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ABSTRACT: Mahgoub Adomian decomposition method (MADM) is used to find the solution of Newell-

Whitehead- Segel equation (NWSE). This method is studied for some applications from NWSE. As the results, 
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I. INTRODUCTION 

 DEs play a prominent role in mathematics, engineering, physics and biology (see [1-3]). NWSE is one of the 

most important of DEs. Over the years, several methods for solution of NWSE have been proposed (see [4-8]). 

  Now, let us consider the NWSE in the form [4]  

                         𝑢𝑡 𝑥, 𝑡 = 𝑘𝑢𝑥𝑥  𝑥, 𝑡 + 𝑎𝑢 𝑥, 𝑡 − 𝑏𝑢𝑚 (𝑥, 𝑡)                                                                  (1) 

Subject to  

                                                  𝑢 𝑥, 0 = 𝑓 𝑥           
where 𝑎, 𝑏 ∈ ℝ  and 𝑚, 𝑘 ∈ ℤ+.  
              Recently, [9] introduced the function 𝐴 as 

                                      𝐴 =  𝑢 𝑡 :∃𝑀, 𝑘1, 𝑘2 > 0,  𝑢(𝑡) < 𝑀𝑒

 𝑡 

𝑘𝑗 , 𝑡 ≥ 0                                             (2) 

where 𝑀, 𝑘1, 𝑘2 are fixed and 𝑀 is a finite.   

The operator  𝑀 𝑢 𝑡   may be expanded as   

                                     𝑀 𝑢 𝑡  = 𝐻 𝑣 = 𝑣  𝑢(𝑡)𝑒−𝑣𝑡
∞

0
𝑑𝑡,    𝑘1 ≤ 𝑣 ≤ 𝑘2.                                           (3) 

         The main objective of this paper is to introduce a new method (MADM) for finding the solution of 

NWSE. 

 

II. APPLICATION OF THE METHOD 

Let us rewrite (1) as  

                                   𝑢𝑡 𝑥, 𝑡 = 𝑘𝑢𝑥𝑥  𝑥, 𝑡 + 𝑎𝑢 𝑥, 𝑡 − 𝑏𝑢𝑚 (𝑥, 𝑡)                                                    (4) 

Subject to  

                                                  𝑢 𝑥, 0 = 𝑓 𝑥  .         
Using Mahgoub transform to both sides, we obtain  

                 𝑀 𝑢𝑡 𝑥, 𝑡  = 𝑀 𝑘𝑢𝑥𝑥  𝑥, 𝑡 + 𝑎𝑢 𝑥, 𝑡 − 𝑏𝑢𝑚 (𝑥, 𝑡)                                                          (5) 

  Linearity of  𝑀 .   yields  

                 𝑀 𝑢𝑡 𝑥, 𝑡  = 𝑘𝑀 𝑢𝑥𝑥  𝑥, 𝑡  + 𝑎𝑀 𝑢 𝑥, 𝑡  − 𝑏𝑀 𝑢𝑚 (𝑥, 𝑡)                                             (6)     

Solving for (6), we have  

                              𝑣𝑀 𝑢(𝑥, 𝑡) − 𝑣𝑢𝑡 𝑥, 0 =  𝑘𝑀 𝑢𝑥𝑥  𝑥, 𝑡  + 𝑎𝑀 𝑢 𝑥, 𝑡  − 𝑏𝑀 𝑢𝑚 (𝑥, 𝑡)          (7) 

By substituting 𝑢 𝑥, 0  into (7), then equation becomes 

                                                                         

               𝑣𝑀 𝑢(𝑥, 𝑡) − 𝑣𝑓(𝑥) =  𝑘𝑀 𝑢𝑥𝑥  𝑥, 𝑡  + 𝑎𝑀 𝑢 𝑥, 𝑡  − 𝑏𝑀 𝑢𝑚 (𝑥, 𝑡)                               (8) 

And 

               𝑀 𝑢(𝑥, 𝑡) =
𝑣

𝑣−𝑎
𝑓 𝑥 +

𝑘

𝑣−𝑎
𝑀 𝑢𝑥𝑥  𝑥, 𝑡  −

𝑏

𝑣−𝑎
𝑀 𝑢𝑚 (𝑥, 𝑡)                                              (9) 

 

Replacing  𝑢 𝑥, 𝑡 =  𝑢𝑛(𝑥, 𝑡)∞
𝑛=0  and  𝑁𝑢 𝑥, 𝑡 =  𝐴𝑛

∞
𝑛=0  in (9), It can be written as     

                𝑀  𝑢𝑛(𝑥, 𝑡)∞
𝑛=0 ) =

𝑣

𝑣−𝑎
𝑓 𝑥 +

𝑘

𝑣−𝑎
𝑀  𝑢𝑛𝑥𝑥

 𝑥, 𝑡 ∞
𝑛=0  −

𝑏

𝑣−𝑎
𝑀  𝐴𝑛

∞
𝑛=0                     (10) 
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where 

                                𝐴𝑛 =  
1

𝑛 !

𝑑𝑛

𝑑𝜆𝑛
  𝜆𝑛𝑁𝑢𝑖

∞
𝑖=0  𝜆=0,    𝑚 = 0,1,…                                                       (11) 

This gives  

                𝑀 𝑢0(𝑥, 𝑡) =
𝑣

𝑣−𝑎
𝑓 𝑥                                                                                           

                𝑀 𝑢𝑛+1(𝑥, 𝑡) =
𝑘

𝑣−𝑎
𝑀  𝑢𝑛𝑥𝑥

 𝑥, 𝑡 ∞
𝑛=0  −

𝑏

𝑣−𝑎
𝑀  𝐴𝑛

∞
𝑛=0  , 𝑛 ≥ 0                                (12) 

Take  𝑀−1 to both sides, thus 

                                 𝑢0(𝑥, 𝑡) = 𝑀−1  
𝑣

𝑣−𝑎
𝑓 𝑥   

                 𝑢𝑛+1(𝑥, 𝑡) = 𝑀−1  
𝑘

𝑣−𝑎
𝑀  𝑢𝑛𝑥𝑥

 𝑥, 𝑡 ∞
𝑛=0  −

𝑏

𝑣−𝑎
𝑀  𝐴𝑛

∞
𝑛=0   , 𝑛 ≥ 0                          (13) 

 

III. EXAMPLE 

Consider the NWSE [4]  

                     𝑢𝑡 = 𝑢𝑥𝑥 − 3𝑢 ,                                                                                                                (14) 

with            

                       𝑢 𝑥, 0 = 𝑒2𝑥 . 
Using 𝑀 .    to both sides, yields    

                 𝑀 𝑢𝑡 = 𝑀 𝑢𝑥𝑥 − 3𝑢                                                                                                         (15) 

This leads to  

                 𝑣𝑀 𝑢(𝑥, 𝑡) − 𝑢 𝑥, 0 𝑣 =  𝑀 𝑢𝑥𝑥  − 3𝑀 𝑢(𝑥, 𝑡)                                                             (16)     

Using initial condition, we have  

               𝑀 𝑢(𝑥, 𝑡) = 𝑒2𝑥 𝑣

𝑣+3
+ 

1

𝑣+3
𝑀 𝑢𝑥𝑥                                                                                       (17) 

Replacing  𝑢 𝑥, 𝑡 =  𝑢𝑛(𝑥, 𝑡)∞
𝑛=0  in (17), yields     

                𝑀  𝑢𝑛(𝑥, 𝑡)∞
𝑛=0  = 𝑒2𝑥 𝑣

𝑣+3
+

1

𝑣+3
𝑀  𝑢𝑛𝑥𝑥

(𝑥, 𝑡)∞
𝑛=0  , 𝑛 ≥ 0                                          (18) 

Thus, we have 

                𝑀 𝑢0(𝑥, 𝑡) = 𝑒2𝑥 𝑣

𝑣+3
                                                                                          

                𝑀 𝑢𝑛+1(𝑥, 𝑡) =
1

𝑣+3
𝑀  𝑢𝑛 𝑥𝑥

(𝑥, 𝑡)∞
𝑛=0  , 𝑛 ≥ 0                                                                (19) 

Using  𝑀−1 to both sides, then  

                                 𝑢0 𝑥, 𝑡 = 𝑒2𝑥−3𝑡    

                 𝑢𝑛+1(𝑥, 𝑡) = 𝑀−1  
1

𝑣+3
𝑀  𝑢𝑛𝑥𝑥

(𝑥, 𝑡)∞
𝑛=0   , 𝑛 ≥ 0                                                         (20) 

We can find the solutions as 

                   𝑢0(𝑥, 𝑡) = 𝑒2𝑥−3𝑡                                                                                                                

                   𝑢1 𝑥, 𝑡 = 𝑀−1   
1

𝑣+3
𝑀 𝑢0𝑥𝑥

(𝑥, 𝑡)  ,  = 4𝑡𝑒2𝑥−3𝑡   

                   𝑢2 𝑥, 𝑡 = 𝑀−1  
1

𝑣+3
𝑀 𝑢1𝑥𝑥

(𝑥, 𝑡)  = 8𝑡2𝑒2𝑥−3𝑡     

                    𝑢3 𝑥, 𝑡 = 𝑀−1  
1

𝑣+3
𝑀 𝑢2𝑥𝑥

(𝑥, 𝑡)  =
32

3
𝑡3𝑒2𝑥−3𝑡   

Thus   

                      𝑢 𝑥, 𝑡 =  𝑢𝑛 𝑥, 𝑡 =∞
𝑛=0 𝑒2𝑥−3𝑡 + 4𝑡𝑒2𝑥−3𝑡  + 8𝑡2𝑒2𝑥−3𝑡 +

32

3
𝑡3𝑒2𝑥−3𝑡 + ⋯ 

                                   = 𝑒2𝑥−3𝑡  1 + 4𝑡 + 8𝑡2 +
32

3
𝑡3 + ⋯ = 𝑒2𝑥+𝑡                                                 (21) 

 

IV. CONCLUSION 

We have successfully used MADM to find the solution of NWSE. The method is efficient and easy to use. 
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