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Abstract— In this paper, a new auxiliary equation method is 

presented. Analytical multiple function solutions including 

trigonometric functions, exponential functions, hyperbolic 

functions and other functions can be easily obtained. Using this 

method, we can obtain interaction solutions of the Sawada - 

Kotera equation. It is significant to help physicists to analyze 

special phenomena in their relevant fields accurately. 

 

     Index Terms— interaction  solution,  Sawada – Kotera  

equation,  auxiliary equation method. 

 

I. INTRODUCTION 

  In the past decades, many methods are proposed to obtain 

exact solutions of nonlinear partial differential equations: 

such as inverse scattering theory
[1], 

Hirotas bilinear method
[2],

 

Darboux transformation
[3]

 and so on. In recent years, a large 

number of powerful methods to solve nonlinear  partial  

differential  equations  are  considered.  They  are  the 

homogeneous balance method
[4],

 sine-cosine method
[5],

 the 

hyperbolic tangent function method
[6,7],

 the Jacobi elliptic 

function expansion method
[8,9].

 One of important methods is 

the auxiliary equation method. Ma
[10]

 and Chen
[11-13]

 are 

devoted to constructing special interaction soliton solutions 

by using combination of auxiliary equations and get great 

success. This method has attracted extensive attention as it's 

concise and understandable. 

   As we known, the complicated nature phenomena are often 

well described by nonlinear partial differential equations. The 

most representative nonlinear equation is the Sawada–Kotera 

equation. 

 

II. THE NEW SOLUTIONS OF THE NOVEL SUB-EQUATION 
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III. THE NEW SUB-EQUATION METHOD 

Step1: For a given nonlinear partial differential equation

 with independent variables   x,t, ： 

 
We make a transformation as follow: 

 
 

Where k, c are constants to be determined 
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Step2:  Inserting  (13)  into  eq.  (12),  we  get  an  ordinary  

differential equation: 

 

 
 

Step3: We assume exact solutions of eq. (14) in the 

following: 

 
 

Where  n  is a positive integer determined by the balance 

principle in eq. (14). f ()satisfies eq. (2). Substituting (15) 

into eq. (14). We obtain a set of algebra equations when we 

set all coefficients of f 
i 
() to zeroes. Therefore  ai  will be 

determined by solving the set of algebra equations.  We will 

apply the method to the Sawada–Kotera equation. 

IV. NEW INTERACTION SOLUTION OF THE SAWADA-KOTERA 

EQUATION  

The Sawada–Kotera Equation is: 

 
 

Where p is a constant 

We make the following transformations: 

 

Inserting (17) into eq. (16), we get an ordinary differential 

equation: 

 
We assume the solution of eq. (18) in the following: 

 
 

Where  n is positive integer determined by balancing the 

linear term of k
4
u

(5) 
()and the nonlinear term of  5u

2 

()u() . We get n 2 . 

 

Where a0, , a1, a2 are  constants  to  be  determined.  We  get  

the  following result by using the auxiliary equation method: 

 

 

 

 

We obtain interaction solutions of eq. (16) in the following: 

 

Where k(x ct) . k, c and a2    are arbitrary nonzero 

constants. 

CONCLUSION AND DISCUSSION 

In this paper, we obtain the interaction solutions of the 

Sawada– Kotera equation by using the auxiliary equation 

method. These solutions include  trigonometric  functions,  

hyperbolic  functions  and  exponential functions, which can 

help physicists to analyze special phenomena in their relevant 

fields accurately. 
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