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Introduction

In the field of nonlinear optics, solitons are well-known topics of research.
There are various representations and evaluation processes of physical systems from fluids to optics. Examining the manufacturing phenomena of
transfer across trans-oceanic and trans-continental solitary wave solutions
obtained through analytical method are very useful and many well-organized
methods have been developed during the past few decades [5,6]. A Solitary
wave is a wave packet which propagates in non-dispersive media [7] and maintains its shape even after collision with other solitons.
For decades this area of research has made a vast development. Optical
soliton is one of the main areas of research in the non-linear optics field.
Here we are using a quite different approach and we present a broad variety
of chirped optical soliton solutions non-linear Schrodinger equation (NLSE)
with constant coefficients and third order dispersion and self-steepening effect [8]. We determine the existence of dark, singular and bright solitons.
We also show that the resulting chirp has linear and nonlinear contributions
associated with each of these optical solitons and directly proportional to the
linearity of the wave. Recently, numerous efficient and powerful techniques
have been used to obtain exact bright, dark, and singular soliton solutions of
the NLSE model with Power, Double power, and Kerr nonlinear properties
[30-45]. In this article, we will use another method to obtain a set of soliton
solutions for GRD-NLSE with dual power law nonlinearity [1]. The soliton
solutions include bright, dark, and singular nonlinear chirp solitons for the
model discussed
iqt + aqxx + b|q|2m q = iαqx − iγqxxx + iλ(|q|2m q)x + iν(|q|2m )x q

(1.1)

The wave profile is denoted by the complex valued function q(x, t), where
x and t are the independent variables. In Eq.(1.1) a and b are real numbers and a shows the group velocity dispersion (GVD) component, and b is
the nonlinearity coefficient. In Eq.(1.1) γ is the third-order dispersion and
α represents the coefficient of the intermodal dispersion, λ is the constant
correspondingly related with self-steepening (SS) and amplification. Finally,
the non-linear dispersion coefficient is ν. Eq. (1.1) is the NLSE with dual
power law nonlinearity. In Eq.(1.1) m is the dual power law parameter with
m = 1,2,3, ... n, the nonlinearities of the order up to 2n + 1. If m = 1,
then we get the Kerr nonlinearity. If m = 2, then we get the quintic [10]. If
m = 3, then we get the septic and so on.
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2

Substance of Solitons

To find the chirp optical solitons solution we consider the transformation
q(x, t) = ρ(s)ei[χ(ξ)−ωt] ,

(2.2)

where ρ is a real valued function and χ is traveling waves concatenates [5].
∂
Hence the associated chirp in given by δΩ(t, x) = − ∂x
[χ(ξ) − ωt] = −χ́(ξ).
Substituting Eq.(2.2) into Eq.(1.1) and separating imaginary and real parts,
we get the following equations
′

′

′

′′

′

′

′′

′

′

′

′′

′

′

−ωρ − uρ + 2aρ χ + aρχ − αρ′ − γρ χ 2 − γρχ χ − γρχ 2 − 2γρχ χ − γρ χ 2
′′′
′
′
′
+γρ − 2λmρ2m ρ − λρ2m ρ − 2νmρ2m ρ = 0.(2.3)
and
′′

′

′

′

′

′′

′′

′

aρ + uρχ − aρχ 2 + bρ2m+1 = −αρχ − γρχ 3 + γρ χ + γρ′ χ + γρ′′ χ
′′′
′′
′′ ′
′ ′′
′
+γρχ + γχ ρ + γχ ρ + γχ ρ − λρ2m+1 χ .(2.4)
Now we use an ansatz given by Eq.(2.5) to solve equation Eq.(2.3) and
Eq.(2.4). This transformation depends on the amplitude of wave
χ́ = βρ2m + η.

(2.5)

So, the resultant chirp takes the form δσ(t, x) = −(βρ2m + η). The nonlinear
chirp parameters are β and η [5]. This gives the chirp which propagates rely
on intensity, δσ(t, x) = −(βρ2m + η), where I = |q|2 = ρ2 .
Now, by putting the transformation Eq.(2.5) in Eq.(2.4), we get relations
for β and η
β=−

2m(λ + ν − a) + λ
.
2a − 2γη(2 + 3m)

(2.6)

p
a2 − 2uγ − 2αγ
.
2γ

(2.7)

and
η=

a+

substituting Eq.(2.5)-(2.7) into Eq.(2.3) we get
′′

′

′′

ρ + σ1 ρ2m+1 + σ2 ρ4m+1 + σ3 ρ + σ4 ρ2m ρ + σ5 ρ6m+1 + α6 ρ2m ρ
′
+α7 ρ2m−1 ρ 2 = 0

(2.8)
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Eq.(2.8) is elliptic which shows the amplitude growth in nano optical fiber.
Now we want to find an equation for Eq.(2.8) which is analytical for the
values of ai 6= 0, where (i = 1, 2, ...7) to get singular dark, bright and soliton
solutions. The a′i s are given below
β(u + 2aη + α + 3γη 2 ) + b + λη
β(aβ + 3βγ + λ)
, σ2 =
,
a − γη
a − γη
β(u + 2aη + α + 3γη 2 ) + b + λη
−4mγβ
γβ 3
σ3 = −
,
σ
=
,
σ
=
,
4
5
a − γη 2
a − γη
a − γη
4mγβ
3γβ
, σ7 = −
(. 2.9)
σ6 = −
a − γη
a − γη
σ1 = −

We will also find families solution for chirped solitons for higher order GRDNLSE.

3

Chirped Solitons

Here we give the exact solitons solution of Eq.(1.1). The exact solution
arises from the presence of physical constraints as in previous studies. These
solutions deliver results in the form of non-linear pluses which depend on the
intensity of the impulse force.

3.1

Bright Solitons

Here we will present solution of the chirped soliton and its major types.
There we came across two kinds of bright solutions with parametric settings.
We obtain two types of bright solutions with parametric settings.
These solutions were obtained in explicit form. Hence the related chirping
are given below
Case I: Suppose the bright solitons is of the form.
ρ(ξ) =

B
,
[1 + Dcosh(Lξ)]1/2m

The values of B, D and L are given by
1/2m

2(1 + m)σ3
,
B=
σ3 σ6 − σ1 + σ3 σ7

(3.10)

(3.11)
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D=



σ1
−
(1 + 2m)σ3 σ6 + σ3 σ7

1/2

(3.12)

and
L=



2

− 4m σ3

1/2

(3.13)

.

The bright soliton is exact if (1 + 2m)σ3 σ6 + σ3 σ7 < 0 is an even integer
by Eq.(3.12). But, if m is an odd integer of Eq.(3.12), then it is pointing
downwards.
q(x, t) =

B
ei[χ(ξ)−ωt] ,
[1 + Dcosh(Lξ)]1/2n

the following relation show frequent chrip


βB 2m
+η .
δΩ(t, x) = −
1 + Dcosh(Lξ)

(3.14)

(3.15)

where the values of B, D and L re specified in equations (3.11)-(3.13).
Case II: Suppose another bright soliton solution is of the form
ρ(ξ) =

C
,
[1 + κcosh2 (Qξ)]1/2m

(3.16)

where C, Q and κ values are given below
C=



2(1 + m)σ3
−
σ1 − σ3 σ6 − 4m2 σ3 σ7

Q=



2

− m σ3

1/2m

,

1/2

(3.17)

(3.18)

and
κ=




2(1 + m)σ3 σ4 + σ1 (σ1 − σ3 σ6 − 4m2 σ3 σ7 )
.
−
mσ3 σ6 (σ1 − σ3 σ6 − 4m2 σ3 σ7 )

(3.19)

It is essential to have σ1 − σ3 σ6 − 4m2 σ3 σ7 > 0 bright soliton produce if we
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take the value of n to be even. By putting these values in Eq.(3.16) we get
bright soliton with nonlinear chirp as
Q(x, t) =

C
ei[χ(s)−ωt] ,
[1 + κcosh2 (Qξ)]1/2m

(3.20)

and its resulting chirping takes the form

δΩ(x, t) =



C 2m
+η
[1 + κcosh2 (Qξ)]



where C, Q, κ are given by the relations (3.17)-(3.19).

(3.21)
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Figure 1: Bright Soliton of Case I and Case II

with the different parameters of case I, µ = 6.4, T = 1.37, q = −1.6, − π3 <
ξ < π3 , M = 2, n = 1, p = 0.5 and case II, Q = 0.4, p = 1.18, q = −1.3, m1 =
0.5, m2 = 4, − π3 < ξ < π3

3.2

Dark Solitons

Now we discuss dark soliton solutions which are also interesting because of
their stability due to the effects of material losses. To justify the constraints,
two kinds of dark soliton solutions are given by equation Eq.(1.1).
Consider the following form of dark soliton solutions
ρ(ξ) = [E(1 ± tanh(Φξ))]1/2m ,
where the values of E and Φ are given by,

 21
2
Φ = 2m σ3 ,

(3.22)

(3.23)

and
1

σ3 σ7 − (1 + 2m)σ3 σ7 2
.
E=−
2σ5

(3.24)

provided that the wave parameter Φ is real, the chirped dark soliton solution
of Eq.(1.1) takes the form.
Q(x, t) = E(1 ± tanh(Φξ))]1/2m ei[χ(s)−ωt] ,

(3.25)
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Figure 2: Dark Soliton
with the, Q = 1.4, E = 8, p = 0.2, q = 1.5, n = 1, − π3 < ξ < π3 .

while the associated chirping is
δΩ(t, x) = −βE(1 ± tanh(Φξ) + η),

(3.26)

where Φ and E are given by the relations Eq.(3.23) and Eq.(3.24).

3.3

Singular Solitons

There are two kinds of singular solutions which result under definite constraints conditions. These groups of actual singular solutions are reflected in
terms of the functions ”coth” and ”sinh”.
Now we discus the two kinds of singular soliton solutions under certain
constraints. These two groups of actual singular solutions, given by the two
functions ”coth” and ”sinh”.
Case I: : Consider the first type of singular soliton solution of the form
ρ(ξ) = [G(1 ± coth(ϑξ))]1/2m ,

(3.27)
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where the values of ϑ and G are


2

ϑ = 2m σ3

1/2

,

(3.28)

and
1/2

σ3 σ3 + (1 + 2m)σ3 σ6
.
(3.29)
G=−
α2
provided ϑ is real. Thus we have a chirped singular soliton solution for
Eq.(1.1)
Q(x, t) = [G(1 ± coth(ϑξ))]1/2m ei[χ(s)−ωt] ,

(3.30)

to consequent chirping set by
δΩ(t, x) = −βG(1 ± coth(ϑξ)) − η.

(3.31)

On the other hand, ϑ and G are illustrated by Eq. (3.28) and Eq.(3.29).
Case II: Now consider another singular soliton solution
N
ρ(ξ) =
,
[1 + Rsinh(τ ξ)]1/2m
where the values N, R and τ are

1/2m
2(1 + m)σ3
N= −
,
σ1 − σ3 σ6 − σ3 σ7
1/2

σ1
R= −
(1 + 2m)σ3 σ6 + σ3 σ7
and

1/2
2
τ = − 4m σ2
.

(3.32)

(3.33)

(3.34)

(3.35)

Based on the results above, Singular soliton solution of Eq.(1.1) is given by
N
ei[χ(s)−ωt] ,
(3.36)
Q(x, t) =
[1 + Rsinh(τ ξ)]1/2m
where the consequent is of the form


βN 2m
δΩ(t, x) = −
+η ,
(3.37)
1 + R sinh(τ ξ)
where N, R, τ and are given by the relations (3.33)-(3.35) with the different
parameters of case I µ = 2.3, G = 7.4, p = −2, q = −1.2, n = 3, − π3 < ξ < π3
and case II µ = 4.5, p = 1.5, N = 12, R = 1.5, − π3 < ξ < π3 , n = 3, q = 1.5.
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Figure 3: Singular Soliton with Case I and Case II

4

Conclusion

We will delve deep into the nonlinear Schrödinger equation with the dual
power law under the lenses of generalized resonant dispersive nonlinear terminologies. Here, we have taken another aspect related to nonlinear chirping
with the soliton pulses which travel in that medium. An assorted class of
soliton solution have been taken into consideration which shows non trivial
phase that ages with extreme intensity. The nonlinear chirp is closely linked
with each soliton solution.
The feasible conditions for the application of chirped pulses are also elicited.
The results are of primary importance especially regarding the nano fiber
optic system. Hence, in this way chirped solitons are gained. The analogues
which are contributing to the criterion are also taken into consideration that
are observed during analysis. This work paves the way for future research
and offers students a lot of encouragement and inspiration in the field of
chirped soliton. Conditions for the propagation of chirped pulses to exist
are also extracted. The results thus obtained are of prime importance, in
particular, for soliton-particularly applications of nano optical fiber systems.
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