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Abstract. In this paper, generalized Kudryashov method (GKM)  is used to find the exact 
solutions of (1+1) dimensional nonlinear Ostrovsky equation and (4+1) dimensional Fokas equation. 
Firstly, we get dark and bright soliton solutions of these equations using GKM. Then, we remark the 
results we found using this method. 

 
 
 

1 Introduction  
     During the past years, soliton solutions are considerably important issue in biophysics, 
geophysical sciences, chemical kinematics, optical fibers, technology of space, electricity, 
elastic media and several topics in nonlinear sciences. 
     In recent years, most authors have presented several methods to find the soliton 
solutions of NLEEs such as (G’/G)-expansion method [1], exp-function method [2], the 
tanh method [3] and many more. In this work, GKM [4] will be used to find exact solutions 
of (1+1) dimensional nonlinear Ostrovsky equation.  
     Firstly, we consider the following (1+1) dimensional nonlinear Ostrovsky equation, 

                                              

2 0.xxt x xt tuu u u u u  
                    

(1) 
Eq. (1) is a model for weakly nonlinear surface and internal waves in a rotating ocean. This 
equation has been introduced by Vakhnenko and Parkers [5]. They have found completely 
integrable of Eq. (1) by inverse scattering method [6]. Then, some authors have used 
various methods to find travelling wave solutions of this equation [7-11]. 
     Secondly, we handle (4+1) dimensional Fokas equation [12-18], 

                   
4 12 12 6 0.tx xxxy xyyy x y xy zwu u u u u uu u     

                
(2) 

This equation has been obtained by Fokas by expanding the Lax pairs of the integrable 
Kadomtsev–Petviashvili (KP) and Davey–Stewartson (DS) equations to some higher-
dimensional nonlinear wave equations [12]. The importance of Eq. (1) suggests that the 
idea of complexifying time can be considered in the context of modern field theories via the 
existence of integrable nonlinear equations in four spatial dimensions involving complex 
time [12]. 

The layout of this paper is organized as follows. In Sec. 2, we give basic facts of 
GKM. In Sec. 3, we implement GKM to (1+1) dimensional nonlinear Ostrovsky equation 
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and (4+1) dimensional Fokas equation. In Sec. 4, we report the results we obtained using 
this method. 
 
2 Basic Facts of GKM 
Step 1. We consider PDE as follows: 
                                              , , , , , 0.t x xx xxxP u u u u u             

                                  
(3)          

Then, we get traveling transformation 

                                        
   , , ,u x t u x ct                                                (4) 

where c  is arbitrary constant.  Eq.(3)  was reduced to a nonlinear ordinary differential 
equation: 

( , , , , ) 0,N u u u u            (5) 
where  the prime denotes differentiation with respect to .  
Step 2. Suggest that the exact solutions of Eq.(5) can be found as follows; 
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where Q  is 1
1 e

. We highlight that the function Q  is solution of Eq. (7)  

2 .Q Q Q                               (7) 
Taking Eq.(6) into account, we gain 
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Step 3. The solution of Eq.(5) can be expressed as follows: 
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To compute the values M and N  in Eq.(11) that is the pole order for the general solution 
of Eq.(5), we develop comparably as in the classical Kudryashov method on balancing the 
highest order nonlinear terms in Eq.(5) and we can establish a relation between M and N . 
We can find values of M and N . 
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To compute the values M and N  in Eq.(11) that is the pole order for the general solution 
of Eq.(5), we develop comparably as in the classical Kudryashov method on balancing the 
highest order nonlinear terms in Eq.(5) and we can establish a relation between M and N . 
We can find values of M and N . 
 

Step 4. Substituting Eq.(6) into Eq.(5)  ensures a polynomial  R Q  of Q  . Equating the 

coefficients of   R Q  to zero, we get a system of algebraic equations. Solving this system, 

we can identify c  and the coefficients 0 1 2 0 1 2, , , , , , , , ,N Ma a a a b b b b . Thus, we gain 
the exact solutions to Eq.(5). 
 
3 Application of GKM to (1+1) Dimensional Nonlinear Ostrovsky 
Equation and (4+1) Dimensional Fokas Equation 
 
In order to solve Eq. (1), we use the travelling wave transform 

                                       
   , , ,u x t u x ct                                             (12) 

where c  is arbitrary constant.   
Substituting Eq. (13) into Eq. (1), 
                                     , , , ,t x xt xxtu cu u u u cu u cu                                  (13) 
we get the following equation

                                          
 

                                                      
 2 33 3 0.uu u u   

                                           
(14)

  
After Eq. (1) has been turned into Eq. (14), Substituting Eqs. (6) and (9) into Eq. (14) and 
balancing the highest order nonlinear terms of uu  and  3u  in Eq. (14), then the following 
relation is acquired 

                           2 2 2 3 3 2.N M N M N M                                  (15) 
The exact solution of Eq.(1) is obtained as follows; 
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Substituting Eq. (16) into Eq. (11), we get dark soliton solutions of Eq.(1) 
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In an effort to find travelling wave solutions of the Eq. (2), we get the transformation via 
the wave variables 
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After Eq. (2) has been turned into Eq. (21), Substituting Eqs. (6) and (9) into Eq. (21) and 
balancing the highest order nonlinear terms between u   and  2u  in Eq. (21), then the 
following relation is acquired 

                           2 2 2 2.N M N M N M                                  (22) 
The exact solution of Eq.(2) is obtained as follows; 
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Inserting Eq. (23) into Eq. (11), we get bright soliton solutions of Eq.(2) 
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Embedding Eq. (26) into Eq. (11) , we get dark soliton solution of Eq.(2) 
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Remark. If we compare the exact solutions of Eq. (1) and Eq. (2) reported by the other 
authors, our solution (17) is a similar solution with the solution (4.15) in [7]. Also, our 
solution (24) is a similar solution with the solution (10) in [15]. To our knowledge, other 
solutions of Eq. (1) we reported here are new and are not trackable in  the former literature. 
 
4 Conclusion 
     In this paper, we gain dark soliton solutions of (1+1) dimensional nonlinear Ostrovsky 
equation and (4+1) dimensional Fokas equation using GKM. Applications show that this 
method can successfully solve this equation. Thus, we can conclude that not only this 
method has a significiant role in observing NLEEs but also it is highly strong with regard to 
yielding  analytical  solutions  of NLEEs. 
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4 Conclusion 
     In this paper, we gain dark soliton solutions of (1+1) dimensional nonlinear Ostrovsky 
equation and (4+1) dimensional Fokas equation using GKM. Applications show that this 
method can successfully solve this equation. Thus, we can conclude that not only this 
method has a significiant role in observing NLEEs but also it is highly strong with regard to 
yielding  analytical  solutions  of NLEEs. 
 
 
 
 

References 
1. M. Wang, X. Li, J. Zhang, Phys. Lett. A, 372, 417-423 (2008). 
2. J. H. He, X. H. Wu, Chaos Soliton. Fract., 30, 700-708 (2006). 
3. E. Fan, Phys. Lett. A, 277, 212-218 (2000). 
4. S. Tuluce Demiray, H. Bulut, Opt. Quant. Electron., 49(117), 1-8 (2017). 
5. V. O. Vakhnenko, E. J. Parkers, Nonlinearity, 11, 1457-1464 (1998). 
6. V. O. Vakhnenko, E. J. Parkers, Chaos Soliton. Fract., 13, 1819-1826 (2003). 
7. E. Yusufoglu, A. Bekir, Appl. Math. Comput., 186, 256-260 (2007). 
8. C. Köroğlu, T. Öziş, Computers and Mathematics with Applications, 58, 2142-

2146 (2009). 
9. E. M. E. Zayed, S. Al-Joudi, International Journal of Nonlinear Science, 8(4), 

435-447 (2009).  
10. J. Lee, R. Sakthivel, Commun. Math. Sci., 7(4), 1053-1062 (2009). 
11. S. Marzan, F. Farhana, Md. T. Ahmed, K. Khan, M. A. Akbar, Global Journal of 

Scence Frontier Research (F), 13(9), 45-53 (2013). 
12. A. S. Fokas, Phys. Rev. Lett., 96(19), Article ID:190201 (2006). 
13. Z. Z. Yang, Z. Y. Yan, Commun. Theor. Phys. (Beijing,) 51(5), 876-880 (2009). 
14. J. Lee, R. Sakthivel, L. Wazzan, Modern Phys. Lett. B, 24(10), 1011-1021 (2010). 
15. H. Kim, R. Sakthivel, Rep. Math. Phys., 70(1), 39-50 (2012). 
16. Y. He, Math. Probl. Eng., 2014, Article ID: 972519, 11 pages (2014). 
17. S. Zhang, C. Tian, W. Y. Qian, Pramana J. Phys., 86(6), 1259-1267 (2016). 
18. M. O. Al-Amr, S. El-Ganaini, Comput. Math. Appl., 74, 1274-1287 (2017). 

5

ITM Web of Conferences 22, 01056 (2018)	 https://doi.org/10.1051/itmconf/20182201056
CMES-2018


