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ANISOTROPIC EFFECTS ON SCATTERING AND RADIATION
PROPERTIES OF TWO-DIMENSIONAL OBJECTS

*Benjamin Beker Thinh Q. Ho and James C.Logan
Department of Electrical & Computer Engineering NCCOSC, RDT&E Division
University of South Carolina San Diego. CA 92152-5000
Columbia, SC 29208
introduction

Many composite materiais that are used in practice exhibit anisotropic properties. To accoun
for these effects, several integral equation formulations for scattering and radiation by anisotropk
objects have been proposed [1-3]. The purpose of this paper is to present some numerical results o1
how the anisotropy affects the scattering behavior of a thin plate and radiation characteristics of ;
line source placed inside a cylindrical shell. Although in practice most situations are three
dimensional, a great deal of information on the EM nature of composite structures can still be
obtained from studying two-dimensional geometries.

Formuiation

Fig. 1 shows the geometry of the thin flat plate and the cylindrical shell. The medium i
anisotropic and Is characterized by the folllowing form of permittivity and permeability tensors,

&x &y O Ha Moy O
€] = & |em & O ] = po [ wy O] (1
0 0 e= 0 0 p=

where eg and g are the free space permittivity and permeability.

kd

Thin Plate —Y Cylindrical Shell

Fig. 1. Geometry of the thin plate and cyfindrical shell

The formulation of scattering and radiation problems has alreadly been outlined in referenc
{3]. Since the duality concept can be applied to obtain the TE solution, once the TM solution i
known, the formulation for both of these problems is restricted to the TM case. The radar cros:

i
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section (RCS) of the plate can be computed after the equivalent surface currents have been
determined using surface integral equations. The z-component of the scattered electric field is
obtained from

- Py , k 2N o D ,
EL@) = “L[1,(OH (Ryds + o /M@« RHP s @

by taking large argument expansions of the Hankel functions. In the above equation, ¢' is the angle
that unit normal makes with the x-axis, and P commesponds to the direction of the far field. The RCS
" 'Is defined through the following relation:

o= E(Zﬂp}%{-lﬂ } ' @)

where E. is the incident plane wave field.

: The anisotropic shell is Hiuminated by a source placed inside. For this particular case, the TM
. - polarized fine source has the E and H fields that are given by [ 4}

el B ; K p—p
L T -
i . _ .‘ -l . ) :
B = _V. x E (5)
jou

- with I, and f(p,$) being the line source current and taper pattem function, respectively. The

“integral equations are then solved for the surface equivalent currents on the shell, and the radiation
pattem is computed from them. -

.ﬂfnginm! e Lo

.Tmmﬂmm&iﬂinp&tédnbﬁexdaﬁonmsmninFlgs.Zanda. The
anisotropic piate Is lossless and Is characterized by three sets of material parameters, namely (exx =
2 ?.y = 4), (exx = 4, tyy = 2), { &xx = 2, eyy = 4, &xy = - ey = 2)) with 2z-element of permeability equal
02 e L B b,

-t e

2. The excitation {0 the scatterer is a polarized plane wave with frequency of 300 MHz. Both
incidence angles of 0° and 459 are considered. : for broadside incidence, the RCS patterns of plates
~with different diagonal permittivity tensors differ gignificantly. This is particularly evident in the
- backscattering direction (¢s = 1800). At this angle, the RCS comesponding to case (b) is nearly 30 dB
~ lower than the calculated RCS for case (a). - The introduction of exy = - eyx = 2 seems to raise the

RCS level in both forward and backscattering directions. As the direction of incidence is skewed, the
scattered field from the plate also changes. Fig.3 shows the RCS of the plate when ¢j = 45°. Under

?ﬁhmmmwmmMme-Wy-mmmm. senses every element of
e} tensor.

In the above cases, the anisotropic medium is assumed 1o be characterized by tensor
elements whose numerical values are quite different from one another. For the following case dealing
with radiation from a fine source inside a circular shell, medium parameters corresponding to those of
actual composites that were determined from the measurements are used. Particularly, for the E-
glass composite, where tensor elements exy and eyy range from 5 - j 0.1 t0 5 - j 0.125 and from 4.5
40.09 to 4.5 -j0.1125, respectively, the shell is lossy with inner and outer radiii chosen to be 0.1 and
0.125 m. The polarized source at 400 MHz is located at the center and is assumed to be radiating
uniformily in afl directions. Fig. 4 shows the power loss as a function of the anisotropy and material
conductivity. The two curves are caiculated by varying one ¢ement of {o; while keeping the others
constant. The real parts of exy and are 5 and 4.5, respectively. Notice that the power loss is not

o R the same for increasing loss tangent values in x- and y-directions: The corresponding radiation
T pattem of the gheft is shown in Fig. 5. Desplte the highly symmetric geometry and uniformity of the
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excitation, the radiation pattem Is not uniform. Tmslsadlrecteonsmnceolmeml
even though the actual difference between exx and eyy is small.
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Fig. 2. Scattering cross section of a thin plate with 02 incidence (a) exx= 2,eyy=4

(D) exx=4,6yy=2(C) exx=2,eyy =4, exy=-eyx =2
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Fig. 3. Scattering cross section of a thin plate with 459 incidence (a) exx = 2, Eyy = 4
(b)exx 4€yy Z(C)exx 2€yy—4 Exy—'f,yx'—'z
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Fig. 4. Power loss in the main beam direction versus loss tangent (a) oxx (b) oyy
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