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1. Introduction 
    The topic of electromagnetic wave scattering by dielectric bodies is of great interest in numerous areas 

of applications, such as analysis of radar targets, electromagnetic wave interaction with biological systems 
and specific absorption rate (SAR) analysis. Two popular numerical techniques for those kinds of problems 
are finite-difference time-domain (FDTD) method and method of moments (MoM). MoM has great 
advantages, i.e., smaller memory size and shorter CPU time consumption than FDTD method, and has been 

applied to many problems including dielectric bodies. Livesay and Chen [1] first presented the formulation 
of the tensor-volume integral equation (TVIE) for a numerical solution of scattering fields from dielectric 
bodies illuminated by a plane wave. They used point matching method and first order integration (F.O.I.), 
which is equivalent to the double point matching method. Other researchers have done similar studies using 

different basis functions, numerical integration and also different geometric modeling [2]-[4]. The problem 
of a linear thin wire antenna in the vicinity of a three-dimensional dielectric body has been also studied using 
integral equation approach in [5] - [9].  
    In this paper, some improvements are introduced in the previous researches in which MoM has been 

applied. The tensor-volume integral equation, which includes the free-space dyadic Green’s function, is 
adopted for a scattering problem consisting of only one three-dimensional dielectric body. A system of 
coupled tensor-volume/line integral equations is also applied for the case of a thin-wire antenna in proximity 
of a dielectric scatterer. A Galerkin-based moment method is utilized to solve mentioned integral equations. 

The first major difference of the proposed method compared with the previous works is the extreme care, 
which has been exercised in calculation of the principle value for singularity of the dyadic Green’s function 
through the Galerkin’s method computations to obtain more accurate results. In addition, three-dimensional 
polynomial function of arbitrary degree with unknown complex coefficients is used as the basis and test 

functions in MoM procedure. The numerical implementation results are verified by comparison with the 
results of point matching method, exact method (Mie theory) and FDTD method for different situations and 
their accuracy and reliability are demonstrated. 

 
2. MoM Formulation 
    In the TVIE approach, the first step is to replace the dielectric object with a polarization current density. 
The integral equation, which relates the incident field to the induced field inside the dielectric object, can be 
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formulated as [1]: 
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where rε
∗  is the complex dielectric permittivity and 0G  denotes the free-space dyadic Green’s function. 

Dyad  L is the extracted singularity of the volume integral of dyadic Green’s function in a form of a surface 
integral over an arbitrary shape, around the observation point, which is given by: 
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It can be shown that when the shape around the singularity point is a square cube or a sphere,  L is reduced 

to a simpler form of / 3I where I denotes the unit dyad. Now, the dielectric volume is discretized into N 
sub-volumes using cubic modeling and according to MoM procedure, the following simultaneous equations 
are obtained:  
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The basis functions used for electric field expansion inside the dielectric body are as follows: 
3
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    When the upper limits of the summations in (5) are assigned as nmx= nmy= nmz=0, mf  is equivalent to 

the pulse basis function. Furthermore, when some of unknowns in (5) are forced to be zero, mf is linear basis 

function, which has been introduced in [3]. This kind of basis function has been introduced as entire-domain 
function in [2] and applied with point matching method for solution of the potential-volume integral equation. 
By choosing these kinds of basis functions in Galerkin’s method, an acceptable accuracy will be well 

achieved. In fact, due to the entire-domain nature of these functions as three-dimensional Taylor series, they 
have analytical characteristics being able to estimate the field’s behavior with a good accuracy inside the 
dielectric body. They satisfy the boundary conditions at interfaces between adjacent cells of different 
permittivities and prevent the production of fictitious charge density in a homogeneous dielectric body, 

whereas they happen in conventional MoMs, especially when pulse functions are applied. 
    In [1] and [7]-[9], the third term of the left-hand side in (3) has been replaced with an approximated 
term by putting a sphere instead of the original shape of the cube during the volume integration. In this work, 
this term is evaluated using numerical integration. The same expressions are used for the system of integral 

equations in the case of radiation from a thin-wire antenna in the presence of the dielectric body. 
  

3. Numerical Results 
    In this work, the upper limits of the summations in (5) are assumed to be nmx= nmy= nmz=1 in all 

calculations. Figs. 1 and 2 show the normalized backscattering cross-section (RCS) and the specific 
absorption rate (SAR), respectively, for the model of a dielectric sphere which is illuminated by an incident 
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plane wave in different complex permittivities. Numerical results are compared with exact solutions using 

Mie theory. The results of the proposed approach agree well with the exact Mie solutions confirming the 
validity of the method.  
    The model for a thin-wire antenna in the vicinity of a dielectric box is shown in Fig.3. Input impedance 
of the wire antenna was calculated by the proposed technique and is shown in Figs.4 and 5 and is compared 

with the solutions of FDTD method results [6] and conventional MoM results. The accuracy of the 
introduced method is demonstrated through the presented results.  
  

4. Conclusion  
    A Galerkin-based MoM has been introduced for an accurate solution of the tensor-volume integral 
equation (TVIE) using three-dimensional polynomial basis and test function. Exact calculation of principle 
value of the singular volume integral has been also performed. Numerical results show that an acceptable 
accuracy can be achieved by the proposed method. However, the method uses a time-consuming algorithm 

and it is required to obtain a reasonable CPU time by modifying the algorithm, which is used for calculations 
of six-fold integrals in (3) and optimizing the number of unknowns and the size of blocks. 
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 Figure 1. Normalized RCS of the dielectric sphere.           Figure 2. Average SAR rate inside the dielectric sphere. 
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Figure 3. Analysis model for the dipole antenna in vicinity of the dielectric box. 
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 Figure 4. Input resistance of the dipole antenna.              Figure 5. Input reactance of the dipole antenna. 
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