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Abstract   In this paper,  we analysis the electromagnetic scattering of an arbitrary shape dielectric cube 

subjected to plane wave incidence in three dimensions. MoM(Method of Moments)in which a surface of a  

body is divided with small triangular patches and equivalence principle are used to fuse the 

PMCHW(Poggio, Miller, Chang, Harrington, and Wu) Integral Equations with respect to equivalent currents 

on a dielectric body. Triangular patch and loop-patch basis functions that is robust in wide frequency 

ranges are used for MoM formulations.  Proposed method is very useful to analysis the induced current 

of arbitrary dielectric bodies and numerical results for a dielectric cube are presented. 
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요 약   본 논문에서는 유 체 표면을 소형의 패치로 분해한 다음에 각 패치의 유도 류를 구하는 모먼트법

(MoM)과 체 유 체 표면의 입사 와 반사  침투 의 합을 구하는 분방정식을 융합하여 유 물질로 

구성된 육면체의 유도 류 분석하 다. 평면  자 가 입사될 때 임의모형의 유 체에 유도되는 유도 류는 일

반 으로 수치해석방법을 용하여 계산하는 것이 정확하며 사용한 분방정식은 5 명의 과학자가 공동으로 제안

한 PMCHW 방정식을 사용하 다. MoM에 사용된 패치는 삼각형 패치를 사용하고 기 함수는 역 주 수에 

사용할 수 있는  Loop-Patch 기 함수를 사용하 다. 제안된 계산방식은 은 주 수 범 에서 임의 모형의 유

체에 해서 용할 수 있으며 유 체 육면체의 유도 류를 분석하여 제시하 다. 

• Key Words :유 체, 기 함수, 패치, 유도 류, 육면체 

본 논문은 백석대학교 학술연구공모과제의 지원을 받아 수행되었음.
*교신저자 : 임중수(jslim@bu.ac.kr)
접수일 2015년 8월 14일   수정일 2015년 9월 25일   게재확정일 2015년 10월 20일

1. Introduction  
The equivalence principle is used to formulate the 

integral equation to solve the electromagnetic 

scattering from an arbitrary shape electric or dielectric 

body[1,2,3,4,5,6]. [Fig. 1] shows an arbitrary shape 

dielectric cube in a homogeneous and isotropic field. 

Let εd be the permittivity and  μd be the permeability 

of the interior of the body, while εe   and  μe represent the 

parameters of the surrounding medium. Let Ei 
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represent the incident field to the scatterer and Es 

represent the scattered field from the scatterer. The 

total field to the exterior of the body, Ee, is a 

summation of the incident field and the scattered field 

and Ed is the field in the interior[7]. 

[Fig. 1] Arbitrarily shaped dielectric cube in free space.

The equivalence principle which is employed to 

divide the original problem into two separate problems 

shows in [Fig. 2] The interior problem is represented in 

[Fig. 2](a) and exterior problem is also represented in 

[Fig. 2](b). Since there is discontinuity in the fields 

while passing the boundary, the equivalent magnetic 

current(Md) and the equivalent electrical current(Jd) are 

required on the surface to take care of the 

discontinuity.

(a) Exterior equivalent problem

(b) Interior equivalent problem

[Fig. 2] Application of equivalent principle of dielectric 

body.

Since the tangential component of the electric and 

magnetic fields be continuous by enforcing the 

boundary condition, the following integral equations are 

derived [8,9].  

       ∈  (1)

      ∈ (2)

      ∈  (3)

     ∈  (4)

where S- is taken to be slightly interior to S and S+ is 

slightly exterior to S.

2. Fusion of PMCHW and MoM  
The PMCHW formulation was made by combining 

Eqs. (1) with (3) and Eqs. (2) with (4), which was 

developed by Poggio, Miller, Chang, Harrington, and 

Wu[10].

    

   ∈
(5)

    

   ∈
(6)

The electric and magnetic fields producted by the 

unknown surface current(Jd, Md) may be written to the 

electric and magnetic vector and scalar potentials as 

following in which - is for n= e and + is for 
n= d [8].
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We get Eq. (13) by substitute Eqs. (9) into Eqs. (5) 

and .get Eq. (14) by substitute Eq. (10) into Eq. (6).
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(14)

In the MoM(method of moment) solution of Eqs. (13) 

and (14), we use the loop basis function() where 

ni is the edge number of the n
th edge in loop i  defined 

in [10,11,12], and star basis function() where nj is 

the edge number of the nth edge of  a triangular patch 

j is defined in [13,14,15], which is also called as patch 

basis function [2,10]. 
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The RWG basis functions(  ) was defined in 

[1], where A±n  is the area of the triangular T
±
n
. 
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If we use the same functions with testing functions, 

we get the testing of Eq. (13) with loop-patch basis 

functions as following.
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Similarly, we get the testing of Eq. (14) with 

loop-patch basis functions as following. 
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3. Mathematical Analysis of
   PMCHW Formulation 
  Since the current passing through the edge in the 

triangle patches can be represented by the sum of the 

currents flowing the patches and the currents flowing 

the loops connected to the edge, we can approximate 

both electric and magnetic currents as following[10].










 (22)










 (23)

where Joi, J*j, M
o
i and M

*
j are unknown coefficients.

The next step of the numerical Analysis for Joi, J
*
j, 

Moi, and M
*
j is to substitute the basis functions for 

electric and magnetic currents and make the matrix 

equations[10].
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where
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In  Eqs. (25)-(26), 








  


  

   





   
 

 
   

and 
   are submatrices, 

  



  are 

column vectors.  The matrix Z may be inverted to get 

the unknown coefficients J
o
i J
*
j, M

o
i, and M

*
j.  The 

matrix elements for each submatrics are given as 

following, where E is number of edges and F is 

number of faces.
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Similarly, the elements of 
  

 
   and 

  

are given by
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The currents calculating in Eqs. (22) and (23) may be 

evaluated by the numerical procedures described in [10]. 

4. Numerical Results and Conclusion
We analysis the induced currents of the dielectric 

cube which is illuminated by a 60MHz x-polarized 

plane wave in [Fig. 3].  The cube is 1.0m on a side and 

has a dielectric constant εγ=2.0).  The cube is divided 

into 5, 5 and 4 divisions along x, y and z-directins, and 

these divisions result in 296 triangles resulting in 888 

unknowns in the MOM solution[10].

[Fig. 4] compares the equivalent currents J on the top 

surface of the cube along two principal cuts obtained 

from the edge and loop-patch methods. The dielectric 

cube is illuminated by a z-traveling x-polarized plane 

wave (f=60MHz). The comparison is excellent. 

[Fig. 5] shows the comparison of equivalent currents 

M for the previous case and again the comparison is 

excellent.

[Fig. 3] A triangulated model of the dielectric cube

        (εγ=2.0, a=1.0m), unknowns =888.

[Fig. 4] The x-component of the equivalent electric 

current induced on the dielectric cube 

illuminated by x-polarized plane wave 

traveling along the z-axis. εγ=2.0, λ=5.0m, 

Number of unknowns=888.

[Fig. 5] The x-component of the equivalent magnetic 

current on the dielectric cube.
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