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Abstract 

 

In this paper, a modified Adomian decomposition method is used to construct the solution of the initial value problem 

of a wave equation. 
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1 Introduction 

The wave equation is used in many areas among them: electronic, physics, mechanics. The Adomian decomposition 

method (ADM) is very useful to get an approximation of the solution of an equation. In the last years, the ADM has 

been applied to get the solutions of various kinds of problems of EDEs and PDEs [1]-[10]. Here, we use a modified 

Adomian decomposition method proposed in [11], to investigate a wave equation. Using this last method, we get the 

exact solution.  

 

2 About modified Adomian decomposition method 

In [11], a new modified Adomian decomposition method is proposed for solving a kind of the evolution equation. Here, 

we apply this method to wave equation.  

 

2.1   The standard Adomian decomposition method 
 

Let’s consider the following initial value problem of a wave equation: 
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where , ,m ma b c  and d are real constants, k and i are positive integers, M and N are nonnegative integers,  ,f x t is 

given function and  ,u x t  the unknown. 

We denote by:  
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and 1

0 0

t s

ttL dzds    . Thus we can rewrite (2.1) as  

 

 ,ttL u Ru Nu f x t                                                                                      (2.4) 

 

From (2.4), we have  

 

     1 1 1 ,tt tt ttu h x tg x L Ru L Nu L f x t                                                             (2.5) 

 

According to the standard Adomian decomposition method, we suppose that the solution of (2.1) has the following 

form:  
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where nA are special polynomials of variables 0 1, ,..., nu u u called Adomian polynomials and defined by [4],[5], [6]: 
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From (2.5); (2.6) and (2.7) we have the following Adomian algorithm:  
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2.2   The modified Adomian decomposition method 
 

According to the modified Adomian decomposition method [11], the first term 0u in (2.6), is to be determined as 

follows: 
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3 Application 

3.1   The modified Adomian decomposition method 

 
Let’s use the modified Adomian decomposition method (2.11) and (2.12) to solve the following problem 
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we denote 
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From (3.1), we have  

 

ttL u Ru Nu                                                                                            (3.3) 

 

(3.3) gives us  
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From (2.10), (2.11), (2.12) and (2.13) we have following modified Adomian algorithm 
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Where 0u is the solution of the following system: 
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To solve (3.6), we use the standard Adomian algorithm (2.9). From (3.6), we have  
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We suppose that the solution of (3.6) has the following form  
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Thus we have the following Adomian algorithm 
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This gives as  
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Therefore 
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From (2.8) and (3.5), we have  
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We can easily get: 0 nA  and 0nu   for 1n  . 

Thus the solution of (3.1) is:  
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3.2   The standard Adomian decomposition method 

 
From (3.1) we have  
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From (3.13), we have 
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From (2.9) and (3.14), we have the following standard Adomian algorithm 
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480 10080 1689 70

       

t
x x x x

 
    

 
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7 6

2 3 4 5 6 7 2 3 4 5

5 4

2 3

1 85 271 2597 4831 43 1 1019 2 5
 

105 168 315 360 1260 35 15 720 15 2

1 13 73 1
          

120 24120 60

t t
x x x x x x x x x x

t t
x xx x

   
            

   

 
   

 

 

 

etc …, and further terms can easily be calculated using a symbolic computation package. 

 

3.3   Numerical analysis 
 

Here, we compare the exact solution obtained by the standard Adomian decomposition method. We take  

 

   
0

, , .

N

N n

n

U x t u x t



  

 
 
 
 

0 1 3 4,

0.3,0.1 2.5556 2.5416 2.5009 2.5007 2.5

0.4,0.1 2.125 2.0121 2.0001 2.0001 2.0

0.5,0.1 1.8 1.6694 1.6667 1.6666 1.6667

exactx t U U U U U

 

 

4 Conclusion 

In this paper, we showed through this example that the modified Adomian decomposition method can be used to solve 

the wave equation and give us the exact, on the other hand, the standard Adomian decomposition method gives the 

approached solution, we remark too that the approached solution rapidly converges to the exact solution.  
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