. 

The hom under consideration operates over 3.7-4.2 GHz for transmit and 5.925-6.425 GHz 
for receive. The purpose of the current investigation is to determine what can be achieved with 
conventional corrugated hom. An accurate mode-matching analysis was embedded inside an 
optimization procedure, in which the slot depths were optimized to achieve the VSWR and the 
cross-pol performance. While the cross-pol performance was fairly smooth over the transmit 
and receive band, the VSWR performance exhibited some resonance in the transmit band. The 
number of frequencies used for optimization were 10 over transmit and 6 over receive. While 
the performance was satisfactory over the optimized frequencies, MBPE predicted a resonance 
in between these frequencies. Fig 1 shows the VSWR at the optimized frequencies and the val­
ues predicted by MBPE using these as samples. The sharp resonance near 3.9 GHz exhibited by 

. MBPE, was confIrmed by running mode-matching analysis of the hom at that frequency, thus 
verifying the Validity of MBPE. 

It was then decided to introduce MBPE inside the optimization. The cost function was 
modified to take into account the VSWR predicted by MBPE. Due to the simplicity of the cal­
culations involved, the inclusion of MBPE did not increase the computation time for the opti­
mization. Using this procedure a design free of resonances was achieved. Fig 2 shows the 
VSWR at the optimized frequencies and that predicted by MBPE. The mode-matching analysis 
was performed at many other frequencies to verify the absence of the resonances. 

Fig 1. 

o:~--------)--~~~--------------~ ~~ -++-~Tj~T~~~~ED FREOS &~ -H- ~j~T~t~ED FREOS 

~~+-~~- + ~:~~tv'~~~~+-~J 
f \'-+--I---t--f--I--J ~'l' 
!!Is lila 
~+.7-0-----~·-.8-0----3~.-OO-----~~.OO-----~~.-10----~,.20 ~:+.7-0-----3~.8-0----3~.-OO-----.T.oo----~ •. ~10----~'.~ 

Fig 2. 
o:~--------------~~-------------. 

FREO FREO 

Return loss for the optimization without MBPE (Fig l.),and with MBPE (Fig 2.). 
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Generalized Coordinate Transformation 
Matrix In Antenna Applications 

Feng Cheng Chang * 
Department of Electrical Engineering 

National Chung Cheng University 
Taiwan, Republic of China 

Thu. p.m. 

A coordinate transformation matrix relating any two coordinate systems is usually 
obtained by successively rotating angles about any of three major coordinate axes. 
These are well-known Eulerian angles. For some antenna applications, such as 
alignment of probe and gantry in nearfield measurement, an axis of rotation may not 
be exactly coincided with any of the major coordinate axes, determination of 
transformation matrix is therefore to be reformulated regarding this general case. 

It is shown that a coordinate transformation matrix relating two coordinate systems can 
be expressed in a simple exponential form as exp (-Joo) , where 00 is an angle of 
rotation about the axis having directional cosine u = (ux, Uy, uz), and J is called a 
"directional matrix", given by 

[ 

0 -uz Uy 
J = Uz 0 -Ux 

-Uy ux 0 ] 
In case a coordinate transformation matrix is obtained by rotating 001 around J1 and 
then rotating O>:! around J2, the overall transformation may thus be expressed as 

exp (-Joo) = exp (-J2 ~ exp (-J1 ~) 

where for any given J1, 001 • and J2, O>:!. the resulted J and 00 are then solved from the 
following two equations: 

00 O>:! ~ • O>:!. ~T(1JI) cos- - cos- cos- + sm- sm- r·- ~ 2- 2 2 2 2 2 1 

. ooJ . O>:! ~ J O>:! • ~ J . O>:! • 001 (J I J J ) sm2 = sm"2 coS"2 2 + cos "2 sln"2 1 + sin "2 sm "2 ~1 - 1 2 

The matrix written as exp (-Joo) is not of a convenient form for numerical computation, 
since a square matrix J appears in the exponential. We may find a more explicit and 
useful form by series expension (Chang, Proc.IEEE 58,145-146, 1970), and obtain 

exp (-Joo) = I + (1 .: cos 00) JJ - sin ooJ 

= I + 2 (sin iJ)(SiniJ) - 2(cosi)(SiniJ) 

Some other applications, such as in multi-reflector system, also will be discussed. 

* Formally with TRW Antenna Systems Lab., RedondoBeach, California. 121592. 
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L-BAND PATH LOSS MEASUREMENTS INSIDE 
A 350 CUBIC INCH ENGINE BLOCK CAVITY 

Brian M. Bock*, Richard Campbell, Douglas Brumm 
Department of Electrical Engineering 

Carl Anderson and Glen Barna 
Department of Mechanical Engineering 

Michigan Technological University 
Houghton, MI 49931 

We have measured the path loss between a connecting rod mounted 
microwave transmitter and a receiving antenna in the oil pan of a 
350 cubic inch Chevrolet V-8 engine. The pistons, connecting rods, 
crankshaft and camshaft are all installed in the block. All engine 
block and oil pan openings are covered flush with aluminum foil to 
prevent radiation leakage from the cavity and to simulate the 
enclosed environment of a running automobile engine. The coupling 
measurements were performed with several different receive antenna 
positions, and over a wide range of crankshaft angles. 

The measurements show that the engine block propagation 
environment has the characteristics of an overmoded cavity, with 
deep nulls at a few crankshaft angles and an average received signal 
well above the "free space" value. We are currently running research 
engines with electronics packages mounted on connecting rods and 
inside the piston skirts. The measurements of L-band coupling show 
the feasibility of using a microwave link for telemetry from moving 
parts inside the engine to the external laboratory instrumentation. 
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SPECIAL SESSION AP-S/URSI 0-8 THURSDAY PM 

DOWNSIZING TECHNOLOGY IN MOBILE COMMUNICATIONS 

Chairs: K. Kagoshima, NIT Radio Communications Systems Laboratories 
J. Huang, Jet Propulsion Laboratory 

Room: Michigan League, Michigan Room Time: 1 :30-5:10 

1 :30 DOWNSIZING ANTENNA TECHNOLOGIES FOR MOBILE AND SATELLITE 
COMMUNICATIONS AP-S 
J. Huang, A Densmore, A Tulintseff, V. Jamnejad, Jet Propulsion Laboratory 

1 :50 REVIEW OF ESA MOBILE ANTENNA DEVELOPMENTS FOR SATELLITE 
COMMUNICATIONS AP-S 
A W. Jongejians, P.J. Rinous, AG. Roederer, ESA-ESTEC 

2:1 0 ANALYSIS AND DESIGN OF A CIRCUMFERENTIAL WIDE SLOT CUT ON A 
THIN CYLINDER FOR MOBILE BASE STATION ANTENNAS AP-S 
Jiro Hirokawa', Shun-ichi Sumikawa, Makoto Ando, Naohisa Goto, Tokyo 
Institute of Technology 

2:30 A THREE ELEMENT, SUPERDIRECTIVE AR~AY OF ELECTRICALLY 
SMALL, HIGH-TEMPERATURE SUPERCONDUCTING HALF LOOPS AT 500 
MHZ AP-S 
Donald R. Bowling, David J. Banks, Darry M. Kinman, Anna M. Martin, Naval Air 
Warfare Center; Robert J. Dinger, Naval Command, Control and Ocean 
Surveillance Center; Roger Forse, Superconductor Technologies; Greg Cook, 
University of Sheffield 

2:50 MINIATURIZATION OF ARRAY ANTENNAS WITH SUPERDIRECTIVE 
EXCITATION AP-S 
Osamu Ishii, Keiichiro Itoh, Yasuhiro Nagar, NIT Interdisciplinary Research 
Laboratories; Kenichi Kagoshima, NIT Radio Telecommunication System 
Research Laboratory 

3:10 BREAK 

3:30 ELECTRICAL ANTENNA VOLUME FOR A SCALE OF DOWNSIZING AP-S 
Hiroyuki Arai, Yokohama National University 

3:50 ANALYSIS AND OPTIMIZATION OF REDUCED SIZE PRINTED MONOPOLE AP-S 
H. Lebbar, M. Himdi, J.P. Daniel, University of Rennes I. U.R.A 

4:10 MONOPOLE-LOADED SMALL LOOP ANTENNAS ELIMINATING A 
MATCHING CIRCUIT AP-S 
Keizo Cho, Kenichi Kagoshima, NTT Radio Communication Systems 
Laboratories 

4:30 PRECISE MEASUREMENT OF INPUT IMPEDANCE AND RADIATION 
EFFICIENCY OF SMALL LOOP ANTENNAS AP-S 
/chirou Ida', Teruhiko Fujisawa, Koichi Ito, Jun-/chi Takada, Chiba University 

4:50 DISCUSSION 
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SESSION URSI 8-25 THURSDAY PM 

WAVEGUIDES" 

Chairs: G.A. Thiele, University of Dayton; AA Oliner, Polytechnic University 

Room: Michigan League, Henderson Room Time: 1 :30-5:30 

1 :30 CAPACITANCE OF A CIRCULARLY SYMMETRIC VIA FOR A MICROSTRIP 
TRANSMISSION LINE 394 
Andrew W. Mathis', Chalmers M. Butler, Clemson Univf!rsity 

1 :50 PROPERTIES OF BOUND AND LEAKY DOMINANT MODES ON STRIPLINE 
WITH UNIAXIAL ANISOTROPIC SUBSTRATES 395 
David Nghiem, Jeffery T. Williams, David R. Jackson, University of Houston; 
Arthur A. Oliner, Polytechnic University 

2:10 ASYMMETRICAL FIN LINES CONTAINING ANISOTROPIC DIELECTRIC 
SUBSTRATE OR MAGNETIZED FERRITE 396 
Z Fan', S.R. Pennock, University of Bath 

2:30 THE TAPERED DIELECTRIC SLAB RADIATOR 397 
Gerald M. Whitman', New Jersey Institute of Technology; Felix Schwering, US 
Army CECOM; Wan-Yu Chen, New Jersey Institute of Technology 

2:50 APERTURE COUPLED MICROSTRIP "MAGIC-T' 398 
M,W. Katsube', NDHQ; Y.M.M. Antar, Royal Military College; A Ittipiboon, M. 
Cuhaci, Communications Research Center 

3:10 BREAK 

3:30 A WAVEGUIDE POLARIZATION CONTROLLER 399 
Kamal sarabandi, The University of Michigan 

3:50 COMPUTER AIDED DESIGN & OPTIMIZATION OF A CLASS OF WIDE BAND 
TURNSTILE COUPLING JUNCTIONS 400 
Luiz Costa da Silva, Subir Ghosh, SG Microwaves Inc. 

4:10 FULL WAVE ANALYSIS OF THREE-PLANE THREE-PORT RECTANGULAR 
WAVEGUIDE JUNCTIONS 401 
J.M. Rebolfa", J. Esteban, J.E. Page, Universidad Politecnica de Madrid 

4:30 FULL WAVE ANALYSIS OF STEPPED TWISTS IN RECTANGULAR 
WAVEGUIDES 402 
J.M. Rebolfar', C. Vecino, J. Esteban, Universidad Politecnica de Madrid 

4:50 RIGOROUS ANALYSIS OF RECTANGULAR WAVEGUIDE LOADED WITH 
DIELECTRIC POST BASED ON FEM-BEM 403 
Zhang Feng, Fu Junmei, Xi'an Jiaotong University 

5:10 THE NEW METHOD FOR ANALYSIS OF A RADIAL RESONATOR 
WAVEGUIDE DIODE MOUNTING STRUCTURE-SMC METHOD 404 
Ling Chen, Yun-yi Wang, Southeast University 
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CAPACITANCE OF A CIRCULARLY SYMMETRIC VIA 
FOR A MICROS TRIP TRANSMISSION LINE 

Andrew W. Mathis* and Chalmers M. Butler 
Department of Electrical and Computer Engineering 

Clemson University, Clemson, SC 29634-0915 

Vias connecting different traces of a multilayered circuit board generally 
cross at least one ground plane, and, in so doing, introduce a capacitance to 
a transmission-line circuit. At sufficiently low frequencies this capacitance 
can be ignored, but at high frequencies it must be taken into account in the 
design of a circuit. The via structure of interest in this paper consists of a 
hollow cylinder that passes through a circular hole in a ground plane. The 
cylinder has lips or washer-shaped flanges at its upper and lower ends that 
facilitate connection to a trace of a microstrip transmission line. Typically, 
the trace is supported by, and resides on, the surface of a dielectric slab 
which itself rests on the ground plane. Hence, the via extends from a surface 
of the dielectric slab through the hole in the ground plane. 

An integral equation is derived for the charge induced on the cylindrical 
center of the via under the condition that the cylinder is raised to a potential 
V relative to that of the ground plane. The integral equation is solved 
numerically for the charge on the cylinder from which one can compute the 
via capacitance. In via analyses, the structure often is assumed to be in a 
homogeneous material, i.e., the dielectric-air interface is ignored, but, in the 
present investigation, .the presence of the dielectric substrate is accounted 
for by employing an appropriate Green's function. The partial differential 
equation for the Green's function is solved by a simple technique involving 
the Hankel transform. Consequently, this function is obtained in the form 
of an inverse Hankel transform which forces one to exercise care in carrying 
out the numerical evaluations of the Green's function in the solution of the 
integral equation. 

Data depicting via capacitance and its dependence upon the dielectric 
constant of the slab and the via's geometric dimensions are presented for 
numerous cases of via configuration. Results show the difference in capaci­
tance of a via in a homogeneous material and that of the same structure in 
the presence of a dielectric slab to be significant, especially if the thickness 
of the slab is the same as or larger than the radius of the hole in the ground 
plane. The presence of the lips or flanges on the via cylinder can introduce 
large increases in total charge on this composite central cylinder and, hence, 
can increase the via capacitance when the flange area is significant relative 
to that of the cylinder. This effect is particularly noticeable when the via 
is short relative to its diameter. Measurements to confirm these results are 
currently underway and, hopefully, can be completed in time to present. 
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PROPERTIES OF BOUND AND LEAKY DOMINANT MODES ON 
STRIPLINE WITH UNIAXIAL ANISOTROPIC SUBSTRATES 

David Nghiemt, Jeffery T. Williamst, David R. Jacksont, and Arthur A. Olinertt 

t Applied Electfomagnetics Laboratory 
Dept. of Electrical Engineering 
University of Houston 
Houston, TX 77204-4793 

tt Weber Research Institute 
Dept. of Electrical Engineering 
Polytechnic University 
Brooklyn, NY 11201 

Leaky modes have been found to exist on various planar transmission-line 
structures such as microstrip and stripline. Their presence is generally undesirable 
since they leak power away from the line, resulting in increased attenuation and 
possible spurious coupling between adjacent elements in the circuit. Recently; it was 
observed that a dominant leaky mode exists on ordinary stripline that has a small 
air gap above the strip conductor. This leaky mode is referred to as a "dominant" 
mode because the current on the strip conductor has a shape similar to that of the 
customary TEM mode on strip line with a homogeneous substrate. This leaky mode 
exists in addition to, and independently of, the proper (bound) mode on the air-gap 
structure. The attenuation constant 0: of this mode is associated with leakage into 
the TMo parallel-plate mode of the background structure (which has a propagation 
wavenumber kTMo). One of the most important features observed for the leaky mode 
is that it has a field near the strip that closely resembles that of the conventional 
TEM stripline mode. On the other hand, for small air gaps, the proper mode has 
a field near the strip that resembles a TMo parallel-plate mode. Therefore, it is the 
leaky mode that is a continuation of the conventional TEM stripline mode when a 
small air gap is introduced above the strip (D. Nghiem, J. T. Williams, D. R. Jackson, 
and A. A. Oliner, 1992 IEEE MTT-S Symp. Digest, pp. 491-494). 

In the present work, the investigation is extended to a more general structure 
consisting of stripline with a uniaxial anisotropic substrate, with an air gap of arbi­
trary thickness b above the strip. For the case of a positive anisotropy ratio (Ell> fl.) 
it is found that there are two distinct proper modes (with 0: = O) when b = O. 
The first mode is the conventional TMo parallel-plate mode having f3 = k TMo , which 
ignores the strip, and the second mode is a stripline-like mode having f3 < k TMo , 

despite the fact that there is no leakage. When a small air gap is introduced the 
first mode remains a proper mode with f3 > k TMo , while the second one becomes 
a leaky (complex improper) mode with f3 < k TMo . The leakage rate of this second 
mode is enhanced relative to the isotropic air-gap case. For the case of a negative 
anisotropy ratio (fll < fl.), the behavior is very different. For b = 0 there are again 
two proper modes. The first one is the TMo parallel-plate mode and the second one is 
a stripline-like mode having f3 > k TMo . When a small air gap is introduced, however, 
these solutions part into three, a proper stripline-like mode with f3 > k TMo , and two 
real (0: = O) improper modes (one is stripline-like and the other, for very small air 
gaps, is parallel-plate like) which are nonphysical. When b increases to a critical value 
(dependent on the anisotropy ratio) the two real improper modal solutions merge to 
become a single leaky improper solution. This solution remains leaky up to another 
critical value of b, beyond which it again splits into two real improper solutions. In 
the region of leakage, this solution should be physically significant. 

395 



Thu. p.m. 

ASYMMETRICAL FIN LINES CONTAINING ANISOTROPIC 
DIELECTRIC SUBSTRATE OR MAGNETIZED FERRITE 

Z. Fan· and S.R. Pennock 
School of Electronic and Electrical Engineering 

University of Bath, Bath BA2 7AY, U. K. 

Recently, asymmetrical fin lines have become attractive for microwave 
and millimeter wave integrated circuit applications. These asymmetrical 
structures offer several advantages over symmetrical (traditional) fin lines, 
such as ease of substrate and device mounting, wider single-mode bandwidth 
and an additional degree of freedom to obtain the characteristic parameters. 
A number of theoretical analyses for asymmetrical fin lines with isotropic 
dielectric substrates have been reported. It is well known that anisotropy 
is present in a variety of practical substrates used for microwave integrated 
circuits. Furthermore, a magnetized ferrite layer has to be inserted in the 
substrate in order to realize nonreciprocal devices. However, up until now, 
there seems to be no analysis developed for asymmetrical fin lines with 
anisotropic dielectric substrate or magnetized ferrite. Some of our recent 
studies in these areas are described as follows. 

A theoretical and numerical method is presented for the analysis of the 
asymmetrical fin lines with anisotropic dielectric substrates. A couple of 
integral equations are first derived by expressing the field components in 
different regions in terms of different discrete Fourier transforms and app­
lying the boundary conditions across interfaces. Galerkin's method is then 
applied to obtain the determinant equation for propagation constants of odd 
and even modes. In addition, characteristic impedance of the fundamental 
mode is derived based on the voltage-power definition. Numerical results 
are presented to show the effect of substrate anisotropy on the propagation 
constants and characteristic impedances. It is found that the effect on 
the propagation characteristics increases with the increase in the frequency. 
The results for the symmetrical cases are also presented and compared with 
theoretical data available in the literature, showing a very good agreement. 

Asymmetrical fin lines containing a magnetized ferrite is also analyzed 
by means of the integral equation formulation and Galerkin's procedure 
with regards to their nonreciprocal properties. Convergence and numeri­
cal efficiency of the analysis is demonstrated to be good. Numerical re­
sults for the frequency dependent propagation constants of the forward 
and backward waves are obtained for various values of structural arid ma­
terial parameters. It is found that single-layer structures do not exhibit 
adequate nonreciprocity in the propagation characteristics, but the multi­
layered structures such as sandwich ones give quite high differential phase 
shift for the realization of the efficient nonreciprocal devices. Numerical 
results are validated against the data previously published for the symmet­
rical one-layer and multilayer cases. 
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THE TAPERED DIELECTRIC SLAB RADIATOR 

* Gerald M. Whitman, New Jersey Institute of Technology; Felix 
Schwering, US Army CECOM; Wan-Yu Chen, New Jersey Institut~ of 
Technology 

Tapering the dielectric slab waveguide, as opposed to a sudden 
truncation, forms a dielectric radiator with increased 
directivity and reduced side lobe levels over a wider frequency 
band. The two dimensional structure consisting of a semi-infinite, 
lossless, di electric waveguide feeding a dielectric wedge is 
studied. 

The tapered portion of the structure is modeled by a sequence 
of several short slab waveguide segments of equal lengths . and 
uniform cross-sectional areas of progressively smaller widths 
(staircase approximation). The fundamental, even, TE surface wave 
mode of the infinite, uniform, dielectric slab waveguide is 
assumed to be incident in the + z direction from z = - 00 • This 
mode does not experience cutoff and can propagate along very thin 
slab waveguides. The resultant fields are TE everywhere. They are 
represented in each distinct region as a superposition of guided 
and radiation modes whose expansion coefficients are determined 
by satisfaction of transverse field continuity cOnditions across 

Thu. p.m. 

each interface between slab waveguides of unequal cross-sections. 
The rigorous field solution is found by determining partial 
fields, first in the forward direction, i.e., in the +z 
direction, and then in the backward direction, i.e., in the -z 
direction. A forward partial field results by neglecting both the 
backward surface wave modes and the backward radiation modes 
which exist to the right of each interface. Hence, partial fields 
due to one step discontinuity can be completely determined before 
continuing on to the next step discontinuity. After the tip 
of the wedge is reached, the process is reversed; now the 
forward traveling modes to the left of each interface are 
neglected and the backward partial fields are determined. The 
total . field is the sum of forward and backward partial 
fields. A desired accuracy for the total field is reached by 
repeating the procedure as often as required. Theortical curves 
of the radiation pattern, expressed as a superposition of partial 
fields, will be presented for different wedge geometries and 
dielectric constants. 

The analysis for the TM case is similar and is currently 
being done. 
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APERTURE COUPLED MICROSTRIP "MAGIC-Tn 

"Capt M.W. Katsube 
NDHQ 
101 Colonel By Drive 
Ottawa, Ontario 
Canada KIA OK2 

Y.M.M. Antar 
Dept. Elec/Comp Eng. 
Royal Military College 
Kingston, Ontario 
Canada K7K 5LO 

A. lttipiboon, M. Cuhaci 
Communications Research Center 
P.O. Box 11490, Station H 
Ottawa, Ontario 
Canada K2H 8S2 

The advent of Monolithic· Microwave Integrated Circuits (MMICs) has brought aboUt the 
development of nigh performance, miniature microstrip devices. The light weight and 
conformability of these micros trip devices provide them with advantages over waveguides and 
make them very attractive for aircraft, missile, and satellite applications. With the maturing of 
MMIC's design and fabrication, the possibility of producing entire antennae and processing devices 
on a single or multilayer chip is becoming more feasible. 

The "Magic-T" device is commonly found in waveguide form and is well known in the 
microwave field. This passive, reciprocal device has unique power division and isolation 
characteristics which are important and find wide applications in the microwave area. However, 
such a device does not exist in microstrip technology. 

A new device (Fig. 1) in the form of a "Magic-T" type construction in microstrip 
technology, using aperture coupling, is investigated. Aperture coupling is a recent method for 
feeding electromagnetic energy from one substrate layer to another. It has a number of advantages 
including the separate integration of top and bottom layer circuitry, whereby the ground plane 
provides the isolation between the respective layers. Results indicate that this working device in 
microstrip exhibits the required properties of a "Magic-T". 

Theoretical analysis is pursued to produce ideal circuit models based upon modal analysis. 
A first order approximation is made using the dominant mode, with Lorentz reciprocity and the 
Poynting theorem. Experimental findings show very good performance over a narrow band (-13-
15 GHz) with possible broad band operation upon further optimization of the T-Branch, which at 
this stage, is the limiting factor. The slot coupling shows good characteristics from -12-18 GHz. 

This paper will present the most recent developments in improving the performance of 
this device over a wider bandwidth which includes modifications to the T-Branch al)d an open 
circuit termination of the feedline. 

The aperture coupled microstrip "Magic-T" shows excellent potential in performance for 
future applications. Its integration into microstrip antennae and multi-layer processing systems 
may be useful for further MMIC technology advancement. 

(a) (b) 

Fig. 1.. Configuration of the aperture coupled microstrip "Magic-T." (a) 3-D 
view. (b) Top view. 
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A WAVEGUIDE POLARIZATION CONTROLLER 

Kamal Sarabandi 
Radiation Laboratory 

Department of Electrical Engineering and Computer Science 
The University of Michigan, Ann Arbor, MI 48109-2122 

Abstract 
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Polarization agility in a military or remote sensing radar enhances the 
ability of the radar system in detection and measurement of a feature of in­
terest in a radar scene. Traditionally, the desired polarization is generated 
by employing one or two dielectric septum polarizers or corrugated dielectric 
wave-plates. Since the output polarization of a septum polarizer depends on 
the relative orientation of the dielectric septum with respect to the polariza­
tion of the incident wave, waveguide rotary joints are required to generate a 
set of desired polarizations. The phase and amplitude variations as a func­
tion of orientation angle caused by the rotary joints degrade the performance 
of the polarizer. This problem becomes a limiting factor at millimiter and 
submillimiter wavelengths. The corrugated dielectric wave-plate limitations 
are its relatively large size and difficulties in machining narrow grooves for 
high frequencies. 

In this paper a novel waveguide polarizer is introduced that does not re­
quire rotary joints and the frequency of operation can easily be adjusted by 
a few set screws. In this method the degenerate eigenvalues of a circular 
waveguide are separated by deforming the waveguide cross section slightly. 
For a specific finite length deformation over the extent of the circular waveg­
uide, the desired phase difference (7r /2) between the two orthogonal modes is 
obtained. The deformation of the cylindrical shell is kept within the elastic 
region. In order to generate a desired polarization, the orientation angle of 
the deformation point with respect to the polarization of the incident wave 
can be adjusted by using a rotary roller mechanism concentric with the cir­
cular waveguide. Analysis of the problem based on the finite element method 
and an approximate analytical method is given. A prototype model at 34.5 
GHz is built and tested. Experimental results shows excellent agreement 
with the theoretical prediction. 
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Computer Aided Design & Optimization 
of 

A Class of Wide Band Turnstile Coupling Junctions 

Luiz Costa da Silva & Subir Ghosh 
SG Microwaves Inc. 

1183 King Street East 
Kitchener; Ontario N2G 2N3; Canada 

Turnstile coupling junctions are widely used in devices 
such as ortho-mode transducers, diplexers, mUltiplexers 
etc. Traditionally, such designs have been implemented 
by experimental iteration of the design parameters to 
reach the desired electrical behaviour. Often observed 
deficiencies of such an approach are cost and performance 
compromises. In this paper, the design and optimization 
of a class of wide band turnstile coupling junctions are 
described based on precision computer aided MM modelling. 

Turnstile 
coupling 
Junction 

Above figure shows the coupling between a pair of branch 
waveguides and a principal waveguide. The coupling slots 
are oriented longitudinally on the side wall of the 
principal waveguide and along the broad side in the end 
wall of the rectangular branch waveguides. In order to 
achieve wide band response from a turnstile junction of 
this class, it is necessary to employ a vane like 
structure in the principal waveguide which partially 
overlaps with the length of the coupling slot along the 
z-axis. Fully computer aided design and optimization 
softwares have been developed for such turnstile 
junctions having anyone of the following types of 
principal waveguide: circular, co-axial or rectangular. 
The equivalence of the problem as employed in the MM 
formulation is described in this figure. As is shown, 
the finite wall thickness at the coupling slot is taken 
into consideration. 

Based on the above mentioned CAD procedure, results will 
be presented at the conference that demonstrate optimized 
electrical performance and elimination of experimental 
iterations in the design of turnstile coupling junctions. 
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FULL WAVE ANAlVSIS OF THREE-PLANE 
THREE-PORT RECTANGULAR WAVEGUIDE JUNCTIONS 

J.M. Rebollaro, J. Esteban, J.E. Page 
Grupo de Electromagnetismo Aplicado y Microondas 

ETSI Telecomunicaci6n. Universidad Polit6cnica de Madrid 
28040-Madrid. Espal'ia. 

Three-port junctions of rectangular waveguides play a very 
important role in the design of a wide number of microwave circuits. 
Many models, from mono modal (equivalent circuit) to multimodal 
description, have been proposed to simulate the behaviour of these 
structures. 

An efficient and accurate technique for the analysis of three-port 
rectangular waveguide junctions is presented in this paper. The 
technique is based on a generalization of the well-known admittance 
matrix concept of circuit theory and yields a multi modal description of 
the junction by means of its Generalized Admittance Matrix (GAM). All 
the elements of the GAM can be obtained analytically in closed form. 

Once the GAM is obtained, the Generalized Scattering Matrix 
(GSM) can be easily computed (alter some algebraic manipulations) and 
combined with the GSM's of other blocks to characterize more 
complicated structures in a full wave mode. The proposed technique 
has been checked with numerical and experimental results from other 
authors, for the more classical cases of the E-plane and H-plane T­
junctions. 

In the general case considered in this paper of an E-/H-plane three 
port junction, both family of modes TE and TM are required in each 
waveguide port. A convergence study of the scattering parameters will 
be presented. 
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FULL WAVE ANALYSIS OF STEPPED TWISTS 
IN RECTANGULAR WAVEGUIDES 

J.M. Rebollar, C. Vecino, J. Esteban 
Grupo de Electromagnetismo Aplicado y Microondas 

ETSI Telecomunicaci6n. Universidad Polit6cnica de Madrid 
28040-Madrid. Espal'la. 

Variable stepped twists in rectangular waveguide can be easily 
implemented by inserting circular waveguide sections between the 
rectangular ones. This structure can be used as key building block in the 
design of polarization rotators. 

A full wave and efficient analysis procedure is proposed to 
characterize the structure. Firstly, the Generalized Scattering Matrix 
(GSM) of the junction of a circular waveguide and a rectangular 
waveguide must be obtained. This GSM can be accurately and 
efficiently computed through the Mode Matching technique since all 
integrals to be evaluated can be solved analytically when the 
rectangular waveguide cross-section is smaller than circular waveguide 
one (R.H. MacPhie, R. Deleuil and A.K. Daoudia, URSI-Meeting, 216, 
1992). Considering both polarizations (vertical and horizontal) as two 
electrical ports, the rectan'gular-circular discontinuity is a four-port 
structure and can be characterized by its GSM of generalized 2-port 
discontinuity. This procedure is advantageous when.an adequate mixing 
of the GSM's for the vertical and horizontal polarizations (SV and SH 
respectively) is used. 

Once the GSM of generalized 2-port of the two discontinuities are 
known, they are linked by the circular waveguide section in the usual 
way (J.M. Rebollar and J.A. Encinar, lEE Pt.H, 1-7, 1988) and taking 
into account the relationships due to the rotation angle 8 between the 
rectangular waveguides. Numerical and experimental results will be 
presented, showing the validi!y and efficiency of the proposed method. 
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RIGOROUS ANALYSIS OF .RECTANGULAR WAVEGUIDE LOADED 
WITH DIELECTRIC POST BASED ON FEM-BEM 

Zhang Feng Fu Junmei 

(Dept. of Information and Control Engineering 
Xi'an Jiaotong University, Xi'an 710049, P.R. C) 

Thu. p.m. 

The study of inductive waveguide posts has been a subject of interest to 
researchers for many years. Cylindrical obstacles in a rectangular waveguide are 
used in many microwave device, i.e., dielectric materials with high relative 
permittivity are used to design microwave filter. A great number of papers for 
the H-plane discontinuity with theorical or numerical methods are presented, but 
most of them are limited to the shape, location and number of posts. 

The. main purpose of this paper is to devise a procedure which is accurate, 
simple and general in that posts, lossless or lossy, of arbitrary shape, size, 
location and number can be analyzed effectively. Here, a combination of the finite 
element method(FEM) and boundary element method(BEM) is used. The waveguide 
of discontinuity will be divided into two regions,i.e., the inhomogeneous region 
with a dielectric and. the homogeneous one without a dielectric. The FEM and BEM 
are applied to the inhomogeneous and homogeneous regions respectively. 

In this paper, consider a rectangular waveguide containing a dielectric post, 
where the boundaries BI and B2 connect the discontinuities to the rectangular 
'ITaveguide, ~ encloses the the region Os containing the dielectrics. The region 
QA is surrounded by BI' B2' Bd and the short-circuit boundary Bo' 

Unlike .general procedures, the boundary BI is located far enough to overlook 
the high";order harmonic wave, and this discontinuity is treated as network 
problem. Thus, when considering the excitation by TEIO mode, the incident field 
can be put on the boundary BI, and the scattering matrix of the waveguide can 
be solved with FEM-BEM. A lossy dielectric post in a rectangular waveguide is 
investigated first, and the results are in agreement with data in literatures. Then 
a layer dielectric post is analyzed and the results are discussed. 

A combination of FEM and BEM has been applied to the analysis of H-plane 
waveguide is loaded with dielectric post of arbitrary shape, size, number and 
location.. Discontinuity problems with a lax:~e homogeneous region or with 
variations of the location 'of dielectrics can be handled easily by FEM-BEM. The 
validity and usefulness of this method is testified. 
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THE NEW METHOD FOR ANALYSIS OF A RADIAL RESONATOR WAVEGUIDE 

DIODE MOUNTING STRUCTIJRE-SMC METHOD 

Ling Chen Yun-yi Wang 

(State Key Laboratory of Millimeter Waves, Southeast University 

Nanjing 210018, P. R. C.) 

ABSTRACT 

Radial resonator diode mounts have been widely used for Gunn and IMPATT 

oscillators where a local resonator is desirable for impedance matching 

betw·een active devices and a standard rectangular waveguide. In the previous 

reports, for the theoretical analysis of diode mounts of oscillators, a 

simplified method is assuming a disc located above a ground plane in free 

space and not considering the effect of waveguide boundary conditions. A more 

accurate method is using a magnetic-current excitation to obtain admittance 

expressions.from image theory. This method accounts accurately the effect of 

waveguide environment including either matched or short-circuited waveguide 

terminations. But, it requires the formulation of magnetic and electric field 

equations in each region and matching coefficients at each boundary. Recently, 

B.D. Bates extended this method and made it easy to formulate the analysis for 

CAD. However, his approach can be only used for single device or dual device 

axial mounts. In this paper, we present a new analysis method that is the 

Simulation Module Composition method (abbreviated: SMC method). In this 

method, firstly, eight fundamental elements to form multiple step radial­

resonator waveguide m ul tiple- diode mounts are found. Secondly, three 

simulation modules (radial transmission ·module, radial step module and 

waveguide-radial line match module) are established from the eight elements. 

The principle of SMC method is that, using the composition of three modules 

corresponding to the configuration to simulate field distribution of arbitrary 

oscillator or power combiner, by using algebraic operation of mathematical 

simulation matrices of the modules, the driving point and transfer admittances 

of device mounts are obtained. This method is also applicable to single device 

lIounts. The application examples to oscillators and power combiners show this 

lI!ethod is more accurate, more general and more flexible compared with the 

other method, and is very suitable to CAD. 
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RE-EXAMINATION OF THE KIRCHHOFF 
APPROXIMATION FOR SCATTERING FROM A 

ROUGH SURFACE 

Yisok Oh·, Kamal Sarabandi, and Fawwaz T. Ulaby 

Radiation Laboratory 
Department of Electrical Engineering and Computer Science 

The University of Michigan, Ann Arbor, MI 48109-2122 

Abstract 

The Kirchhoff approximation for the scattering of electromagnetic waves from a 
randomly rough surface has been studied extensively for several decades. In Kirchhoff 
approximation (KA), the total fields at any point on the surface are approximated by 
those of a plane interface tangent to the surface at that point. Aside from the tangent 
plane approximation, further simplifications are usually required to evaluate the en­
semble averages involved in the diffraction integrals for a dielectric rough surface. A 
common simplification is achieved by expanding the integrands in terms of the local 
surface slopes and then evaluating these using integration by parts and discarding 
the "edge effect" contributions [Po Beckmann and A. Spizzichino, The Scattering of 
Electromagnetic Waves from Rough Surfaces, Macmillan, New York, 1963]. 

This simplification, however, is unnecessary since the ensemble average of the 
diffraction integrand can be evaluated exactly by employing the characteristic func­
tions of random vectors specifying the surface and assuming Gaussian height and 
slope distributions. The ensemble average of the integrand can be evaluated exactly 
by using the spectral representation for the delta function and the characteristic 
function of a Gaussian random vector [A.H. Holzer and C.C. Sung, J. Appl. Phys., 
49, PP.I002-1011, 1978], at the expense of computing a four-folded integral for a 
one-dimensional random surface. In this paper, the four-folded integral is integrated 
analytically, and the final form of the scattering coefficients of the one-dimensional 
random surface is given in terms of a single integral in which the integrand is simply 
a function of the surface correlation function and its derivatives. 

This technique is compared with the conventional KA and a numerical simulation 
for scattering from a randomly rough dielectric surface. The backscattering coef­
ficients obtained by this technique (e.g., in case of Gaussian correlation function) 
agree better with the numerical simulation than those obtained by the conventional 
KA method. 
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A SMOOTHING METHOD FOR ROUGH SURFACE SCATTERING 

Akira Ishimaru 
Department of Electrical Engineering 

University of Washington 
Seattle, Washington 98195 

Thu. p.m. 

A smoothing method is applied to rough surface scattering which extends 
the range of validity beyond the conventional perturbation method. The theory is 
based on equivalent boundary conditions. The Dyson equation is solved to obtain 
the coherent field and the result is identical to the Watson-Keller solution. It is 
noted that, even for a perfectly conducting surface, the surface exhibits an 
equivalent surface impedance due to the roughness, which can support a surface 
wave. The equivalent reflection coefficient is compared with those of the 
perturbation method and the phase perturbation method. The bistatic cross section 
consists of the first-order term and the second-order ladder and cyclic terms. The 
first-order term is obtained by the coherent incident field scattered by the surface 
with the coherent Green's function and is similar to the distorted Born 
approximation. This is similar but different from Watson-Keller results and 
reciprocity is satisfied. The second-order ladder term is obtained by considering the 
coherent field incident on the surface which is propagated along the surface with the 
coherent Green's function, and then scattered with the coherent Green's function. 
This is the Bethe-Salpeter equation and the solution is reciprocal. The cyclic term is 
similar to the ladder term except that the conjugate field is propagated in the reverse 
direction on the surface. The result shows that the cyclic term gives a peak in the 
backscattering direction. When the rms height is small, the second-order term is 
negligible and the first-order term is dominant. As the rms height increases, the 
second-order term becomes significant and enhanced backscattering takes place. 
Comparisons with numerical simulations are given to show the extended range of 
validity. 
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ON THE USE OF NORMALIZATION IN SMOOTHING BASED ROUGH 
SURFACE SCATTERING CALCULATIONS 

Gary S. Brown 
Bradley Department of Electrical Engineering 

Virginia Polytechnic Institute & State University 
Blacksburg, VA 24061-0111 

Smoothing, as applied to rough surface scattering, is a 
technique that splits the surface current into its mean 
and fluctuating parts and uses approximate knowledge of 
the mean to generate a very accurate estimate of the 
fluctuating part. The method assumes that the average 
current is much larger that the fluctuating part; hence, 
the method is restricted to surfaces having small rough­
ness height. This restriction applies even if the 
surface is a randomly elevated plane. To overcome this 
limitation, it has been proposed to normalize the basic 
integral equation for the surface current by the height­
dependent phase factor which is the source of the small 
height restriction. Previous work has demonstrated that 
this approach to first normalize the integral equation 
and then apply smoothing is very effective when the 
roughness comprises small scale components superimposed 
on a large, gently undul~ting spectral component. It was 
further proposed that the method might useful for other 
classes of surface roughness. This paper address this 
topic. 

It was originally proposed that normalization might 
accelerate the rate of convergence of a standard itera­
tive solution of the current integral equa'tion. However, 
if the ratio test for convergence is applied to the 
normalized integral equation, one obtains exactly the 
same result as with the unnormalized equation. That is, 
exactly the same ratio of terms results. It would seem 
that normalization is not as robust as anticipated. This 
conclusion is incorrect because it assumes that the 
normalization is intended to improve the convergence of 
a standard iterative series which is not the case. Norm­
alization is intended to work with smoothing not stan­
ard iteration. It is shown that when used in conjunction 
with smoothing, the success of normalization becomes 
very dependent on the spectral content of the part of 
the roughness used in the normalization process. For ex­
ample, using low frequency components is very effective 
in the normalization process but the use of high freq­
uencies (compared to ko ) provides no improvement rel­
ative to a standard iterative approach. In this paper it 
is shown just how the spectral content of the normaliz­
ing height enters into the calculation of the fluctuat­
ing part of the current and how it controls the degree 
to which the method improves on standard iteration. 
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AN APPLICATION OF THE CONTOUR PATH FINITE DIFFERENCE 
TIME DOMAIN METHOD TO 'ROUGH SURFACE SCATTERING 

Frank Hastings·, Shira L. Broschat, and John B. Schneider 
Electrical E!tgineering and Computer Science 

Washington State University 
Pullman, WA 99164-2752 

The problem of modeling scattering from randomly rough surfaces has been ap­
proached through approximate and exact numerical methods. Both approaches 
have limitations: Approximate solutions are typically restricted to specific re­
gions of validity and exact numerical solutions are hindered by the computational 
requirements inherent in the problem. Recently, the FInite Difference Time 
Domain (FDTD) method has been used to model rough surface scattering. This 
approach produces results with low computational cost; however, the original 
FDTD algorithm lacks sufficient numerical accuracy. A contour path (CP) modi­
fication of the FDTD algorithm has performed well in general scattering problems 
involving curved surfaces [Jurgens et aI., IEEE Trans. Antennas Propagat., AP-
40(4),357-366, 1992]. In this work, the CP-FDTD method has been applied to 
the rough surface scattering problem. The results generated are accurate, while 
still maintaining modest computational costs. 

In this paper, results are presented for the normal incidence excitation of one­
dimensional Dirichlet surfaces with Gaussian statistics satisfying a Gaussian 
roughness spectrum. Monte Carlo simulations are used to compute the scattering 
cross sections as a function of scattered angle for various correlation lengths and 
ems surface heights. The method is similar to that of Thorsos [J. Acoust. Soc. 
Am., 83(1),78-92, 1988], using a tapered incident field. For each simulation, a 
large number of finite-length surfaces are generated. For each surface realization, 
the CP-FDTD simulation produces near-zone scattered field data which are trans­
formed to the far field to obtain the scattered intensity. These individual results 
are then averaged over the total number of surfaces to obtain the cross sections. 
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BISTATIC ELECTROMAGNETIC SCATTERING FROM SMALL CLUTTER 
CELLS FOR NON-GAUSSIAN CORRELATED SURFACES 

L. Mockapetris* 
Environmental Effects Branch 

Applied Electromagnetics Division 
Electromagnetics and Reliability Directorate 

Rome Laboratory, Hanscom AFB, MA 01731 

D. Tamasanis 
ARCON Corporation 
260 Bear Hill Road 

Waltham, MA 02154 

Finite cell size scattering is increasingly becoming an important topic 
because the narrow pulse widths used in wide band radars result in small clutter 
cells. Decreasing the clutter cell size has been shown to alter the characteristics of 
the clutter power. In this paper, the impact that two different surface correlation 
functions have on scattered power for decreasing cell size is calculated. Both 
Gaussian and Bessel correlated surfaces are studied. Surface scattering is 
calculated using a model that combines small and large scale roughnesses 
introducing several aspects of the scattering which are affected by the cell size. 
Both the small and large scale scatterers have distinct polarization dependences 
which have to be combined. For Gaussian correlation, there ate regions where the 
scattering is dominated by scattering from the small scale facets. For Bessel 
correlated surfaces the scattering from the small scale facets is usually considerably 
less than the large scale contribution. However, because the polarization state of 
the signal scattered by the small scale elements is significantly different from that 
scattered from the large scale elements, the small scale scattering will become 
dominant at the polarization angles where the large scale roughness has scattering 
minima. 

The type of surface considered has a large number of similar scatterers that 
typically results in Rayleigh scattering. However, as the cell size is decreased, 
significant differences in behavior are observed. Small scale scattering will not be 
affected by decreasing the cell size because the dimensions ofthe clutter cell will 
remain much larger than the characteristic dimension of the small scale scatterers. 
The large scale scattering however,' will be affected by reduction of the cell size 
because the cell dimensions will be on the order of a few large scale correlation 
lengths. 
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A GO+ PO 1v1ethod for Computation of Random Rough 
Surface Scattering 

V. Santalla, M.Vera, A.G Pino (0) 

Departament.o de Tecnologias de las Comunicaciones 
ETSI Telecomunicacion 

Universidad de Vigo 
36200· VIGO, SPAIN 

The problem of scat.tering from a rough surface has become of special interest in recent 
years. Many t.heories have been developed to explain and predict measured data. None 
of them is general and rigorous at the same time, usually several assumptions are used to 
simplify computational procedures [Beckmann and Spizzichino, "The scattering of electro­
magnetic waves from rough surfaces", Art,ech House, [987], 

The GO+PO method we have implement.ed is a ·high frequency model. This hybrid 
method combine~ principles of Geometric Opt,ics (GO) a.nd Physics Optics (PO), These 
procedures have already been applied succesfullyto radar cross section computation of 
arbitrary shaped cavities [H.Ling, R.C.Chou, S.W,Lee, "Shooting and bouncing rays: Cal­
culating the RCS of an arbitrarily shaped cavity". IEEE Trans. on Ant. and Prop. Feb. 
1989. A.G.Pino, F, Obelleiro, J ,L. Rodriguez, A.M,Arias "A comparison of ray tracing 
methods for the analysis of high frequency scattering by arhit.rarily shaped cavities." URSl 
Digest, Chicago, Jul. 1992,]. The plane wave t,hat, incides on the surface is modelled by rays, 
each one carrying information about amplitude, phase, traject,ory and polarization: These 
rays are grouped in triads, Using ray t.racing t.echniques the rays are driven (while changing 
their pammd,ers depf'nding on the travelled pat.h and the I'cflection point on the surface) to 
the aperture plane in t.he fal' field region, Here. lillear dist,rihut,ions of phase and amplitude 
on the triangnlar domains a.re used to comput.e by a.perture int.egration the scattered field, 

The main restrict,ion of t,his method is that it applies only to surfaces with radius of 
curvature much great.er t,han t,he wavelength of the incident radiation, However, in the 
microwave range, where the wavelength is rat,her small, one can use this model in most of 
the terrain types we are interested on. This method allows to consider multiple scattering 
and shadowing effects, (actually, taking them into account becomes a geometrical problem). 
Moreover, it is ea.~y to include diffraction effects because it simply implies to consider the 
Geomtrical Theory of Diffraction, an extension to GO. 

The application of (,he Illethod implies, inherent,ly, a sampling of the surface, which allows 
to generate surfaces wit.h a given st,atist,ical dist,ribution and correlat,ion fnnct.ion, avoiding' 
the problems with the stat.ist,ical parameters t,hat come Ollt wit.h interpolation. 

In this paper plane wave incidence will be investigated. Results will be presented for 
rough sUl'faces with NOf'mal distribution and quadmtic exponential correlation function 

(Ce-~). 
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K-Distributed Terrain Radar Clutter 
Simulation and Experiments 

Z. BELHADJ, S. EL ASSAD, I. LAKKIS and J. SAILLARD* 
Laboratoire S2HF (Systemes et Signaux Hautes Frequences) 

La Chantrerie-CP 3003-44087 NANTES cedex 03 - FRANCE 
(Ph: (33) 4068 3064, Fax: 4068 3066) 

When a radar illuminates a large area, the amplitude probability density function (PDF) of the clutter 
can be approximated by a Rayleigh distribution. However, measurements for high resolution radars reveal 
a substantial depanure from the Rayleigh statistics. At present, non-Gaussian clutter models, (such as K­
distributed clutters), are considered. 

Under the multiplicative noise model assumption of the non-Gaussian clutter, it is assumed that the 
received polarimetric returns for a one-look image are the product of a complex Gaussian vector (which 
represents the speckle) and a gamma-distributed scaling factor which characterizes the spatial variability of 
the clutter. 

In this paper, first, we use the Olivier, Novak and Burl algorithms for the clutter simulation, for which 
two types of clutter models are used. Therefore, based on a priori knowledge, we compare and interprete 
our results in relation to our predictions- such as the autocorrelation of some simulation steps, histograms 
of normalized amplitudes ... 

In practice, the K-distribution is derived with one parameter a. The variation of this parameter will 
characterize each class of clutter (trees, grass, ... ). Homogenous areas will be characterized by a high a, 
whereas it will be small when concerning heterogenous areas. The parameter a isn't fixed for a specified 
type of clutter. In fact, it varies according to the freq\iency band, range resolution and radar look angle .... 
When the range resolution increases, this parameter also increases and can be explained by the decrease of 
the correlation between neighboring pixels. In addition, when the frequen~y increases, a decreases. This is 
because the clutter fluctuation at the lower frequency band increases and the waves may penetrate into the 
crown region. 

Experimental results obtained from data measurements of the MAESTRO-11989 campaign, which 
was done by Nasa/JPL, are presented. The measured target was a forest in the south of France. This forest 
consists of trees of different ages. The histogram of a as a function of the age of the trees shows that when 
the trees are young, this parameter is small and when they are old, a is large, which can be accounted for 
by the large number of fluctuations in young trees. 

Results show how K-distribution can characterize amplitude distribution of pixel intensities when 
concerning a heterogenous clutter. However, it will not agree when it concerns a homogenous clutter. This 
is clearly shown when we compare probability density function and cumulative density function (CDF) of 
amplitude and phase differences of theoretical and experimental results of various types of clutter. 

Finally, we knoY' that presence of the speckle in SAR images causes a major effect in image 
segmentation and consequently in terrain classification. For this reason, we will present theoretical and 
experimental results of various speckle reduction algorithms, such as the span image, the polarimetric 
whitening filter (PWF) image and the optimal weighted sum of the three simple polarimetric images. 
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Aircraft Landing, aids are generally affected by the multipath generated by the surrounding 
terrain and other obstructions such as buildings. In the case of ILS, the glidepath antennas use 
the surrounding terrain for forming overlapping signals in space. If the terrain is uneven, kinks 
will be formed in the glidepath thereby causing difficulties in the landing operation. Hence, a 
number of efforts have been made by the electromagnetic community to model and assess the 
electromagnetic scattering from an uneven terrain. The use of GTD and its uniform variant UTD 
[I] has so far been used to model the effects of uneven terrain on aircraft landing aids. In this 
paper we apply the physical theory of diffraction (PTD)- for the problem of terrain modelling. 
The total field at an observation point, according to PTD is given by 

Elot = EdiIr +E:l +E~ .............................. (1) 
The terrain infront of the glidepath antenna mast is approximated as consisting of connected flat 

-dir 
conducting plates, over the first Fresnel zone. The E is the field directly radiated by antenna 

to the receiver. The E:l contains the sum of singly and doubly scattered fields due Physical 
Optics Currents induced on the plates of the modelled terrain in the direction of observation 
point. The inclusion of double scattered fields take into consideration the effects of blockages. 
Detailed algorithms have been developed for systematically obtaining the illuminated regions for 

single and double scattered fields. The E~ is the diffracted electric fields calculated using the 
PTD from the edges of the modelled terrain [2]. The integrations involved iII the computation of 
Physical Optics Scattered fields and PTD diffracted fields have been simplified using the method 
of stationary phase. The total fields are evaluated by vectorially adding the contributions of fields 
from each antenna. Results on radiated fields as well as C.D.I. are computed for Null reference 
glidepath system. The computed results obtained using PTD have been compared with those of 
UTD [I] and the agreement appears to be satisfactory. 

References 
[I] Luebbers eta), IEEE Trans, Vol AES-18, pp 11-19, Jan 1992 
[2] Pathak, PH, chapter 4, Antenna Handbook (edited by Lo and Lee), VanNostrand, 1988. 
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RADIOEMISSrON OF A HOMOGENEOUS HALF-SPACE WITH A SLIGHTLY 
ROUGH BOUNDARY IN PRESENCE Olt' AN EXTERNAL SOURCE OF 

RADIATION 

Oleg A.Tret'yakov, Alexander G.Yarovoy, Nickolay P.Zhuck! 
Department of Radiophysics, Kharkov State University. 

Svobody Sq. ,4, Kharkov-77 , 310077 Ukraine, 
and Joseph M. Fuks. Alexander A.Puzenko. 

RadioastronomyInstitute, 
Krasnoznamyonnaya str.,4, Kharkov-2, 310002 Ukraine 

The present report is a response to practical needs in 
the field of microwave remote sensing which in 
theoretical terms reduce to modelling of radioemission 
from a rough ground surface.We have developed a model 
that is more general than the .already known ones in the 
following respects: (a) it takes· account of radiation 
from external sources (the atmosphere and space). (b) the 
ground cover is assumed to be permeable to an 
electromagnetic field and to be a uniform dissipative 
dielectric. 

In the report, a solution of the problem of thE;! 
brightness temperature of the outgoing radiation is 
proposed and the results of an extensive computer-aided 
analysis of the radiobrightness contrast between smooth 
and rough boundaries are discussed. 

Within the framework of the proposed solution the angular 
dependence of a brightness temperature of external 
sources is specified in the form typical of a 
nonisothermal atmosphere. The radioemission of soil is 
evaluated by means of the electrodynamic theory of 
equilibrium thermal fluctuations. The effect of roughness 
is allowed for by means of multiple scattering theory. 
The principal analytic results are obtained for the 
brightness temperature of the outgoing radiation at 
arbitrary polarization. They apply to the general case of 
statistically anisotropic roughness and can be used to 
derive equations for the Stokes parameters of the thermal 
radioemission. . 

In course of numerical calculations the roughness is 
assumed to be isotropic and Gaussian-correlated. The 
dependencies of brightness contrast on the geometric 
characteristics of the surface irregularities, the 
electrophysical characteristics of the dissipative 
half-space,and the viewing angle are investigated and 
physical explanation of the revealed effects are 
proposed. 
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Some effioient methods ot numerioal analysis of 
soattering by arbitrar,y and random sufaoes are presented. 

,A numerioal algorithm free trom restriotions on the 
surfaoe inhomogeneities dimension, the oonfiguration of 
these inhomogeneities (the funotion of height may be 
multioiphered), the nature ot exoitation and potential 
shadowing is suggested. By using this algorithm some 
data - both for-the oonorete surfaoe realization and 
statistio - about the nature of the soattered fi~ld in 
any region of the spaoe over a surfase were obtained, the 
error being prediotable. 

This algorithm is based on the numerioal methods of 
analytioal regularization for the analysis of eleotro­
magnetio properties ot periodio and oompaot olosed media 
boundaries. The standard numerioal realization of these 
methods at the inorease ot the range of the problem 
parameters (tor example, a typioal size ot the radiated 
region) meets some restriotions arizing oomputer 
resouroes. The authors see a way of overooming these 
restriotions in using speoial iteration prooedures and 
broadening of the approaoh whioh is based on the 
"S.-O.-R.P." and is methodologioally substantiated 
(D.M8ystre & J.P.Rossi.J.Opt.Soo.Am.A.8.1276-1282,1986). 

In this report we oontine ourselves to the oase of 
horizontal polarization and perfeotly retleotive 
boundaries. This restriotion nature. The authors are on 
the point ot suggesting analogous algorithm tor the oase 
of another field polarization and arbit~ boundaries 
ot dieleotrio media inoluding the oase when one medium 
is arbitrarily (randomly) inhomogeneous. 
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EFFECTIVE BACKSCATTERING DEPOLARIZATION RATIOS 
OF RANDOMLY ROUGH DIELECTRIC SURFACES 

Jun Zhou' and Da-Gang Fang' • 
• Doctoral class, Graduate School, East China Institute of Tech. 
•• Dept. of Electrical Engineering, East China Institute of Tech. 

Nanjing, P. R. of China 210014 

Measuring backscattering Depolarization Ratios of surfaces is one powerful 
mean with which properties of randomly rough dielectric surfaces can be effectively 
detected. In.the present theoritic models availabile to deal with the sarface scattering 
topic, an actual scatterometer-transmitted polarized EM beam with certain 
angle-width is approximately treated as a plane EM wave or a scalar beam (F. T. 
Ulabyet aI., Microwave Remote Sensing, V2, chapter12 , 1982). However if a little 
careful, we can find that the measured backscattering Depolarization Ratios are 
sometimes much larger than the calculated upon the above approximation; the more 
small the ratio of a rough surface's rms height to the used wavelength is , the more 
larger the measured is than the calculated. Through elaborate analysis, the main 
cause responsible for the big error is revealed to be bean angle-width. The present 
generally-accepted plane wave or scalar beam approximation fails to deal with the 
cross-polarized backscattering of smoother surfaces in the calculation of 
back scattering Depolarization Ratios. To set up a direct relation between 
measurement and rigorous vector EM theory will be used, we introduce a new con­
cept called effective backscattering Depolarization Ratio. On the basis of the rigor­
ous vector EM theory, two exact analytic expressions of the effective backscattering 
Depolarzation Ratios of a randomly rough dielectric surface for both horizontally 
and vertically polarized incident EM beams are driven, either is just the sum of both 
solution from the present theoritic models as an incident beam is approximated as an 
EM plane wave or a scalar beam and one modifing item resulting from the diver­
gence of ray directions within the beam angle-width. The modifing item is indepen­
dent ofthe rough suface's rms height. 

The figure below shows the comparison between the actually measured 
backscattering Depolarization Ratio with a beam (expressed as black dots, from A. 
K. Fung et aI., IEEE T-GRS, 2, 367-368, 1992) and both the solution from the 
Small Perturbation Model (dashed line) and this paper's effective backscattering 
Depolarization Ratios (sodid line) at some defferent incident angles, for a randomly 
slightly rough bare soil surface with a rms height of 0.32cm. Two-way angle-width 
and central frequency of the incident EM beam used are 12· and 1.5GHz 
respectively (Y. Oh et aI., IEEE T-GRS, 2, 371-372, 1992). Comparison inside the 
figure indicates that this 
paper's prediction is 
much closer to 
measurement than the 
solution from the Small 
Perturbation Model. 
The considerable vol­
ume scattering beneath 
the surface is mainly re_ 
sponsible for the high 
measured backscatter­
ing Depolarization Ra­
tios. 
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A MARRIAGE MADE IN HEAVEN 

Imagine a symmetric model with 150,000 
unknowns. Now imagine solving it with two 
rank 75,000 matrices at a sustained 4.6 GFWPS. 

Lockheed Advanced Development Company 
(LADC) solved this problem-believed to be 
the largest Method of Moments problem ever­
using Intel's iPSC®/860 Parallel Supercomputer 
and an out-of-core slab solver developed by 
Intel for its family of ProSolverTh< Parallel 
Linear Equation Solvers. Calculating the radar 
cross section of a signature-controlled stealth­
technology vehicle, the code is unique not only 
in solving larger problems than any reported 
previously, but in accurately modeling all the 
materials involved in modem aircraft design. 

We realize that all CEM problems cannot be 
solved using Method of Moments. Other 
customers have been equally successful at 
solving challenging problems using ray tracing, 
finite element, and time domain algorithms. 

Intel's ProSolver family of linear equation 
solvers provides the optimized parallel routines 
needed for building, factoring, and solving the 

large systems of linear equations common to 
CEM applications. The solvers are available for 
both the iPS0860 Supercomputer and the 
ParagonTMXP/S Supercomputer, Intel's new 4th 
generation system based on the technology 
demonstrated in the Touchstone Delta System 
atCaltech. 

According to Larry Dilger, senior project manager 
at LADC, Intel's combination of supercomputing 
hardware and ProSolver software is "a marriage 
made in heavenfor computational electromagnetics." 
To find out how you can get to CEM Heaven, 
stop by our booth during the symposium or 
contact David Scott at 503-531-5347 or via 
Internet at dscott@ssd.intel.com. 

intel, 
Supercomputer Systems Division 



Environmental Research Institute of Michigan 

~RIM 

For almost 50 years ERIM has been a leader 
in imaging techologies: designing and 
developing advanced sensor systems and 
state-of-the-art image processing hardware 
and software. 

That expertise in all aspects of image capture 
and processing has led to advances in a wide 
range of fields, including electro-optics and 
holography, imaging radars, and multi­
spectral scanners, as well as powerful analog 
and digital image processing systems. 

As an organization we are dedicated to 
adapting state-of-the-art technologies to 
military and civilian applications that 
encompass many of the most vexing 
problems facing our nation and the world. 
ERIM also helps enhance the economic 
competitiveness of the nation via its work in 

industrial machine vision for quality and 
process control in manufacturing. 

ERIM's goal always is to employ the 
creativity of our research staff and 
the synergy that emerges from our 
many research activities to solve our 

customers' problems and to help 
keep our country safe, clean, and 

economically strong. 

'= 

P.O. Box 134001 
Ann Arbor, MI 48113-4001 

-
93-20317 



1994 IEEE AP-S International Symposium 
and URSI Radio Science Meeting 

University of Washington 
Seattle, Washington USA 

June 19-24, 1994 

The 1994 AP-S International Symposium sponsored by the IEEE Antennas and 
Propagation Society and the URSI Radio Science Meeting sponsored by USNC 
Commissions A,B,D, and E of the International Union of Radio Science will be held on 
the campus of the University of Washington, Seattle, Washington, June 19-24, 1994. The 
technical sessions will cover the five-day period June 20-24 and will be coordinated 
among the two symposia to provide a comprehensive, well-balanced program. 

• General information about the 1994 joint symposium can be 
obtained from: 

Dr. Gary Miller, Joint Symposia Chair 
c/o Engineering Continuing Education 

University of Washington, GG-13 
Seattle, W A 98195 

phone: (206) 543-5539 
fax: (206) 543-2352 

e-mail: kvamme@u.washington.edu 

IEEE AP-S technical program inquiries should be directed to: 

Professor Leung Tsang 
Technical Program Committee Chair 
Department of Electrical Engineering 

University of Washington, FT -10 
Seattle, W A 98195 

phone: (206) 685-7537 
fax: (206) 543-3842 

e-mail: tsang@ee.washington.edu 

URSI inquiries should be directed to: 

Professor Akira Ishimaru 
Department of Electrical Engineering 

University of Washington, FT -10 
Seattle, W A 98195 

phone: (206) 543-2169 
fax: (206) 543-3842 

e-mail: ishimaru@ee.washington.edu 
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