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Some special rogue waves
in one type of variable coefficient nonlinear
Schrodinger equations

Abstract: In this paper, a similarity transformation is devised to construct a Miura type

transformations between one type of variable coefficient nonlinear Schrodinger equations and
the cubic NLS equation. This transformation is devoted to obtain the travelling wave solutions
of a complicated equation by using the solutions of a simpler equation directly. The result
shows different rogue wave solutions of the variable coefficient nonlinear Schrodinger
equations are given easily.

Keywords : Nonlinear Schrodinger equation, Similarity transformation, Miura type

transformation, Rogue wave

1. Introduction

Rogue waves are firstly found in the ocean. The amplitude of the rogue waves is much
higher than the average wave crests around them. They are named monster waves or extreme
waves, which are a threat even to large ships and ocean liners [1-5]. Rogue waves was not
only found in oceans but also in optics, plasmas, superfluids and Bose-Einstein condensates.
The nonlinear Schrodinger equations (NLSE) are an important model describing rogue waves.
Rogue waves have been found in many different the nonlinear Schrodinger equations. Studies

of finding new rogue waves of the NLSE is an interesting work.

The inhomogeneous NLS equation with variable coefficients in the form

Oy P dy 2
o Ty e Ty gy =iy M

where ¥ =w(x,t), including group velocity dispersion (), linear potential v(x, t),
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nonlinearity g(¢) and the gain/loss term y(¢). When pA(t)=1, Eq. (1) becomes the
generalized Gross-Pitacvskii equation. Eq. (1) has been studied by many authors [6-15].
Particularly, Yan used the similarity transformation and direct ansatz to obtain the analytical
nonautonomous rogons of Eq. (1). In this paper, we will use a simpler method [16] to
construct different rogue waves of Eq. (1). Especially, we are interested in finding some new

rogue waves.

2. Similarity transformation

In this section, we want to obtain the rogue wave solutions of Eq. (1) by a direct
transformation between Eq. (1) and the famous NLS equation

.0qg 10%g

2
ax Taar a0 Y

To this purpose, we make a similarity transformation as follows
y(x,1) = g(X,T)p(x,1)e”™" ®3)
where p(x,1), @(x,t) are the real-value functions,q(X,T)is the complex-value functions.

And, we substitute the transformation (3) into Eq. (1) and get the following system:

lip, — po, + gpxx +ifg.p, +i g%p —g
B

+(1ti+3X)wp+ﬂXxpx +lIB¢rXxp)qX

T+ BT pt BT, 41887 )00

2
+ BT X DGy + Gy §X3p+§TquTT +gp’la| pg=0

¢:p+w—iy()plq

Compared with Eq. (2), we have
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g’ =1 Q)
BT p=1 (6)
X,p+ pOFX p=1 )
B0 p+ X, p, =0 ®)
POTX p =0 ©)
B xzp=o (10)
Tp+ OBT.p =0 (in
BO1 p+ptp, =0 (12)
porp0pp Ly P04 poyp =0 (13)
R (14)

From (5), (8)-(10), we obtain

1
g(t)=?, p=p®),p#0, X=X().
o . 1
Substituting X =0 into (7), we get X, =— and
p

ijldwrxo : (15)
p

Itisnoted that p =0 for p= p(f). So wededucethat 7 =0 from (12).Solving (6),

one can have A(¢) = which implies 77 #0 and T, =T,(¢). Let T, = £,(¢), we

2
X

obtain

p@) = (16)

_
fiop’
T =jf1(t)dx = f(O)x+ £,(0). (17)

Substituting (16), (17) into (11),(13),(14), we obtain the following facts

é=—pf, (r)[%f; () + f5(Ox]+ £,(2) (18)
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roy=Le- 1O

210 (19)
V=§Lﬂ0ﬂ+fﬂﬂf—pﬁUHﬂUM+fX0L (20)
where £,(1), f,(0), f,(¢), p(t) are arbitrary functions
3. Rogue waves and examples
The one-rogue waves of Eq.(2) are given by [9.10]
g= (1—%)%, 1)

By the previous transformation, we can obtain one-rogue wave solutions of Eq. (1)

4(1 + 2iX)

—— L pe' P, (22)
1+4X* +4T? )P

y=(1-
The expression (22) includes different rogue wave solutions. Several examples are

given as follows.

(1) Taking p=1,f,(t)=1, f,(t) =t>,x, =0, we have

WA G e iR 0}
v (4 +4(x+00))

which is shown in Fig. 1.

Fig. 1. (a) The one-rogue wave solution and (b) the projective graph with p =1,

L©O=1, fi()=1",x,=0



76 (2) Taking p =1, f,(t) =1,, f,(t)=t,x, =0, we have

Wl - (4> +4(x+1)* =3)% +(81)?
(144 +4(x+ 1))

9

78  which is shown in Fig. 2.

-6 -4 =2 0 2 4 6
X

79
80 Fig.2. (a) The one-rogue wave solution and (b) the projective graph with

81 p=1,f0=1,,f=tx =0.

82 (3)Taking p=1,f()=1,f ) =¢t,x, =0, we have

(47 +4(x+ ) =3) +(81)]

2
83
|l//| (1+41> +4(x+1)%)°

84  which is shown in Fig. 3.

85

86
87 Fig.3. (a) The one-rogue wave solution and (b) the projective graph with

88 p:l,ﬁ(t)zl,fz(t)=l3,x0:0.



89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

The two-rogue waves of Eq.(2) are given by [9,10]

G+iH_
— 1_— €IX,
g=( D )
where
G:—i+§T2+T4+2X2+6T2X2+5X4,
16 2 2

H:—%SX—STZX+2T4X+X3+4T2X3+2X5,

64 16 4 3 16

2 4 6 6
3 o T ZL+33X2—%T%X2+TU¢+%Aﬂ+7QX4+é%.

By the similar method, we can obtain two-rogue wave solutions of Eq. (1)

G+iH . .
- p(l— i(X+g)
v=pl=—p=)e . (23)
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