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with boundary value conditions 
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Here )(zcvcv =    is a piece-wise continuous function and kz   are break points of the function  )(zcv ,  

nk ,1=  , i.e.,stratified medium is considered,  where kz  are layer coordinates. The layer with number of m  
is found in mzzmz <<−1 ,  the last layer with number 1+n  be found in  ∞<< zzn  . The source is found in 

one of layers,i.e, kzz ≠* , nk ,1= .  Each layer is characterized by the  transverse velocity  cv , and  )(zvc  

are step functions of the variable z .A point *z   satisfies the condition mm zzz <<− *1  , nm <<0 . 
 
       For handling, we introduce a notation 
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A real number υ  and a complex number p  are parameters of the direct problem, ,0≥υ  ωα ip +−=  and 
0≥α  ,  0≥ω . 

       Further we suppose that at break points  kz  there exist gluing conditions 
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Concerning solution to the direct problem  (2.1)-(2.3)   we will suppose that the following additional 
information is known 
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Inverse problem: Determine the piece-wise function cv  if additional information (2.4)  on solution to the 
direct problem (2.1)-(2.3) is  known. 
 
The statement of the inverse problem is a simplified version of inverse problems considered in paper [2]. The 
inverse problem (2.1)-(2.4)  is considered only to simplify the statement and illustration of results mentioned 
and conslusions of the proposed method of numerical solution to one-dimensional inverse problem.  It follows 
from the  papers that the parameter υ   is a parameter of the Fourier-Bessel transform   with respect to the 
spatial variable r , on which the desired coefficient   )(zvc   does not depend, the parameter  ωα ip +−=    is 
a  parameter of the Laplace transform with respect to time variable. 
 
 
3.  MAIN RELATIONS  
 
 We will present solution to the direct problem (2.1)-(2.4)  ),,( υω pz   in the following form                                                          
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where ),,(1 υω pz   is a continuous part,   ),,(2 υω pz   is a discontinuous part of solution to the inverse 
problem (2.1)-(2.3). 
 
We will demand the functions   ),,( υω pzj   )4,3,1( =j   to satisfy the following conditions    
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       Obviously,  that every differential equation, boundary- value condition and gluing condition of the 
function  )4,3,1( =jjω  take place in the corresponding domain where these functions are determined. 

       We substitute the function ),,( υω pz   introduced in the form  (3.1) into (2.1). Using conditions (3.2)-
(3.4) and equating values for  )( *zz −′δ  and  )( *zz −δ ,  we obtain the following equalities: 
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To solve ordinary second order differential equation (3.2)  with piece-wise continuous coefficients we will use 
a method well-proved and presented in [3]. We  use the following change   
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In each layer the function   jS   satisfies the Riccati equation 
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Here   cv  and   cr  are constants for all layers. For any layer we are looking for the solution of equation(3.7). 
If we take jS  as a constant in equation (3.7), then the solutions 
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hold true. 
For generalizing the solution,using the solution cc rvS 2

1 = , and transformation   1StS j +=  reduces to the 
equation (3.7) to a Bernoulli equation in the dependent variable  t   and the independent variable z . 
We can obtain that 
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Using  1−= tl    the equation (3.9) transforms into the linear equation 
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The solution of this linear equation is 
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where 1C   is an arbitrary constant. 
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       Now substituting the values  mzz =  and  m

jj SzS =)(     the solution (3.10) may be rewritten 
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Re 0>cr ,         .4,3,1=j  
 
The index m   means that values of the piece-wise continuous functions are taken in the layer  m (see[3]). 
 
If you could see,this solution is rather cumbersome. It is not easy to find the numerical values of the 
solution(3.11). In our approach we are intending to simplify (3.11)  given by [3], such a way that numerical 
calculations would be obtainable in the sense of numerical analysis. 
       We now consider the method of undetermined coefficients for obtaining the solution of )(zS j . Assume a 
 series solution , 
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of the problem consisting of the equation(3.7)  with initial condition 0S .For easiness indexes are omitted. 
 
For simplifying in equation   (3.7) we take as 
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Thus this equation takes the form 

             2S
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In order to satisfy the initial condition  0S ,  we must have   00 Sc =  and hence the series (3.12) takes the 
form 
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Differentiating (3.15)   we obtain 
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From the equation (3.14)  we have 
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In order to apply the series we assume that    ),( Szf   in equation  (3.14) is representable in the form   
 

2
000

2
0

2 )()(2)( SSSSSSS −−−−−=− βββαβα   .                                                                                (3.18) 
                                                                                                                          
The coefficients in (3.18)  may be found by Taylor’s formula for functions of two variables. Thus the equation  
(3.14) takes the form 
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From equation  (3.15) 
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Now substituting (3.16) and (3.20) into the equation (3.19),  we obtain  
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Performing the indicated multiplications and collecting the powers of like term we see that it takes the form 
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Equating the coefficients of the like powers of )( 0zz −   in both members of  (3.22) ,we obtain the system of 
equations; 
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From (3.23),we obtain successively 
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Substituting the coefficients so determined in (3.24) into the series (3.15),  we obtain the desired series solution. 
We thus find 
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If we consider the series  solution  (3.25), as it stands, the initial solutions will reduce to the series into itself.This 
is not required result.As it is seen,  the condition  2

0Sβα −   must be nonzero in our case.  To satisfy it, 0S  is 

taken as  rvS 3
0 =  which gives desired expansion, different than initial condition. 

Therefore,  we will take   rvS 3
0 =  as  initial condition and taking  22rv=α ,   
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obtain the series solution of the given equation in the form 
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Concluding Remarks:  
 
In this paper, we have given the series solution of one-dimensional coefficient inverse problem by the method of 
undetermined coefficient.  It is seen that the derivation is very simple and is applicable for any numerical 
evaluation  comparing to[3]. Because the solution given in[3] also requires some approximations for the 
numerical evaluation which needs some extra calculations.  In our case, although  the numerical solution may 
include some error due to taking few terms of the expansion, but simplifies the computer time a lot.  
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            BİR BOYUTLU KATSAYI TERS PROBLEMİNİN SERİ ÇÖZÜMÜ ÜZERİNE 
 
ÖZET 
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Bu makalede; rezidü fonksiyonelini minimize etmeye indirgenmiş bir boyutlu  katsayı ters probleminin hesabı için analitik ve 
seri çözümü verilmiştir. Bu  tür problemler katlı dalgalı jeofizik için önemlidir.   


