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ABSTRACT

The problem of scattering by an infinite strip of width 2a is considered for the case when
the incident wave is a plane electromagnetic wave of wave-number &, and having its direction
of propagation lying in a plane perpendicular to the strip. By employing a rigorous procedure,
the first few terms in the asymptotic series of the back-scattering cross-section in inverse Ppowers
of ka are calculated for all angles of incidence.

1. INTRODUCTION

Consider the problem of scattering by a perfectly conducting infinite strip
(—o <z < o, |y|<a, z=0) of zero thickness. Let the incident wave be a plane
electromagnetic wave, of wave-number %, having its direction of propagation lying
in a plane perpendicular to the strip. When the width of the strip is large in
comparison to the wave-length, the solution of this problem obtained by the method
of separation of variables does not lend itself to easy numerical evaluation of the
back-scattering cross-section which is an important physical quantity of interest.
It is therefore desirable to obtain an asymptotic solution in the form of a series in
inverse powers of ka. It is well known that this problem is related to the comple-
mentary problem of diffraction by an infinite slit formed by two semi-infinite,
perfectly conducting coplanar screens (— < z < o, ly| > a, z = 0) of zero thick-
ness. In a previous paper (Seshadri, 1959), the author has obtained the first few
terms in the asymptotic series solution of the problem of diffraction by an infinite
slit. By applying Babinet’s principle to the solution of the complementary problem
of diffraction by an infinite slit, the solution to the problem of scattering by an
infinite strip is written down and the first few terms in the series for the back-

scattering cross-section are computed.

2. H-POLARIZATION

It is possible to separate the problem of diffraction of a plane electromagnetic
wave by an infinite strip into wo equivalent problems, namely (1) the case when
the magnetic vector is parallel to the edges of the strip, and (2) the case when the
electric vector is parallel to the edges of the strip. The case of H-polarization is
considered in this section. This problem is related to the diffraction of a plane
wave by an infinite slit having its edges parallel to the incident electric vector.
For a wave incident in the half-space z << 0 and described by its electric vector

Bi(y, 2) = gty sinf+s cos 6), T 1 )
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the far-zone electric field in the half-space z > 0 is obtained as (with the help of the
well-known relation between the far field and the Fourier transform, which has been
derived previously (Seshadri, 1959)).
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where p is the radial distance from the origin y =0, 2 =0; and ¢ is the angle

between ¢ and the z-axis. For the infinite strip, if the incident wave has its
magnetic vector described, as in (2.1), by

(2.2)

Ei(y, z) = o feskly sin §+5 cos 0), .. .. .. (2.3)
it follows from Babinet’s principle, that the scattered magnetic vector is given by
H=F e e (29

where Hi+4 H* constitutes the total magnetic vector everywhere in space. Since
it is desired to obtain only the expression for the back-scattering cross-section, in

(2.2), only the value of Et (p, ¢) in the far-zone is written down. It is now an easy
matter to obtain the series for the back-scattering cross-section op which is defined
as the ratio of the total power reradiated by a fictitious cylindrically symmetrical

scatterer (that maintains the same field H°in all directions as that maintained by
the actual obstacle in the direction toward the source) to the real magnitude of the
Poynting vector of the incident plane wave at the obstacle. Thus,

Hs 2
op = 21rp|r-§',-—;2 .. .. .. .. (2.8)

With (2.2), it results that
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The back-scattering cross-section given by (2.6) is valid for all angles of incidence
other than the edge-on incidence. For 6 = 7-2', the incident wave, which has its

magnetic vector parallel to the edges of the strip, is undisturbed by the strip and
hence it follows that

aB=0,for0=;}:g .. .. A

For the case of normal incidence 8 = 0, it is obtained from (2.6) that

8 cos (Zka— 72) 4 sin 2 (2ka— E)
ogk = (2ka)?(ka)! —— ——+| 1+ - +0(ka)"} (2.8)

Tt is to be noted that for normal incidence the back-scattering cross-section increases
by order (ka)® over the case of oblique incidence. It is instructive to examine the
physical basis for this special behaviour at normal incidence. For large ka, the
ourrent distribution on the strip may be considered to be composed of two parts:
(i) the geometric-optical current distribution and (ii) the high-frequency current
distribution which is confined near the edges of the strip. The back-scattered
field due to the geometric-optical current distribution on the strip is proportional

to the factor sin (2,.“‘ sin 6) which is of order unity for oblique incidence but

sin @ ’
changes to order ke at normal incidence. This is due to the fact that, for normal
incidence, the field specularly reflected at the strip is in the direction toward the

source,
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3. E-POLARIZATION

The problem of scattering by an infinite strip, when the incident wave has
its electric vector parallel to the edges of the strip is related to the problem of
diffraction by an infinite slit of an electromagnetic wave having its magnetic vector
parallel to the edges of the slit. For a wave incident in the half-space 2 < 0 given
by

. k(y sin f+3 cos 8)

Hy, 2) = #¢ e R

the far-zone field in the half-gspace z > 0 may be shown (as before with the
knowledge of the Fourier transform of the current distribution which has been
obtained in the previous paper (Seshadri, 1959)) to be
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For the infinite strip, if the incident wave has its electric vector described by
By, z) = & &0 im0+ =B I ¢ %)

it follows from Babinet’s principle, that the scattered electric vector is given by
By, zy=—H* .. .. .. .. (34

where, as before, Ei+E‘ constitutes the total electric vector everywhere in space.
With (3.2) the back-scattering cross-section is easily obtained as
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For the case of normal incidence # = 0, it is obtained from (3.5) that
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It is instructive to compare the back-scattering cross-sections for the E- and H-
polarizations given respectively by (3.6) and (2.8). The leading terms in (3.6) and
(2.8) are due to the geometric-optical current distribution on the strip and are seen
to be identical. The remaining part of the back-scattered field may be considered,
according to Keller’s (1957) geometrical theory of diffraction, as due to contribu-
tions arising from a sequence of diffractions from the two edges. That part of the
terms of order unity and independent of ke in both (3.6) and (2.8) is due to the
singly diffracted rays from the two edges of the strip and it is also seen to be identi-
cal for both polarizations. It is known that each successive diffraction from
the edges reduces the order of the field by (ka)-% for the H-polarization and by
(ka)~* for the E-polarization. It is clear that the third term in (3.6) is due to the
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4 sin 2(2ka— Z)
doubly diffracted rays and the second term and the term ———————" are res-

v
pectively due to the doubly and the triply diffracted rays. Thus the contributions
arising from the multiple diffracted rays account for the difference in the two series
of the back-scattering cross-sections for the two polarizations.

The expression (3.6) is not valid for 8 = :I:g. Unlike the case of H-polariza-
tion, for the E-polarization, the back-scattering cross-section does not vanish for
™
0= :|:§ .
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