
ECE 201B Electromagnetic Theory Winter 2001

Reading: Handouts

Homework #6 Due: Friday, 16 March 2001

Consider the scattering of a plane wave by a long conducting cylinder of radius a, as shown in the
¯gure below
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For simplicity, we will consider only TE excitation of unit amplitude, such that

Einc(½; Á) = ẑe¡|kx = ẑe¡|k½cosÁ

This ¯eld will excite a ẑ-directed current on the surface of the cylinder, which can be represented as

J(½;Á) = ẑI(Á)±(½¡ a)

a) Using expressions for the ¯elds in terms of the 2D Green's function (developed in the handout on
auxiliary potentials), ¯rst demonstrate that the scattered ¯eld can be represented as

Escatt(½; Á) = ¡ẑ a!¹
4

Z 2¼

0
I(Á0)H(2)

0 (kR) dÁ0

where
R =

p
a2 + ½2 ¡ 2a½ cos(Á¡ Á0)

where H(2)
0 (x) is the Hankel function of the second kind.

b) Next, apply the boundary conditions to generate an integral equation for the unknown current
on the cylinder.

c) Apply the Method-of-Moments procedure to generate a matrix equation, using the following
procedure. Expand the unknown current as

I(Á) =
NX

n=1
infn(Á)

where fn(Á) are the basis functions. We will use a so-called \pulse" basis, and enforce the boundary
condition at N discrete points on the cylinder (point-matching) given by

Ám = (m¡ 1)¢Á= (m¡ 1)
2¼
N



These points are depicted below:
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The pulse basis functions are de¯ned by

fn(Á) =
½

1 jÁ¡Ánj · ¢Á=2
0 otherwise

Derive a matrix equation for the unknown expansion coe±cients in and show that the matrix
elements are related to integrals of the form

Z Án+¢Á=2

Án¡¢Á=2
H(2)

0

³
ka

p
2[1 ¡ cos(Ám ¡ Á0)]

´
dÁ0

where m= 1 : : :N and n= 1 : : :N .

d) Solve this equation numerically for the case of a = ¸=2, and make a plot of the current distribution.
Note that the matrix elements along the diagonal (m = n) must be handled carefully due to a
singular integrand. Using the small argument expansion for the Hankel function, show that this is
an integrable singularity, and evaluate analytically for those cases. The small argument expansion
is

H(2)
0 (x) ¼ 1 ¡ | 2

¼
[ln(x=2) + °]

where ° = 0:5772156 is the Euler's constant (called EulerGamma in Mathematica).

e) Using the asymptotic expansion for H(2)
0 (x) when x À 1, ¯nd a general expression for the far-

¯eld scattering pattern in terms of the approximate representation of the current, and identify
the di®erential scattering cross section. Make a plot of the scattering pattern for a= ¸=2.

f) Find the monostatic radar cross section for this object, de¯ned in 2D as

¾RCS = lim
½!1

2¼½ jEscattj
2

jEincj2

Note that we could have improved the computational e±ciency by exploiting the symmetry of the
problem to reduce the number of unknowns: the current on the top half of the cylinder should have
the same form as the bottom half, so that in = iN¡n. In very large and complex problems, it is often
necessary to make use of such symmetries to keep the size of the matrix manageable.


