
23 May 2023

POLITECNICO DI TORINO
Repository ISTITUZIONALE

Combined Spectral Methods to Study Complex Scattering Problems Formulated with the Wiener-Hopf Technique: the
Semi-infinite Grounded Dielectric Slab problem / Daniele, V.; Lombardi, G.. - ELETTRONICO. - 2022 International
Conference on Electromagnetics in Advanced Applications, ICEAA 2022:(2022), pp. 396-396. (Intervento presentato al
convegno 2022 International Conference on Electromagnetics in Advanced Applications tenutosi a Cape Town, South
Africa nel 5-9 September 2022) [10.1109/ICEAA49419.2022.9899964].

Original

Combined Spectral Methods to Study Complex Scattering Problems Formulated with the Wiener-Hopf
Technique: the Semi-infinite Grounded Dielectric Slab problem

IEEE postprint/Author's Accepted Manuscript

Publisher:

Published
DOI:10.1109/ICEAA49419.2022.9899964

Terms of use:
openAccess

Publisher copyright

©2022 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)

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

Availability:
This version is available at: 11583/2974069 since: 2022-12-22T10:58:42Z

Institute of Electrical and Electronics Engineers Inc.



ICEAA-IEEE APWC 2022, Cape Town, South Africa, September 5-9, 2022 

Combined Spectral Methods to Study Complex Scattering Problems Formulated with 
the Wiener-Hopf Technique: the Semi-infinite Grounded Dielectric Slab problem 

 
Vito Daniele(1), Guido Lombardi(2) 

(1) Politecnico di Torino, Italy, e-mail: vito.daniele@polito.it 
(2) Politecnico di Torino, Italy, e-mail: guido.lombardi@polito.it 

 
In this work we present a new combination of spectral methods that allows to study complex scattering problem 
in spectral domain containing abrupt discontinuities of materials. The method is applied to a formulation of 
problem given in terms of incomplete Wiener-Hopf (WH) equations, where, for incompleteness, we intend that 
some of the physical boundary conditions arising from abrupt discontinuities provide terms in the WH equations 
not directly related to the plus and minus unknowns of the problem. This is the case of the semi-infinite grounded 
dielectric slab problem where the semi-infiniteness geometry of the material provide such situation. This problem 
is of great interest in antennas and propagation community and studies are proposed in different papers with 
different methods; see references in [1]. The WH incomplete equations are obtained as in [1] starting from the 
application of unilateral Laplace transform to wave equations defined in three different sub-regions, see Fig. 1.  

 

Figure 1. The semi-infinite grounded dielectric slab problem is divided into three sub-regions: region A is a 
semi-infinite free space region, region 1 is a semi-layer free-space region, and region 2 is a semi-layer dielectric 

region. Regions 1 and 2 are grounded by a perfectly electrically conducting (PEC) plane. 
 

While considering sub-regions 1 and 2, we need have initial/boundary conditions at the interface between sub-
regions at –d<y<0 where d is the thickness of the dielectric semi-slab. The solution of the wave equations in 
Laplace domain is obtained using the characteristic Green’s function procedure in the general form reported at 
[1]. The terms aroused from the integrals of the Green’s function and boundary conditions constitute the 
incomplete parts of the WH problem. To render complete the system of WH equations we study the regularity 
properties of the incomplete terms. With the application of Mittag-Leffler theorem and Cauchy integral 
representations, we obtain a complete generalized WH formulation of the problem. The system of equations is 
then treated with the Fredholm factorization technique that reduces the system of spectral WH equations to integral 
representations of second kind with compact kernels by eliminating one kind of unknowns (plus or minus). The 
semi-analytical solution of the system of Fredholm integral equations provide the approximated spectra of the 
problem in terms of Laplace transforms of field components. The combination of these mathematical tools 
(characteristic Greens’ function, WH and Fredholm factorization) allows extending the capabilities of classical 
Wiener-Hopf method to a new set of problems, such as the one proposed in this paper. This new development of 
the WH technique further extends the class of complex scattering problems treated by WH technique, beyond the 
recent novel applications, see for instance [2-3]. One of the main benefits of the proposed semi-analytical solution 
is that it allows the computation of field components by using asymptotics similarly to what is done with closed-
form spectral solutions when available. Considering plane wave illumination, physical phenomena such as the 
reflection, diffraction and excitation of surface/leaky waves can be investigated and will be reported during the 
presentation. Numerical results validate the proposed methodology. The proposed method describes the complete 
scattering problem with a comprehensive mathematical model in spectral domain avoiding multiple steps of 
interaction among separated scattering structures. The methodology can be extend to other types grounding or to 
an ungrounded semi-slab. This work is supported by the PRIN Grant 2017NT5W7Z GREEN TAGS. 
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