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Abstract— This work deals with the time domain diffraction phenomenon originated by a
penetrable acute-angled dielectric wedge when illuminated by a plane wave at normal incidence.
In particular, the H-polarization case is here considered. The diffraction coeflicients are deter-
mined in closed form via an inverse Laplace transform by taking advantage of the formulation
of the frequency domain coefficients in terms of the transition function of the Uniform Theory
of Diffraction. Then the transient diffracted field originated by an arbitrary function plane wave
can be evaluated via a convolution integral.

1. INTRODUCTION

Electromagnetic wave diffraction by a penetrable wedge is an exciting canonical problem with po-
tential applications. Moreover, time domain (TD) diffraction problems are receiving great attention
from both the research community and industry interested to ultra wide band (UWB) communi-
cation and radar systems. Because of the large bandwidth of the UWB signals, the analysis of the
wave propagation mechanisms in the TD framework is preferable to the frequency domain (FD)
data processing. Furthermore, the analysis of transient scattering phenomena is of importance for
predicting the effects of electromagnetic pulses (EMPs) on civil and military structures.

Numerical discretization techniques represent useful tools to support the research activity, but
they become rapidly intractable when considering excitation pulses with high frequency content.
Analytical TD solutions are not available in literature for penetrable wedges apart from those
reported in [1, 2], where the TD counterparts of the frequency domain Uniform Asymptotic Physical
Optics (FD-UAPO) solutions [3, 4] for the diffraction coefficients related to right- and obtuse-angled
dielectric wedges were obtained.

FD-UAPO solutions for evaluating the diffracted field in the dielectric region and the surround-
ing free-space were recently derived in the case of a lossless acute-angled wedge illuminated by
H-polarized plane waves at normal incidence [5]. They were expressed in closed form and given in
terms of the Geometrical Optics (GO) response of the structure and the transition function of the
Uniform Theory of Diffraction (UTD) [6].

2. GEOMETRY OF THE PROBLEM

The considered problem and the related geometric parameters are shown in Fig. 1. The wedge-
shaped dielectric region and its surfaces are denoted by €24, Sg and S,,, respectively. It has internal
apex angle o < /2 and is filled by a lossless non-magnetic (u, = 1) material having relative per-
mittivity .. The symbol €y indicates the free-space region surrounding the wedge. The incidence
direction is assumed perpendicular to the edge and defined by the angle ¢/, which is here considered
in the range from 7/2 to m — «, so that only Sy is illuminated by an incident H-polarized plane
wave having the magnetic field along the z-axis. The observation point is P(p, ¢).

Figure 1: Geometry of the problem. Figure 2: GO propagation mechanisms.
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If ' = ¢’ — /2 is the incidence angle, the wave penetrates into €24 according to the transmission
angle 05 = sin~!(sin6’/,/z,), and undergoes multiple reflections (see Fig. 2) until the reflection
angle 6 = 9}", = pa + 6}, is greater than 7/2 — a. The number of total internal reflections is given
by M = Int[(7/2 — 6})/a], where Int [-] denotes the integer part of the argument.

Waves transmitted through Sy and S,, define shadow boundaries in g and exist until 9; <0.=
sin™}(1//z,), with p=1,..., M* = Int[(0. — 0})/a] < M.

3. TD-UAPO DIFFRACTED FIELD

According to [1,2, 5], two separate problems relevant to {25 and €y are considered for the evaluation
of the TD diffracted field

ed(Pt) = — d(t—g—7‘>gi(Q,7‘)d7‘ if t—g>to (1)

where in e’ is the incident field (forcing function), t = ¢ is the time at the diffraction point Q when
the forcing function is turned on, d is TD diffraction coefficient and ¢ is the speed of light in the
considered observation region. In the hypothesis that the material parameters are assumed inde-
pendent on the frequency, the following expressions result for the TD-UAPO diffraction coefficient.

3.1. Internal Region Q4
do, = (ds,)q, + (ds,)q, (2)
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3.2. External Region (2o
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Figure 3: Magnetic field amplitude: (a) P(2m,10°); (b) P(2m,310°).

Note that the sign + (—) must be used in (6) when 0 < ¢ < 7 (7 < ¢ < 27 — ), and in (7) when
O<¢p<m—a(mr—a<¢<2r—a) I = sin~!(\/Z, sin 0,), the reflection and transmission
coefficients used in (3)—(4) and (6)—(7) are so defined:
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Moreover,
X

9(X,t) = (10)
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4. NUMERICAL TESTS

The reported examples refer to a lossless wedge characterized by €, = 2 and a = 15° in the case of
H-polarized plane wave impinging at ¢’ = 110°. Fig. 3(a) shows the field contributions arriving at
P(2m,10°). In order of arrival, it is possible to identify the Geometrical Optics (GO) contributions
(incident, specular reflection, and transmission-reflection-transmission waveforms in solid line),
and the diffraction one (dashed line). Note that P is very close to the shadow boundary (10.73
degrees) for the transmission-reflection-transmission waveform. The field contributions arriving at

P(2m,310°) are plotted in Fig. 3(b). Only the transmission-transmission waveform contributes to
the GO field.
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