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Abstract— Diffraction inside and outside an arbitrary-angled lossless penetrable wedge is con-
sidered in this study. Closed form expressions are presented for the diffracted field in the inner
region of the wedge and the surrounding space in the case of E-polarized incident plane waves.
They are obtained by performing a uniform asymptotic evaluation of the radiation integrals
arising from the use of a physical optics approximation for the equivalent electric and magnetic
surface currents lying on the inner and outer wedge faces. Good accuracy in the evaluation of
the total field, ease of use and implementation in a computer code are the advantages of the
proposed solutions, which permit to compensate the geometrical optics discontinuities.

1. INTRODUCTION

Uniform Asymptotic Physical Optics (UAPO) solutions were proposed in explicit closed form by the
authors in [1] and [2] for evaluating the field diffracted by right- and obtuse-angled lossless dielec-
tric wedges in the inner and outer regions. In addition, the corresponding time domain diffraction
coefficients were derived in [3] and [4] via an inverse Laplace transform. Their knowledge allows
one to evaluate (via a convolution integral) the transient diffracted field originated by an arbitrary
function plane wave impinging on the wedge. The UAPO-based approach in the frequency domain
has been also applied to acute-angled wedges [5] considering a specific range of incidence directions.
The UAPO solutions were able to compensate the Geometrical Optics (GO) discontinuities, accu-
rate when compared with available numerical tools, and easy to handle since expressed in terms of
the GO response of the structure and the transition function of the Uniform Theory of Diffraction
(UTD) [6]. On the other hand, the use of a PO approximation implies inaccuracies in the case of
grazing incidence and in correspondence of the dielectric interfaces.

This research contribution is devoted to extend the analysis in [5] to all possible cases of plane
wave incidence and to provide generalized UAPO solutions, which can be applied to the diffraction
by a wedge with arbitrary apex angle. Such solutions include those proposed in [1, 2, 5] as particular
cases and are obtained accounting for the equivalent electric and magnetic PO current densities on
the internal and external faces of the wedge. Multiple internal reflections and external transmissions
are considered for their explicit evaluation by varying the direction of the incident plane wave.
Numerical tests confirm the effectiveness of the proposed UAPO solutions for the field diffracted
in the dielectric wedge-shaped region and the surrounding free-space.

2. UAPO DIFFRACTED FIELD

A lossless non-magnetic (u, = 1) wedge-shaped region is considered with relative permittivity &,
and propagation constant kq = ko./, ko being the free-space wavenumber. Its surfaces are Sp and
Sp, and the internal apex angle « is assumed less than 7/2 (see Fig. 1). The incidence direction is
perpendicular to the edge and defined by ¢, while the observation point is P(p, ¢). The wedge is
illuminated by the incident electric field E' = Eie~7%"2 (E-polarization).

The approach for obtaining the UAPO diffracted field is the same used in [1,2, 5], and neglects
the surface waves. Two separate diffraction problems are solved by formulating the corresponding
radiation integrals in terms of electric and magnetic equivalent PO surface currents on the internal
and external faces of the wedge.

2.1. 0 < ¢ <7/2

If 0 = /2 — ¢’ is the external incidence angle, the waves penetrate into the wedge through Sy with
the transmission angle 6, = sin~!(sin 6"/ VEr), and travel toward the apex undergoing N reflec-
tions/transmissions before moving away from it. A crucial interaction point is that corresponding
to the internal incidence angle 6%, = (N + 1) a — 6}, = 6. Accordingly, the number of total

internal reflections is N + M + 1, where M = Int [(7/2 — 6}, / . Transmitted waves through So
and S, exist until the total reflection occurs inside the Wedge
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Figure 1: Geometry of the problem.

2.1.1. Internal Region
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where T is the transmission coeflicient at the free space/dielectric interaction, I' (IV) represents
the product of the internal reflection coeflicients R, 0}, = 96 p—nao, b = 06 r + ma. Moreover,

B(L, 05,6}, p, ¢) = (sin ¢ — cos 0) F <k:d, 0,2 — &, g — 93)

L [1—1
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where
(2kpcos (“i“))
F (k, pru, £0) = COS U + COS v (6)
and Fi(-) is the standard UTD transition function [6].
2.1.2. Ezternal Region
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where
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in which 6! is the transmission angle at the dielectric / free space interactions and U () = 1 if
0 > 0, 0 elsewhere.
22. w/2< ¢ <m—a
The external incidence angle is now 6 = ¢/ — m /2. The waves penetrate into the wedge through Sy
with the transmission angle 6f, = sin~!(sin¢’/,/z,).
2.2.1. Internal Region
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2.2.2. External Region
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23. t—a<¢ <7
The waves penetrate into the wedge through Sy and .S, and travel outwards from the apex under-

going reflections/transmissions. Accordingly, the solutions proposed for the case B can be used for
the waves penetrating each surface.

3. NUMERICAL RESULTS

Figure 2 shows the results concerning a wedge characterized by €, = 3 and a = 20° when illuminated
by a plane wave impinging at ¢’ = 35°. The field magnitude is collected on a circular path with
p = 4\, Ao being the free-space wavelength. In addition to the boundaries related to the incident
and specular reflection directions, three GO boundaries exist in the external region (see Fig. 2(a))
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Figure 2: Electric field amplitude.
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since the total internal reflection occurs at the fourth interaction. As can be seen in Fig. 2b, the
total field is continuous, thus confirming that the UAPO diffracted field (see Fig. 2(a)) is able to
compensate the GO discontinuities. Note that the use of a PO approximation implies inaccuracies
at the dielectric interfaces.
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