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DIFFRACTION OF ELECTROMAGNETIC WAVES BY CYLINDRICAL STRUCTURES

CHARACTERIZED BY VARIABLE CURVATURE AND SURFACE IMPEDANCE
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In this paper, we consider the problem
of radiation from_an electric, line-
source J = J(x,y)a_ parallel to a con-
vex, cylindrical boundary of finite,
cross-sectional area. The boundaries
of the diffracting object are charac-
terized by an arbitrarily varying sur-
face impedance Z_(x) and radius of
curvature R(x), where the variable x is
the distance measured along the surface
of the cross-section (see Fig. 1). An
exp {iwt)} excitation is assumed.

In view of the geometry of the diffrac-
ting cbject, we construct a natural co-
ordinate system (x,y,2) around the sur-
face of the straight convex cylinder
and express the electric field (z com-
ponent only) in terms of a complete set
of local basis functions,
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The basis functions Hﬁz)(ﬁ) are Hankel
n

function of the second kind whose

orders are determined by the modal

equation
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in which y_1is the normalized surface
admittance. Using the orthogonal pro-
perties of the basis functions, the
electric field nth mode amplitude e (x)
is recognized to be the transform o
the function Ez(ﬁ,x),i.e.
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In the expressions above, which are
recognized to be the Watson transform
pair, N and M_ are normalization co-
efficieits. The expansion of the
solution in terms of the local cylin-
drical modes provides the basis for the
transformation of Maxwell's equations
into a set of coupled first order dif-
ferential equations for the forward
and backward wave ampliCudes a (x) and
b (x) respectively.
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transmission and reflection scattering
coefficients respectively and J_1is

the normalized current density. Using
a generalized Bessel transform, the
discrete Watson expansions of the fields
are shown to merge with the Fourier-
type, (plane wave) expansions above
plane boundaries (R + @), and with the
Kontorowich-Lebedev transform for

R+ 0. Thus, in our analysis, no re-
strictions are made on the local radius
of curvature R(x); however, the surface
impedance variations must be compatible



with the surface impedance concept. As
an 1llustrative example, consider the
launching of a surface wave in the re-
gion x < 0 (R + =, gee Fig. 2),

E(y,x) = E_ exp - 1k(S§ x + C y) (6)

wvhere E_is a constant and Sz+c2 = 1.

Using (g), the WKB-type exprgssfon for
the electric field in the region of the
bend where R is finite can be shown to

be,
ao(x)H\(’z) is 15(2)
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where the product of the normalization
coefficients 1is
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and v_ 1is the surface wave parameter
satiagying (2). Similarly the higher
order mode amplitudes are,
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It can be shown that an alternative
expansion of the solution in terms of
local plane waves results in stronger
coupling between the component waves.
In the local plane wave expansion, we
characterize the boundary by the re-
flection coefficients for the local
"tangent" planes.
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Although, we have restricted our atten-
tion to two dimensional problems, this
analysis may be applied to three dimen-
sional problems, if the variations of
the boundary curvature and surface im-
pedance, transverse to the path of
propagation, are small compared to the
variations along the path.

FiG. 1. Radiation by an cleciric line source parallel 10 a convex
cylinder of arbitrary cross-section and vatiable surface impedance
boundary.
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