
Radio Science, Volume 25, Number 6, Pages 1231-1244, November/December 

Analysis of electromagnetic scattering from buried cylinders 
using a multifilament current model 

Yehuda Leviatan I and Yossef Meyouhas 

Department of Electrical Engineering, Technion-Israel Institute of Technology, Haifa, Israel 

(Received May 23, 1990; revised July 30, 1990; accepted August 2, 1990.) 

The problem of transverse magnetic (TM) electromagnetic scattering from buried 
cylinders is analyzed by means of a multifilament current model. The basic idea is to use 
two sets of fictitious filamentary sources, with adjustable constant complex amplitudes, to 
simulate the fields in the various regions of the problem. One set, which is placed in the 
region originally occupied by the cylinder and assumed to radiate in the presence of the 
interface, is used for simulating the scattered field. This simulation of the scattered field 
would naturally require an evaluation of various Sommerfeld-type integrals in two dimen- 
sions. These integrals are calculated using a new procedure which combines simplicity and 
efficiency. The other set, which is placed outside the region originally occupied by the 
cylinder and assumed to radiate in a homogeneous unbounded space, is used for simulating 
the field inside the cylinder. The fields due to the filamentary sources are forced to satisfy 
the boundary conditions in the point-matching sense. This requirement is cast into a matrix 
equation, which is solved for the filamentary current amplitudes. The fields and field-related 
parameters of interest can be subsequently determined in a straightforward manner. The 
procedure is simple and general. A selection of illustrative examples is considered and com- 
pared with available data. 

1. INTRODUCTION 

Numerical computation of electromagnetic scattering from 
buried objects remains a subject of interest to researchers in 
the areas of remote sensing and underground mapping. 
Buffed objects attracting attention include metallic and 
penetrable scatterers embedded partly or completely in a 
material half-space, as well as voids in a material half-space. 
Mathematically similar problems involve objects situated 
over a penetrable half-space. In recent years a number of 
publications on these subjects have appeared in the literature 
[Butler et al., 1985; Michalski, 1985; Xu and Butler, 1986; 
Wait, 1986; Hongo and Hamarnura, 1986; Michalski and 
Butler, 1987; Butler et al., 1987; Hill, 1988; Chew, 1988; 
Marks, 1989; Baertlein et al., 1989]. A reference to a large 
number of related earlier work can also be found in these 
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papers. In this paper we present a novel procedure for 
numerical modeling of time-harmonic two-dimensional elec- 
tromagnetic scattering from buried cylinders. 

The proposed procedure is based on a recently introduced 
technique, which has facilitated a simple and efficient solu- 
tion to various free space electromagnetic scattering prob- 
lems [Leviatari and Boag, 1987; Leviatari et al., 1988A, B; 
Eisler and Leviatari, 1989]. The technique is a generaliza- 
tion of the conventional one in which surface integral equa- 
tions are employed to solve for equivalent electric and mag- 
netic surface currents. Its key ingredient is the formulation 
of the scattering problem in terms of fictitious currents 
flowing over mathematical surfaces displaced from the phy- 
sical scatterer surface. 

To solve this formulation for the case of cylindrical 
scatterers, a simple method of moments solution with 
filamentary current sources as expansion functions in con- 
junction with a point-matching testing procedure is applied. 
One set of sources is situated in the region originally occu- 
pied by the cylinder and assumed to simulate the scattered 
field. The other set is situated outside that region and 
assumed to simulate the field penetrated into the interior of 
the cylinder. The main advantages of this source type and 
setting are that the spatially impulsive nature clearly 
simplifies the various field calculations involved and that the 
adjustable off-surface location renders the fields produced by 
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