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a  b  s  t  r  a  c  t

The  soliton  dynamics  in optical  fibers  with  Fokas–Lenells  equation  is  illustrated  in  this
paper.  Bright,  dark  and  singular  soliton  solutions  are  retrieved  along  with  few  forms  of
combo-soliton  solutions  that  also  naturally  emerged  from  the  three  integration  schemes
applied  to  the  model.  The  existence  criteria  of  these  solitons  are  also  presented.
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1. Introduction

Optical solitons have meticulously sculpted pulse transmission technology, through a variety of waveguides, over the
past few decades. There are several mathematical models that describe this engineering marvel at a superlative level [1–10].
One of the models that govern this dynamics first appeared about a decade ago. This is the Fokas–Lenells (FL) equation
[7,9,10]. This model has gained quite a bit of familiarity in the fiber-optic community since its first appearance. There
are several forms of soliton solutions that have been retrieved for this model in the past. However, none of these works
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have considered the effects of perturbation terms that appear from natural causes in soliton transmission dynamics. This
current paper addresses FL equation that is studied with a few perturbative effects included. Three exotic and efficient
integration schemes are applied to retrieve soliton solutions to the model. They are bright, dark and singular solitons as well
as complexitons and combo-solitons. The existence criteria of these solitons are also presented. The details are all visible in
the upcoming sections.

1.1. Governing model

The perturbed FL equation to be studied in this paper is [7,9,10]:

iqt + a1qxx + a2qxt + (bq + i�qx) |q|2 = i
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]
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This is the model that was lately proposed to describe the soliton dynamics accurately in various waveguides [7,9,10]. The two
independent variables are x and t and they correspond to spatial and temporal variables respectively. The dependent variable
q(x, t) is a complex valued function that represents the soliton profile. In (1), a1 and a2 are the coefficients of group velocity
dispersion and spatio-temporal dispersion respectively. Also b is the coefficient of Kerr law nonlinearity and � represents
the nonlinear dispersion. Then, from the right hand side of (1), Next, from the right hand side, we have the inter-modal
dispersion is the coefficient of ˛, while � and � are the self-steepening and nonlinear dipersion terms respectively.

2. Mathematical analysis

In order to solve the model, the following hypothesis is framed:

q(x, t) = U(�)ei�(x,t) (2)

where U(�) represents the shape of the pulse and

� = x − vt, (3)

and the phase component is defined as

� (x, t) = −�x + ωt + 	0. (4)

Substituting (2) into Eq. (1) and decomposing into real and imaginary parts, give

(a1 − va2)U ′′ + (b + �� − ��)U3 − (ω + a1�
2 − �ωa2 + ˛�)U = 0, (5)

and

(v − a2 (�v + ω) +  ̨ + 2a1�)U ′ + (3� + 2� − �)U2U ′ = 0. (6)

From (6), setting the coefficients of the linearly independent functions to zero gives the speed of the soliton as:

v = a2ω −  ̨ − 2a1�

1 − a2�
,  (7)

and the constraint condition

� = 3� + 2	, (8)

with the constraint

a2� /= 1. (9)

By applying Eq. (7) in Eq. (5), we get{
a1  ̌ − (a2ω −  ̨ − 2a1�)a2

}
U ′′ + ˇMU3 − ˇ(ω + a1�

2 − �ωa2 + ˛�)U = 0, (10)

where

 ̌ = 1 − a2�, M = b + �� − ��. (11)

2.1. Modified Kudryashov’s method

According to the modified Kudryashov method [1,4,8], we  get from Eq. (10) the expression for

U(�) = c0 + c1Q (�), (12)

where c0 and c1 are constants to be determined, such that

Q (�) = 1
1 + KA�

, (13)
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