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Abstract – This article deals with the uniform
asymptotic physical optics solution for the evaluation of
the diffraction contribution related to a resistive half
plane. A plane wave is considered at skew incidence
with respect to the edge. The reflection and transmission
coefficients for both the polarizations are determined
accounting for the resistive boundary conditions on the
screen and then used in the electric and magnetic
equivalent surface currents at the beginning of the
approach. The effectiveness of the proposed solution is
here tested with the aid of a full-wave commercial
software.

1. Introduction

The plane wave diffraction by a junction of equal
resistive sheets having a nonplanar configuration in a
two-dimensional propagation model was solved in [1]
by using the uniform asymptotic physical optics
(UAPO) approach. In particular, the incidence direction
and the incident electric field were considered orthog-
onal and parallel to the junction, respectively. Compar-
isons with data resulting from a numerical technique
based on the boundary element method assessed the
effectiveness of the proposed solution for the investi-
gated scalar problem. Unfortunately, two-dimensional
propagation models have limited applications, and then
diffraction problems need to be investigated when
involving arbitrarily polarized electric fields at skew
incidence with respect to the junction. Accounting for
the features of the UAPO approach (see also [2–11] for
a nonexhaustive list of references), the plane wave
diffraction by an isolated resistive half plane must be
first studied. Accordingly, the UAPO approach has been
recently proposed for evaluating the diffracted field due

to an arbitrarily polarized plane wave at skew incidence
with respect to the edge of a resistive half plane [12]. In
this framework, the resistive boundary conditions have
been used to determine the reflection and transmission
coefficients for the electric field components parallel
and perpendicular to the ordinary plane of incidence. It
must be stressed that the knowledge of such coefficients
is necessary not only for the computation of the
geometrical optics (GO) field in the surrounding free
space but also for the evaluation of the electric and
magnetic physical optics equivalent surface currents in
the radiation integral at the beginning of the UAPO
approach. Obviously, only electric radiating source
exists for a resistive half-plane. The resulting solution
has been presented in matrix form according to the
uniform geometrical theory of diffraction (UTD) [13],
and its ability to compensate the jumps of the GO field
at the shadow boundaries has been proved [12].

This article is devoted to assessing the reliability
of the UAPO solution proposed in [12] to give accurate
field values, and the RF module of Comsol Multiphysics
is used to achieve this goal.

2. The UAPO Solution

Let us consider a thin lossy dielectric sheet
characterized by the surface resistivity Re ¼ �jf0=
k0dðer � 1Þ, where d and er are the thickness and the
relative permittivity of the screen, respectively, and f0

and k0 are the impedance and the propagation constant,
respectively, of the free space surrounding the planar
structure. This last is truncated and approximated by a
resistive half plane S satisfying the following boundary
conditions [14]:

n̂ 3 Eþ � E�½ �jS ¼ 0 ð1Þ

n̂ 3 n̂ 3 E½ �jS ¼ �Re n̂ 3 Hþ � H�½ �jS ð2Þ
where the superscriptsþ and� identify the electric (E)
and magnetic (H) fields on the upper and lower parts of
S, respectively, and n̂ is the unit vector normal to S.

As is well known, the resistive boundary condi-
tions permit to model many simple structures, and
analytical methods have been proposed in the literature
to solve related diffraction problems. See [15–22] and
references therein for limited and nonexhaustive
bibliographies.

Accounting for the geometry in Figure 1, the
analytical approach proposed in [12] has permitted to
formulate the UAPO diffracted field in the UTD
framework as follows:
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where s is the distance from the diffraction point to the
observation point P and

D ¼ Id
0 M ð4Þ

The function Id
0 includes the UTD transition

function Ft and results from a uniform asymptotic
evaluation [12]:
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Note that the sign þ (�) must be used if 0 , / , p
ðp , / , 2pÞ.

The matrix M in (4) contains the physical optics
surface currents adopted as equivalent sources (only
electric radiating sources exist for a resistive half plane)
and can be so expressed [12]:
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1
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5
ð6Þ
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Figure 1. Geometry for the diffraction by a resistive half plane.

Figure 2. Co-polar component of the field when Ei
b0 ¼ 1; Ei

/0 ¼ 0

and b0 ¼ 358; /0 ¼ 608.

Figure 3. Co-polar component of the field when Ei
b0 ¼ 0; Ei

/0 ¼ 1

and b0 ¼ 358; /0 ¼ 608.

Figure 4. Co-polar component of the field when Ei
b0 ¼ 1; Ei

/0 ¼ 0

and b0 ¼ 908; /0 ¼ 608. (a) Magnitude of the total field. (b) Phase of

the total field.

2 URSI RADIO SCIENCE LETTERS, VOL. 3, 2021



M
3
¼ 1

Aðb0;/0Þ
� cos b0 � sin b0 cos /0

� sin b0 cos /0 cos b0

� �
ð9Þ

M
4
¼ 0 ð1� R? � T?Þ sin b0 sin /0

1þ Rk � Tk 0

� �
ð10Þ

M
5
¼ 1

Aðb0;/0Þ
cos b0 sin /0 cos /0

� cos /0 cos b0 sin /0

� �
ð11Þ

with Aðb0;/0Þ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
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p
. The reflection (R)

and transmission (T) coefficients for parallel jjð Þ and

perpendicular (?) field components are determined by

applying the boundary conditions (1) and (2) [12].

3. Tests

This section contains numerical examples con-

cerning the plane wave scattering by a resistive half

plane with er ¼ 2:56� j0:023 and d ¼ 0:05k0, where k0

is the free-space wavelength. The data are collected on a

circular path with radius equal to 7k0.

Figures 2 and 3 contain the amplitudes of the GO
field and the UAPO diffracted field as well as the total
field obtained by adding them. Accounting for the
incidence direction, the GO field possesses evident
discontinuities at reflection and transmission boundaries
as expected, whereas the continuity of the total field
across such directions confirms the correct behavior of
the UAPO solution in the UTD context. The total field
values practically coincide with the GO field ones save
for the angular sectors around the shadow boundaries,
where the UAPO diffracted field is more relevant.

The following figures show the comparisons with
the data obtained by using the RF module of Comsol
Multiphysics. The normal incidence with respect to the
edge of the resistive half plane is considered to reduce
the needed computational effort. Magnitude and phase
of Eb are sketched in Figure 4 when Ei

b0 ¼ 1; Ei
/0 ¼ 0,

and /0 ¼ 608. The UAPO-based values are in good
agreement with the Comsol Multiphysics data, thus
increasing the reliability of the proposed solution. A
further assessment results from the comparisons in
Figure 5, where magnitude and phase of E/ are shown
when Ei

b0 ¼ 0; Ei
/0 ¼ 1.

The accuracy of the UAPO-based total field
decreases when increasing the thickness of the sheet.
Many tests confirm this deterioration (see Figure 6 as

Figure 5. Co-polar component of the field when Ei
b0 ¼ 0; Ei

/0 ¼ 1

and b0 ¼ 908; /0 ¼ 608. (a) Magnitude of the total field. (b) Phase of

the total field.

Figure 6. Co-polar component of the field when Ei
b0 ¼ 1; Ei

/0 ¼ 0,

b0 ¼ 908; /0 ¼ 608 and d ¼ 0:2k0. (a) Magnitude of the total field. (b)

Phase of the total field.
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example), and inaccurate results must be expected if d is
thick with respect to the wavelength since the approach
does not consider the scattering contributions arising
from the real geometry of the structure.

4. Concluding Remarks

The UAPO approach is conveniently exploited to
tackle the plane wave diffraction by a resistive half
plane when the incidence direction is oblique with
respect to the edge. The closed-form analytic solution is
UTD-like, compact, and user friendly. It permits to
compensate the jumps of the GO field at the shadow
boundaries, and its effectiveness is proved by means of
comparisons with Comsol Multiphysics data. As
expected, the accuracy of the UAPO-based total field
decreases when increasing the thickness of the sheet.
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