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Abstract 

The diffraction both plane monochromatic wave and ultra short electromag-

netic impulse is discussed. At the heart of the solution the method of integral 

equation in space-frequency and time-space representations is used. Integral 

equations are solved by the Galerkin’s method with Tchebyshev basis which is 

everywhere except corner points takes into account the field singularity at the 

metal edges. Moreover in time-space equations splines are used for approxima-

tion of time dependence solution. The methods of effective calculation of ma-

trix elements in the system of linear algebraic equations are discussed. The C# 

program is worked out. The investigation results are given. 

Keywords: diffraction, impuls, integral equation, Galerkin’s method, splines,  metal 
screen. 

1. Introduction 

The structure under investigation is an ideally con-

ductive infinitely thin metal screen with arbitrary num-

ber of rectangular apertures. The screen lies on the 

boundary of dielectrics. The diffraction both plane mo-

nochromatic wave and ultra short electromagnetic im-

pulse is discussed. At the heart of the solution the 

method of integral equation in space-frequency and 

time-space representations is used. Integral equations 

are solved by the Galerkin’s method with Tchebyshev 

basis which is everywhere except corner points takes 

into account the field singularity at the metal edges. 

Moreover in time-space equations splines are used for 

approximation of time dependence solution. The me-

thods of effective calculation of matrix elements in the 

system of linear algebraic equations are discussed. The 

C# program is worked out. The investigation results are 

given. 

2. Target settings 

The screen with N rectangular apertures lies on the 

boundary of dielectrics with parameters 1 1,   for   

0y   and 2 2,   for 0y  . The aperture axes are 

parallel to OX and OZ axes. The dimensions of  ’s 

aperture are 2l  on OX axis and 2L  on OZ axis, the 

center coordinates – ,x z  . The diffraction problem 

of monochromatic wave solution is added up to vector 

integral-differential equation (IDE). 
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IDE (1) is solved by the Galerkin’s method. The un-

known functions , ( , )x zE x z  are decomposed in series 

on Tchebyshev polynomials with unknown coeffi-

cients
 

mn
X


, 

 

mn
Z


: 

     ,

1 0 0

( , ) ,
mn mn

N
x

x

m n

E x z X W x z
 



 

  

 ,  (2) 

     ,

1 0 0

( , ) ,
mn mn

N
z

z

n n

E x z Z W x z
 



 

  

 ,  (3) 

where  

   ,
,

mn

x

m n

x z
W x z T U

l L

 

 

   
       

   

 
, 

   ,
,

mn

z

m n

x z
W x z U T

l L

 

 

   
       

   

 
, 



A.A. Borodinskiy, V.V. Zemlyakov, A.M. Lerer and G.P. Siniavskiy. 

 International Conference on Antenna Theory and Techniques, 6-9 October, 2009, Lviv, Ukraine  114 

,x x x z z z        , 

2 2

n

n

z
T

z L
T

L L z

 
 

   
 

  
, 

2
1

1
1

n n

z z z
U U

l n l l

     
       

     
, 

nT , 
nU  - Tchebyshev polynomials. The polynomial 

choice is done including conditions on metal edge. The 

basis functions (2), (3) fulfills the condition at the edge 

on the aperture everywhere, except small neighborhood 

of edge points. Moreover 
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This condition makes easier the IDE solution, be-

cause allows the integration by parts. After some stan-

dard transformations for the Galerkin’s method and 

integration by parts the infinite system of linear alge-

braic equations (SLAE) is got out 
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If   , the integrals in matrix elements 

, ' 'mn m nC  , 
, ' 'mn m nD , 

, ' 'mn m nE   are found numerically by the 

quadrature of highest precision [1]. These calculations 

are simple and effective – the quadrature nods number 

is only by 2-3 higher then the corresponding Tcheby-

shev polynomials order. However for    the subin-

tegral functions in (4) - (6) have the singularity of  1 R  

type, when the source and observation points are coin-

cident.  

So, for    it is necessary to extract analyti-

cally and transform the singular part of the equation 

core [2], [3]. For the rectangular apertures the Fourier 

transformation of basis functions is known, so it is 

much easier to calculate the matrix elements in spectral 

domain. The corresponding methods for matrix ele-

ments calculation are developed. 

For time-domain transition the inverse Fourier 

transformation on  is applied to (1), using the convo-

lution theorem and the integral  
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where   – delta function. As a result it is found 
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The basis (2), (3) is used to solve (6) in spatial 

value. However in this case the unknowns , ,,m n m nZ X  

are the functions of time , ,( ), ( )m n m nZ t X t . After the 

Galerkin’s method application not the SLAE but the 

system of linear integral-differential equations is got 

out. To solve these equations two method where used. 

In the first one the functions , ,( ), ( )m n m nZ t X t  are 

approximated by basis functions depending on time 

 ,t   . In the second case it was used that in t 

time the subintegral expressions are the functions of  

t t r c t    . 

3. Calculation results 

Let us show some calculation results for electromag-

netic pulse diffraction on the system of rectangular 

apertures. On fig. 1 the diffracted perpendicular falling 

impulse with duration T=0.1 ns on two similar aper-

tures with dimensions lx = 1.0 mm, lz = 5.0 mm and 

centers in points Xc1 = -3.0 mm, Zc1 = 0.0б mm, Xc2 = 

3.0 mm, Zc2 = 0.0 mm is shown. The observation point 

is situated under the screen.  
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Fig. 1 

 

 
Fig. 2 

 

On fig. 2 the diffracted perpendicular falling impulse 

with duration T=0.1 ns on two different apertures with 

dimensions lx1 = 1.0mm, lz1 = 5.0 mm, lx2 = 1.0 mm, lz2 

= 4.0 mm and central points Xc1 = -2.0 mm, Zc1 = 0.0б 

mm, Xc2 = 2.0 mm, Zc2 = 0.0 mm is shown. The obser-

vation point is also situated under the screen.  

So, this results are allows to say about the possibility 

of shown algorithms and calculation programs applica-

tion for the investigations of diffracted electromagnetic 

pulses on the system of apertures in metal screens, si-

tuated also in dielectrics.  
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