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Abstract 

   In this research, the exp-function method  has been used to find travelling wave solutions 

of Schr dinger and improved Eckhaus Equations. The solution procedure of this method, by  

the help of symbolic computation of Maple or Matlab, is of utter simplicity. The exp-

function method is a powerful and straightforward mathematical tool to solve the nonlinear 

equations in mathematical physics.  
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  المحسنةEckhaus ومعادلة  جرطريقة الذالة الأسية لحل معادلة شوردن

 بشـرى عزيــز طـــه

 .العزاق-البصزة, جاهعت البصزة , كليت العلىم , قسن الزياضياث 

 

 الخلاصة

.  الوحسنتEckhuas استعولنا في هذا البحث طزيقت الدالت الأسيت لإيجاد حلىل الوىجت الوتنقلت لوعادلتي شىردنجز و   

وتعد هذه الطزيقت أداة قىيت وبسيطت . للسهىلت (الوابل او الواتلاب)جزي الحل بهذه الطزيقت بوساعدة الحساب الزهزي وي

 .لحل الوعادلاث اللاخطيت في الفيزياء الزياضياتيت
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1. Introduction 

    Most scientific problems and phenomena in different fields of sciences and engineering 

occur nonlinearly. Except in a limited number of these problems are linear. This method has 

been effectively and accurately shown to solve a large class of nonlinear problems.  In recent 

years, quite a few methods for obtaining explicit traveling and solitary wave solutions of 

nonlinear evolution equations have been proposed . A variety of powerful methods ,such 

that, tanh-sech method[1-3] , extended tanh method  [4-5], the modified tanh method  [6], 

hyperbolic function method [7] , sine-cosine method [8], Jacobi elliptic function expansion 

method [9], and the first integer method [10]. Very recently, He and Wu [11] proposed a 

straightforward and concise method, called Exp-function method, to obtain generalized 

solitary solutions and periodic solutions, applications of the method can be found in [12- 18] 

for nonlinear evolution equations arising in mathematical physics. The solution procedure 

this method, with the aid of Maple, is of utter simplicity and this method can easily extended 

to other kinds of nonlinear evolution equations. In this research, we use the exp-function 

method to obtain new solitary wave solutions for the Schr dinger[19] and improved Eckhaus 

Equations[6,20]. 

 

2. Exp-Function Method 

   We consider a general nonlinear PDE in the form 

                                                            (1) 

Using a transformation 

                                      ,                                                       (2) 

where  are constants, we can rewrite (1) in the following nonlinear ODE: 

                                                                                            (3) 

where primes denote the ordinary derivative with respect to  

we assume that the wave solution of equation (3) can be expressed in the form [11-18]: 

 



3 

Where   are positive integers that could be determine subsequently, 

 are unknown constants, equation (4) can be rewrite in the form: 

 

   In order to determine the values of   and , we balance the highest order linear term with 

the highest order nonlinear term in equation (3). Similarly, to determine the values of   and 

 we balance the lowest order linear term with the lowest order nonlinear term in equation 

(3). Substituted the values of  and  into equation (5), and then substituted equation 

(5) into equation (3) and simplifying , we obtain 

 

   Then setting each coefficient  yields a set of algebraic equations for ’s and ’s. 

The unknown  ’s and  ’s can be obtained by solving the algebraic equations. 

Substituting  these values into equation (5), we obtain  traveling wave solutions of the 

equation (1).  

3.Application of Nonlinear Equations 

3.1 Schr dinger Equation 

   consider the following nonlinear Schr dinger equation[19] 

                                                

We introduce the wave transformation  

 

  

where and  are real constants and  is real function. Substituting Eq.(8) into Eq.(7) 

we find the relation then Eq.(7) is the following nonlinear ordinary differential 

equation 
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where primes denote the derivative with respect to  The solution of Eq.(9) can be expressed 

in the form of Eq.(5). By balancing the term  with the term  in Eq.(9), we obtain  

 

and 

 

Where    are coefficients for simplicity. By balancing the highest order of the 

exp-function in Eqs.(10) and (11), we obtain 

                        

 which in turn gives    

   To determine the value of  and   we balance the linear term of lowest order of Eq.(9) 

with the  lowest order non-linear term  

     

 

and 

 

  Where  are determined coefficients only for simplicity. Now, balancing 

the lowest order of exp-function in (12) and (13), we have  

 

which in turn gives . 

   We can freely choose the values of and . But the final solutions of the Eq.(7) do not 

depend upon the choice of  and d. 

We set  and . For this case , the trial solution in Eq.(5) reduces to      



5 

 

 

  By substituting Eq.(14) into Eq.(9) and equating the coefficients of exp(  

, with the aid of Maple 13, we have  

 

where  

 

 

 

 
 

 
 

 
 

 
 

 

 
 

Setting each coefficient of  exp( to zero, we obtain  

 

               (16) 
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Solving the system of algebraic equations with the aid of  Maple 13 , we obtain: 

 

Case 1. 

 
Case 2. 

 
 

 

 

Case 3. 

  

 

Case 4.        

                                                                                                                                      (20)  

Case 5. 

 
Case 6. 

  

Case 7. 

 
Case 8. 
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                                                                                                  (24) 

 

Case 9. 

                                                                                                                          (25) 
 

Case 10. 
 

   (26) 

                             

Case 11. 
 

    (27) 

 

Case12. 
 

                                                                                                                     (28) 

Substituting Eq.(17-28) into Eq.(15) and Eq.(8) yields 

 

                                            (29) 

                             (30)   

 

                                           (31)     

 

                                                                           (32)  
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                                                    (33) 

 (34) 

                             (35) 

                                         (36)   

                                                                 (37) 

       

                                                                         (38)  

                                                                         (39)      

 

                                                           (40)       

     To compare some of our results with those obtained in [19], we  set   

in Eq.(30),   in Eq.(32) , =0 in Eq.(38) and we set  

 in Eq.(40) becomes  

. 

3.2 Improved  Eckhaus Equation 

 In this section, we apply the exp-function method to construct the traveling wave solutions 

of the improved Eckhaus equation. 

 We consider the improved Eckhaus equation[6,20]: 

   

This equation is of nonlinear Schr dinger type. We introduce the wave transformation 

Eq.(8) then Eq.(41) is following nonlinear ordinary differential equation 
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where primes denote the derivative with respect to  The solution of Eq.(42) can be 

expressed in the form of Eq.(5). By balancing the term  with the term  in Eq.(42), 

we obtain  

 

and 

 

 Where    are coefficients for simplicity. By balancing the highest order of 

the exp-function in Eqs.(43) and (44), we obtain 

                        

 which in turn gives                                   

To determine the value of  and   we balance the linear term of lowest order of Eq.(42) 

with the  lowest order non-linear term  

     

 

and 

 

Where  are determined coefficients only for simplicity. Now, balancing the 

lowest order of exp-function in (45) and (46), we have  

 

Which in turn gives . 

   We can freely choose the values of and . But the final solutions of the Eq.(41) do not 

depend upon the choice of  and d. 
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We set  and . For this case , the trial solution Eq.(5) reduces to 

 

Since,  Eq.(47) can be simplified: 

 

By substituting Eq.(48) into Eq.(8) and equating the coefficients of exp(  

, with the aid of Maple 13, we have  

 

Where  

, 
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Setting each coefficient of  exp( to zero, we obtain  

 

      (50) 

 

Solving the system of algebraic equations, we obtain  three different cases namely, 

Case 1. 

                      (51)  

Case 2. 

        (52) 

Case 3. 

 ,  

                                                                         (53) 

Substituting Eq.(51-53) into Eq.(48) and Eq.(8), we have the following generalized solitary 

solutions of Eq.(41 ) 

                                                                   (54) 

 

                  

                                                                                                                                              (55) 

Conclusion 

   Schr dinger and improved Eckhaus equations is investigated by exp-function method. The 

generalized travelling wave solutions of these equations are obtained with the help of 

symbolic computation. The main idea of this method is to take full advantage of the 

generalized auxiliary equation which has more new solutions. It seems that the exp-function 

method is more effective and simple than other methods and a lot of solutions can be 

obtained in the same time. 
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