
Electromagnetic Scattering from Periodically Deformed Cylinders and Cylindrical 
Shells 

Atef Z. Elsherbeni and Claybome D. Taylor, Jr. 

Electrical Engineering Department, University of Mississippi 
University, MS 38677 

Abstract 

This paper investigates the scattering of 
electromagnetic waves from periodically deformed 
circular cylinders and cylindrical shells. These 
scatterers are constructedfrom a set of parallel circular 
cylinders of small radii. The circular cylinders are 
made of perfectly conducting materials, homogeneous 
dielectric materials, or combinations. The recently 
developed boundary value point matching technique, is 
used for the analysis. The circular cylinder modelling 
program is used to construct the scattering geometry, to 
compute and to graphically present the far and near 
fields. 

1: Introduction 

True smooth surfaces can only exist in theory, thus 
every surface in nature has some kind of roughness that 
may affect its response to electromagnetic waves. 
Random roughness is very difficult to analyze; however, 
a specified class of roughness can be incorporated in 
many solution techniques to predict the corresponding 
electromagnetic response. In most of these attempts, it is 
cumbersome to compute the required data in a 
convenient time using moderate resources. In addition to 
the natural roughness, man made roughness involving 
specific patterns, usually called deformations or 
corrugations, are important to consider. 

In this paper the scattering characteristics of 
periodically deformed cylinders and circular shells are 
presented. The scattering problem is two dimensional 
(2D) and the analysis is therefore suited to be 
investigated using the circular cylinder modeler program 
(CCM). The CCM program was recently developed by 
the authors for general two dimensional scattering 
analysis [ 1,2]. The scatterers are generally constructed 
from a set of parallel circular cylinders. The problem of 
the scattering by parallel cylinders has been under 

continuous investigation for decades using different 
techniques. Among these, is the recently developed 
boundary value point matching technique [3-51. The 
current investigation includes the near and far fields 
from this class of deformed scatterers. Scatterers of 
conducting, dielectric, or combinations of conducting 
and dielectric materials are examined. The excitation is 
represented by a plane wave, or a line source field. Both 
TM and TE types of polarizations are considered. The 
numerical data showing the effects of the deformation on 
the scattered fields are presented and compared with 
those for similar scatterers with smooth surfaces. 

For practical applications and experimental conditions, 
a bounded incident beam rather than the infinitely 
extended or omni-directional cylindrical wave should be 
considered. In particular, bounded incident beams may 
help in obtaining a method for radar detection of a low 
altitude aircraft, evaluating the scattering of television 
signals from power transmission lines and buildings, 
focusing the primary field of reflector antennas in order 
to reduce edge diffractiodspill over and similar other 
applications. Therefore, our investigation is further 
extended to analyze the scattering from deformed 
scatterers excited by a 2D Gaussian beam. This type of 
excitation represents a more practical excitation than the 
plane wave or the line source field [6] .  

2: Geometry of the problem 

The basic geometry of the analyzed problems consists 
of a set of parallel cylinders that are arbitrarily 
positioned in space as shown in Fig. 1. The cylinders are 
made of perfectly conducting, homogeneous dielectric 
materials or combinations. In all subsequent analysis, we 
will consider that all cylinders are dielectric, M is the 
total number of cylinders, and ri is the radius of the ifh 
cylinder and the center of the i*h cylinder is represented 
by the cylindrical coordinates (p:,$'). For a conducting 
cylinder, we set the relative intrinsic impedance q, of 
the dielectric cylinder to zero. A time dependence e Jot is 
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4: Gaussian Beam Excitation 

YM 

t 

XI 

Gaussian beam 

Figure 1. Geometry of the multiple cylinders 
and the Gaussian beam excitation. 

assumed and suppressed throughout. The TM polarized 
incident wave will be considered in detail, while the 
extension with the TE polarized wave is easily obtained 
by simply replacing the normalized intrinsic impedance 
q, by l/qr for all cylinders. 

3: Plane Wave excitation 

Consider an E-polarized incident wave (TM with 
respect to z axis) where the electric field has a z 
component only with all vectors independent of z of the 
global circular cylindrical coordinates (p,$,z). The 
incident plane wave is then expressed as 

(p,$) = E,, e J 4 , ~  COS ($3,) (1) 

where ko is the free space wave number and $,, is the 
angle of incidence of the plane wave with respect to the 
negative x axis. In terms of the cylindncal coordinates 
of the i"' cylinder, whose center is located at (PI, $'J, 
E /  reduces to 

E,"' (p,,$,) E,, eh'L"P: cOs(@,'*o) c 0 s ( @ 8 d o )  

- ( 2 )  
~ E,, cos (@,'*a) j n J ,  (k,,p,) 

"--- 

The Gaussian beam source of excitation is located 
along the negative x-axis at a distance x,, from the global 
origin and is given by 

where pz=a2+jbz and I/a corresponds to the incident 
wave beam width [7]. For a TM polarized incident 
wave (assuming no z variation) the wave equation for 
the incident electric field component is given in the 
Cartesian coordinate system by 

The solution of (4) is accomplished by applying the 
continuous Fourier transform in the y direction and then 
solving the transformed equation in closed form [7,8]. 
Doing so, we obtain, 

where the spectrum amplitude Ei(Ct) is represented by 
taking the Fourier transform of the beam source as 
follows 

With some mathematical manipulations involving 
equations (3), (5) and (6) ,  along with the help of 
equation (75) in [9], we get 

and in cylindrical coordinates 

with 
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a y(a)=sin-'(-) 
ko 

It should be noted that the coefficient A, reduces to unity 
for plane wave excitation. 

5: Scattered and Transmitted Fields For a 
Single Cylinder 

The corresponding scattered electric field component 
from a single cylinder can be expressed as, 

and the transmitted field component inside the dielectric 
material of the ith cylinder is given by 

ca 

The $ components of the magnetic fields are obtained 
from Faraday's law as 

Here c,, and b,, and are unknown expansion 
coefficients, ki is the wave number inside the dielectric 
medium. The superscripts s and d refer to the scattered 
fields in free space and the fields transmitted in the 
dielectric material. In the above equations, J,(x) and 
H"', (x) are the Bessel and the Hankel functions of order 
n and argument x. 

From the above expressions, one notices that the 
incident field is based on the global coordinates (p,+) 
while the scattered and internal fields associated with the 
ith cylinder are based on its local coordinates (pi,$). 

Furthermore, the interaction between the cylinders in 
terms of multiple scattered fields will require a 
representation of the scattered field from one cylinder in 
terms of the local coordinates of another. Therefore, The 
addition theorem for the Bessel and Hankel function 
developed by Elsherbeni and Kishk [4,5] are used to 
transfer field components from the g" coordinates to p"' 
coordinates. 

6: Boundary Value Solution 

In this technique, the unknown coefficients related to 
the i"' cylinder c,, and bin in equations (10) and (1 1) are 
assumed to include the effect of all interactions between 
the cylinders. The solution for ci, and bin can be 
obtained by applying the appropriate boundary 
conditions on the surface of all cylinders. The boundary 
conditions on the surface of the i"' cylinder is given by 

EzY + Ez: = E,: , pi=ri, 0 1 $ i S 2 ~  (16) 
M 

g-l 

Before substituting the field expressions given by 
equations (10) to (13) into equations (16) and (17), it is 
required to express the scattered electric field from the 
dh cylinder in terms of the local coordinates of the i" 
cylinder and obtain an expression for the scattered 
magnetic field component from cylinder g in terms of 
the local coordinates of the i"' cylinder as pointed out in 
[3,4]. This latter requirement is done in two steps. First, 
the scattered electric field component from cylinder g is 
transferred to the local coordinates of cylinder i, then the 
magnetic field component is obtained in terms of the 
electric field component using equation (12) or (13). 
Next one should use the orthogonal property of the 
exponential functions for the resulting equations from 
(16) and (17). After some mathematical manipulations, 
the following relation from the application of the 
boundary conditions on the surface of the 2" cylinder is 
obtained 

where 
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i#g 

The parameter diR represents the distance between the 
centers of the cylinders. The integers n,Q=O, k1,+2, . . 
., d V i  and i,g=O, 1 , 2, . . ., M. Theoretically, N j  is an 
integer which is equal to infinity; however practically it 
is related to the radius and type of the i* cylinder by the 
relation N, -3k,ui. The primes denote derivatives of the 
functions with respect to their arguments. 

The application of the same boundary conditions on 
the surface of all remaining M-1 cylinders, results in 
similar expressions to equation (1 1) except i=1,2,3, ... M. 
All these M equations are then cast into a matrix form 
such as 

(21) [vl = [XI [cl 

The solution of the truncated matrix equation yields the 
unknown coefficients tin. Once the scattering coefficients 
are obtained the coefficients b,,, can be readily evaluated. 

7: Far Scattered fields 

The far scattered field pattern F(@) can then be 
computed, after applying the large argument 
approximation of the Hankel function and the well 
known far field approximations, to the scattered field 
expression, and using the normalization factor defined in 
the following expression 

The scattering cross-section of@) of the multiple 
cylinders is then given by 2m(@)I */n. 

8: Numerical Example 

the shell, while Fig. 3 shows the total near field. 
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Sample of the numerical results is shown in Figs. 2 
and 3 for a deformed conducting shell excited by a plane 
wave incident. Figure 2 shows the radar cross-section of 

323 



Figure 2. 
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The scattering cross-section of a deformed conducting shell excited by an incident 
plane wave. 
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Figure 3. The near field of a deformed conducting shell. 


