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Abstract: - Wavelets technique is applied for solving of a two-dimension Dirichlet and Neumann problems when 
scattering body are elliptical cylinder or cylinder with complicated cross section contour (multifloil). The developed 
method utilizes Haar functions and method of moments for solving the Fredholm integral equation of first kind with 
smooth kernel. The results of the wavelet technique’s using are illustrated by calculations of the scattering pattern for 
dielectric and metal elliptical cylinder or cylinder with complicated cross section contour. The problems of accuracy, 
choosing auxiliary contour Σ and stable results are discussed 
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1   Introduction 
     
       It is known that wavelet technique is widely practiced 
in such domains as time- or frequency analyses of the 
signals and image process. One of the most attractive 
ideas were appeared in last years was deal with applying 
of wavelets as basis functions in method of the moments 
(see, for example [1,2]).It is clear that   wavelets technique 
allows to create a faster algorithms then ordinary one due 
to using  a specific attributes of its as a basis functions. It 
is well known too that many of diffraction problems could 
be reduced to integral equations and method of moments 
was widely used for its solving. 
   This paper is concerned the extending wavelets 
technique for solving an integral equation (or a system of 
the integral equations) of auxiliary currents [3] which 
could be presented as a Fredholm integral equations of the 
first kind. In this case the unknown function is an 
auxiliary current on a contour Σ  located within (outside) 
the scattering contour S. The kernel of these integral 
equations is a smooth function therefore applying of 
wavelets technique allows to create more effective and 
fast algorithms then ordinary one. The results of utilizing 
wavelets technique are illustrated by solving of a Dirichlet 
and Neumann boundary scattering problems or scattering 
problem by dielectric cylinders with cross section contour 
as ellipse or multifoil for a case of the plane incident 
wave. The problem of choosing the auxiliary surface was 
considered too.  
                           
2 Diffraction of a plane wave  
    

   Let consider a scattering of E and H polarized wave 
)(0 ru r

 by cylinder with cross section contour )(ϕρ  in 
cylindrical system of coordinates ),,( ϕrz . Diffracted 
field )(1 ru r

 is a solution of the Helmholts equation 
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and Sommerfeld’s radiation condition 
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in case of perfect conducting body and for dielectric body 
(2),(3) have to be replaced by 
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where k is a wave number,  )(ru i r  - is a field inside of the 
dielectric body satisfies (1) with ikk =   , 1=χ for E 
polarized incident wave and iεχ /1=  for H polarized 
incident wave, iε  is a  relative dielectric penetrability of 
dielectric. 
   In accordance with the method of an auxiliary current 
[3] the boundary problems mention above could be 
reduced to the Fredholm integral equations of the first 
kind  
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or system of the integral equations of the first kind 
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Here, )(),( 11 ΣΣ rr rr µµ - allocated on Σ and 1Σ  an auxiliary 
currents; Σ , 1Σ  - auxiliary closed contours within S and 
outside of S ; Σr

r
 - is the radius-vector of the integration’s 

points on Σ , Srr  - is the radius-vector of the points on S; 
σd  - is the element’s length of shaft-bow on Σ  or 1Σ ; 
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;  

)(αr  - is the equation of the contour S and )(θρ  - is the 
equation of the contour Σ  inside S  in cylindrical 
coordinate system, )(1 θρ  - is the equation of the contour 

1Σ outside 
of S ;
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   Using the wavelet technique [4] one can obtain the 
presentation for )(θµ in form of set 
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is the Haar function [4], jkdd ,0  are to be found , 

.12 −= jM  
Placing  (9) into (6) (or (7),(8))) one could get 
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were L   is a integral operator in (3). Making a procedure 
of description with basis functions 1,...,1),( Mmm =τξ  , 
we get a system of linear equations 
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 which can be written in the matrix form as 
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 Let as take mξ  in form of the delta functions  
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where mα  are the points on contour S from the interval 
[0,2π] .In result we obtain a scheme for the method of 
point matching . When we take the Haar functions as a 
basis functions mξ  we get the Galerkin method and we 
have to make two dimensional integrations.                           
   The  )(θµ  function having been found from (6), the 
scattering pattern )(ϕg  could be calculated as follows 
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   We had applied described above method for calculation 
of the scattering pattern )(ϕg on the base of (6), (7), (8) 
and Haar functions as a basis functions .As scatterers we 
had considered the elliptical cylinder 

)(cos1/)( 22 αεα −= ar  , ,222 /1 ba−=ε   with 
small semi-axis a and big b one, the mulrifoil cylinder  

)cos()( αα qbar +=  and case of the plane 
])cos[exp( 00 ϕϕ −−= ikru incident E(or H) polarized 

wave. 



   The results of calculation of the )(ϕg  for perfect 
conducting ellipse with M1=128 (M1 is the total number 
of the basis function), ka=0.1, kb=5.3, E polarized plane 
incident wave, 2/0 πϕ =  is depicted in Fig.1.In the this 
case we have a situation which is close at the scattering 
problem by perfect conducting infinitely thin band  [5] in 
high frequency domain. Our result has agreed with [5] 
with graphical accuracy.  
   The scattering pattern )(ϕg  for dielectric ellipse with 

M1=128 , ka=1, kb=9, 4=iε , H polarization, 2/0 πϕ =  is 
shown at Fig2. It is evident that this case is modeling the 
situation of scattering by thin dielectric band. The accuracy ∆ 
of the fulfillment of boundary condition for different 
contour’s point’s m is presented at Fig.3. It is seen that the 
boundary conditions are executed worse for points which 
are closed at singularities. But these domains are rather 
little. 
   The results of calculation of the )(ϕg  for multifoil with 
ka=5, kb=0.5, q=4, 00 =ϕ , 1210)max( −=∆ , M1=128, 
H polarization and for E polarization of the plane incident 
waves are shown at Fig. 3 and Fig.4 respectively. 
   It was detected that the point-matching method gives the 
stable results when descriptive points are choosing in the 
middle of the intervals 2π/M1. At the same time we had 
the matrix mnA  close to diagonal’s one when the method 
of moments was utilized and the stable problem did not 
arise. It was fixed that accuracy depends from location of 
Σ.  
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3 Conclusion 
 
The developed method allows making of the essential step 
into high frequency domain. It decrees the time of 
calculation and has a good accuracy and stable. It has 
significant advantages over the traditional techniques and 
largely extends the class of problems, which could be 
solved. The method can easily be extended to three-
dimensional problems, to plane-layered media and vector 
case.   
Acknowledgments 
This work was supported by the Russian Foundation for 
Basic Research, project no. 00-02-17639 and Russian 
New University. 

 
References: 
 
[1]   C.K.Chui , Wavelets: A Mathematical Tool for signal 

Analysis , SIAM, Philadelphia, 1997. 
[2] J.C.Goswami, A.K.Chan, Fundamentals of 

Wavelets:Theory, Algorithms and Applications, A 
Wily  – Interscience Publ. Ion Wily&Sons, Inc., 1999. 

 [3]  A.G.Kyurkchan, “On the method of auxiliary 
currents and sources in problems of waves diffraction”, 
Radio  Eng. Electron. Phys., vol, 28, No 8, 1984, pp, 
2129-2139 . 

[4]     A.G.Kyurkchan, Appendix B in russian translation 
of the book’s: C.Blatter, Wavelets, 
A.K.Peters,Natik,Massachusetts, 1998. 

[5]   P.Ya.Ufimtsev , The method of edge waves in 
physical diffraction theory, Soviet Radio, Moscow, 
1962. 


