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1 Introduction

Many researchers have investigated problems of wave propagation and scattering in random
media for a long time. Scattered waves propagating in continuous random media are calculated
efficiently, by a method that uses a current generator to clarify the medium effects on radar
detection [1]. One of the random medium effects is the enhancement in radar cross-section
(RCS) of targets and can be explained by the coherent addition of doubly scattered waves, which
add in phase only in the backward direction [2]. In earlier study [3], numerical results for radar
cross-section (RCS) of conducting convex bodies such as elliptic cylinders have elucidated that
the spatial coherence length (SCL) of incident waves around target is one of the key parameters
for the clarification of random media effects on the RCS. Later, we considered the targets
as conducting cylinders with partially convex cross-sections and limited sizes less than one
wavelength of waves in free space [4, 5]. The RCS is calculated on the assumption that twice
the backscattering enhancement occurs for point target. It was pointed out that there are some
anomalies in the backscattering enhancement of RCS of the targets in random media. These
anomalies occur when H-wave incident on convex portion of the target. However, these anomalies
are absent in case of E-wave incidence. Recently, we extended our study and considered large
size targets in different random media [6]-[8]. Most recently, a new approach was proposed to
estimate the RCS of targets in random media [9]. In these studies it was found that the target
configuration parameters together with the SCL of the incident wave around the target play a
leading role in determination of the RCS of partially convex targets. In this work, we analyze
the RCS behavior of concave-convex targets with different linear polarizations. We assume the
linear polarization including E and H-wave incidences with different values of SCLs and target
complexity. In the previous work, it has clarified the obvious difference in the behavior of the
RCS between both of concave and convex illumination portions of concave-convex targets. Each
of these regions deserves a separate study; we, here, concentrate on the wave backscattering
from convex illumination portion only. The time factor exp(—iwt) is assumed and suppressed
in the following sections.

2 Formulation

Geometry of the problem is shown in Figure 1.

A random medium is assumed as a sphere of ra- zg?gn’? ¥
dius L around a target of the mean size a < L =)
) . .
and also to be described by the dielectric con- w;zem §§\\X\\ LS
stant £(r), the magnetic permeability u, and the z T oy \
electric conductivity o. For simplicity e(r) is ex- ngltéef ed \\\\\\\\
pressed as B(r,r): Normalizedify
fluctuation intensity )
L>>a 0 X
6(1‘) — 60[1 + (56(1‘)] (1) ) /L I of random medium
2}

where ¢( is assumed to be constant and equal
to free space permitivity and de(r) is a random
function with

Figure 1: Geometry of the problem of wave
scattering from a conducting cylinder in
random media.
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(de(r)) =0, (6e(r) de(r")) = B(r,r'), and (2)
B(r,r) < 1, El(r) > 1 (3)

Here, the angular brackets denote the ensemble average and B(r,r) is the local intensity of
random medium. Also, u and o are assumed to be constant; u = ug, o = 0.

For practical turbulence, the condition (3) may often be satisfied and therefore we can assume
the forward scattering approximation and the scalar approximation. Consider the case where a
directly incident wave is produced by a line source distributed uniformly along the y axis. Then
the incident wave is cylindrical and becomes plane approximately around the target because the
line source is very far from the target. Here, let us designate the incident wave by u;,(r), the
scattered wave by us(r), and the total wave by u(r) = wu;,(r) + us(r).

The target is assumed as a conducting cylinder. The cross-section of the cylinder is expressed
by

r=all — 4§ cos 3(6 — ¢)] (4)

where ¢ is the concavity index and ¢ is the rotation index. We can deal with this scattering
problem two-dimensionally under the condition (3); therefore, we represent r as r = (z,2).
According as polarization of incident waves: E, or H,, where E,, H, are the y components of
electric and magnetic fields, respectively, we can impose two types of boundary condition on
wave fields on the cylinder surface S. That is, the Dirichlet condition (DC) for E-wave incidence
and the Neumann condition (NC) for H-wave incidence, respectively, are assumed as

u(r) =0, for DC (5)
%u(r) =0, for NC (6)

where 9/0n denotes the outward normal derivative at r on S.
Accordingly, using the current generators Yg, Y and Green’s function in the random medium
G(r | r'), we can express the scattered wave as

us(r) = /Sdrl/sdrg [G(r | 12)Yis(ra | 11)G(ry | 17)]

for E—wave incidence

— —/Sdrl/ser [(%G(r | rz)) Yi(re | r1)G(ry | ry)

for H—wave incidence (7)

Here Yg and Yy are the operator that transforms incident waves into surface currents on S
and depends only on the scattering body. The current generator is expressed in terms of wave-
functions which satisfy Helmholtz equation and the radiation condition, and is well defined in
[3]-[9]. We can obtain the RCS by calculating (|us|?) from (7).

0 = (lus(r)?) - k(4nz)? (8)

3 Numerical Results

We conduct and analyze numerically the RCS ¢ by changing the target in shape and size,
angle of incidence, and the wave incidence polarization including E and H-wave incidences. We
restrict the shape and size to § = 0, 0.1, 0.2 and 0.1 < ka < 21, respectively, where k is the
wave number in free space, (see figures 2, 3, and 4).

From the numerical results, we can notice that there are two factors that affect obviously
the behavior of RCS: the first is the effect of SCL; as the SCL increases, the behavior of RCS
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with target size ka in random media becomes closer to its behavior in free space except for the
magnitude of RCS. The second is the effect of target curvature and can be seen clearly with
changing the target complexity J. As ¢ increases and/or SCL decreases, as the RCS decreases
due to the decrease of the effective illumination region, and vice versa. In the case of H-wave
incidence, RCS suffers from oscillated behavior in free space. This oscillated behavior that is
absent in case of E-wave incidence is due, as a matter of fact, to the effect of creeping waves.

At the point of tangency, each wave creeps around the surface at a velocity less than that
in free space and that is attenuated by tangential radiation. For low ka values, wave can
continue to creep around the target many times and, therefore, the interference between the
specularly reflected and creeping waves is obvious enough to affect the RCS resulting in that
oscillated behavior. However, with larger ka, the creeping waves travel along the cylinder and
they become weaker and weaker the farther they have to travel due to radiation. Therefore
the creeping waves attenuation reduces its effectiveness rapidly resulting in diminishing the
interference effect gradually with ka. For random medium case, RCS has some oscillations that
are attributed to the effect of creeping waves propagating in random medium that in turn has
another oscillating effect on the RCS with both polarizations as was shown in [6, 7].

4 Conclusion

In this work we have analyzed numerically the parameters that have a clear effect on the
behavior of RCS of conducting targets in continuous random media. We assume partially convex
targets of large sizes of about three wavelengths with putting into consideration the polarization
of incident waves. Also, we postulate that the incident waves around the target are incoherent
enough and the SCL keeps a finite value. Here, we considered the case where the incident wave
illuminates the convex portion of a concave-convex target.

Both of the target configuration and the SCL are the two factors that affect the RCS irre-
spective of the incident wave polarization. The effect of the creeping waves, produced in case of
H-wave incidence, on the RCS was discussed. We have explained that the creeping waves effect
diminish gradually with ka.

As a result, this analysis demonstrates clearly the effects of target configuration parameters
together with the effects of SCL and double passage of waves in random media on the RCS.
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Figure 2: RCS vs. target size in free space and at two different SCLs and § = 0 where
(a) E-wave incidence, (b) H-wave incidence.
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Figure 4: As figure 2, but for § = 0.2.
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