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Firstly, the analysis of [A. Biiyiikaksoy, G. Cinar, A.H. Serbest, Scattering of plane waves
by the junction of transmissive and soft-hard half planes, ZAMP 55 (2004) 483-499] for
the scattering of plane waves by the junction of transmissive and soft-hard half planes
is extended to the case of a line source. The introduction of the line source changes the
incident field and the method of solution requires a careful analysis in calculating the
scattered field. The graphical results are presented using MATHEMATICA. We observe that
the graphs of the plane wave situation [A. Biiyiikaksoy, G. Cinar, A.H. Serbest, Scattering
of plane waves by the junction of transmissive and soft-hard half planes, ZAMP 55 (2004)
483-499] can be recovered by shifting the line source to a large distance. Subsequently,
the problem is further extended to the case of scattering due to a point source using
the results obtained for a line source excitation. The introduction of a point source (three
dimensions) involves another variable which then requires the calculation of an additional

integral appearing in the inverse transform.
© 2008 Elsevier Inc. All rights reserved.

1. Introduction

The Wiener-Hopf (WH) technique provides a significant extension of the large class of problems that can be solved by
Fourier, Laplace and Mellin integral transform [1]. The WH technique provides us an approach for considering the diffraction
of waves by a single half plane [1]. However there are problems in dealing with other configurations which are first attacked
by using matrix version of WH equations. A comprehensive procedure for tackling the matrix version of these equations is
not yet available because it is not normally easy to split the matrix into the appropriate half planes. The noncommutativity
of the factor matrices and the requirement of the radiation conditions also present further problems. Nevertheless the
development and improvement of this technique is progressing steadily [2]. For example the Wiener-Hopf Hilbert method
introduced by Hurd [3], Rawlins [4] and Rawlins and Williams [5] is a powerful tool in the case when kernel matrix has only
branch point singularities, while the Daniele-Kharapkov method proposed by Daniele [6] and Kharapkov [7] is effective for
the class of matrices having only pole singularities and branch-cut singularities besides pole singularities [8-12].

Diffraction from a two part surface is an important topic in diffraction theory and constitute a canonical problem for
diffraction due to abrupt changes in material properties. Recently, Biiyiikaksoy et al. [13] considered the scattering of plane
waves by a two part surface. They developed a high frequency solution for the diffraction of plane waves by the junction of
two half planes. One half plane is characterized by partially transmissive boundary conditions and the other is soft at the
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top and hard at the bottom. In [13], using the Fourier transform technique, the related boundary value problem is reduced
to matrix Wiener-Hopf equation, which is solved by the usual Wiener-Hopf procedure [1].

In this paper, we have attempted two problems. In the first problem, we have extended the problem of plane wave
scattering [13] to the problem of scattering due to a line source situated at (xp, yo). It is perhaps the first attempt to
look at the line source geometry discussed by [13] involving the matrix Wiener-Hopf approach. The introduction of line
source changes the incident field and the method of solution requires a careful analysis in calculating the scattered field.
It is observed that when the source is shifted to a large distance our results differ from those of [13] by a multiplicative
factor which agrees with, already known, facts given in the literature [2,14]. These observations can also be verified through
the graphical results shown in this paper. It is observed that the graphs of plane wave situation [13] can be recovered by
shifting the line source to a large distance. The problem of line source scattering is further extended to the case of point
source excitation. The introduction of point source (three dimensions) introduces another variable which then requires the
calculation of an additional integral appearing in the inverse transform. The analytic solution of these integrals is obtained
using the method of steepest descent and the scattered field is presented.

2. The line source scattering
2.1. Mathematical formulation of the problem

We consider the problem of scattering of an acoustic wave from a line source located at (xg, yo) by the junction of the
soft-hard half plane located at y =0, x > 0, and the penetrable half plane located at y =0, x < 0, respectively so that their
edges lie along the z-axis. The geometry of the problem is shown in Fig. 1. Thus we can say that the field is independent of
the z-axis. For the harmonic acoustic vibrations of time dependence we require the solution of the wave equation

9 02
<ﬁ+B_yz+k2>(pt(x,y):8(X—Xo)5(y—y0)s M

where ¢ is the total velocity potential, and the boundary conditions at the soft and hard surfaces are

@ (x,07)=0, x>0, (2)
900 _ 5 yoo. 3)
ay

and at the partially transmissive surface are [15]

e (x, 0" ik
e ( )+_

oy @ (x,07)=0, x<0, (4)
48%((,;/0_) - %‘/’t (x,07)=0, x<0, (5)
@ (x,07) — ¢ (x,07)=0, x<O. (6)

In the above relations 7 is the normal specific impedance of the material relative to the impedance of the surrounding
medium, k is the wave number, and a time factor e~'** is assumed and suppressed. The boundary conditions in (4)-(6)
represent the situation in which the pressure on both sides of the sheet is equal and producing the jump discontinuity in
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Fig. 1. Geometry of the problem.
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the normal component of the fluid velocity across it. These are the valid conditions from the mathematical viewpoint and
are acoustic counterpart of an electrically resistive sheet in which ¢ is then the tangential component of the electric field.

It is assumed that the wave number k has positive imaginary part. The lossless case can be obtained by making Imk — 0
in the final expressions. For the analysis purpose it is convenient to express the total field as follows [2,15,16]:

Oe(x, ¥) = @ox, y) + @(x, y), (7)

where g (x, ¥) is regarded as the unperturbed field that would exist if the whole plane y = 0" were a soft boundary. Hence
the complementary part ¢ (x, y) represents the diffracted field. In Eq. (7), we have

i(x, T(x, for 0,
%(X,y):{w( V+e'xy) fory> (8)
0 for y <0,

where ¢ is the incident field satisfying the equation

32 92 ;
(axz +W+’< )‘Pl(an):s(X_XO)(S(y_YO), 9
and ¢" is the corresponding reflected field. The scattered field ¢(x, y) satisfies the Helmholtz equation
EEE
— +k? )p(x, y) =0. 10
<8x2+3y2+ )w(x y) (10)

For analytic convenience, we shall assume that k has small imaginary part for which k = k; + ik;, where k; and k; are
both positive. It is appropriate to define the following Fourier transform pair as follows:

P, y) = / P(x, y)e'** dx (11a)
—0Q
and
ol y) = = /00 P(a, y)e do (11b)
’ 2 ’ ’
—o0

Using Eq. (11a), Eq. (10) can be written as

d*p 2=
— +K 12
a2 TP (12)

where K (o) = +/k? — 2. The square root function is defined in the complex «-plane cut such that K(0) =k.
The solution of Eq. (12) satisfying the radiation conditions can be written as

_ Al@)ek@y — y >0,
o,y) = . 13
vey) {B(a)e*”‘(“)y, y <0, =
where A(a) and B(w) are the unknown coefficients to be determined.
Using Eq. (11a), from Eq. (9) we obtain the incident field and the corresponding reflected field as follows:
. 1 . .
~i — _ plaxo+iK(a)|y—yol 14
Play)= e (14)
and
1 . .
=T — _ _— plaxo+iK(@)|y+yol 1
Pl y)=—oce . (15)
Taking Fourier transform of the boundary conditions (2)-(6), we obtain
@i (e, 07) = f(po (x.0%)e fox gy (16)
304 (a, 0™
P+, 07) -0, (17)
ay

0

0Q_ ot ik d ot :
gp-te 2 ) g); )+ln(p «,0%) = /[ ox. ) n(po(x,O*)]e‘“"dx, (18)
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0¢_(a,07) ik _ _
— — —¢_(a,07) =0, (19)

TR
0
(., 0") = @_(,07) = — / @o(x, 0T)e' ™ dx. (20)

—00

In order to obtain the unique solution it is necessary to take into account the following edge conditions

(p(x,O):O(x%) as x— 0, (21)
8(,0;);, 9 _ O(x_%) as x— 0. (22)

The substitution of Eq. (13) into boundary conditions (16)-(20) and the Fourier inversion of the resulting integral equations
yield

A@) =@_(r,07) — /<p0 x,07)e dx, (23)
0

@ (a,07)

B(a) = Wy (24)

A(a) — B(a) = Ay (o) — / @o(x,07)e' ™ dx, (25)

0 0
2k 1/ 2k -+ IO[X l iox
[; + K((x):|A(05) +K(@)B(a) = A (a) — ?|: f @o(x,0")e dx} - / @p(x, 0)e'** dx, (26)
where prime “’” denotes the differentiation with respect to y and ¢_(«,0%), @’ (&,07), A, () and A’ ' () are defined by
0
G (er.0%) = f o (x. 0*)el@ dx, (27)
a(p(x O ) IO(X

Ay (o) = /[w(x, 0%) — ¢(x, 0’)]eio‘xdx, (29)
0

= r Ipx,07) 39,077 jax

Al () —/[ 3y 3y ]e dx. (30)
0

Due to the analytic properties of the Fourier integrals ¢_ (o, 07), @’ (,07), Ay () and A’ ' () are regular functions of «
in the half planes Im(«) < Im(kcos6fy) and Im() > Im(—k), respectively. By using the edge conditions (21)-(22) it can be
easily shown that when we let |o| — oo in their respective regions of regularity we have

¢ (2, 0") =0 (" 7) 31
and
?(e.07) =0 1), Y

The elimination of A(«) and B(«) between Egs. (23)-(26) leads to the following matrix Wiener-Hopf equation valid in the
strip Im(—k) < Im(a) < Im(k cos6p)

1 ——Tra + i
" re [gf,‘(a’o_)] - [/ff(a)] +[4] (33)
% k@ 1 Jlet@on ] Lay@] T

0 [e'e)
q=— / gOo(X, 0+)ei""‘dx+/(po(x, 0+)€iaxdx, (34)
0

—00
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o0 0 0
2 } 1 A 2k .
r=——k[ / @o(x, 0*)6’“"“}—; / PO, 0>e'“"dx+(—‘+1<<a>) / @o(x, 07 )€ dx, (35)
n —0Q —00 n —00
with
1 )
o
M@) =, ) (36)
n + K(O{) 1

In order to obtain the explicit solution of Eq. (33), we first need to factorize the kernel matrix M(«) as the product of two
non-singular matrices say M (o) and M_(«) whose entries are the regular functions of « in the upper and lower half
planes, respectively. The kernel matrix M(«) is factorized by [13] using the Daniele-Kharapkov method [7]. Further details
can be found in [13]. The Daniele-Kharapkov method suggests that we have to pre-multiply the matrix given in Eq. (36)
with the following constant matrix

1 0
C= [ _% :| , (37)
1
and then write it in the form necessary for the application of Kharapkov method. Thus, we have
10 1 0 -1 F. G.[F- G_
W(x) =CM(a) = [ ] +— [ = . (38)
0 1| K@) |k —a? % Hy J+JLH- J-

The matrix W(x) is a special form which can be factorized through the Kharapkov method. Omitting the details [13] we
give the final expression for W, (&) as

_ k sinhx(a) _ sinhx(a)
_ (2>‘11 ; coshx(a) — 5 2202 o2 —02 [ F, G+:| (39)
()=(Z) —= o - = ,
n) Vi) (k% — az)—sm;_zji)z coshx (o) + %—5‘“:‘_27(‘;)2 Hy J+
so that
W_ () =W, (—a), (40)
@)= 1 n (0% +ka —Va?z —o2Vk2 —02)(a + k2 —a?) (1)
n =y o2(k+a) ’

and

1
G:I(H—F. (42)

In Eq. (39), x4+ () and k_(a) = k4+(—a) are the split functions regular and free of zeros in the upper and lower half planes,
respectively, resulting from the factorization of

K ()

_ 43
0= k@ 43
as
K (@) =K (oK (et). (44)
Noticing that x4 () and k_ () can be expressed in terms of Maliuzhinetz function [17] as follows
2 0 (MzCCE—0—y)Mq(E -6+ T_g4
k_(kcos6) =27 [ sin (5 V) n”(z ) 1++/2cos 2704V
n 2 MZ(%) 2
3 _g_ v -1
x [1+ﬁcos<%)“ (45)
with
. 1
siny = — (46)
n
and

z

1 [ msinu—2+/2sin¥ +2u
Mz (2) = exp{_g/ o 2 du}, (47)

0
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and when we let |@| — oo in the upper half plane, we obtain

1 (k—viZ—02)3[a} o3

o LI o o]

W_(a) =W, (—a). (49)
With this factorization of the kernel matrix, Eq. (33) can be rearranged as

G-, 0h)] _ [Ai(@ q

W, (0)W_ () [@L(a,o_)] _C[A;(a)] +c[r] (50)

or
¢-(a,00)] [zh(on] - q
W*(“)[a_(a,o—)]_W* (@)C i@ +W; (oz)C[r]. (51)

Eq. (51) is the matrix Wiener-Hopf equation. To make it regular in the upper and lower half planes we need to split the
term

W;l(a)c[?].
This can be achieved by using the additive decomposition theorem [1, p. 14]. This term can be decomposed as follows:
—1 q _ T _ T+ + T_
We (“)C[r]_[s}_[s++5_ ' (52)

Using Egs. (37) and (39), we arrive at

W+1(a)C[‘r1]:|: ]+q—G+(—27k+r) i|:[§]:[T++T]7 (53)

—Hiq+Fr(=3+1) S+ +S-
where
1 e 1 ST ©a® - 62 )
_ _ n

e =+ P / [ E—a ]ds’ >4)

—oo+tic —oo+ic

oco+id oo+id 2k
—H +F —2¢ 4
Syl =+ 1 . S) dE—+ 1 » / [ +()qE) + Fr(E) (=5 r(é))} . (55)
2mi E—uo 27i E—«o
—oo+id —oo+id

Using Eqgs. (34), (35) and (39) in Eqgs. (54) and (55), the explicit expressions for T_(«) and S_(«) are given as follows:

it ()3 /iy ©) expigxo + iK ()] yol) S
T_(@)= f § VEZ“’Z]ds

56
- (56)
—oo+ia
and
| (DR @ expligxo + K )]yl coshux(€) — T
S_(a)=— / d&. (57)
2mi L §—o
—oo+ia
Using Eq. (52) in Eq. (51) and separating into positive and negative portions, we arrive at
¢—(a,0H7 T 1 [/h(a)] T,
w_ — =W (G + . 58
(“)[sb’,(a,o-)_ [s]=wtee| G ) # st %)

The left-hand side of Eq. (58) is regular in the lower half plane Im(«) < Im(kcos6p) and the right-hand side is regular in
the upper half plane Im(«) > Im(—k). Hence by analytic continuation principle both sides define an entire matrix-valued
function P(). To find the exact value of P(«), we take into account the order relations in Eqs. (31), (32), (48) and (49)
which help us to conclude from the extended Liouville’s theorem that the P(«) is a constant matrix of the form

P =[] (59)

where p* can be evaluated as follows.
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From Eq. (58), we obtain

5_(a,0F - —G_ T_
eS| & B[ Py &
@ (a,07) —H_ F_ S_+p*
The above equation can further be simplified to get
[gb_(a,0+)] _ [ J-T-—G_(S5-+p") ]
@ (,07) | L—H_T_+F_(S_+pH]’

The unknown constant p* can be specified by taking into account the order relations in Eqs. (31) and (32). By using (40)
one obtains

(61)

5 + _JiZ—g2) i - —a)-i )3
e A= e[ ][]
¢-(«.07) o —a)" (—a)~4
with
T_= lim oT_. (63)

The correct behavior of ¢_(c,0") and @’ («,07) is recovered if we choose
pr=T_. (64)

Hence the explicit expressions for ¢_(c«,0") and ¢’ («,07) are given as

1 oo+ia 1
4 1 1 4 inh
¢—(a70+)=(g) \/K-(a)H— f ( )(g) \/K+(E)expiéxo+il<(é‘)|)’ol<m)d$}

2mi S—Ot /Sz _0'2
—oo+ia
co+ia 1
k sinhx(—a) sinh x(—a) 1 1 n\4
X {coshx(—aH—E o }—i—{ o }{ﬁ / (é——a)<§> VK4 (E)
—oo+ia
x exp(ixo + iI<($)|y0|)<coshx(§) - %%) dé + p*}:|, (65)
and
}_1 1 oo+ia 1 }1 inh (&)
-, _ n n , ) sinh x
¢7(a,0 ):(E> \/K_(a)[{ﬁ / (m)(i) \/K+(§)3XP(1§X0+1K(€)|YO|)(7W)‘1§}
—oo+ia
oco+ia 1
5 o Sinhu (—a) k sinhx(—a) 1 1 n\*
|-t )W}+{“’“"‘(‘“>‘;W}{ﬁ [ (£%)() e
—oo+ia
x exp(i€xo + i1<(g)|y0|)<coshx(§) - %%) dé + p*”_ (66)

2.2. The far field solution

Now by substituting Eqs. (65) and (66) into Eqs. (23) and (24) and then resulting equations in Eq. (13) and taking the
inverse Fourier transform, we obtain for y > 0,

oo 1 co+ia 1
1 4 1 1 3 inh
so(x,y):E/(g) JKTa)H— / ( )(g) Mexp(iéxo+iK(€)|yo|)<7sm "(S)>dg}

2mi E—a /€2 — g2
—oo+ia
oco+ia 1
k sinhx(—a) sinh s (—a) 1 1 n\*
oot T+ az_az}{ﬁ [ (5)(3) v=®
—oo+ia

X exp(ié‘xo + lK(%‘)|y0|) (cosh%(s) — E M) d%- + p* }j|eil<(a)yiax dOl, (67)

Ve —o?
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and for y <0
17 i 1 F i inh (&)
n\* n\* ) ) sinh x
=— =) Ve — =) V K =" )d
) =or /<2> “ (a)|:{2m' / (%‘—a>(2> s &) exp(ixo +1 (E)Iyo|)<\/€2__02) E}
—00 —oo+ia
inh x(—a) ksinhx(—ay) [ 1 "F/ 1 i
) 5 Sinhx (—a k sinhx(—« n
| >W}+{“’Sh"<‘“>7ﬁ”ﬁ [ (£2)(5) vew
—oo+ia
k sinh : )
x exp(i£xo + iK($)|y0|)(coshx($) - %Sl‘;—”@l) dt + p* ”e”‘“’”yw’“ dar. (68)
-0
To determine the far field behavior of the scattered field we introduce the following substitutions
x=pcosh, y=psind (0<6<m), (69)
X0 = poC0sBy, Yo=posinfy (T <6y <0) (70)

and the transformation
o = —kcos(0 +itq). (71)

The explicit expression for the constant p* is determined from Egs. (56), (63) and (64) which give it as

1
1 2 4k v/ k (%
e p— /R s sin@ow sinh x (k cos 6p) exp| ikpo + iz ) (72)
2i\ kpo\2/) = VkZcos26 — o2 4

where t1, given in Eq. (71) is real. The contour of integration over « in Egs. (67) and (68) goes into the branch of hyperbola
around —ik if % < 60 < . We further observe that, in deforming the contour into a hyperbola the pole @ =& may be
crossed. If we also make the transformation & = kcos(fp + it1) the contour over & also goes into a hyperbola. The two
hyperbolae will not cross each other if 6 < 6p. However, if the inequality is reversed there will be a contribution from the
pole which, in fact, cancels the incident wave in the shadow region. Omitting the details of calculations, using the method
of steepest descent, the field due to a line source at a large distance from the edge is given for both cases y >0 and y <0,
respectively. For y > 0, we have

—im 1
e2 (n\* exp(ikp + ikpg) k sinhx(kcos0)
( ,9)%—<7> VKy(kcos§) ———————|[ 3 coshx(kcosd) + — ————
eie 2 \2 - /PPo N k2 cos26 — o2

1
4 0 0o +/ K (kcosb,
X {z(g) sin—sin—O—K+( cos %)

2 2 /k2cos26y — o2

sinh x (k cos9)

VK2 cos26 — o2
1
@0 6 k  sinh s (k 0
X {(1(%) sinisin ?0\/K+(k(20590)) (cosh}f(kcoseo) — %w>

k2 cos? 0y — o2

% 6 6 — 6, 60+ 6,
+sinisin50(c0590+c0590)p”[}’(\/2kpcos 3 0>+F<,/2kpcos %)] (73)

For y <0, the far field is given as follows:

sinh x (k cos 6y) } +

—im

1
e2 (n\* exp(ikp + ik0o) 5 . o sinhux(kcos)
( ﬂ)“—(—) VKp(kcosd) ———2 1 —k“sin“ ) ———o
v 2m \2 ’ ky/opo VkZcos?6 — o2

1. g
7 sin=2 /K4 (kcos6
X {i(ﬁ) 29 k. (k cos o) sinhx(kcos@o)} + :coshz(kcose) e
2c0s 4 \/k? cos? 6y — o2 N Vk%cos26 — o2

2
1. g .
4 sin 2 k h s (k cos 6
X {(l(ﬁ) 20 \/K+(kC0590)> <coshx(kcos@0) — fM)
2/) 2cos§ N /k?cos?26y — o2
. 90

in 3 0 — 6 0+ 6
2 (cosGO+c0590)p}:|[F<\/2kpcos 5 0>+F<\/2kpcos _; 0)]. (74)

0
2c057

k sinhx(kcos®) }

We observe that the unknown constant p* goes into p as determined by [13] at this stage and F(z) stands for the Fresnel
function as defined in [1,16]

o0
F(z) =e % f eit” dt.

z
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Fig. 2. The amplitude of the diffracted field (y > 0) versus the observation angle for different values of n (imaginary) for (panel (a)) po = 0.001, (panel (b))
po = 0.01, (panel (c)) po =0.05 and (panel (d)) po = 0.5. The other parameters are 6p =7 /2, p=1 and k=1.

2.3. Computational results

In this section we will present some graphical results (Figs. 2-6) showing the effects of resistivity  and the line source
parameter pg on the diffraction phenomenon. By increasing the parameter 7, whether it is real or pure imaginary, and fixing
the parameter pg the diffracted field increases for both the cases y > 0 and y < 0. Also by increasing the parameter pp and
fixing the parameter n the diffracted field decreases for both the cases y > 0 and y < 0, respectively.
3. The point source scattering

3.1. Mathematical formulation

For the case of point source scattering we suppose that a point source is occupying the position (xg, Yo, zo). Thus we
require the solution of the equation

32 32 32 )
<ﬁ + W + 32 +k )@t(x, ¥,2) =38(x—x0)8(y — Y0)8(z — 20), (75)
subject to the following boundary conditions, for x > 0
®¢(x,07,2) =0, (76)
0D (x,07,
M =0, (77)
oy

and for x <0
0D (x,0™, z ik
t( )

— @ (x,07,2) =0, 78
% ; ¢(x, 07, 2) (78)
dd:(x,07, ik _
M—l—tbt(x,o 7Z)=07 (79)
ay n
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Fig. 3. The amplitude of the diffracted field (y > 0) versus the observation angle for different values of n (real) for (panel (a)) pp = 0.001, (panel (b))
po = 0.01, (panel (c)) po =0.05 and (panel (d)) po = 0.5. The other parameters are 6y =7 /2, p=1 and k=1.

(a)

200
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100

50

-50

-100

=150

Fig. 4. The amplitude of the diffracted field (y > 0) versus the observation angle for different values of pg for (panel (a)) n = —0.25i, (panel (b)) n = —0.25.
The other parameters are 6p =7 /2, p=1 and k=1.

@ (x,0%,2) — & (x,07,2) =0, (80)
where &; is the total acoustic field, defined as
De(x,y,2) = Do(x,y,2) + P, ¥, 2), (81)

where @ is the scattered field and & represents the effect due to a point source.
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Fig. 5. The amplitude of the diffracted field (y < 0) versus the observation angle for different values of n (imaginary) for (panel (a)) po = 0.001, (panel (b))
po = 0.01, (panel (c)) po =0.05 and (panel (d)) po = 0.5. The other parameters are 6y =7 /2, p=1 and k=1.
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Fig. 6. The amplitude of the diffracted field (y < 0) versus the observation angle for different values of po for (panel (a)) n = —0.25i, (panel (b)) n = —0.5i.
The other parameters are 6p =7 /2, p=1 and k=1.

Let us define the Fourier transform and the inverse Fourier transform with respect to the variable z as follows:

o0
DX, y, 1) = / D(x, y,2)ekH dz, (82a)
—00
, o0
o0y, = 5 [ By e e du. (82b)

—00
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Taking Fourier transform of Egs. (75) to (79), the problem with boundary conditions in the transformed domain u takes the
following form

9> 02 .
<8x2 +8_},2+k21/2)¢’t=a5(X—X0)5(J’—}/0), (83)

with y = /1 — u2, and a = etki?,

The transformed boundary conditions take the form

@ (x,0%, u) =0, (84)
P07 1) (85)
ay
080" ) —~
5y @ (x,0%, ) =0, (86)
9D (x, 07, ) ik -
Ty ; ¢(x,07, ) =0, (87)
D (x,0%, ) — D¢(x,07, ) =0. (88)

Thus we see that the problem (83) together with the boundary conditions (84)-(88) in the transformed domain w is the
same as in the case of two dimensions formulated in Section 2 except that k?y? replaces k.

3.2. Solution of the problem

As mentioned before, the mathematical problem (83) together with the boundary conditions (84)-(88) in the transformed
domain y is the same as in the case of two dimensions formulated in Section 2 except that k*y2 replaces k* [18,19]. Thus
making use of Egs. (73) and (74) we can calculate the scattered field due to a point source as follows.

For y >0

—im

1
N 2 (n\*? sinhx(kycos@)
D(p, 0, 1)~ (2—(5> \/K+(I<)/C059))|:{COSh}f(k)/C059)+ 0 i ot o2
0o K4k 6 inh (1 0
{1<Q> sm—sm—0 o (ky costo) sinh}t(k)/cos@o)}-i——sm x(ky cos6)
2 2 JiZyZcos26 —o?

2 /k2y2cos?6g — o

< sm —sin 92—0,/K+ (ky cos 90)>

cosh x(ky cos6p) i Bo
_sinhx(ky cosfp) | +Sin 3 sin ?(cose + cosp)p™*

’7 k2y2 cos? Gp—o2

X (\/Zky,o cos o —b ) + F(\/Zky,o cos 0+ )} expliky (p + po) + ikuzol . (89)
2 N/ PPo

For y <0

—ir L)

1 1
z ez (n\* ) { 5 5 . o sinhx(ky cos®) }{(;7)71 sin %
D, 0, W)~ —| =) VKki(kycosb —k Sin“ 0 —————— 1| =
0010 (277 (2) +lky cos) |: v k2y2cos26 — 52 2) 2cosh
ky sinhx(ky cos@) )

Vit (h 2
X .+ (ky cosbo) sinh » (ky cos 90)} + (cosh x(ky cosf) - — ———
Vk2y2cos2 6y — o2 N k?y2cos26 — o2
(i(n )% sin 9_0 /ic4 (ky cos o) ) Vk2y2 cos2 6y — o2 cosh x (ky cosbp)
x J
2) 2cos? 5 Vk?y?cos? 6y — o2 - I% sinhx (ky cos 6p)
%

n= ~
29 (cos8 + cosfp)p™* }i| [F <\/2kyp cos 0

_90> —I—f(\/Zkyp cos 4 —;90>i|

oS 3
» expliky (p + po) + ikpzo]
ky /000 '

The scattered field in the spatial domain can now be obtained by taking the inverse Fourier transform of Egs. (89) and (90).
Thus, for y > 0,

(90)
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S —in 1
k- ez (n 4\/7 ky sinhx(kycos@)
@(p,0, z)Nzﬂ /(—271 (2> K+(k)/C059)>[{COSh%(k]/COS@)+ " m
—00

sinhx (ky cos6)
Vk2y2cos26 — o2

1
i 0 0 k inh » (k 0
X {(1(ﬁ> sin = sin —0\/K+(k)/ cos@o)) (coshx(ky cosfp) — Ly _sm x(ky cosbo) )
2 2 2 N /k2y2cos?6y — o2

_00> +f<\/2kyp cos 0 290>]

x:i<n>l 0 . 6y JKri(ky cosbp)

sin = sin — sinhx (ky cos 90)} +
2 2 /k2y2cos? 6y — o2

0 O, ~ 6
+ sin 3 sin ?O(cose + cosfg)p** ” [F <\/2kyp cos

y expliky (o + po) + ikuzo — ikpz] d

78 (91)
ky /ppo
and for y <0
k (e n i sinh x (ky cos0) n i smeo
D(p,0, )~ — - Ky (k cos@) {—kz Zsinze—}{i<—>
e~ o [ (G (3) Vet [ it o =5 11(2) 7eoct
—00
K+ (k 6 k inh » (k 0
X K+ (ky cos o) sinh x (ky cos 00)} + (coshx(ky cosf) — zw)
Vk?y2cos2 6y — o2 Vk?y?cos26 —o?
i(n)i sin%O [+ (ky cos 6p) Vk2y?2cos2 6y — o2 coshx (ky cosbp)
< 7
2) 2cos§ \Ji2yZcos26y — o2 ky sinh x (ky cosfy)
. 90
sin = ~ 0 — 6 ~
+ 21 29 (cos 8 + cosbp) p**”[F(\/Zkypcos 0) —I—F(\/Zkypcose_;e())}
cos 5
exp[zky (p + po) +ikuzo — lk,bLZ] (92)

ky /Ppo

The integrals appearing in expressions (91) and (92) can be evaluated asymptotically by the method of steepest descent
(see Appendix A), and the far field for y > 0 and y < O are finally given as follows.

For y >0
. [ G140+ Po ~ [ G+p+ 00 ~
kR ——F ————F
+ ik 1][g1(51)€1 Rl(Rn—I—R]) (try) + g1(s2)€2 Ri (R £ R1) (TRz)]
n exp| —i% + ikR ‘“ H(—e) + | 22 ex +sz 2) 1 e, (93)
pr P|— 4 1 |81 R" 1 27r P|— 12 (&1 R ) R 2),

. a+p+pPo = a1 0+ po ~
kR ———F ————F
+ ik 1][g2(51)61,/ Ri(Rii 4 R1) (Tr)) + &2(52)€2,/ Ri(Ria - R1) (TRZ)]
4 8 exp| —iZ kR ‘“ H(—e1) + | 2 exp| —iZ +ikR 2\ 1 e (04)
oy p 4 11 |82 R“ 1 o p 2 12 |82 R, ) Re 2),

\/ T3 (kRn + T3) +k2aj \/r,gz (2kR1z + T} ) + ka3
s1= 5 and sy = > . (95)
%, + kR1q %, + kR

NS

P(p,0,2) %exp[—i
a

for y <0

®(p,60,2)~ exp[—z

NE]

where

In expressions (93) and (94) H(.) is the usual Heaviside function and the quantities p1, f1(®), g1(), ar, Ru, Tg,, €1
and R; have already been explained in Appendix A. We wish to remark here that the other quantities for e.g., R12, Tr,, €2
etc. may be seen from [18,19].

The unknown constant p** for the case of point source scattering is given as follows:

w (T ‘1‘ky VK4 (ky cosbp)
Pz 7i \/k2y2cos20 — o2

sinhx (ky cosfp). (96)
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4. Concluding remarks

In this article, the line source and the point source scattering of acoustic waves by the junction of partially transmissive
and soft-hard half planes are studied. The boundary value problem is reduced to a matrix Wiener-Hopf equation by using
the Fourier transform technique. Then solution of the problem requires the Wiener-Hopf factorization of the kernel matrix
involved in the equation. This factorization is performed by Biiyiikaksoy et al. [13] which can be used for our analysis. The
problem is then solved completely. It is observed that our analysis differs from [13] by a multiplicative factor which agrees
well with the literature [2,14]. Finally the graphs (Figs. 2-6) for the line source situation are presented. It is also observed
that the graphs of [13] can be recovered, by shifting the line source at large distance.
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Appendix A

In this appendix, we evaluate the integral

—im

00 1 1
k = 7 k inh s (k 0 0 6
1~ — ¢ (1 VK4 (ky cos@) coshx(ky cos6) + L4 w i U sin — sin =
27 2m \2 N k2y2cos2f — o2 2 22
—0oQ0

1
VK4 (k (& inh s (k 0 1 0 &
X fe+ (ky cosbo) sinh x (ky cos@o)} + w (i(ﬂ) sin — sin —0\/K+(k)/ c0590)>
Vk2y2cos? g — o2 Vk2y2cos26 — o2 2 22

cosh x (ky cos6p) 0 0 ~ 0—6

X ky sinhx(kycos6y) |+ sin - sin —O(cose + cosébp)p™** F( /2kyp cos 0
TN e 2 2 2
k2y2 cos? g—o 2
9 explikyp + iky po + ikpzo — ikpuz]
/ PPo

du. (A1)

Substitute

wi =y/2pcos '

and

—in 1 1
2 4 k inh s (k 0 4 0 &
fi(n) = (ez; (g) Vi (ky cos@)) |:{coshx(ky cosf) + %%}{i(g) sin 3 sin EO

1
Y/ k 6 . inh s (k 0 . T .0 . 6
X ke (ky oso) sinhx (ky cos@o)} + w <z(ﬁ) sin — sin —0\/K+(k)/ cos@o))
Vk?y2cos2 6y — o2 Vk2y2cos?6 — o2 2 22
cosh x (ky cosbp) 0 fo
X | ky sinhx(ky cosép) +sin§sin3(cose+coseo)p** .

M /k2y2cos2p—o2

Eq. (A1) will take the form

o0
k = 1, expliky (p + po) — ikp(z — zo)]
Ih=— F ky1—pu2)2 di. A2
1= /f1(pc) (1 (ky/1— p?)?) T 0 (A2)
—0o0
Making use of the result
r F(12
) . 2
/ezAtz dt = e*? ( . 2) i (A.3)
A2
z
expression (A.2) will take the form [18,19]
[o oliNe ] 1
L= L/ / [ ky1—p?)2 o~ kLI (z=20) =/ 1=2 (p+po1 > —?)] dudt. (A4)
27 NIT

n1 —oo
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1
Let g1(n) = % ;);O_“z)z and consider the integral
o0
h= / g1 (e~ Ku@E=20 =/ 1= (o+por =)l g (A5)
—00

In order to solve the integral (A.5) we introduce the following substitutions:

U =cos B, y =4/1—u?=sing,

zZ—2zp=Rjcosv, P =R;sinv. (A.6)
I takes the form
o0
1%=/gﬂm€%“mw””6ﬂnmdﬁ (A7)
—o0
We apply the method of steepest descent to solve the integral I;. For this, we deform the contour of integration so as to

pass through the point of steepest descent 8§ = —v, so that the major part of integrand is given by integration over the part
of deformed contour near —v with gq(8) slowly varying around it. Therefore,

1
I ~mgi(—v)sinvH" (kRy) ~ w g1 (2)H [k{(z — 20)% + P?}?] 22, (A8)
P

[(z-20)2+P2]Z
Using (A.8), expression (A.4) will take the form

where 2 =

P+ po+t2—pu?
(=207 + (0 + po+ 1 — )}

=k / g1 @HV k[ = 202 + (p + po + 2 — pc%)z}%] dt. (A.9)

2
M1

If we make the substitutions

t* =—a1 ++/@ +R? sinh*u, a;=p+po—pni and R% =(z—2z20)%+a, (A.10)

in (A.9), it will yield

o0
k ~ 1
h=1 /[g1 (D HS" (kR1 coshu)(y/a? + R3, sinh? u +ar) ] du, (A11)
&1
where
[2 1 p2 cinn2 [ 2
- as + R4, sinh“ u M1/ U] + 201
oY1 """ " and e =sinh{—V L 1
R1j coshu Rn1

The integral in expression (A.11) can be solved asymptotically for kRy; coshu > 1. Therefore the Hankel function can be
replaced by the first term of its asymptotic expansion to give

o0 1
k ~ [ | 2 2. AV T 1
= Z ./ [gl (Q)! wkR11 coshu } et COSM_K)( a% * R%l sinh”u * a1) 2 ] du- (A12)
&1

If we let T = +/2kR11 sinhu in the integral appearing in expression (A.12), then

Sk e-iZtikRi T .
I = ;#/gﬂr)e’” dr, (A13)

rRl
where
JR@ kR R pka b 122 4 2kRn) + k2]
T) = ). 0=
1) { (t2 4+ kR11)(72 + 2kR11) } £1(%2) 2+ kR11

TRy = \/k(Rl —R11) and €1 = sgn(‘L’R]). (A~14)

An asymptotic expansion of I; then follows by putting T equal to its lower limit value in the nonexponential part of the
integrand plus the contribution from 7 =0 if zero lies in the interval of integration. Hence in our case, for I it is given in
Eq. (93).
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