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A generalized Sawada-Kotera equation and its Lax pairs are proposed. With the help of the gauge transformation between
spectral problems, a Darboux transformation for the generalized SK equation is constructed. As an application of the Darboux
transformation, we give some explicit solutions of the generalized SK equation such as the rational solutions, soliton solutions, and
periodic solutions.

1. Introduction

The Sawada-Kotera (SK) equation

𝑢
𝑡
= −𝑢
𝑥𝑥𝑥𝑥𝑥

+ 15(𝑢𝑢
𝑥𝑥
− 𝑢
3
)
𝑥

(1)

was first proposed by Sawada and Kotera when they gave a
method for finding N-soliton solutions of the KdV equation
and the KdV-like equation [1]. In [2], Caudrey et al. showed
that (1) was a member of a new hierarchy of KdV equations.
The SK equation’s physical importance was illustrated by
Aiyer et al. in [3]. Then, the equation has been investigated
by many authors [4–8]. The aim of the present paper is using
the Darboux transformation [9–12] to study a generalized SK
equation:

𝑢
𝑡
= −𝑢
𝑥𝑥𝑥𝑥𝑥

+ 15(𝑢𝑢
𝑥𝑥
− 𝑢
3
)
𝑥
− 15(V𝑢

𝑥
)
𝑥
− 10VV

𝑥
,

V
𝑡
= −V
𝑥𝑥𝑥𝑥𝑥

+ 15(𝑢V
𝑥𝑥
+ VV
𝑥
− 3V𝑢2)

𝑥
+ 30(V𝑢

𝑥
)
𝑥𝑥
.

(2)

The present paper is organized as follows. In Section 2,
with the aid of the Lax pairs of the SK equation [13, 14]
and extending them by adding one potential function, we
propose a generalized SK equation and its Lax pairs. Based
on the gauge transformation between spectral problems,
we derive a Darboux transformation of the generalized
SK equation. In Section 3, the Darboux transformation is
applied to the generalized SK equation, by which explicit

solutions (we have verified the correctness of the solutions
by using the Mathematic 5.0.) of the generalized SK equation
are derived, including rational solutions, soliton solutions,
and periodic solutions.

2. Darboux Transformation of the
Generalized Sawada-Kotera Equation

In this section, we will derive a generalized SK equation and
its Darboux transformation. To this end, we first introduce
the Lax pairs:

L𝜓 = 𝜆𝜓, 𝜓
𝑡
=B𝜓, (3)

where operatorsL andB are defined as follows:
L = 𝜕

3
− 3𝑢𝜕 + V,

B = 9𝜕
5
− 45𝑢𝜕

3
+ 15 (V − 3𝑢

𝑥
) 𝜕
2

+ 15 (3𝑢
2
− 2𝑢
𝑥𝑥
+ V
𝑥
) 𝜕 + 10 (V

𝑥𝑥
− 3𝑢V) .

(4)

Then the compatibility condition between the two equations
of (3) yields the Lax equation, L

𝑡
= [B,L], which is

equivalent to the generalized SK equation:
𝑢
𝑡
= −𝑢
𝑥𝑥𝑥𝑥𝑥

+ 15(𝑢𝑢
𝑥𝑥
− 𝑢
3
)
𝑥
− 15(V𝑢

𝑥
)
𝑥
− 10VV

𝑥
,

V
𝑡
= −V
𝑥𝑥𝑥𝑥𝑥

+ 15(𝑢V
𝑥𝑥
+ VV
𝑥
− 3𝑢
2V)
𝑥
+ 30(𝑢

𝑥
V)
𝑥𝑥
.

(5)



2 ISRN Applied Mathematics

If we choose V = 0 and V = −(3/2)𝑢
𝑥
, (5) can be, respectively,

reduced to the SK equation:

𝑢
𝑡
= −𝑢
𝑥𝑥𝑥𝑥𝑥

− 45𝑢
2
𝑢
𝑥
+ 15𝑢𝑢

𝑥𝑥𝑥
+ 15𝑢

𝑥
𝑢
𝑥𝑥

(6)

and the Kaup-Kupershmidt equation:

𝑢
𝑡
= −𝑢
𝑥𝑥𝑥𝑥𝑥

− 45𝑢
2
𝑢
𝑥
+ 15𝑢𝑢

𝑥𝑥𝑥
+

75

2

𝑢
𝑥
𝑢
𝑥𝑥
. (7)

Theorem 1. Let 𝑓 satisfy (3) with 𝜆 = 𝜆
0
and 𝐴 = −(ln𝑓)

𝑥
.

Then the following Darboux transformation gives the relation
about the original solutions 𝑢, V of (5) and its new ones 𝑢, V:

𝑢 = 𝑢 + 𝐴
𝑥
,

V = V − 3𝑢
𝑥
+ 3𝐴𝐴

𝑥
− 3𝐴
𝑥𝑥
.

(8)

Proof. Assume that 𝜓 satisfies (3) and 𝐴 = −(ln𝑓)
𝑥
. Let

𝜓 = 𝜓
𝑥
+ 𝐴𝜓. (9)

Using the first expression of (3), a direct calculation gives the
following equations:

𝜓
𝑥
= 𝜓
𝑥𝑥
+ 𝐴𝜓
𝑥
+ 𝐴
𝑥
𝜓,

𝜓
𝑥𝑥
= 𝐴𝜓
𝑥𝑥
+ (3𝑢 + 2𝐴

𝑥
) 𝜓
𝑥
+ (𝐴
𝑥𝑥
− V + 𝜆)𝜓,

𝜓
𝑥𝑥𝑥

= 3 (𝑢 + 𝐴
𝑥
) 𝜓
𝑥𝑥
+ (3𝑢
𝑥
− V + 3𝐴

𝑥𝑥
+ 3𝑢𝐴 + 𝜆)𝜓

𝑥

+ (𝐴
𝑥𝑥𝑥

− V
𝑥
− V𝐴 + 𝜆𝐴)𝜓.

(10)

Substituting (9) and (10) into the following equation:

L𝜓 = 𝜆𝜓, (11)

where

L = 𝜕
3
− 3𝑢𝜕 + V (12)

and comparing the coefficients of 𝜓, 𝜓
𝑥
, and 𝜓

𝑥𝑥
, we obtain

the following:

𝑢 − 𝑢 − 𝐴
𝑥
= 0,

3𝑢𝐴 − V − 3𝑢
𝑥
+ V − 3𝐴

𝑥𝑥
− 3𝑢𝐴 = 0,

(13)

3𝑢𝐴
𝑥
− V𝐴 − 𝐴

𝑥𝑥𝑥
+ V
𝑥
+ V𝐴 = 0. (14)

Equation (13) implies the following:

𝑢 = 𝑢 + 𝐴
𝑥
,

V = V − 3𝑢
𝑥
+ 3𝐴𝐴

𝑥
− 3𝐴
𝑥𝑥
.

(15)

Substituting (15) into (14) and integrating it once, we have the
following:

3𝑢𝐴 + 3𝐴𝐴
𝑥
− 𝐴
3
− 𝐴
𝑥𝑥
+ V = 𝜆

0
, (16)

where 𝜆
0
is a constant of integration.Through direct calcula-

tions, we arrive at the following:

−

𝑓
𝑥𝑥

𝑓

= 𝐴
𝑥
− 𝐴
2
,

−

𝑓
𝑥𝑥𝑥

𝑓

= 𝐴
𝑥𝑥
− 3𝐴𝐴

𝑥
+ 𝐴
3
,

−

𝑓
4𝑥

𝑓

= 𝐴
𝑥𝑥𝑥

− 4𝐴𝐴
𝑥𝑥
− 3𝐴
2

𝑥
+ 6𝐴
2
𝐴
𝑥
− 𝐴
4
,

−

𝑓
5𝑥

𝑓

= 𝐴
𝑥𝑥𝑥𝑥

− 5𝐴𝐴
𝑥𝑥𝑥

− 10𝐴
𝑥
𝐴
𝑥𝑥

+ 15𝐴𝐴
2

𝑥
+ 10𝐴

2
𝐴
𝑥𝑥
− 10𝐴

3
𝐴
𝑥
+ 𝐴
5
.

(17)

Using (17) and 𝐴 = −(ln𝑓)
𝑥
, a simple reduction shows that

(16) gives rise to the following:

L𝑓 = 𝜆
0
𝑓. (18)

Similarly, we consider the following equation:

𝜓
𝑡
=B𝜓, (19)

where

B = 9𝜕
5
− 45𝑢𝜕

3
+ 15 (V − 3𝑢

𝑥
) 𝜕
2

+ 15 (3𝑢
2
− 2𝑢
𝑥𝑥
+ V
𝑥
) 𝜕 + 10 (V

𝑥𝑥
− 3𝑢V) .

(20)

Seeing (3), (8), and (9), a direct calculation shows that (19)
gives the following:

𝐴
𝑡
= 9𝐴
𝑥𝑥𝑥𝑥𝑥

− 10V
𝑥𝑥𝑥

− 45𝑢𝐴
𝑥𝑥𝑥

+ 30𝑢V
𝑥

+ 15V𝐴
𝑥𝑥
− 90𝐴

2

𝑥𝑥
+ 30𝑢

𝑥
V − 90𝑢

𝑥
𝐴
𝑥𝑥

+ 45𝑢
2
𝐴
𝑥
+ 90𝑢𝐴

2

𝑥
+ 90𝐴

3

𝑥
− 75𝑢

𝑥𝑥
𝐴
𝑥

− 120𝐴
𝑥
𝐴
𝑥𝑥𝑥

+ 15V
𝑥
𝐴
𝑥
+ 270𝐴𝐴

𝑥
𝐴
𝑥𝑥

+ 30𝐴
2
𝐴
𝑥𝑥𝑥

− 30𝐴𝐴
𝑥𝑥𝑥𝑥

− 30𝑢
𝑥𝑥𝑥
𝐴

− 90𝑢𝐴
2
𝐴
𝑥
+ 90𝑢𝐴𝐴

𝑥𝑥
+ 90𝑢𝑢

𝑥
𝐴

− 30V𝐴𝐴
𝑥
− 90𝐴

2
𝐴
2

𝑥
+ 90𝑢

𝑥
𝐴𝐴
𝑥
,

(21)

which together with (17) implies the following:

𝑓
𝑡
=B𝑓. (22)

This means that both of the Lax pairs (3) and (11) and (19)
have the same form; that is, they lead to the same equation
(5). Therefore, original solutions 𝑢, V of the generalized SK
equation (5) aremapped into its new ones 𝑢, V by theDarboux
transformation (8).

3. Explicit Solutions of the Generalized
Sawada-Kotera Equation

In this section, we will construct explicit solutions of the gen-
eralized SK equation (5) by using the Darboux transforma-
tion (8).

(I) We choose a trivial solution 𝑢 = 0, V = 0 of (5). Then
(3) with 𝜆 = 𝜆

0
is reduced to the following:

𝜓
𝑥𝑥𝑥

= 𝜆
0
𝜓, 𝜓

𝑡
= 9𝜓
𝑥𝑥𝑥𝑥𝑥

. (23)
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Let 𝜆
0
= −𝑘
3
(𝑘 ̸= 0). We can see that (23) has a general solu-

tion:

𝑓 = 𝑐
1
exp (Δ

1
) + 𝑐
2
exp(−1

2

Δ
1
) cos (Δ

2
)

+ 𝑐
3
exp(−1

2

Δ
1
) sin (Δ

2
) ,

(24)

where 𝑐
𝑗
, (𝑗 = 1, 2, 3) are constants and

Δ
1
= −𝑘𝑥 − 9𝑘

5
𝑡, Δ

2
=

√3

2

(𝑘𝑥 − 9𝑘
5
𝑡) . (25)

Using the Darboux transformation (8), we get an explicit
solution of (5)

𝑢 =

3 (𝑐
2

2
+ 𝑐
2

3
) 𝑘
2 exp (−3Δ

1
) − 6𝑐
1
𝑘
2 exp (− (3/2) Δ

1
) [(𝑐
2
+ √3𝑐

3
) cos (Δ

2
) − (√3𝑐

2
− 𝑐
3
) sin (Δ

2
)]

4[𝑐
1
+ 𝑐
2
exp (− (3/2) Δ

1
) cos (Δ

2
) + 𝑐
3
exp (− (3/2) Δ

1
) sin (Δ

2
)]
2

,

V = (−{9 exp(−3
2

Δ
1
) 𝑘
3
(4𝑐
2

1
[(𝑐
2
− √3𝑐

3
) cos (Δ

2
) + (√3𝑐

2
+ 𝑐
3
) sin (Δ

2
)]

+ exp (−3Δ
1
) ([(𝑐
2
− √3𝑐

3
) cos (Δ

2
) + (√3𝑐

2
+ 𝑐
3
) sin (Δ

2
)] (𝑐
2

2
+ 𝑐
2

3
))

+ 2 exp(−3
2

Δ
1
) 𝑐
1
((6 + cos (2Δ

2
) − √3 sin (2Δ

2
)) 𝑐
2

2

+ 2 (sin (2Δ
2
) + √3 cos (2Δ

2
)) 𝑐
2
𝑐
3

+ (6 − cos (2Δ
2
) + √3 sin (2Δ

2
)) 𝑐
2

3
)) })

× (8[𝑐
1
+ 𝑐
2
exp(−3

2

Δ
1
) cos (Δ

2
) + 𝑐
3
exp(−3

2

Δ
1
) sin (Δ

2
)]

3

)

−1

.

(26)

Particularly, when we choose 𝑐
1
= 0, 𝑐
2
= 𝑐
3
= 1, we can get a

periodic solution of (5):

𝑢 =

3𝑘
2

2[cos (Δ
2
) + sin (Δ

2
)]
2
,

V = − 3𝑘
3
+ 3𝑘
3
(

1

2

+

√3

2

cos (Δ
2
) − sin (Δ

2
)

cos (Δ
2
) + sin (Δ

2
)

)

3

+ 3𝑘
3

2 sin (2Δ
2
) − 1

[cos (Δ
2
) + sin (Δ

2
)]
2
.

(27)

Plots of the solutions are given in Figures 1 and 2.
(II) We consider the trivial solution 𝑢 = 0, V = 1 of (5).

Then (3) with 𝜆 = 𝜆
0
is reduced to the following:

𝜓
𝑥𝑥𝑥

= (𝜆
0
− 1) 𝜓, 𝜓

𝑡
= 9𝜓
𝑥𝑥𝑥𝑥𝑥

+ 15𝜓
𝑥𝑥
. (28)

Case 1. When 𝜆
0
= 1, it is easy to see that (28) has a general

solution:

𝑓 = 𝛼𝑥
2
+ 𝛽𝑥 + 𝛾 + 30𝛼𝑡, (29)

where 𝛼, 𝛽, and 𝛾 are constants. Using the Darboux transfor-
mation (8), we get a rational solution of the generalized SK
equation (5):

𝑢 =

2𝛼
2
𝑥
2
+ 2𝛼𝛽𝑥 + 𝛽

2
− 2𝛼𝛾 − 60𝛼

2
𝑡

[𝛼𝑥
2
+ 𝛽𝑥 + 𝛾 + 30𝛼𝑡]

2
,

V = 1 +
3 (𝛽
2
− 4𝛼 (𝛾 + 30𝛼𝑡)) (𝛽 + 2𝛼𝑥)

[𝛼𝑥
2
+ 𝛽𝑥 + 𝛾 + 30𝛼𝑡]

3
.

(30)

Case 2. When 𝜆
0
= 1−𝑘

3
(𝑘 ̸= 0), (28) has a general solution:

𝑓 = 𝑐
1
exp (Δ

1
) + 𝑐
2
exp(−1

2

Δ
1
) cos (Δ

2
)

+ 𝑐
3
exp(−1

2

Δ
1
) sin (Δ

2
) ,

(31)

where 𝑐
𝑗
, (𝑗 = 1, 2, 3) are constants and

Δ
1
= −𝑘𝑥 − (9𝑘

5
− 15𝑘

2
) 𝑡,

Δ
2
=

√3

2

(𝑘𝑥 − 9𝑘
5
𝑡 + 15𝑘

2
𝑡) .

(32)

Using the Darboux transformation (8), we get an explicit
solution of (5):
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𝑢 =

3 (𝑐
2

2
+ 𝑐
2

3
) 𝑘
2 exp (−3Δ

1
) − 6𝑐
1
𝑘
2 exp (− (3/2) Δ

1
) [(𝑐
2
+ √3𝑐

3
) cos (Δ

2
) − (√3𝑐

2
− 𝑐
3
) sin (Δ

2
)]

4[𝑐
1
+ 𝑐
2
exp (− (3/2) Δ

1
) cos (Δ

2
) + 𝑐
3
exp (− (3/2) Δ

1
) sin (Δ

2
)]
2

,

V = (1 − {9 exp(−3
2

Δ
1
) 𝑘
3
(4𝑐
2

1
[(𝑐
2
− √3𝑐

3
) cos (Δ

2
) + (√3𝑐

2
+ 𝑐
3
) sin (Δ

2
)]

+ exp (−3Δ
1
) ([(𝑐
2
− √3𝑐

3
) cos (Δ

2
) + (√3𝑐

2
+ 𝑐
3
) sin (Δ

2
)] (𝑐
2

2
+ 𝑐
2

3
))

+ 2 exp(−3
2

Δ
1
) 𝑐
1
((6 + cos (2Δ

2
) − √3 sin (2Δ

2
)) 𝑐
2

2

+ 2 (sin (2Δ
2
) + √3 cos (2Δ

2
)) 𝑐
2
𝑐
3

+ (6 − cos (2Δ
2
) + √3 sin (2Δ

2
)) 𝑐
2

3
) )})

× (8[𝑐
1
+ 𝑐
2
exp(−3

2

Δ
1
) cos (Δ

2
) 𝑐
3
exp(−3

2

Δ
1
) sin (Δ

2
)]

3

)

−1

.

(33)

(III) We choose another trivial solution 𝑢 = 1, V = 0 of
(5). Then (3) with 𝜆 = 𝜆

0
is reduced to the following:

𝜓
𝑥𝑥𝑥

= 3𝜓
𝑥
+ 𝜆
0
𝜓, 𝜓

𝑡
= 9𝜓
𝑥𝑥𝑥𝑥𝑥

− 45𝜓
𝑥𝑥𝑥

+ 45𝜓
𝑥
.

(34)

Case 1. For 𝜆
0
= 0, a direct calculation gives a general solu-

tion of (34):

𝑓 = 𝑐
1
exp (Δ) + 𝑐

2
exp (−Δ) , (35)

where 𝑐
1
, 𝑐
2
are constants and Δ = √3𝑥 − 9√3𝑡. Using the

Darboux transformation (8), we get a soliton solution of the
generalized SK equation (5) (𝑐

1
= 𝑐
2
= 1):

𝑢 = 3[tanh(Δ)]2 − 2,

V = 9√3[tanh(Δ)]3 − 9√3 tanh (Δ) .
(36)

Plots of the solutions are given in Figures 3 and 4.

Case 2. For 𝜆
0
= 𝑘
3
− 3𝑘 (𝑘 ̸= 0), (34) has a general solution:

𝑓 = 𝑐
1
exp (Δ

1
) + 𝑐
2
exp (Δ

2
) + 𝑐
3
exp (Δ

3
) , (37)

where 𝑐
𝑗
, (𝑗 = 1, 2, 3) are constants and

Δ
1
= 𝑘𝑥 + (9𝑘

5
− 45𝑘

3
+ 45𝑘) 𝑡,

Δ
2
=

−𝑘 + √12 − 3𝑘
2

2

𝑥

−

9

2

(5𝑘 − 5𝑘
3
+ 𝑘
5
+ √12 − 3𝑘

2

−3𝑘
2
√12 − 3𝑘

2
+ 𝑘
4
√12 − 3𝑘

2
) 𝑡,

Δ
3
=

−𝑘 − √12 − 3𝑘
2

2

𝑥

+

9

2

(−5𝑘 + 5𝑘
3
− 𝑘
5
+ √12 − 3𝑘

2

−3𝑘
2
√12 − 3𝑘

2
+ 𝑘
4
√12 − 3𝑘

2
) 𝑡.

(38)

Using the Darboux transformation (8), we get an explicit
solution of (5):

𝑢=1+

3

2

2𝑐
2
𝑐
3
(𝑘
2
− 4)exp (Δ

2
+Δ
3
) − 𝑐
1
𝑐
2
(2+𝑘
2
−𝑘√12 − 3𝑘

2
) exp (Δ

1
+Δ
2
)−𝑐
1
𝑐
3
(2+𝑘
2
+𝑘√12 − 3𝑘

2
)exp (Δ

1
+Δ
3
)

[𝑐
1
exp (Δ

1
)+𝑐
2
exp (Δ

2
)+𝑐
3
exp (Δ

3
)]
2

,

V = 3𝑘3 − 9𝑘 + 3
Δ

[𝑐
1
exp (Δ

1
) + 𝑐
2
exp (Δ

2
) + 𝑐
3
exp (Δ

3
)]
3
,
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where

Δ = 𝑘 (3 − 𝑘
2
) [𝑐
3

1
exp (3Δ

1
)

+ 𝑐
3

2
exp (3Δ

2
) + 𝑐
3

3
exp (3Δ

3
)

−12𝑐
1
𝑐
2
𝑐
3
exp (Δ

1
+ Δ
2
+ Δ
3
) ]

+

3

2

𝑐
2

2
𝑐
3
exp (2Δ

2
+ Δ
3
)

× [2𝑘 − 𝑘
3
− 4√12 − 3𝑘

2
+ 𝑘
2
√12 − 3𝑘

2
]

+

3

2

𝑐
2
𝑐
2

3
exp (Δ

2
+ 2Δ
3
)

× [2𝑘 − 𝑘
3
+ 4√12 − 3𝑘

2
− 𝑘
2
√12 − 3𝑘

2
]

−

3

2

𝑐
2

1
𝑐
2
exp (2Δ

1
+ Δ
2
) (1 + 𝑘

2
) (𝑘 − √12 − 3𝑘

2
)

−

3

2

𝑐
2

1
𝑐
3
exp (2Δ

1
+ Δ
3
) (1 + 𝑘

2
) (𝑘 + √12 − 3𝑘

2
)

+

3

2

𝑐
1
𝑐
2

3
exp (Δ

1
+ 2Δ
3
) 𝑘 (8 − 𝑘

2
+ 𝑘√12 − 3𝑘

2
)

+

3

2

𝑐
1
𝑐
2

2
exp (Δ

1
+ 2Δ
2
) 𝑘 (8 − 𝑘

2
− 𝑘√12 − 3𝑘

2
) .

(40)

Acknowledgments

This work was supported by National Natural Science Foun-
dation of China (no. 11171312) and Henan Natural Science
Foundation of Basic Research (no. 102300410214).

References

[1] K. Sawada and T. Kotera, “Amethod for finding𝑁-soliton solu-
tions of the K.d.V. equation and K.d.V.-like equation,” Progress
of Theoretical Physics, vol. 51, pp. 1355–1367, 1974.

[2] P. J. Caudrey, R. K. Dodd, and J. D. Gibbon, “A new hierarchy of
Korteweg-de Vries equations,” Proceedings of the Royal Society
London A, vol. 351, no. 1666, pp. 407–422, 1976.

[3] R.N.Aiyer, B. Fuchssteiner, andW.Oevel, “Solitons anddiscrete
eigenfunctions of the recursion operator of nonlinear evolution
equations. I.The Caudrey-Dodd-Gibbon-Sawada-Kotera equa-
tion,” Journal of Physics A, vol. 19, no. 18, pp. 3755–3770, 1986.

[4] A.-M. Wazwaz, “Multiple-soliton solutions for the fifth order
Caudrey-Dodd-Gibbon (CDG) equation,”AppliedMathematics
and Computation, vol. 197, no. 2, pp. 719–724, 2008.

[5] A.-M. Wazwaz, “Analytic study of the fifth order integrable
nonlinear evolution equations by using the tanh method,”
Applied Mathematics and Computation, vol. 174, no. 1, pp. 289–
299, 2006.

[6] S. Y. Lou, “Twelve sets of symmetries of the Caudrey-Dodd-
Gibbon-Sawada-Kotera equation,”Physics Letters A, vol. 175, no.
1, pp. 23–26, 1993.

[7] Y.-G. Xu, X.-W. Zhou, and L. Yao, “Solving the fifth order Caud-
rey-Dodd-Gibbon (CDG) equation using the exp-function
method,” Applied Mathematics and Computation, vol. 206, no.
1, pp. 70–73, 2008.

[8] A. H. Salas, “Exact solutions for the general fifth KdV equation
by the exp functionmethod,”AppliedMathematics and Compu-
tation, vol. 205, no. 1, pp. 291–297, 2008.

[9] V. B. Matveev and M. A. Salle, Darboux Transformations and
Solitons, Springer Series in Nonlinear Dynamics, Springer, Ber-
lin, Germany, 1991.

[10] D. Levi, “On a new Darboux transformation for the construc-
tion of exact solutions of the Schrödinger equation,” Inverse
Problems, vol. 4, no. 1, pp. 165–172, 1988.

[11] C. H. Gu and Z. X. Zhou, “OnDarboux transformations for sol-
iton equations in high-dimensional spacetime,” Letters inMath-
ematical Physics, vol. 32, no. 1, pp. 1–10, 1994.

[12] X.G.Geng andG. L.He, “Somenew integrable nonlinear evolu-
tion equations and Darboux transformation,” Journal of Mathe-
matical Physics, vol. 51, no. 3, Article ID 033514, 21 pages, 2010.

[13] J. Satsuma and D. J. Kaup, “A Bäcklund transformation for a
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