POLITECNICO DI TORINO
Repository ISTITUZIONALE

Toward the Solution of the Two Wedge Problem by using the Generalized Wiener Hopf Technique

Original

Toward the Solution of the Two Wedge Problem by using the Generalized Wiener Hopf Technique / Daniele, V.;
Lombardi, G.; Zich, R. S.. - ELETTRONICO. - 2017 IEEE Antennas and Propagation Society International Symposium,
Proceedings:(2018), pp. 2237-2238. (Intervento presentato al convegno 2018 IEEE Antennas and Propagation Society
International Symposium and USNC/URSI National Radio Science Meeting, APSURSI 2018 tenutosi a The Westin
Boston Waterfront, Usa nel 2018) [10.1109/APUSNCURSINRSM.2018.8608734].

Availability:
This version is available at: 11583/2784754 since: 2020-01-24T11:40:52Z

Publisher:
Institute of Electrical and Electronics Engineers Inc.

Published
DOI:10.1109/APUSNCURSINRSM.2018.8608734

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

©2018 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)

07 May 2024



Toward the Solution of the Two Wedge Problem by
using the Generalized Wiener Hopf Technique

Vito Daniele, Guido Lombardi, Rodolfo S. Zich

Politecnico di Torino- ISMB
Torino, Italy
vito.daniele@polito.it, guido.lombardi@polito.it, rodolfo.zich@torinowireless.it

Abstract— This paper presents our recent efforts in
developing an effective technique based on Generalized Wiener-
Hopf Technique (GWHT) to deal with the canonical diffraction
problem constituted of two separate perfectly electrically
conducting (PEC) wedges. The model considers the near field
interaction between the two wedges.
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I. INTRODUCTION

Recently, the Generalized Wiener Hopf technique (GWHT)
[1-2] has demonstrated its efficiency in dealing and solving
complex diffraction problems (see for example) [3-8] and
references therein. Complex canonical problems constituted of
PEC wedges coupled with planar regions and angular regions
can now be approached by this technique.

In particular in this paper we will consider the rather
general case of the scattering problem constituted by two PEC
wedges illuminated by a plane wave as illustrated in Fig.1.

Cartesian coordinates as well as polar coordinates will be
used to describe the problem. Two origins are considered, see
Fig. 1: O with coordinates (x,y,z) is located at the edge profile
of the upper wedge, and O’ with coordinates (X, Y,z) is located
at the edge profile of the lower wedge. The two reference
systems are related through the following relations X=x-s,
Y=y+d. Five regions are identified: the four angular regions
a,b,c,d and the layered region e, see Fig. 1.

The application of the Generalized Wiener-Hopf Technique
consists of five steps:

1) Deduction of the Generalized Wiener-Hopf Equations
(GWHES) of the problem

2) Reduction of the GWHEs to Fredhom integral equations
(FIEs)

3) Solution of the Fredholm integral equations

4) Analytical continuation of the numerical solution of the
FIEs

5) Evaluation of the different possible field components:
reflected and refracted plane waves, multiple reflected and
refracted components, surface waves, lateral waves, leaky

waves, diffraction coefficients, mode excitations, near field

and so on.
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Fig. 1. Scattering by two PEC wedge

In practice steps 2) ,3) and 4) substitute the fundamental
steps of the classical Wiener-Hopf (WH) technique, i.e. the
factorization of the kernel of the system of WH equations.
These steps constitutes the method that we call Fredholm
factorization [9-10].

For space reasons in this paper we focus only on the first
three steps of the procedure. In particular for this task we resort
to circuital modelling of the free space regions that surround
the two PEC wedges. While circuital modelling for
electromagnetic problems with rectangular geometries
immersed in planar stratified regions is presented and
discussed in [10], the circuital representation of angular regions
is a recent novelty [11].

Without loss of generality, we consider an incident field
constituted of an E- polarized plane wave having the following
components

E =E " ") 0<p <®, (1)

i _ . ik pcos(p—¢, )
H,=(1/Z2,)sin(p-@,)E,e" """ 2)

where k and Z, are respectively the propagation constant and
the impedance of the free space.



II. DEFINITIONS

With reference to Fig. 1 we also use the polar coordinates
(2,,0,),(p,,@,) With origin O for regions a and b, and the

coordinates (p,,¢,),(p,,¢,) With origin O’ for regions ¢ and d.
According to the two Cartesian reference systems we define
E(X,Y)=E(x,y),H(X,Y)=H(x,y) and the following
spectral quantities for port 1, 2, 17w, 2 7 located respectively at
(x>0,y=0), (x>s,y=-d), (x<0,y=0), (x<s,y=-d):

B = [ E(e0)e™dx ()= [ H (.00 dx (3)
V2+ (77) = I: E (X, O)emde —e /1 J‘:O EZ (x, —d)emxdx, @
L,(n)= j: H (X,0)e" dX = e/ j: H (x,~d)e’"dx
0 . 0 i
Vo) = [ E.(x,00e 7 dx, I, (7) ==[_H (x,0)e ""dx (5)

V()= [ E.(X, 00" dX =& [ E.(x,~d)e""dx, ©

L,(m)= J:O HX (X,0)e’" dX = e’j'”J.: H (x,~d)e™ dx
In the following we also use the spectral quantities:
v(n,y)= J.i E (x, y)ej”"dx, i(n,y)= J‘: H (x, y)ej'”dx 7
1h+(U)=JO H (p,,p,)e"dp, )

where h=a,b,c,d.

III. ANGULAR REGIONS

In this section we make reference only to the angular region
a. Similar considerations apply to the other angular regions
b,c,d. The following GWHE holds [1-2]

Y.(n)V.(n)~1.(n)=—1,.(-m) )

with m=-ncos®@+&sin®@, £= k> —p*, Y.(n)=Em) 1k Z, -

The resulting Norton model is of the form [8,11]:
Lm=2V.(m+1.,@) (10)

Y=Y, (L4 j_j( L) da_ L) +j[...]d77'(11)

2rj =\ a(n)—a(n)dn' n'-n

a

with a(n):—kcos{garccos(—%)} , @, is obtuse, and I,

depends on the sources. The integral kernel in (11) is a
compact operator that needs extra structural terms when @, is
acute [11].

IV. LAYERED REGIONS

As reported in [10] the layer is modelled through
transmission line theory, in particular in this case we obtain the
following two port model:

=1 () +1,_(n) =Y, DV, (1) + V(D] + Y, ()P, (1) + V()] €™
&/ [L,. () + 1, ()] = Yy, (V. (1) + V(D] + Yoy (V. (1) + Vo ()] €™

(12)

with ¥, (i) = /Y, () cotlE(m)d > Y, (1) = jY, (17) / sin[E () ] -

The application of Fredholm factorizations to (12), see [8],
yields a system of integral representations that relate the
voltage and current unknowns as usually obtained in a 4-port
Norton representation, see (13) where oo are sum of

algebraic and compact integral operators and 7; depend on
sources.

Lm ) (% Y Y Yo | ) (10D
1,,(n) _ Y Y Y Y || V() -1,(n) (13)
1, (1) - Y Y Y || Ve @) —15(m)
L) (% % Y U Vo) (SLa(n)

V. THE FREDHOLM INTEGRAL EQUATION OF THE
PROBLEM

The circuital representations of the angular regions (9) and
of the layered region (13) allows the study of the coupling of
the four free space angular regions through the layered region.
In fact by eliminating the currents of the ports, we obtain a
system of Fredholm integral equations of second kind with
only voltage unknowns. Solution is performed by analytical-
numerical techniques in terms of approximate spectra of the
voltages. Asymptotic estimation via UTD of the total field in
the angular regions is performed from the spectra. Numerical
validations and results will be shown during the presentation.
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