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In this work, the resonant nonlinear Schrodinger equation (RNLSE) with anti-cubic
nonlinearity is considered. The Jacobi elliptic function method (JEFM) has been
employed on the RNLSE. The many new forms of dark, dark-bright, singular,

combo-singular, bright-singular solitons and periodic solutions for governing model
are reached. Furthermore, the graphics of solutions are presented.

1. Introduction

The main topic of many scientific studies especially
in mathematical physics and engineering is related to
the nonlinear equations (NLEs).The NLEs exist in all
research fields, such as fluid mechanics, plasma
physics, biology, chemistry, and so on. The solitons
are obtained by dissolving nonlinear structures.
Solitons have been theoretically predicted for more
than 50 years. Solitons preserves their shape and
speed and continue to maintain these properties after
any interaction moment. The optical solitons which
are the basis of optical fiber are the most important
branches of study in the field of soliton [1]. Optical
fibers are commonly used in telecommunication,
broadcasting, medical field, defense industry have
many commercial and scientific applications. Optical
Soliton solutions including bright and dark solitons
are a class of exact solutions that have diverse
applications in the wide areas of applied sciences
from sciences to engineering. The nonlinear
Schrodinger equations (NLSE) are one of the basic
equations from which optical solitons are derived [2].
Several approaches have been deployed on NLSE to
G'/ G expansion method [3], Fan sub-equation
method [4], generalized projective Riccati equation
method [5], the Sub-ODE method [6], the exp-
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function method [7], the F-expansion method [8],
Kudryashov method [9]-[10], modified extended tanh
expansion method [11] and so on. One of these
analytical techniques, the JEFM with a history of 20
years is an effective method in finding optikal soliton
solutions of NLSE [12]-[14].

In this work, we consider the RNLSE having anti-

cubic nonlinearity

v

v oY+ (6] +6, ¥+, |“P|A)lP-|—0?XX\P =0 (@)

here W(x,t) is a wave profile by complex value. o
is the coefficient of resonant term, S is the
coefficient the group velocity dispersion (GVD).
01,092 and o3 are the coefficients of anti-cubic, cubic
and quintic terms, respectively [15]-[16].

The aim of the current work is to find some
new soliton solutions of the equation (1) by JEFM. In
accordance with this purpose, this paper is organized
as follows. In section 2, a detailed description of the
JEFM is presented. Section 3 is devoted to the
applications of the proposed method to the RNLSE
with anti-cubic nonlinearity. Section 4 contains
discussion and results. Also, Figures of optical
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solitons obtained with technique are shown.
Consequently, Section 5 contains Conclusion.

2. Material and Method

Let us take up a nonlinear partial differential equation
(NPDE) unknown function U and free variable

(x,1);

N(u,u,,u,,u,,..)=0 2)
and by considering the travelling wave transformation
u(x,t) =U (&), & = x—vt 3)
[17]. Putting (3) into (2) give in an ODE of the form
(4)

After that, we received general form of (4) as follow

U =Yud © (5)

NU,U,U,U",..)=0.

where ¢;j are the constans and ¢(&) satisfies the
following auxiliary ODE,

§ (&) =14 (&) +pd &)+ (6)

where 7, and ¢ are the real constans. The value of

n is found using the balancing principle of
homogeneity in (4).

Substitting (5) into (4), we get a polynomial of ¢(&).
Equating each coefficient of polynomial to zero. We
derived a system of algebraic equations which can be
solved by the aid of Mathematica program [18].

It is well-known that (6) has families of Jacobi
elliptic  functions (JEFs) solutions. In this
sn(&, m),ns(&, m),sc(&, m) and so on are the same
types of JEFs. In this, m denotes the modulus of
JEFs, where 0<m<1. The JEFs degenerate into
hyperbolic function when m —1 and turn into
trigonometric functions m — 0 [19].

2.1. Application of Method
We consider the following wave transformation for
the conservation of (1) in to the nonlinear ODE,

W(x,t) = §(E)e”, E=x-Vt,p=—kX+at+0O (7)
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where § is the functional form of the complex wave

profile. Substituting (7) into (1), and we get the
following forms of the imaginary and real parts as
below

—vg§ -2« =0 (8)

and
(IB+O-)Q" +(—a)—7<2,8)§j +51g_3 +62@3 +539As =0. (9)

The imaginary part of (1) yields

V= —2&p, (10)

In real part, by balancing Q" with QS in (9), we come
upn=1/2.So

§(&) = (&)Y (11)

32

By putting (11) into (9) and multiplying by 4777, we

obtain the following ODE
2p+0)r —(f+0)t +4(~o—K"B)r* +45, +46,r  +45 = 0.
(12)

Now balancing r with 7, we get n=1. So from

Q)

7(8) = o, + a,4(S) (13)
where o and o are constans and aq # 0.
Substituting (13) and its necessary

derivatives into (12) and collecting all same powers
terms of ¢(&). So we acquire the following system

45, - doa; - ABx’al +45,a; + 48,0, — gfal —goa =0
-8wa,a, + 2 fa,a, —8PK e a, + 20 ooy, +125,0la, +165,a50, =0

~bdwa +p Pa —dpial +p oal +125,a,a] +245,05a] =0

4lBaya, +4loa,a, + 45,0 +165,a,00 =0
40Ba} +3loal + 45,0 = 0.
Solving the algebraic equations with the

Mathematica, and so results as following

-3l (o + p)

_do-pPp+Aaft—po
% = 35 e

2
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1 . — - _ 2 —m2
w:325 (-967 +80 55, — 32 p5,5° + 8¢ 55,) Case 2: If (=1,p=—(1+m"),c=m", then

N #(&) = ns& . So, we get the following Jacobi elliptic
function solution
(998,6,-96( p 5, +\/§\/27p25“52 ~108 6,0, ~163841 5.6, ).

1
_%f 5 o e 2 s — 1
o g‘(§)=[%[8a)+2ﬂ+2mzﬂ+8ﬂ/¥+20+2m20+L “(ﬁg)ns(f)]] .

Putting these values in (13), we have solution function \/g

of 7(&) . Subsequently, considering that (11), exact (17)

We can obtain the singular solution m —» 1

12 12
1 3V30, /-1 ! 2 . )

W(x,t):(—[sw—zwwﬂﬂﬂ— M]«ﬁ(&)} & pixty=| A 20 3EP0) | e
65, J5, 35, 25,

(14) (18)

Considering the JEFs for ¢(&), the optical soliton,

trigonometric function and singular solutions of (1)
are obtained.

solution form (1) as follow

Case 1: If (=m’ p=—(1+m’).c=1, then
#(&) = sn& . JEF solution

6(6)= [4a)+/}+m p’+4ﬂz< +o+mo \/—\/ ﬁ+o ]2
5, 25, |

(15)
Figure 2. The 3D plot and contour plot for solution
of Eq. (18). Values chosen are 61 =-0.1,6, =5,
1/2
2 (-4 - _ = = =_
v :[4w+2/)’+4ﬂ1c +20\B(-p-o0) tanh(x_vt)j > S3=1,k=1and

3, 25,

We can obtain the dark optical soliton solution m — 1

Case 3: If ¢=1-m’,p=2-m’¢=1, then

(16)
¢(&) = scé . So, we get
12
)= | o+ 202 +46%)+ 20241+ W' -1)p+) (@) || -
6, "
(19)
We obtain the travelling wave solution including of a
trigonometric function when m—0
. . W) =| —| 2(b0+ B(-1+4x) 3“/_5 SWIN PO ei .
Figure 1. The 3D plot and contour plot for solution 652 \/_
of Eq. (16). Values chosen are 61 =—-0.1,6, =2,
(20)

o3=1l,xk=1land f=-1.
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Figure 3. The 3D plot and contour plot for solution
of Eqg. (20). Values chosenare & =1,07 = 2,

03=-2,k=2and f=-

Case 4: When (=1,0=2-m’¢c=1-m?, then
#(&) = csé . So, from (14)

|1 3{54

g(f)—[wz[ (bo+ B(2+m +4c%) +o(-2+m) \/_3 ]] ,

(21)

If m — 0, we can obtain the travelling wave solution

function
12
cot(x—vt)j] e’

(22)

33,-p-0
3

P(xt)= [652(80) 4p+8pk* ~do +

o U
H i
EEES 0
¢ ) =
10 =
¥ L0
2" 20

Figure 4. The 3D plot and contour plot for solution

of Eq. (22). Values chosenare 61 =1,09 =2,
03=-2,k=2and f=—-
1-m’ 1+m? 1-m?
Case 5: When /= 0= > N 1

then ¢(&) = ncé +scé. So, from (14)
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3(5,/ 148+ 0)
T

(ncé iscg)]] :

(23)

i(¢)= [65 [8(,0 (L+m')B+86K" - a{L4m’) +

If m — 0, we can obtain the travelling wave solution
function

¥y [i[gw‘ﬂ%ﬂlf —G+M
W, 0

(sec(v—vt)ttan(x—vt))]] e’

(24)

Figure 5. The 3D plot and contour plot for
solution of Eq. (24). Values chosen are 6] = 2,

52=2,53:—2,K=0.1and,8:—
1 m’ -2 m’

Case 6: If (=— 0= ,c=—, then
480 2 4 4

#(E) = ns& £ ds& . So, from (14)

3I§J_
ool

A _i m? 2
g(§)-{652[8w+(2 m’ +8x°)f-o(-2+m’)

(ns& £ dsé) D

(25)

So, while m — 1, we can obtain the combo singular
soliton solution

33-p-c

P(xt)= [é[&ow(ﬂ&cz) to+ (coth(v-wt) tcsch(x—vt))]] e,

(26)
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Figure 6. The 3D plot and contour plot for solution
of Eq. (26). Values chosenare &1 = 2,07 = 2,

S3=-2,k=0land B=—

mZSOZ
2\2

Q+m)¢

({5
st

(27)

Case 7: If ¢(>0,p<0,c= , and this
m’p
(1+m?)*¢

conditions, ¢(¢&) =

from (14)

- [[8w+ﬂ+4ﬂxa N_

3, 25,
Specially, if />0, <0 and m —1, we can obtain
the dark optical soliton solution as follow

P(x)= [4a)+/)’+4ﬂ1< +0o \/_«/

36

2

2,/26,
(28)

Figure 7. The 3D plot and contour plot for solution
of Eq. (28). Values chosenare 6] =2, = 2,

03=-1,k=05and f=-

]1/2

[ﬁj]
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Case 8: If /=1, p=m*+2,¢=1-2m*-4m"
dné&cn
¢(<§)—ﬂ

following function

3[ 5B~
6(6)= [65 [80) (242m) B+ 86K" - 20 (24 M)+ i3

, and

this conditions, . So, we get the
o) [ dnéené

)

(29)
In this, if m — 1, we can obtain the bright-singular
optical soliton solution as follow

R
Tk

12
(sech(x-wt)esch(x- vt))J]

(30)

P(x)= [G—;[Bw—(iﬂ%ﬂkz -0+

Figure 8. The 3D plot and contour plot for solution
of Eq. (30). Values chosen are 61 = 2,07 =3,

03=-2,k=0.2and g=-2.

Case 9: When /=

__sng
#(S) = Teen

o

If m—1, we can obtain the dark-bright optical

soliton solution as follow
12
tanh(x - vt) o
1+sech(x—v) '

(32)

-l>||—\

. So, we get the following function

)
s

8o+ B(-1+2m’° +8«7%)
60.

2

2m1

sné&
1tcené

|

(31)

)

3\/§52 (-8-0)

P(x,t) = [6—;(8w+ﬂ+8ﬂxz +o+
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Also here, while m— 0, we get travelling wave
solution with the including of trigonometric function

T(X,t):[——[—8w+ﬂ—8ﬂz 0__3\/552— “(_ﬁ_g)tan(x;w)]] e”.
: 2\, 2
(33)

Figure 9. The 3D plot and contour plot for solution

of Eq. (33). Values chosenare 61 = 2,07 =1,
03=-2,k=1and f=—-
Case 10: When
2-m° —2y1-m m’
= = ——-1-31-m
4 2
2-m’ —24/1-
c= m , and
4
m’snéen
Sneche . S0, we get

#(8) =
sn’E(l+41-m’dné —1-v1-m°)

the following function
oyl

¥

sné

Y

If m—1, we can obtain the dark-bright optical
soliton solution as follow

Also here, while m — 0, we get travelling wave
solution with the including of trigonometric function

qf(x,t):[_é(-smﬁ-sﬁﬁa-m@ EF=0) o[ XM

__Gta(
\/g 2

|

(34)

1 . .
§(6) =] —| 160+ 2B2-m +6 1—m'+8;c 2m -lo
126 1+cné

tanh(x-vt)
L+sech(x-vt)

(35)

3o 5
b,

P(xt)= (%[Saﬁrﬂ%ﬂrf to+

(36)

)
)

i

lp
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3. Results and Discussion

This section contain the graphical representation of
some new exact traveling wave solutions of the
equation (1). The software Mathematica is used to
describe the behavior of wave solutions. These
solutions include dark solitons, singular soliton,
trigonometric function solutions, combo singular
soliton, bright-singular soliton and dark-bright optical
solitons. The 3D and contour plots for different wave
solutions of (1) are demonstrated in Figs. 1-9.

|w(x,t)| received while drawing figures. Also,

P <0 and 0,0, <0 are necessary conditions for all

waves to occur. Under these basic conditions, figures
are drawn by appropriate selection of the values of
arbitrary parameters.

In Fig. 1, (16) shows dark optical soliton. Fig.
2 represents the graph of solution given in (18), which
is singular soliton. In Figs. 3,4 and 5, the graphs for
(20), (22) and (24) illustrating trigonometric function
solutions are shown. Fig.6 represents the graph of
solution given in (26), which is a combo singular
soliton solution. In Figs. 7 and 8, the graphs for (28)
and (30) illustrating dark and bright- singular soliton
solutions respectively are shown. Similarly in Fig. 9,
the graph for (32) is presented dark-bright optical
soliton solutions.

4. Conclusion and Suggestions

In this work, we investigate the optical soliton and
wave solutions of the RNLSE with anti-cubic
nonlinearity throughthe use of the JEFM. The
approach is very powerful scheme that first
transforms the NLSE to an ODE through a complex
wave transformation. So the coefficients of equal
power and compared in the obtained ODE’s. Finally,
the obtained algebraic equation system is solved in

. Mathematica. The 3D and contour plots of dark

solitons, singular soliton solutions, periodic solutions,
combo singular solutions, bright-singular soliton and
dark-bright soliton solutions are also provided along
with suitable choice of values of arbitrary parameters.
As a result of the calculations, it has been seen that

P <0 and 0103 <0 are necessary conditions for
the formation of soliton and periodic waves. The

results presented in this research are novel and can be
a valuable addition in the literature.
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