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Controllable rogue waves

in the generalized nonlinear Schrédinger equations

Abstract: We obtain the rogue waves with a controllable aefinethe generalized

nonlinear Schrédinger equation by using a diredhoe The position of these solutions can
be controlled by varying different center parametéVe study the effects of different
parameters on rogue waves and hence find thatahknearity parameter is responsible for
the width of rogue waves. With the increase of balinearity parameter, the rogue wave
becomes wider. What is more, the negative nonlityeparameter can yield some singular

rogue waves.

Keywords: Generalized nonlinear Schrédinger equation; Regaxe; Singular rogue wave

1. Introduction

Rogue waves, are called freak waves, monsteresyakiller waves, giant waves or
extreme waves, Rogue waves are spontaneous nanliaeas with amplitudes significantly
larger (two or more times higher) than the surrangdaverage wave crests [1,2], What is
more, they appear from nowhere and disappear wittnace.

It is a very meaningful work to search for rogmaves, which has been found in many
different systems and has many important applinatio some fields since they can signal
fascinating stories [3,4].

In this paper, we study the generalized nonlinediccSchrodinger equation

ia_w+Aaz_1’U

ax A Tkl =0, @

where X is the propagation distance and t is thestrerse variable. When A=0, equation (1)

becomes the famous nonlinear cubic Schrédingertegqu&ome rogue wave solutions of the

nonlinear cubic Schrodinger equation have beenddayntaking limit of Akhmediev breather
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solutions[5,6] and Darboux transformation.[7,8].eTdenter of these solutions is located at a
fixed point (0, 0) on (X, t) plane. Basing on a gienassumption of the rogue wave, WANG
and He found larger universality and applicabildf rogue waves with a controllable
center[9]. More researches on rogue waves canlreléal in Ref. [10-13].
In this paper, our interests focus on two aspects:

(1) We want to determine rogue wave solutions of @9 with an arbitrary coefficient of
nonlinearity;
(2) We want to know the role of the nonlinearitefficient on the formation of rogue waves.

The organization of this paper is as follows. Irctie 2, we obtain some special rogue
waves with a controllable center by a direct metHadSection 3, we analyze the different
controllability by numerical simulation. Conclusiowill be given. In appendix, the

computational process for the second-order solusigriven.

2. Some special rogue waves

By the similar method in Ref. [9], we assume rogaees as follows

— p1+iq1 iX
W, = 1+—Je (2
s
with
p(xt) =a,+ax+at, (3)
o (xt) =by+bx+bj, 4
hl(x,t):cl(x—a)2+c2(t—,8)2+c3. (5)

Here a;, b(i =0,1,2),¢,(j =1,2,3),a, B arereal parameters.

Substituting the functiony, into Eq. (1) and setting different coefficient isfo be zero.

We obtain the following possible system of nonlma#gebraic equations with the aid of
Maple.

-30,¢° =0,
_3b2022 =0,

2ab,c,+ac; =0,
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8aa,cC,~ b ee,~ Ga’bep,~ 10ac’+ 1Pbg’- 1Bbe’ Beoz ( (6)
—6a,cC, +120acc,+ 12Bace ,— 54r°c’c - 5Bcc’~ 1866 = (
—6acc, +36ac’c,= 0,
4ac; -3, co+128bLi= 0,

12aa,cc,+dce,+1Bag’— 728cc’= 0

From (6), we can have two classes of solutions:
Case 1.

c,#0, a=-4c; 3 =0, a,=0,b, =8ca, b =-8c, ,

2
b, =0, ¢ =4c,, ¢,=22. @)

Substituting (7) into Eq. (1), we obtain

-1+i (20 - ) o

2, L 2,1
(x-ay'+, (=B)7+,

W =|1+ (8)

Case 2

0) aO:O’alzo, a2:0’ a:M m:__blZ’ b0¢0, Clz_bl’

b 2
m#z0, CZ:_erln’ ¢, =0. 9)
i = = = :_& :_IBZ
(i) =0, =0, a,=0, b)20, a b, m g
¢ =-b,m#0, c = b c,=0 (10)
’ St 2m’ '

Substituting (9) and (10) into Eq. (1), we obtain

i(by +bx+bt)

e

e*, (11)

W, =| 1+
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B rhxrby) |
—bl(x+[i:2)2+f(t—ﬁ)2

(12)

3. Some properties of rogue waves

3.1 Width of rogue waves

It is well known that the parameter of the nonlityehave a major impact on the forms
of waves. We herein analyze the impact of rogueesawith the varying parameter of the
nonlinearity. Given by different parameters of thanlinearity, we draw the corresponding
rogue waves and density pictures. It is easy td firat: (1) The nonlinearity parameten
has little effect on the height of rogue waves. tTisa there is no change the height with
different parameters of the nonlinearity. (2) Tlenlmearity parameterm has more effect
on the width of rogue waves. With the increasemf the rogue waves becomes wider (in

detailed see Figure 1-3).

Q) b0

Fig.1. Rogue wave propagations (a) and contour spl@) for the intensity |4[/1

|2 for

m=0.005a= 0
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96 Fig.2. Rogue wave propagations (a) and contoursp(b) for the intensity|l,l/1|2 for

97 m=0.5,a=0.

98
99 Q) b0

100 Fig.3. Rogue wave propagations (a) and contoursp{b) for the intensity |l//1|2 for

101 m=4,a=0
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102 3.2 Rogue Waveswith a Controllable Center

103 From (8), we find rogue waves will move whem, [ are given by different values.

104  When we study the situation before takimy definite values for d ofm. The following, we

105 consider wave changes undan taking a fixed value 0.5 andr, 8 varying. We find the

106 following facts: Whena, S are given by different values, the central locatid the rogue

107 wave are different, namely, the rogue wave cesterdvable (see Figure 4-7).
108

109
110

LB i e L 'I T I 1
111 G L[ T NEE T R LS| 3
112 ) b0

113  Fig.4. Rogue wave propagations (a) and contous gflytfor the intensittyjlrfor m=0.5,

LY

114 a=3,8=2.

115
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k)

118 Fig.5. Rogue wave propagations (a) and contourspid) for the intensit$401|2 for

119 m=0.5a=2,=-2

120

121
122

k()b

123 Fig.6. Rogue wave propagations (a) and contourspid) for the intensit$401|2 for

124 m=0.5a=-2,=-2.

125
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k)

128 Fig.7. Rogue wave propagations (a) and contourspid) for the intensit$401|2 for
129 m=4, a=0.

130 3.3 Singular rogue waves
131 According to the analysis in Section 2, wham is a negative value, we find that the
132 denominator valure of obtained solutions (11)-(@2) be zero under some positions. So we

133  can obtain some singular rogue waves which are stasiollows.

111
i

134
135 (a)

136 Fig.8. Rogue wave propagations (a) and contourspi@f) for the intensitil//l|2 for

137 b=1b=1b,=1 B=1.
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Fig.9. Rogue wave propagations (a) and contourspld) for the intensity|t//l|2

forby=1,b =1,b, =1, f=-1.

I r|i'"'
1ty
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Fig.10. Rogue wave propagations (a) and contour tsplo(b) for the

intensityly,|*forb, = -1, b =3,b, =2, f=2.
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(a) b0

Fig.11. Rogue wave propagations (a) and contour tsplo(b) for

intensity{l//l|2forbO =-1,b=3,b, =2, 8=-2.
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