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Abstract—The aim of the present paper is to reveal the effect of
motion on the scattering by an edge. To this end one considers
a canonical structure formed by a perfectly conducting half-plane
illuminated by a time-harmonic and uniformly moving infinitely long
line source. The relevant line source is located parallel to the edge and
moves with a constant velocity which is also parallel to the half-plane.
This is the dual of a previously studied problem in which the half-
plane was moving uniformly. The present problem is first reduced into
a Wiener-Hopf problem in the sense of distribution and then solved by
an ad-hoc method. The edge-diffracted field is discussed in detail.

1. INTRODUCTION

Since the establishment of the electromagnetic theory in 1873, the
scattering of electromagnetic waves has become more and more
interesting for scientists and engineers. So far a great deal of problems
have been formulated and investigated by considering various media
and scatterers. In most of these problems the scatterers and sources
were assumed to be at rest with respect to the observer. But the
applications of the contemporary technology need the consideration
of cases where the scatterers and/or the sources are in motion with
respect to the observer. The communication satellites, guided missiles,
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modern swift vehicles and mobile antennas can be enumerated among
simple examples.

An exact analysis for the case where the motion is accelerated
can only be formulated in the framework of the General Theory of
Relativity, which causes rather tough and complicated mathematical
difficulties. Therefore, the works devoted to this kind of problems are
very few in the open literature. However, when the motion is uniform,
an exact analysis can sometimes be done with simple mathematical
tools by using the concepts of the Special Theory of Relativity. So, in
the open literature, there are many interesting works devoted to the
case of uniformly moving scatterers. Among them one can enumerate,
for example those which concern moving half-spaces or planes [1-
5], cylinders [5-10], strips [11,12], wedges [13-15], half-planes and
edges [16] and bodies of arbitrary shapes [5,17-24]. A recent analysis
performed in [16], which considers the scattering of a plane wave by a
uniformly moving half-plane reveals the effect of the motion on the
reflection, refraction, aberration, frequency shift, etc. The planar
structure of the incident wave considered in [16] permitted one to
reduce the problem into the solution of Helmholtz equation which is
much more simple as compared to the time-depending wave equation.
If the wave is not planar, it is not possible to benefice of the advantages
provided by the complex representation of the monochromatic waves.
In such a case it seems better to assume that it is the source which
is in motion. As far as we know, the investigations devoted to this
case also is very few in the available literature. [25,26] can be cited as
significant examples on this subject.

The aim of the present paper is the investigation of the effect
of motion on the edge diffraction of a cylindrical wave. To this end
one considers the canonical structure formed by a perfectly conducting
half-plane illuminated by a uniformly moving infinitely long line source.
One assumes that the line source is located parallel to the edge of the
half-plane and moves in a direction which is parallel to the half-plane.

In what follows, in Section 2 one formulates the problem in its
most general form. In Sections 3 and 4 one considers the solution of
the problem and analysis of the excited fields, respectively. Finally, in
Section 5 one presents an illustrative example to see the variation of
the edge-diffracted wave with respect to normalized time.

2. FORMULATION OF THE PROBLEM

Consider two cartesian co-ordinate systems Oxyz and O'z’y’2’ which
are denoted by K and K’, respectively. In K one assumes that
the half-plane P = {z € (—-00,0), y = 0, z € (—00,00)} consists
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of a perfectly conducting sheet. In K’an infinitely long line source
S={'=a, ¥y =0b, 2/ € (—00,00)} emits a cylindrical wave of w'.
In the problem to be addressed in this work the line source S (and
K') makes a uniform rectilinear motion in vacuum with respect to the
half-plane P (and K) (see Fig. 1). Then the problem consists of the
investigation of the scattered wave to be observed in K. To this end we
first use the well-known Lorentz transformation formulas to transform
the expressions of the charge and current densities given in K’ into K,
and then consider and solve the problem in K.

1
:

Figure 1. A source moving with velocity v = ve,.

Let the clocks in K and K’ are so adjusted that O = O’ when
t =t = 0. Here t and t' show the times measured in K and K’,
respectively. We assume that the incident wave is generated by the
current and charge densities given as follows:

p =0, (1a)
J = Icos(w't' — ©)6(z' — a)d(y’ —b)é.. (1b)
Here €, shows the unit co-ordinate vector in the direction of O'z'-

axis while d(.) is the usual Dirac distribution. In accordance with the
Special Theory of Relativity one writes then (see [27] or [28])

¥=qx—vt), Y=y =z t=v@(- va:/cQ) (2)
L L, 7 )
J=J = [L=A)(J'- )5 + 700 (3a)
and _
p=0p+J -5/ (3b)

Here ~ stands for
1

Ly

From (1a)—(3b) one gets

0
= T cos(wt —wvz/c? — @)d(zy —a — yot)d(y — b)é,.  (5b)
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In the expressions given above €, is the unit co-ordinate vector parallel
to Ox-axis, U = ve, is the velocity of the source S, ¢ is the velocity of
the wave in the free-space while w denotes

w =" (5¢)

From the expressions of the source densities given by (5a), (5b) one
concludes that the electric fields of both the incident and the scattered
waves are parallel to the edge. If the total electric field is written as

—

E(z,y,t) = u(z,y,t)e, (6)

then the function wu(z,y,t) satisfies the non-homogeneous wave
equation

1 0%u a(J - &)
Au——5—5 = p———=
TEar T
= —plwsin(wt — wvz/c? — p)d(zy — a — yvt)
+yv cos(wt — wuz/c? — )8 (zy — a — yvt)]5(y — b)
(7a)

in the sense of distribution outside the half-plane P under the
continuity, boundary and radiation conditions given as follows:

u(z,+0,t) = u(z,—0,t); =z, t € (—o00,00) (7b)
aayu(m,+0,t) = ;;/u(a:, —0,t); x>0, te (—o0,00) (7c)
u(z,4+0,t) = u(x,—0,t) =0; x<0, te (—o0,00) (7d)

u(z,y,t) ~ outgoing wave for r = y/x? + y? — oo, t € (—00,00). (7€)

In (7a) 0" denotes the derivative of delta Dirac function with respect
to its argument.

3. SOLUTION OF THE PROBLEM

Let the double Fourier transform of the function u(z,y,t) with respect
to z and t, say u(«,y, 3), be defined via

(o) o0
w(a,y, B) = / / u(z,y, t)ePtedtdr, B e (—o0,00), a€ L.
T=—00 t=—00

(8a)
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The inverse transform is then

wat) = g [ [ o g e aads. (sb)
B=—oc0 L

Here L denotes the real axis indented above (—//c¢) and below (3/c)
as shown in Fig. 2.

Bic L
——— ¥ ' et
el 0 _I]llfc o

(a) The case when 8 > 0 (b) The case when 3 < 0

Figure 2. The integration line L in the complex a-plane.

The application of the double transformation (8a) to (7a) yields
——)\2(6)(,6)’&:}((0(,5)5(];—()), Be (—O0,00), OZEL, (9)

where A(a, 3) stands for the square-root function

Ma, ) = /a2 = 32/c? (10)

defined in the complex a-plane cut as shown in Fig. 2 with the
condition (0, 3) = —if3/c while K («, [3) is given by

y I . —i| wva
K(a,B8) = %ew‘a/v <% + ow) e (“’2 +<P>5 (ﬁ + % + ow)
w i| L5+ w
—(ﬁ—ow>e(72 )6<5—¥+av) (11)

The solution of (9), which satisfies the radiation condition (7e) is given
by

A(a, B)e= MNPy oy >b
i(a,y,8) =< Bla,B)e MDY L C(a, B)eMPy 1 0<y<b
D(a, B)eM@P)y ;Y <0.

(12)
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The expressions of the coefficients A(«, ), B(a,3),C(a,3) and
D(a,3) can be obtained through the relations required by (9) and
(7b)—(7d), which yield

Ao, ﬂ)e_A(a”g)b — B(e, ﬂ)e_A(a”g)b - C(a, ﬁ)e’\(a’ﬁ)b =0 (13a)
“AMaB)b —Ma,B)b Magp_ Ko, B)
A(a, B)e B(a, B)e +C(a, B)e =N d) (13b)
B(Oé,ﬁ)—FCO(,ﬁ)—D(Oé,ﬁ):O (13C)
D(a, B) = &% (a, B) (13d)
_ ()
B(OZ?ﬁ)_C(aaﬁ)_‘_D(awﬁ) - )\(Oé,ﬁ) (136)

The functions ®*(c, ) and @~ (o, #) appearing in (13d)—(13e) are yet
unknown and defined by

Ot (a, B) = 7 ( 7 u(x, 0, t)ewtdt) e dy (14a)

0 — 00

and

o~ (/ u(z, +0,t) — aa ($,—O,t)} eiﬁtdt) e dg,

(14b)
From (14a)-(14b) it is obvious that the functions CI>+( ,3) and
d (a, B) are regular in the upper half-plane Sa > 0 and in the lower
half-plane Sa < 0, respectively. Moreover, since u(x,0,t) = O(1)
when z — +0 while a%u(x,j:O,t) = O(xz~'/2) when z — —0 [29], the
functions @i(a, () have also the following asymptotic behaviors when
a — oo [30]:

d"(a,8) = O(1/a) as a— oo in Sa>0 (15a)
d (o, ) = O(a@™?) as a— oo inSa<0. (15b)
From (13a)—(13b) one gets
_ _Kl@f) Ao
Cla ) =~ (162)

and
K(Oé, ﬁ) 6)\(a,6)b.

2\ (e, B)

A(e, B) = B(ev, §) = (16b)



Progress In Electromagnetics Research B, Vol. 6, 2008 159

This shows that the coefficient C(c,3) is known beforehand and
A(a, B) is obtained in terms of B(a, ) which can be expressed by
the use of (13c)—(13e) as

B(a, ) = & (o, ) + %”M”’ (17a)

and

(I)_(Oé,ﬁ) - K(O[,B) efA(a,ﬂ)b
AMe, B)  2M(a, B) '

To determine ®*(a,3) and @~ (a,3) appearing in (17a)-(17b) one

has to eliminate B(a, ) through these equations. Thus, one gets a

functional equation of the Wiener-Hopf type satisfied by ®*(a, 3) and

™ (o, ), namely:
(v, ) K(o,8) _xa,pp
—— 2 4+ 20T (a, B) = — 2L M)
M) PO

By substituting the expression of \(«, ) and K («, 3) given by (10) and
(11) into (18) and multiplying both sides of this equation by /«a + (/¢
one gets

B(a, 8) = =" (a, 8) — (17b)

, acL. (18)

TE 20 (@ )+ e = A(B)B ) + (950~ )
(19)
where (1 and (5 are given by
B =~ (B+w/7), (20n)
B = (8 - v/, (20b)
In (19) the functions f1(3) and fa(3) refer to
~impd fi(:ggw) e M (B)bgiabi/y
=Sy B e
and ( ) ) )
irpd i L+ ﬂe"\2 Bbeiapa/y
= e 21b
2= Sy B2 = e 2
with

2
M (B) = A(Br. ) = \/ (C+2) -5 (220)
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and

fow )2 B2
A = = ——— ) — . 22b
2(8) = N6, ) J (5-= (22b)

Here it is worthwhile to remark that in order to obtain the
expressions given by (20a),(20b) and (21a),(21b), the following

identities related to Dirac distribution have also been considered:

d(va+¢) = |v1|5 (a+ g) , (23a)
fla)é(a—¢) = f(Q)d(a = ). (23b)

It is obvious that the expression given by (19) constitutes a Wiener-
Hopf equation which involves Dirac distributions. To solve this kind
of an equation with respect to the parameter o one can use the well-
known Plemelj-Sokhotski formulas [31] which yields
1 1 1 1 1 1
5la) = — } -1 _ C(20)

= - — — ; = - l1m - ;
2mt la—10  a+10 2mi e—+0 |ox — e o+ ie

With the use of (24), the functional equation (19) can be rewritten as

o (o, B) -

LO) | agt(a,g)fat Ble=H)+ (@), (25a)
va—[F/c

where the functions f*(«) and f~(«) which are regular in the upper

half-plane Sa > 0 and in the lower half-plane Sa < 0, respectively,

are defined by

1 f1(B) f2(8)
f+(a)__ﬁsﬁ+o a—ﬁ1+ie+a—ﬁ2+i5] (250)

and A1(8) f2(8)
! (a):ﬁsﬂw a—ﬁ1—i€+a—52—i€} (25

Thus functions ®*(«a, 3) and & («,3) are determined immediately
through the classical Wiener-Hopf technique [30], namely:

B i J1(B) fa(B)
(0, f) = dmy/a+ BJc [04—51—1-2'0 +06—52+i0} 20
and
) Va=B/c[ AP f2(B)
) (0676) - 2T |:a _ /@1 —10 o — ﬂg — ZO:| ' (26b)

Finally, by substituting (26a), (26b) into (13d) and (17a), (17b), and
considering also (16a,b), all the spectral coefficients taking place in
(12) become determined.
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4. ANALYSIS OF THE FIELD

By inserting first the expressions for the coefficients A(«, 3), B(a, 3),
C(a, B) and D(a, 3), which were obtained in the previous section, into
(12) and then considering (8b) one obtains the expression of the total
field in the whole space. In what follows we will consider the regions
y>b,y € (0,b) and y < 0 separately.

4.1. Waves in the Region y > b

By inserting (16b), (17a) and (12) in (8b) one gets the total field in
the region y > b as follows:

w(z,y,t) = u"(z,y,t) + u (2, y,t) + v’ (2,9, 1). (27a)

Here we put

’an(x y,t) = / /)\( ) )) a,3)(y—b)—iax— lﬁtdadﬁ (27b)
Tef($ y7 87r2 / / )\ o, ) 7)\ (a,3) (y+b)—iax— zﬂtdadﬂ (27C)
and
us(x,y,t) = 47T2 / / d* (a, B)e MoPy—iea=ibt g (27d)
f=—o0 L

If one inserts the expression of K(«, 3) given by (11) into the integrand
of (27b) and evaluates the resulting integral on L, then one gets

_Al(ﬂ)(y—b)—i-z'(%—&—vw?)(m——) iBt

inc ZIU’I 71 me“/’ /ﬁe
u(x,y, t) = e d
0 = o i % (3) ’
_ )i B N (p—2)—;
) Ja e
87r’y|v\ sl A2(B) ‘
(28)

One can easily check that u/™¢(x,y,t) given by (28) is nothing but the
solution to the equation (9) in the homogeneous space not involving
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the half-plane P. Therefore it is the wave emitted by the moving line
source i.e., “the incident wave”.

By repeating the same procedure which transformed (27b) to (28)
for u"f (z,y,t) given by (27c) one obtains also

—A1(B)(y+b)+ (%f@)(:ﬁ—%)_wt

re ZMI 71 wvaJr‘P ﬁe o
W ) = g / M) w
) ) 00 —Az(ﬁ)(y—l—b)-&-i(%— “’2>(x—ﬁ)—i[3t
il ez(%w)/ﬂe vy ~ "
8| A2(B) '
(29)

A comparison of (29) with (28) shows that u™®/(z,y,t) is obtained
from u"¢(x,y,t) by making the substitution I — —I and b — —b in
(28). Therefore u"¢f(x,y,t) can be interpreted as the field which is
created by the image source. In other words, u"¢/ (z,y,t) consists of
the wave reflected from the conducting plane P. It is also important
to emphasize that in some region of the space this reflected wave
will be cancelled by a pole contribution which will appear during the
evaluation of the integral in (27d).

As to the last term in (27a), from (27d) and (26a) one writes it as

f2 (5) e—)\y—iaz—iﬂt
ﬁ_[OOL/[a B1+z0 a—PB2+i0] Ja+ f/c dodf

u(z,y, t
(30)
To recast the latter into more propitious form, we make the

substitutions
a= B cosT, Aa,p)= —ié sint, da= s sin Tdr (31a)

c c c
and

x=Rcos¢p, y=Rsing; R=\/22+y% ¢ (0,7) (31b)

which map the integration line L onto A shown in Fig. 3. Thus we
have

wieyt) = ¥ / 52 (B
ﬁ—foo
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(a) The case when 5 >0 (b) The case when 3 < 0

Figure 3. The integration line A and the steepest descent line Ay in
the complex T-plane.

i2 Rcos(t—9)

sinTe'e
[[ (cos T+ B1)vI— COSTdT] af
Ve

sin reie Reos(r=9) drl d 39
X ~ T a
A/(cos7'+ﬂ2)\/lcos7' b (320)
with

B = %ﬂl, B2 = %ﬁz (32b)

Now let us use the Cauchy theorem and translate A onto the steepest-
descent line Ay which passes through the saddle point 74 = ¢. When
B >0, one has 7, = ¢ < 79 = arccos(—ﬁg) and crosses the pole at
9 = arccos(— () in translating A onto A, (see Fig. 3(a)). Conversely,
when 8 < 0, one has 7, = ¢ < 7| = arccos(—Bl) and the pole at
71 = arccos(—f3;) is crossed in translating A onto A, (see Fig. 3(b))
when 7, = ¢ > 71 = arccos(—[31) (see Fig. 3(b)). Thus, by taking also
into account the contributions which will come from the poles, (32a)
can be rearranged as follows:

us(z,y,t) = uP(z,y,t) + ul(z,y,t) (33)

with
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uP(z,y,t) =
: 7 [ iy NP s PERET
) + 34a
87T2527oo ' VBt B/e ’ VB2 + B/e
and
ul(z,y.t) =
\/E o0 ] sin Tei%RCOS(T—(f))
= [ s e | : dr| g
1647 o { (cosT 4 1)V1 —cosT
o0 5
Vi T grisp g | [ sretro
LV i i dr|dp. (34b
16m3ﬁ,_ G faABe (cosT+B2)v1—cosT 7|95 (34b)

uP(z,y,t) consists of the pole contributions. By using (21a), (21b) in
(34a) one can easily show that

uP(z,y,t) = —u" (2,y,t) (35)

in the region defined by 7 < ¢ < 7.

As to the last term u?(z,y,t) in (33), it gives the edge-excited
diffracted wave. The integrals in (34b), written on A; and § €
(—00,0) , can be evaluated asymptotically by saddle-point technique
[30] for points far away from the edge. The saddle points connected
with the parameters 7 and (§ are

Ts = ¢ (36)
and ( )
N ) x(z,y,t

o=t C\/b2/72+x2(x7y7t)]’ (87

respectively. Here x(x,y,t) is given by
x(z,y,t) =v(t — R/c) +a/y. (38)
Thus we get finally

ulbve? —ve  sing 1 Ul
— 1/2
dy/m /1—cosd /R [ 52/’)’2+X2—X} /

ul(z,y,t) ~
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VP = (v/e)y]
[(v/c = cos ) VB [77 + X2 — (1 = cos v /)

<R {F [%R (qS — arccos(c/v — Cw/5272))2}
¢ (3r/AtptwR/ctwy/b2 /42 X2 e—wt) } , (39a)

X

where F'(n) is the following function which can be expressed through
the classical error function [32]:

F(n) = /ne Merfc (efi”/‘l\/ﬁ) . (39b)

4.2. Waves in the Region 0 <y < b

By replacing first C'(«) and B(a) in (12) by their expressions given
by (16a) and (17a) and then inserting the result into (8b) one gets
the expression of the field in the region 0 < y < b. A scrutinization
shows that the terms are identical to the terms obtained in the previous
Section 4.1. Therefore the wave in the region y € (0,b) consists of the
analytical continuation of that in y > b.

4.3. Waves in the Region y < 0

By considering (13d) and (26a) in (12), the total field in the region can
be written from (8b) as follow:

f2(ﬂ) e)\y—z'aa:—ﬁt
w ) = / /{a ﬂ1+z() a—B2+i0 \/a—i—ﬂ/cdadﬁ'

(40)
By making the same substitutions given by (31a), (31b) for ¢ € (—,0)
and following the same procedure, as explained in the Section 4.1., on
the stage of translation the integration line A onto the steepest-descent
line As which passes through the saddle point 74 = —¢, the field given
by (40) can be rearranged as

u(@,y,t) = uP(z,y,t) + u(z,y,1) (41)
where u? (z,y,t) is the expression of the field which is obtained from the
residue contribution of the poles 71 and 79. The computation of these
pole contributions shows that u”(x,y,t) is identical with the incident
field u'(z,y,t) in the lit region defined by —m < ¢ < —71. In (41)
the term u?(z,y,t) is the diffracted field by the edge whose explicit
expression is given by (37a) through the saddle-point technique.
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5. AN ILLUSTRATIVE EXAMPLE

In order to give an idea about the variation of the edge-diffracted
wave with respect to time normalized by (A\/c), one computes the
expression of u?(z,y,t) given by (37a) at the point Q(—X, 10X,0) for
v =2¢/3, I =10mA and a = b = 100\. Here X and ¢ stands for the
wave-length of the monochromatic wave. Fig. 4. given below shows
this variation in the time interval ¢ € (0,20\/c).

0os
004 —
0m —
0m: —
001 —
0m —
-0.01 —
0me —
0me —
00 —
-0.06

Edge-Diffracted W ave

T Tt rTrrrrrrrrrrirTl
012345678 01011121314151517 1831920

Figure 4. Variation of the edge diffracted wave with normalized time.

From this figure it is obvious to remark that the edge-excited wave
has always the same oscillation whenever the source is approaching the
observation point or going far away from it. The non-periodic variation
of the wave is also observed.
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