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1. Introduction is useful in the explanation of the
The NLSE, or Nonlinear Schrodinger propagation of light in nonlinear optical
equation, is highly relevant since it may fibers, Bose-Einstein condensates, and
be applied to a wide range of domains. It plasmas. Furthermore, it is essential to
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comprehending phenomena in quantum
mechanics, mathematical biology, nano
optical fibers, superconductivity, and
many other domains. The widespread
application of nonlinear Schrodinger
type models has helped both the
development of all-optical, ultra-fast
switching systems and the research of
long-distance optical communications.
One of the inventions that had the
biggest influence was the use of Soliton
in optical fibers for digital information
transmission [1-21].

This paper's primary objective is
obtained the solitary wave solutions of
the resonant nonlinear Schrédinger's

equations  using the  well-known
extended simple equation method
(ESEM).

2. The Governing Resonant NLSE

Consider the resonant nonlinear

Schrodinger equation, as [1]:

o+ @ +y LU+ BY () = 0
(1)

In Eq. (1), the function ¢ represents a
complex-valued function defining the
profile of the complex wave. The variable
x corresponds to the non-dimensional
distance along the fiber, and t represents
the time dimension. In Eq. (1), B and v is
the coefficient of nonlinear terms. The
group velocity dispersion is denoted by
the symbol « in Eq. (1). This paper will
obtain soliton solutions to Eq. (1) for
different types law of nonlinearities
using the extended simple equation
method.

3. Methodology of the Extended
Simple Equation Method
(ESEM)

In this section, the extended form of the
Simple Equation Method (ESEM) is

introduced to obtain the traveling wave
solutions [1]. The nonlinear evolution
equation (NLEE) can be written, as

H@W, e, ¥x, Wre, W Yes oo vvv ) = 0

(2)

Here ¥ = y(x,t) denotes a function of
the variables x and t in space and time,
respectively.

Step 1: Consider the following wave
form y(x, t) in Eq. (1) is a complex,

Y, t) = u(€) el b0 (3)

Where ¢ = kx+ wt, and the phase
O(x,t)=px+vt+ 6, , u(é) is the
amplitude component of the wave and w
is its speed. p is the soliton frequency; v
is its wavenumber and 6, is the phase
constant.

The conversion of Eq. (2) into the ODE is
given below:

S(q,9',9",9q",.c......) =0 (4)

Step 2: Considering the form of the
solution for Eq. (4):

Q®) = XIZL B (9 (5)
Here, Bj is real constant.

Step 3: Find the positive integer N
appeared in Eq. (5) by employing the
balance rule between Eq. (4)’s non-linear
terms and the highest-order derivative.

Step 4: Suppose that f satisfies the
following differential equation:

f'(€) = by +bif(E) + b [f(O)]*  (6)
where by, by, b, are arbitrary constants

Step 5: For different values of b; , the
solutions of Eq. (6) are given below:

When by, = 0:
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by eP1(6+40)

@) =1 @ b1>0, (7)

b, eb1(+&0)
f(f)=—m,b1<0 (8)
When b; = 0:

bob, t bob +
f(f) _ Vbob2 an(\b/zo 2 (€ fo))’ bObZ >0,

/4b0b2—bf tan(% [4bob, —b? (f+$o)>—b1

(9)

’

__y—boby tanh(y/—bob, (§+£o))
) = Ltz
byb, <0, (10)

The general solution of Eq. (6) is

f) =

2b,

\/4b0b2—bf tan(%\/ﬁtbobz—bf (f+§0)>+b1

&)=

2b,

Step 6: Inserting Eq. (5) with Eq. (6) in
Eq. (4) and equating the coefficients of
powers of fj to zero, the result is a
system of equations. The set of
equations is solved and the value of

4. Travelling wave solution

From Eq. (3), the following equations
can be obtained:

iy, =e®liou —vu] (13)
Y, =ellku +ipu] (14)
p, =e [k*u" + 2ipu’ —p*u ] (15)

Equation (1) can be decomposing into
real and imaginary parts yields a pair of
relations. The real and imaginary parts
of Eq. (1) respectively are:

puF(|ul®) + k?(a +y)u’ —
[P2(a+y)+v]u =0 (16)

w==2(a+y)p (17)

Application of Extended Simple
Equation Method (ESEM)

In this section the Extended Simple
Equation Method (ESEM) is applied to
solve different types of nonlinearities:

4.1 Kerr law nonlinearity

,4byb, > b? and b, > 0, (11)
, 4bob, > b? and b, < 0, (12)
constant  parameters have  been

obtained. By carrying these constant
values and the f (&) values in Eq. (5), the
solution of Eq. (2) is achieved.

For the Kerr law nonlinearity, F(s) = s.
In this case, Eq. (16) simplifies to

Bud+ k*(a+yu” —[p*(a+y) +
vlu =0 (18)
In order to find the values of N, apply
the homogeneous balance principle to
the Eq. (18). By balancing u " and u?
N+2= 3N, then N = 1. Thus u(§) has the
form that is given below:

u(§) = =2+ By +Byf(§) B, #0

£
(19)
u'(§) = [_% - % —b,B_; +
boBy + byByf + bBy 7] (20)
W' (E) = [2 bo;B_1 N 3b01;123_1 n

(by? + 2 byb,) BT + (b, b,B_, +
bobyBy) + B;(2bob, + by *)f +
3 b,b,B, f% + 2b,°B, f3] (21)

By using Eq. (19) and Eq. (6) in Eq. (18)
to get the following equation:
B [33‘1 +3By 2t + 3B, 22
f3 e Ly
3 B,? % + 6ByByB_, + By +

(B_1By + By*)3B.f +3ByB,°f% +
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2bo?B_4

B3f3|+ K@+ )| +

f3
—3”"?23‘1 + (by? + 2 byb,) % +
(by byB_y + bob,By) + By (2bob, +
bi*)f + 3 byibyBy f2 + 2b,°By £3] —
[p?(a +7vy) + v] [%+BO + Blf] =0
(22)
Set of Equations is obtained for different
ordersof f’,j=-3,-2,-1,0,1,2,3
{BB*_, + k2(a +7v)2 by?} % =0
(B [3BoB_1] + k(@ +1)3boby} 5+ =0
{B[3B1B_1 +3 By + k%*(a +
)’)[(512 +2 bobz)] — [p*(a+y) +
-1

U]T=

B [6BoB1B_1 + By®| + k?(a +

YI(by bB_1 + bob,B,)] — [p*(a +y) +

v]By =0

{38 (B_1B; + By*) + k*(a+

Y)(Zbobz + b12) —[p*(a+y) +

v]} Bif =0

3{B BoBy + k*(a+7vy) bib} B, f2 =0

{BB*+ K*(a+y)2b, "} B 3f3 =0
(23)

Constant values of B_;, By, B4, by, b1, by,
are obtained for the following cases:
Casel:

by =0

Then :

B.,=0, By=0, B, = Fikb, /@ ,

v = (kzbl2 —p*)(a+y)

2(aty) by ef1CH0) g
B 1—b, eP1G+50)

Y1(§) = Fikb,

, by >0, (24)

P2(§) =

Fikb, 2(aﬁ+y) (— 13291;12)(;‘;0;0)) et ,

b; <0 (25)
where:

§= kx—2(a+y)pt, and the phase
0 = px + (k?b,” — p?)(a + )t (26)

CaseII:
b1 = 0
Family I:

B—l = ilbok ’@ y BO = 0,

B, = Fi b,k 2(“;” v = [4k2byb, —
p*l(a@+7y)
s(8) = Fik /@ [bo cot (Vb (¢ +

§0)) + by tan (\/bob, (€ +£0))| e ,
bob, > 0, (27)

(5 = Fik /@ [bo coth (/Bob; (£ +

§0)) + by tanh (y/beb, (£ +&))] e*® ,
bob, < 0 (28)

where: ¢ = kx—2(a+y)pt, and the
phase 0 = px + [4k*byb, — p?](a +

Yt (29)
Family II:

B_, = Fibok /@ , By=0, ,
By =TFikb, [Z20,

v=—[8 kzbobz + PZ](a +7v)

then

$s() = Fike (2 [y cot (Bob, (¢ +

§0)) + batan (y/bob, (€ + o)) e ,
bob, > 0, (30)

() = Fik /@ [bocoth (/bob; (¢ +
§0)) + bz tanh (Vbob, (€ + &) e'? ,
bob, < 0 (31)

where: ¢ = kx—2(a+y)pt, and the
phase 0 = px — [8 k?byb, + p?](a +
Yt (32)
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Case II1

B—l = 0, BO = $ l kbl (a+V)

2B

Bl = il b2 k 2(“[:}/)

v=— 3531\/,8(a+y)+(a+

Y) {kz(Zbobz + by ) p }

Then:
W9 = Fik (2 [b, +2b, £()] ¢'°
(33)
Where:
J4b0b2 —b? tan( J4b0b2 —b? (é’+é’0))
f© = o
, 4byb, > b2 and b, > 0, (34)
J4b0b2 b? tan( J4b0b2 b? (€+§’0))+b1
f© = o
, 4byb, > b2 and b, < 0, (35)

] 3
Be, [b + ZBOE + 2B_;B; + Bo2 + 2By By f + Blzfz] the [Bf;1

32_1 2 B_

2 b0 B_ 3b0b1 B_;

kZ(a+ [

§= kx—2(a+y)pt, and the phase
0 =px+vt , v= Bla+y)+

(a +y) {k?(2bob, + by?) — p?}  (36)

Quadratic-cubic law

The general form can be written as
F(s) = c¢;V/s + ¢, 5. In this case, Eq. (16)
simplifies to:

B lciu? + c ud ]+ k?(a + y)u” —
[p?(@+y)+vlu =0 (37)
In order to find the values of N, apply
the homogeneous balance principle to
the Eq. (37). By balancing u "’ and u?
N+2= 3N, then N = 1. Thus Eq. (5) has
the form that is given below:

u@®) = 2 +Bif(§) By #0

(38)
By using Eq. (38) and Eq. (6) in Eq. (37)
to get the following equation:

f(f)

B%_;
+ 3B, 2 +

+3 Bo? =2+ 6BoB1B_y + Bo® + (B_1By + Bo®)3Byf + 3BoBy*f? + By 3| +

+ (bl + 2 bobz) - + (bl sz + bOblBl) +

31(2b0b2+b12)f+3b1b231 f2+2b2 Blf ]_ p (a+)/)+v] I:?l‘l‘Bo‘l‘Blf] = 0

(39)

Set of Equations is obtained for different orders of fj ,j=-3,-2,-1,0,1,2,3

{Bc;B?_1+2by° k2(a+y)}B_; =0

{,3613_1 + 3ﬁ Co BoB_1 + kz(a + y)gbobl}B—l =0

{2B¢1By + B c3[3B1B_1 + 3 By®] + k?(a +y)(by” + 2 bob,) —

p*(a+y)+v]}B_; =0

Bci[2B_1By + Bo?| + B c2[6ByB1B_1 + By®| + k%(a + y)(by byB_1 + bobyBy) —

[p?(@a+vy)+v]By =0

{Bc1[2Bo 1+ B 3[(B_1B;y + Bo?)3] + k2(a +v)[(2bob, + b,%)] — [p?(a +¥) +

v]} By =0

{,36131 + 3 ﬁ CZBOBI + kz((l + )/)3 b1b2 } B1 =0

{B ¢, By* + k*(a +y)2b,*}By =0

Constant values of B_y, By, By, by, by, by,

are obtained for the following cases:
Casel:
by =0
Then:

(40)

B_1 = 0, BO = 0, Bl = iikbz ’Z(aTm )

v = (k?b," —p*)(a+y),
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_ _ 4 , 2B
bl - L 3k (a+y) (41)

= 2(a+y) b eP1¢+¢0)
Yg(§) = +ikb, B 1-b, P1GT0 e

b1 >0, (42)
Po($) =
. 2(a+y) [ byeP1C0) 1\
+ kb, |24 (L - el ,
by <0 (43)

where: ¢ = kx—2(a+y)pt, and the
phase 6 =px + vt

Case II:
by =0 B_, = Fibok /2(“”) ,
2B
—. 2(a+y)
v=(14+3+/c;)2k?(a+y)byb, —
2
Bi-—r*a+y) (44)
Then:

Yao(© = [Fite KD {bg cot (o5, (¢ +

§0))+ by tan (Vhob; (6 + &)} — 2]’
bobz >0, (45)

Y1a(© = [Fik [22 {by coth (BB (¢ +
§0)) + by tanh (VBob, (¢ +60))} —32-e'?

bob, < 0, (46)

where: ¢ = kx—2(a+y)pt, and the
phase 6 =px+vt,

Case 111
= = Fi (a+y) _ a
B_,=0,By=+ikb, 20 3e, ,
Blziibzkz(“—;” . v=BQ2c+
2
3 Co BO)BO + (af + y) {k2(2b0b2 + blz) -
p?} (47)
Then:
e (a+y) o +
Pi,(€) = ["‘l kb, 2B 30, +

iby k /Z(Z;”f(f)] i (48)

Where:

\/4b0b2—bf tan(%\/‘tbobz—bf (f+fo)>—b1

© = - ,

4byb, > b? and b, > 0, (49)
\/4b0b2—bf tan(%\/ﬁlbobz—bf (f+§0)>+b1

£&) = -

, 4byb, > b? and b, < 0, (50)

§= kx—2(a+y)pt, and the phase
0=px+vt ,

5. Conclusion

Using the expanded version of simple
equation method, new exact solitary
wave solutions for resonant nonlinear
Schrédinger's equation are effectively
generated in this study. Certain
solutions are shown graphically by
assigning specific values to the arbitrary
parameters and arbitrary constants.
Periodic  bell-shaped,  dark-bright,
unique, and periodic Solitons are
recovered. These answers serve as a
roadmap for comprehending nonlinear
physical processes. The computational
work confirms the suggested method's
ease of use and simplicity. The various
models that arise in mathematics and
physics can likewise be used with this
methodology.
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