POLITECNICO DI TORINO
Repository ISTITUZIONALE

An Application of Angular Network Equations: Exact Solution of the PEC Wedge in Biaxial Media

Original

An Application of Angular Network Equations: Exact Solution of the PEC Wedge in Biaxial Media / Daniele, V.; Lombardi,
G.. - ELETTRONICO. - 2023 IEEE International Symposium on Antennas and Propagation and USNC-URSI Radio
Science Meeting (USNC-URSI):(2023), pp. 663-664. (Intervento presentato al convegno IEEE International Symposium
on Antennas and Propagation and USNC-URSI Radio Science Meeting, AP-S/URSI 2023 tenutosi a Portland, OR (USA)
nel July 23-28, 2023) [10.1109/USNC-URSI52151.2023.10237385].

Availability:
This version is available at: 11583/2987792 since: 2024-04-13T09:37:22Z

Publisher:
IEEE

Published
DOI:10.1109/USNC-URSI52151.2023.10237385

Terms of use:

This article is made available under terms and conditions as specified in the corresponding bibliographic description in
the repository

Publisher copyright
IEEE postprint/Author's Accepted Manuscript

©2023 IEEE. Personal use of this material is permitted. Permission from IEEE must be obtained for all other uses, in any
current or future media, including reprinting/republishing this material for advertising or promotional purposes, creating
new collecting works, for resale or lists, or reuse of any copyrighted component of this work in other works.

(Article begins on next page)

17 April 2024



An Application of Angular Network Equations:
Exact Solution of the PEC Wedge in Biaxial Media

Vito Daniele'”, Guido Lombardi "
(1) Politecnico di Torino, 10128 Torino, Italy, (vito.daniele@polito.it, guido.lombardi@polito.it)

Abstract— The Generalized Wiener Hopf Equations are
deduced for a PEC wedge immersed in an anisotropic medium
starting from angular network equations. In the case of biaxial
medium the Wiener-Hopf model is reduced to Classical Wiener-
Hopf Equations that can be solved resorting to exact factorization.
The spectral solution allows asymptotic estimates of far-field
components in the case of plane wave illumination.

1. INTRODUCTION

This work presents our recent studies on a novel formulation
of the scattering problem constituted by angular regions
immersed/made by anisotropic media [l1] with a novel
application: the scattering by a perfect electrically conducting
(PEC) wedge in a biaxial medium illuminated by plane waves,
see Fig.l. In [1] we present spectral equations that relates
continuous field components defined on the faces of an angular
region that can be interpreted as angular network equations,
extending the network paradigm presented in [2].

The importance of these equations is the possibility to
introduce a network modelling that conceptually simplifies the
study of angular regions, also in presence of stratified angular
regions. In this work the angular network equations are
introduced to formulate the proposed problem through
Generalized Wiener Hopf Equations (GWHEs) by applying
constitutive relations of biaxial medium (1) and PEC boundary
conditions.
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Two suitable mappings reduce the GWHEs to Classical
Wiener-Hopf Equations (CWHEs) that can be exactly
factorized. The solution of the GWHEs provide the spectral
electromagnetic field that is amenable of asymptotic estimation.

From here on, we assume time harmonic fields ¢/, plane
wave sources with normal incidence and, being (p,¢) the

field, the spectral electromagnetic field is defined by the Laplace
Transform:
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Finally, we report that the literature on scattering by wedges
in presence of anisotropic media shows only few solutions for
simplified problems [3] with respect to the proposed one.

Figure 1: Geometry of the problem: regions 1 and 2 are made by the same
biaxial medium and the dark gray region is made by PEC.

1L SPECTRAL FORMULATION

A. Angular Network Equations

The considered problem is constituted of an angular
stratification of three angular regions, see Fig.1: the PEC wedge,
the angular region 1 (0<¢<y) and the angular region 2 (—y<@<0).

Extending Bresler and Marcuvitz’s transversalization
method for rectangular/layered regions in arbitrary linear media
[4] to angular regions considering oblique Cartesian coordinates
(u,v,z) we obtain from Maxwell’s equations a matrix differential
equation in terms of (5, ) that can be solved using an extended
version of Green’s function procedure [1]. Projecting the
solution into reciprocal eigenvectors of the matrix differential
operator and evaluating the resultant equations at =0 we obtain
a set of functional equations [1] that relates Laplace transforms
of field components defined at the interfaces of the angular
region ¢=0,y,—y. As a result, in regions 1 and 2, we have
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with propagation constants = _ ;22 , k=0 e,

&=k k—w Jie, (typical of biaxial medium) and where
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Egs. (3) and (4.) can be interpreted as the angular network
equations (two port network) that relate continuous field
components in spectral domain at ¢=0 (subscript o) , o=y
(subscript a), o=y (subscript b).

B. GWHEs of the problem

By imposing the PEC boundary conditions at o=+y
Eza = Ezb = Epa = pr = 0
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we get the system of GWHE:s of the problem
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Summing and subtracting the first and the second equations
of (6) and (7), it yields the four uncoupled GWHESs
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C. CWHE: s of the problem

Each of the uncoupled equations reported in (8) presents the
form
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where the unknowns F; (7) and X, (-m,)are plus and minus
functions respectively in the planes 77 and m ;.

Algebraic manipulations reduce 7 ; to the following form:
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After the introduction of the mappings
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we get G,(7) = G (a,). F,. (1) = F, (). X,,(-m,) = X, ().
These mapped unknows F, (e,), X, (a,) are respectively

plus and minus functions in the ¢, -plane, after checking their

regularity properties; consequently, the GWHEs (8) reduce to
uncoupled CWHESs with simple kernels of the form
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I1I. SOLUTION

Egs. (8) in the form (12) show decoupled problems for E,
and H, polarization with different propagation constants (see
first two equations of (8) with respect to the last two).

[llumination of the structure immersed in the biaxial
medium —y < ¢ < » by incident planar waves with direction ¢,
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components are present where
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The solution of the CWHEs for E, polarization is obtained
as indicated in [5] with standard procedures and we get:
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From the solution in terms of axial spectra (13), i.e. for ¢p=0,
we obtain the spectra in any direction ¢ using network
representation (3)-(4) and sec. 3.10 of [5] changing the angle £y
to ¢ on the RHS of the equations.

Finally, asymptotics is straightforwardly applied for far
field computation in terms GO, GTD components.
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