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Abstract

While he is a Professor Emeritus at Ohio State, Professor Kouyoumjian supervised a thesis work by Merih
Buyukdura. They first derived a dyadic Green’s function for a PEC wedge using spherical wave functions and
employed asymptotic approximation. They also derived the extended UTD in which higher order terms in the
diffraction matrix are predicted. The thesis was defended in 1984. In this presentation, a brief discussion of edge waves
as derived from the asymptotic expansion of dyadic Green’s function in terms of spherical functions will be made and
afterwards the derivation of extended UTD diffraction coefficients will be given.

1. Introduction

The thesis[1] by Dr. Buyukdura has mainly two parts. The first part is the derivation of dyadic Green’s function
for a wedge using spherical vector wave functions. An asymptotic analysis of the Green’s function expansions yields
the edge waves excited by the edge. This way, it rigorously derives the edge waves which were only predicted
heuristically by F. Sitka [2]. In addition, using the Dyadic Green’s functions, scattering from a spherical boss located on
the edge has been solved. By using T-matrix method, spherical boss can be replaced by and arbitrary scatterer. Finally,
the solution is extended to the case of multiple scatterers. The second part of the thesis is about the derivation of
extended UTD diffraction coefficients as a modification to the well-known soft and hard diffraction coefficients. The
extended UTD solution contains higher order terms by which large parameter can be reduced without sacrificing
accuracy. Prof. Dr. Buyukdura passed away in 2007, so this presentation will be a commemoration of Prof. Buyukdura
also.

2. Derivation of Dyadic Green’s Function for a Wedge in Spherical Coordinates

J. B. Keller [3] and R.G. Kouyoumjian-P.H. Pathak [4] have solved the scattering form a wedge using 2D
Green’s function obtained in terms of cylindrical wave functions. Then by making asymptotic approximations, they
derived the GTD and UTD diffraction coefficients respectively. These diffraction coefficients are then extended to 3D
problems by including the angle parameter © in Figure 1.

The application in 3D is the result of field continuity considerations, but not derived rigorously. As the angle ©
gets smaller, the accuracy of the diffracted fields gets weaker. For this reason, Green’s function for a wedge is derived
in terms of spherical wave functions which rigorously satisfy the edge condition and the source singularity. The final
expression for the Green’s function is given as Equation (51) in [5].

To investigate the field behavior in the paraxial region, fields of a small dipole near the wedge is approximated
by choosing the most significant terms in the expression due to fact that © being small. Furthermore, eliminating the
higher order terms which are small near the edge, the following expression is found for the electric field:

T = € 5 ain (T i /1

Fin= ko F9] - pen(20)
where vy is the exterior wedge angle, k, is the free space wave number, p is the radial distance from the z-axis, and K is a
constant. The above expression reveals that for interior wedge angles smaller than 180 degrees, there is relatively strong
coupling between antennas close to the edge. Specifically, for a half-plane, this edge wave field varies as

ER) = K/%ik/zﬁ[fo sin (¢2)> + gAb cos (g)]

This behavior has been deducted before by Sitka [2] and Van Bladel [6].
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Figure 1. Wedge geometry

3. Extended UTD

Let us concentrate on Figure 2. If the electric field of the incident wave is E' = E' IBO . Then the z-component
can be written as:
E. = _E/,;; sinf,
By the boundary conditions, the diffracted field should have a z-component given by
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where ,30 =f 0 by generalized Fermat’s principle. Since the geometry is infinite in z direction, we can find the other

components of the field using Maxwell’s equations as follows:
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Since there is no z-component of the H field, only the first term will be used. It is clear from Figure 2 that
k. =— kcos 3,
One can determine the ¢ and p components as follows:
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Figure 2. Wedge geometry for the extended UTD

By taking the derivatives carefully, on can write all three components of the diffracted field as follows:
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A similar approach can made when the electric field of the incident wave is
E = E¢¢
H = YoE¢ ﬁo

Combining the results of two polarizations, we can get the following matrix relation:
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Here D, and D), are the UTD diffraction coefficients and the other terms are the higher order diffraction coefficients. It
is noted that the above result is an exact solution for the diffraction for a half-plane [7].

3. Conclusion

Prof. Kouyoumjian is known as the father of UTD. His passing away is a big loss for the electromagnetics
community. We are greatly indebted to him for his scientific contributions and gentile personality. We commemorate
him on this occasion by giving an example of his latest works in the theory of diffraction. It is also a commemoration
for Prof. O. Merih Buyukdura who has passed away in 2007. He was the last PhD student of Prof. Kouyoumjian and
had a great potential in electromagnetics as exemplified by his PhD work.
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