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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
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NLSE is an interesting work.

The inhomogeneous NLS equation with variable coefficients in the form

I p) 9’

) V v nw + s v =iy (1)

where W =W (x,1) , including group velocity dispersion [(f) , linear potential v(x, t),
nonlinearity g () and the gain/loss term ¥(¢). When £(¢) =1, Eq. (1) becomes the generalized
Gross-Pitaevskii equation. Eq. (1) has been studied by many authors [6-15].

Rogue waves in an optical system has been researched in [6,7]. Furthermore, the Peregrine soliton
in nonlinear fibre optics and rogue waves and rational solutions of the nonlinear Schrédinger
equation were studied in [8-11]. Recently, Nonautonomous rogons in the inhomogeneous
nonlinear Schrodinger equation [12] and rogue waves in the atmosphere as well as vector financial
rogue waves has been demonstrated in [13-15]. 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

361
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To this purpose, we make a similarity transformation as follows
w(x,t)=q(X,T)p(x,t)e"™", 3)

where X is the propagation distance and 7 is the transverse variable. In each case, the function
@(x,t) describes the envelope of waves, and its absolute value carries information about either

wave elevation, p(x,t), @(x,t) are the real-value functions, g(X,T) is the complex-value
functions. And, we substitute the transformation (3) into Eq. (1) and get the following system:
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lip, — po, +§pn +ifp.p, + ig%p —%ﬁfp +vp—iy(t)plq
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Compared with Eq. (2), we have
g’ =1 6]
BT p=1 (6)
X, p+pneX p=1 (7
s DX p+POX p =0 ®)
BOT.X p=0 9)
@Xfp =0 (10)
T,p+B1eT.p=0 (11
P01 p+pat.p. =0 12)
po+ B0 + B p B0y o yrp=0 (13)
m—&pxﬁmqﬁp—w:o (14)
2 2
From (5), (8)-(10), we obtain
1
g)y=—.p=p®),p#0.X =X().
p
o ) 1
Substituting X = 0 into (7), we get X , =— and
p
1
X:I—dt+x0. (15)
p

It is noted that p_ =0 for p = p(r). So we deduce that 7., =0 from (12).Solving (6), one

1
can have f(t) = P, which implies T # 0 and T, =7,(t) . Let T, = f,(t), we obtain

X
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1
b)) =——. (16)
fr@®p
T = fi(t)dx = f;,(Ox+ £, (). (17)
Substituting (16), (17) into (11), (13), (14), we obtain the following facts
X2 ' '
¢=—pf1(t)[7f1 O+ fL,0Ox]+ f5(0), (18)
(t
7([):&_M, (19)
p 2h@)
v= g[f{(t)JH LHOF = pfiOLf, Ox+ f,0)], (20)
where fl 1), f2 (t ),ﬂ ), p(l‘ ) are arbitrary functions.
3 Rogue Waves and Examples
The one rogue waves of Eq.(2) are given by [9,10]
41+2iX) o
=(1-———)e", 21
7= 1+4X2+4T2) @D

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

4(1+2iX) i(X+6)

(22)
Trax®+ar 7

w=(-

The expression (22) includes different rogue wave solutions. Several examples are given as
follows.

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

Mz _ 417 +4(x+17)" =3)> +(8)*
A+41> +4(x+12)2)*

which is shown in Fig. 1.

3492



British Journal of Mathematics & Computer Science 4(24), 3489-3496, 2014

(a) (b)

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

LO=1, f,()=1",x,=0

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

Mz _ (4t +4(x+1)* =3)*> +(81)°
(1+4t> +4(x+1)%)’

which is shown in Fig. 2.
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Fig. 2. (a) The one-rogue wave solution and (b) the projective graph with p =1, f1 ®=1,
L) =t,x,=0

(3) Taking p =1,f1(l‘)=1,f2(l‘)=t3,xo =0, we have

3493



British Journal of Mathematics & Computer Science 4(24), 3489-3496, 2014

2 (AP +4(x+1H) =32 + (81
vl = -

>

(1+4t> +4(x+17)%)’

which is shown in Fig. 3.

Fig. 3. (a) The one-rogue wave solution and (b) the projective graph with p =1, f1 ®H=1,
3
L)=t",x,=0

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

q=(1—G+lH)eiX,
where
3 3 2 4 9 2 2 2 4
G=——+-—T" +T"+=X"+6T" X" +5X",
16 2 2

H=—%X—3T2X +2T'X + X +4T°X° +2X°,

2 4 6 6
3T T By Sy iy Oy iy o X
64 16 4 3 16 2 4 3

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

G+iH
- p(]— o X+
v=p D ) (23)
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4 Conclusion

In conclusion, we construct a Miura type transformations between one type of variable coefficient
nonlinear Schrodinger equations and the cubic NLS equation. The result demonstrates that
different rogue wave solutions of the variable coefficient nonlinear Schrodinger equations are
given easily. The presented method can also be extended to other type nonlinear Schrodinger
equations.
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