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Abstract—There are three approaches for the solution of the
diffraction problem of plane waves by an impedance half-plane in the
literature. The diffracted field expressions, obtained by the related
methods, are compared numerically. The examination of the scattered
field shows that the most reliable solution is the field representation
of Raman and Krishnan. Since the diffracted fields of Senior and
Maliuzhinets do not compensate the discontinuities of the geometrical
optics waves at the transition regions.

1. INTRODUCTION

The diffraction problem of waves by a conducting half-plane is a
canonical problem of the diffraction theory. The first rigorous solution
of this problem was put forward by Sommerfeld [1]. He defined a
spectrum integral of plane waves and chose the amplitude function
according to an extended space that has a period of 47. The evaluation
of the complex integral yielded to the uniform expressions of the
scattered fields in terms of the Fresnel functions. The method of
Sommerfeld was applied to more general case of the conducting wedge
by Carslaw [2]. The impedance surfaces are more realistic in the
modeling of the scatterers since an object does not generally reflect all
of the incoming energy. The first solution of the diffraction problem of
waves by a non-perfectly reflecting half-screen was obtained by Raman
and Krishnan [3]. They applied the uniform solution of Sommerfeld to
the problem by using the reflection coefficient from a whole impedance
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plane. Later Senior studied the problem with the method of Wiener-
Hopf factorization [4]. Maliuzhinets studied the scattering problem of
plane waves by a wedge with different impedance surfaces by using
the extended method of Carslaw [5]. In fact the two approaches
were equivalent since they depended on the solution of double integral
equations. The resulting field expressions for the diffracted waves
were obtained by the asymptotic evaluation of the complex integrals
and expressed in terms of meromorphic functions, named as the
Maliuzhinets functions. The solutions of Senior and Maliuzhinets are
too cumbersome for the practical engineering applications, and simpler
expressions are searched for the diffracted waves [6].

The aim of this paper is to compare the solution of Raman and
Krishnan with Senior-Maliuzhinets. Our recent studies show that the
field expressions of Raman and Krishnan are more rigorous than that
of Senior-Maliuzhinets [7]. Also the diffracted field expressions of
Raman and Krishnan are more suitable for practical application. The
function of the diffracted fields is to compensate the discontinuities of
the geometrical optics (GO) waves at the transition regions. We will
compare the mentioned scattered fields at these regions numerically.
The behavior of the scattered waves shows the reliability of the
solutions.

A time factor of exp (jwt) will be suppressed throughout the
paper. w is the angular frequency.

2. THE DEFINITION OF THE PROBLEM

A half-plane with two equal face impedances is illuminated by a plane
wave of

ui = ug exp [jkpcos (¢ — ¢o)] (1)

Reflected Incident
ray ray

Impedance X
half-plane

Figure 1. Geometry of the impedance half-plane.



Progress In Electromagnetics Research M, Vol. 8, 2009 41

for k is the wave-number. ug is the complex amplitude of the wave. The
half-plane is located at S={(z, y, 2); = € (0, 00), y =0, z€ (—00, 00)}.
The geometry of the problem is given in Fig. 1.

The impedance boundary condition can be defined as

1 ou
ulg = —— — 2

s Jksing on|g 2)

where 7 is the unit normal vector of the surface. sin 6 is equal to Zy/Z

for Zy and Z are the impedances of the free space and surface. u is the

total scattered field. The scattered field by a whole impedance surface
can be given by the equation of

sin ¢g — sin 6

Om exp [jkp cos (¢+¢o)] - (3)

u=wuqexp [jkpcos (¢—¢o)|+u

The impedance surface reduces to the soft and hard surfaces for
sin# — oo and sin 6 = 0, respectively.

3. THE SOLUTION OF RAMAN AND KRISHNAN

Raman and Krishnan derived a basic solution of the diffraction problem
of plane waves by an impedance half-plane by using the expression,
obtained by Sommerfeld [3]. The scattered waves by a soft or hard
whole plane can be given by the representation of

u = ugexp [jkpcos (¢ — ¢o)] F uoexp [jkpcos (¢ + do)]  (4)

where the signs of + and — are valid for hard and soft planes,
respectively. The total scattered waves can be written as

w=ugexp [jkpcos (¢ — ¢o)] F 6] F up exp [jkpcos (6 + ¢o)] F €] (5)

when a soft or hard half-plane is taken into account. &= is the detour
parameter and given by the expression of

& = —\/2kpcos¢z¢0. (6)

F [z] is the Fresnel function, which can be defined as

oo

Fla] = w\/;m/exp (—jt?) dt. (7)

Raman and Krishnan applied the same logic to the diffraction problem
of plane waves by an impedance half-plane, heuristically. Multiply the

xT
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fields, obtained for a whole plane, with the Fresnel function in the case
of the half-plane. Thus their solution can be given by

ul™ = wgexp [jkpcos (¢ — do)] F [6_]

sin ¢g — sin 6 )

- F .

U g0 s P [ikpcos (¢ + ¢o)] F (€] (8)
The GO and diffracted waves can also be derived from Equation (8)
by using the relation of

Flz] = U (=) + sign (z) F [|z[] 9)

where U (x) is the unit step function, which is equal to one for z > 0
and zero otherwise [9]. sign (z) is the signum function, which is equal
to 1 for x > 0 and —1 for x < 0. The total GO field has the expression
of

ugo = ugexp [jkpcos (¢ — ¢o)] U [-E-]

singo =S o ikpcos (6 + ¢0)| U [—£+]  (10)

Uo — :
sin ¢g + sin 0

which is valid for all of the solutions. The diffracted waves can be
written as

ug‘K = uﬁ-K + uﬁK (11)
where uf;-K and uff;,K can be defined as
uf™ = ug exp [jkpcos (¢ — do)] sign (§-) F ||| (12)
and
sin ¢g — sin . )
utf = . exp [jkpcos (¢ + o)l sign (&) F1€4]]  (13)

sin ¢ + sin 0

respectively. In fact the solution of Raman and Krishnan is not rigorous
since it is derived heuristically by using the reflection coefficient of a
whole impedance plane, given by Eq. (3).

Figure 2 shows the variation of the total scattered, diffracted and
GO waves with respect to the observation angle. The observation
distance (p) is equal to 10/k. The angle of incidence (¢p) is 60°.
sinf has the value of four. It can be seen from the figure that the
reflection and shadow boundaries occur at ¢ = 120° and ¢ = 240°.
The maximum value of the amplitude decreased to 1.6 from 2 for
¢ < 120°. This behavior is the result of the surface impedance. The
total diffracted field is not equal to zero on the surfaces of the half-plane
(¢ = 0° and 360°). For this reason, the field behaves appropriate for
the impedance boundary conditions. The diffracted wave compensates
the discontinuities, occurring in the GO field, at the transition regions.
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Figure 2. Total scattered waves.

4. THE SOLUTIONS OF SENIOR AND MALIUZHINETS

In [5], Maliuzhinets derived a solution for the diffraction problem of
waves by a wedge with different face impedances. The nature of the
solution is non-uniform since the amplitude approaches to infinity at
the transition regions. A uniform version of the scattered waves by
a half-pane with two equal face impedances was given by Senior and
Volakis [8], based on the solution of Senior [4]. In this section, we will
obtain a uniform representation of the Maliuzhitens’ solution.

4.1. The Solution of Senior

The non-uniform expression of the diffracted fields, obtained by
Senior [8], can be written as

: %o ¢
g  exp(—jm/4)1 —2xcos T cos s
= K
ud /27_[_ COS¢+ CcOS §Z50 + (X’ COs ¢)
exp (—jk
K.y (X, cos do) w (14)
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where x is equal to 1/sin 6. The term of Ky (x, cosu) comes from the
Wiener-Hopf factorization and can be defined as

3m_ o, — T _u 2
Ky (x, cosu) = - f (u, x){%(Q )= (5 *9)} (15)

VX [Yn (m/2)]
for the function of f(u, x) is
f (u, x)

T Vaes (5 w0 21 vV (G a2 7

Yr () is the Maliuzhinets function for a half-plane and can be
expressed as

(03
1 /Wsint — 2/27sin (¢/2) + 2t

7/}71' (a) = exp _8771' cost

at| . (17)
0

Equation (14) can be rewritten as

uy = sinl¢>0 <1 — 2x cos % cos (§> (ugr — ug;) Ky (X, cos @)
Ky (x, cos ) (18)

where ug- and ug; are equal to

vy — exp (—jm/4) sin% exp (—jkp) (19)
" 2427 cos @ Vkp
and
exp (—jm/4) sin “5* exp (—jkp)
Ud; = 2 (20)

2V2m  cos @ Vkp

respectively. The uniform fields can be obtained by using the relation

of

exp (—jm/4) exp (—ij)
2/ x

according to the uniform theory of diffraction [9]. As a result the

uniform fields can be given by the equations of

¢+ do
2

sign (x) F'[|x]] ~ (21)

Ugr = —exp [jkpcos (¢ + ¢o)] sin sign (&4) F[|€+]] (22)
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and

)

wgs = — exp [jpeos (6 — go)] sin “=Psign () Flle_]).  (23)

4.2. The Solution of Maliuzhinets
The diffracted field, obtained by Maliuzhinets [5], can be written as
L _exp(=gm/4) sin (9o/2) { v (—9)

d W2 U (m— o) |sin(p/2) + cos (¢o/2)
v (27 — 9) ] exp (—jkp)
sin (¢/2) — cos (¢0/2) Vkp

for the geometry, in Fig. 1. ¥ (x) can be defined as

(24)

3m s s 3T
U (z)=1pn (:c+2—9>ww(x+2+0)¢ﬁ(x—2—e)¢w <x—2+0). (25)
Equation (24) can be arranged as

exp (—jm/4) sin (90/2) exp (—jkp)

Ug/[ N 2v2r VU (m— ¢0)g (9, ¢0) Vkp (26)
for g (¢, ¢o) is equal to
(006 om0/ 1t o)
— T ¢)|sm cos (¢
g (¢, o) = sin? (6/2) — cos? (d0/2) . (27)
Equation (27) reads
\Pé_g) [sin (¢/2) — c2os (¢0/2)] )
7 (6, do) = —2—- (2m — ¢) [sin (¢/2) + cos (¢o/2)] o8)

cos ¢ + cos ¢g
when the relation of
cos ¢ + cos g = 2 [cos? (¢p/2) — sin? (¢/2)] (29)

is taken into account. We will defined the function of

h(, o) = W (~9) [sin (¢/2) — cos (do/2)
U (27— 9) [sin (9/2) + cos (00/2)]  (30)
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in Equation (28). As a result the diffracted field can be written as
M _ P (=jm/4) sin(go/2) h(¢,do) exp(—jkp)
d V2r U (m—¢g)cosp+cospyg  VEp

Equation (31) can be rewritten as

s sin (¢o/2) e
ull = \If(7r—¢0)sinqﬁgh(¢’ ¢o0) (war — udi) (32)

where ug,. and ug; are equal to

(31)

¢+¢0

wy = exp (—jm/4) sin exp (—jkp) (33)
" 2421 cos ¢+T¢O Vkp
and o
_ exXp (_.771—/4) sin 2 : (_Jkp) (34)

U, =
di 2V/21  cos 2220 ¢° Vkp

respectively. The uniform fields are expressed in Equations (22)
and (23).

5. NUMERICAL COMPARISON

In this section, we will compare the scattered fields, evaluated
by Raman-Krishnan, Senior and Maliuzhinets numerically. The
parameters of p, ¢g and sin § will be taken as in Fig. 2

Figure 3 shows the variation of the total diffracted waves with
respect to the observation angle. It can be observed from the figure that
the solutions of Senior and Maliuzhinets are in harmony, but deviate
from the field expression of Raman and Krishnan. Since the total
diffracted fields of Senior and Maliuzhinets are equal to zero on the
surfaces of the half-plane, they do not satisfy the boundary condition,
given in Equation (2).

Figures 4 and 5 depict the variations of the total scattered waves
in the neighborhoods of the reflection and shadow boundaries. At
these points the diffracted wave compensates the discontinuity of the
GO field. It can be seen from the graphics that the solutions of
Raman/Krishnan and Maliuzhinets are smooth and continuous at the
reflection and shadow boundaries. But the scattered field expressions
of Senior are discontinuous at ¢ = 120° and ¢ = 240°. Thus the
diffracted field, given by Equation (18), is problematic at the transition
regions.
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Two important points are put forward in the plots, given above.
The first point is the satisfaction of the impedance boundary condition
on the surfaces of the half-plane. At least, this point requires that the
total diffracted field must be different from zero on the impedance
surfaces. Figure 3 shows the behavior of the three solutions for
the impedance half-plane. As can be seen from Egs. (11)—(13), the
Raman /Krishnan approach leads to nonzero field expressions on ¢ = 0
and ¢ = 27w. However the solutions of Maliuzhinets and Senior are
equal to zero on the surfaces. The reason of this behavior can be
explained when Eqgs. (14) and (24) are taken into account. The incident
and reflected diffracted waves are multiplied by the same coefficient
and the two fields eliminate each other on the impedance surface.
Thus, the two solutions satisfy the Dirichlet boundary condition. In
the Raman/Krishnan approach, only the reflected diffracted field is
multiplied by the reflection coefficient of the impedance surface. For
this reason, the total field is not equal to zero on the surfaces of the half-
plane. The second point that must be mentioned is the discontinuous
behavior of the Seniors solution at the transition regions as can be
observed in Figs. 4 and 5. Since the same MATLAB code is used
for the numerical evaluation of both of the solutions, the reason of
the discontinuous behavior comes from the nature of the solution of
Senior. Also note that the same codes are used for the definition of
the Maliuzhinets functions. But the field expression of Maliuzhinets is
continuous at the reflection and shadow boundaries. The approach of
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Figure 3. Comparison of the diffracted waves.
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Figure 4. Comparison of the scattered waves at the shadow boundary.
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Figure 5. Comparison of the scattered waves at the reflection

boundary.

Raman/Krishnan is based on the exact solution of Sommerfeld. For
this reason the total scattered field is continuous everywhere.
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6. CONCLUSION

In this study, we compared three solutions of the diffraction problem
of plane waves by an impedance half-plane. It is seen that the field
expressions of Senior and Maliuzhinets do not satisfy the impedance
boundary condition on the surfaces of the half-plane. The diffracted
field of Senior also does not compensate the discontinuity of the GO
waves at the transition regions. However, the solution of Raman and
Krishnan is free of these problems. In a recent paper, we showed
that an impedance surface can be expressed in terms of soft and hard
surfaces. Thus, our series solution was similar to the diffracted field of
Raman and Krishnan. Note that the physical optics solution, derived
in [6], also approaches to zero on the surfaces of the impedance half-
plane.

This paper also provides a new uniform method for the non-
uniform solutions of Senior and Maliuzhinets. The method is based
on [9]. The difference of the approach from the uniform theory of
diffraction [10] is the usage of the separation of the Fresnel function
into its subfunctions instead of considering the square of the detour
parameter. Also a similar approach is used for the uniform diffracted
field expressions of Raman/Krishnan.
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