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Abstract: We will show Adomian’s Decomposition Method (ADM) for solving Van der 

Pol equation, we will write the Van der Pol equation as the following forms: 

 

 
 
and we will give new differential operators L for the left hand (1). We conclude that the 

resulted solutions using these differential operators are convergent. We also presented 

examples using (ADM) to explain this method. (ADM) is an effective and quick method. It 

contains easy calculations and simple operations. 
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1. Introduction 
 

In this study, we introduce a new technique of Adomian decomposition method for solving 

Van der Pol’s equation that gives the form: 

 

 
 

Under the following initial conditions 
 

 
 

where µ is secular parameter, g(x) is given function. The Van der Pol equation is significant in all 

different sciences, and is considered that finding an exact solution of a mathematical model as 

one of the most problematic topics in mathematics. Balthzar Van der Pol carried some 

experiments on dynamics in the laboratory during the (1920) and (1930)s. He first 

introduced equation in order to describe triode oscillations in electric circuits [11]. The Van der 

Pol equation with large value of non-linearity parameter has been studied by Cartwright and 

Littlewood in (1945) [5], they showed that the singular solution existed too. Moreover, the 

Van der Pol equation for non- linear plasma oscillations has been studied by Hafeez and Chifu 

in 2014 [7]. Many researchers have tried to solve and study the Van der pol equation in  
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various forms. In (2001) Mickens proposed the study of a non-standard finite difference 

scheme. In (2002) Mickens studied numerically the Van der equation. In(2003) Mickens 

proposed different forms of fractional Van der Pol oscillators [10]. However, in recent studies, 

we can observe an explosive growth of methods for finding exact solutions of non-linear 

differential equations. To cite a few examples, here are some of the most popular of them: 

the tanh-function method [4], the Jacobi elliptic function expansion method [9], the Simplest 

equation method [12], the Exp-function method [8]. In (1970) George Adomian concoct a new 

method of solving non-linear differential equations [1]. The method was named Adomian 

decomposition method (AADM). This manner was used to get an exact solution of linear and non-

linear equations. This method has been applied by many researchers in solving nonlinear 

equations [2,3,6,13]. The Adomian Decomposition Manner is used by separating the equation 

into linear and non-linear parts. Inverting the higher order derivative operator comprise in the 

linear operator on together sides. Using the initial or boundary conditions at first part of the 

series, and the nonlinear part is decomposition into a series of polynomials called Adomian 

polynomials. These manner detections approximate solution by takeover feature of the tiny 

parameter that show in the initial value question. Non-linear Oscillator equation has been used in 

many regions of physics and engineering. These systems are significant in mechanical and 

dynamics. By Adomian Decomposition Manner, we suggest a new differential operators and 

invers operators which can be used for solving Van der Pol equation. 

 

 

2. Adomian  decomposition  method  for  Van der Pol  

Equation 
 

We take the differential operators L in the part of yll + y, then (1) we can rewrite in the 

following form: 

 
 

          We suggest new differential operators  L as below 
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The invers differential operators L−1  are defined respectively as 

 

 

 
 

 

Operating with invers differential operators (7) and (8) on (3), under the initial 

conditions , we have 

 

 
 
also, Operating with invers differential operator (9) on (3), under the boundary 

 conditions  ,  we have 
 

 
 

According to the ADM, the solution y(x) is represented by the decomposition series 
∞ 

 
 

and the non-linear term [14], for equation (1), shown by the decomposition series 

 

 
 

 

where An(x), the Adomian polynomials, defined by 

 
Substituting (12) and (13) in (10), we  have 
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Can write recursive formula as 

 

 
and  

 
 

and substituting (12) and (13) in (11), we have 

 

Can write recursive formula as: 
 

, 

 

 
For numerical purposes, the n-part approximant 

 

 
With 

 
 

 

3. Application of ADM for Van der Pol’s equation 
In this section, we will show some illustrative examples using three different differential operators  

to explain the Van der Pol equation by (ADM), as follows 
 

Example 1. 

Consider the Van der Pol’s equation: 

 
 

 
 
 

with exact solution    put µ = 0. 
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   In an operator form (4), equation (18) becomes 

 

 
using the invers differential operator L−1 on(19), we have 

 
 

under the initial conditions  the solution yields 
 

 
 

So 

                                     
 

 
 

The Adomian polynomials for the non-linear parts   , as follows 

 
 

 
 

now, we will find the components   as follows 
 

 
 

 
 

 
Therefore 
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Table 1.  Difference between ADM and Exact solution 

 

Absolut 

Error 

ADM Exact 

solution 

 

X 

0.0000 1.0000 1.00 0.0 

0.00002 1.22142 1.2214 0.1 

0.00037 1.49219 1.49182 0.2 

0.00191 1.82403 1.82212 0.3 

0.00633 2.23187 2.22554 0.4 

0.0162 

 

2.73457 2.71828 0.5 

 

 
 

—– Exact —- ADM 
 

 

Figure 1: The Approximation solution for ADM and Exact solution 
 

Figure 1. The Approximation for ADM and Exact solution y = e2x 

Table 1. The difference between the results we have got by (ADM) and exact solution. 

Figure 1. We noted that the solutions are approximate, although we have found y0, 

 y1, y2, only. 

 

 

Example 2. 

Assume the Van der pol’s equation 
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                     rearrange equation (23), we get 

 
 

we will put µ = 1. 
 

 

In an operator form (5), equation (24) becomes 
 

 
 

using invers differential operator  on (25), under the initial conditions 

        ,   the solution yields 
 

 
   where 

 
 and 

 
 

where the polynomials Adomian for  are   

 
 

 
So 

 
 

 
 

 
Thus 
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Table 2. Difference between ADM and Exact solution  

 

Absolute 
Error 

ADM Exact 
solution 

x 

0.0000 0.0000 0.00 0.0 
0.00000017 0.00999983 0.01 0.1 

0.0000052 0.0399948 0.04 0.2 
0.0000378 0.0899622 0.09 0.3 

0.000145 0.159855 0.16 0.4 
0.000376 0.249624 0.25 0.5 
0.000699 0.359301 0.36 0.6 

 
 

 

 

 

—– Exact —- ADM 
 

             Figure 2: The Approximation solution for ADM and Exact solution. 

 

Figure 2. The Approximation for ADM and Exact solution y = x2  

Table 2. The difference between the results we have got by (ADM) and exact solution.         

Figure 2. We noted that the solutions are approximate, although we have found y0, 

y1, y2, only. 

 

Example 3. 
 

 

Consider the Van der Pol's equation 
 

  
 

                               , and  
                                With exact solution  
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In an operator form (6), equation (28) becomes: 

 
using the invers differential operator    on (29), and using boundary conditions 

,  we have 

 
 

                                      

 
 

 

                                       
 

The Adomian polynomials for the non-linear parts f (y) = y2, as follows 

 

 
 

  
In general, the first few components as below 
 

   
 

 
 

 
 

So 
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Absolute 

Error 
ADM Exact 

solution 
x 

0.0000001 0.0009999 0.001 0.1 
0.0000001 0.0079999 0.008 0.2 

0.0000 0.027 0.027 0.3 
0.0000 0.064 0.064 0.4 
0.0000 0.125 0.125 0.5 
0.0000 0.216 0.216 0.6 

                                                                                             

  

                                                                                        
 

             —– Exact —- ADM 
 

                         Figure 3: The Approximation solution for ADM and Exact solution 

 
          Figure 1. The Approximation for ADM and Exact solution y = x3 

Table 1. The difference between the results we have got by (ADM) and exact solution.         

Figure 1. We noted that the solutions are approximate, although we have found y0, 

y1, y2, only. 

 

4.     Conclusion 
 

In this study, we gave new differential operators to solve the Van der Pol equation by 

Adomian Decomposition Method (ADM).  (ADM)  is powerful and strong to solve the non-

linear differential equations, and considered the Van der Pol equation is a model of non-

linear differential equations,  w h i c h  we can finding the approximate solutions. We gave 

us some non-linear examples to explain the Van der Pol equation by (ADM), and we shown 

that through the tables and graphics convergence the solutions from the exact solution. 

 

 

 

 

 

 

                               Table 3. Difference between 

ADM and Exact solution  
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