Optik 165 (2018) 233-239

Contents lists available at ScienceDirect

Optik

journal homepage: www.elsevier.de/ijleo

Original research article

Resonant optical solitons with dual-power law nonlinearity R

Check for

and fractional temporal evolution

Anjan Biswas®" ¢, Mohammed O. Al-Amr¢, Hadi Rezazadeh®,
Mohammad Mirzazadeh', Mostafa Eslami¢, Qin Zhou"~,
Seithuti P. Moshokoa ¢, Milivoj Belic'

3 Department of Physics, Chemistry and Mathematics, Alabama A&M University, Normal, AL 35762, USA

b Department of Mathematics and Statistics, College of Science, Al-Imam Mohammad Ibn Saud Islamic University, Riyadh 13318, Saudi
Arabia

¢ Department of Mathematics and Statistics, Tshwane University of Technology, Pretoria 0008, South Africa

d Department of Mathematics, College of Computer Sciences and Mathematics, University of Mosul, Mosul 41002, Iraq

¢ Faculty of Modern Technologies Engineering, Amol University of Special Modern Technologies, Amol, Iran

f Department of Engineering Sciences, Faculty of Technology and Engineering, East of Guilan, University of Guilan, P.C. 44891, 63157
Rudsar-Vajargah, Iran

& Department of Mathematics, Faculty of Mathematical Sciences, University of Mazandaran, Babolsar, Iran

h School of Electronics and Information Engineering, Wuhan Donghu University, Wuhan 430212, PR China

I Science Program, Texas A&’M University at Qatar, PO Box 23874, Doha, Qatar

ARTICLE INFO ABSTRACT

Article history: This paper secures dark and singular resonant optical solitons that is studied with dual-
Received 24 February 2018 power law nonlinearity and fractional temporal evolution. Khalil's conformable fractional
Accepted 28 March 2018 derivative is put into perspective to retrieve these soliton solutions. The parameter restric-
tions for the existence of such solitons are also indicated.

ociIs: © 2018 Elsevier GmbH. All rights reserved.
060.2310

060.4510

060.5530

190.3270

190.4370

Keywords:

Solitons

Integrability

Conformable fractional derivative

1. Introduction

One can only paint a better and improved picture of telecommunications industry with the aid of soliton molecules.
These are bit carriers of information across inter-continental distances all around the globe. The governing model is the
nonlinear Schrodinger’s equation (NLSE) that is studied with varied forms of dispersion and a variety of nonlinear structures
apart from Kerr form. This paper studies the resonant NLSE that is being considered with dual-power law nonlinearity
and fractional temporal evolution of pulses. The results of this manuscript will thus carry unprecendented novelty. The
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evolution of pulses can be therefore controlled and this technology enables the mitigation of a growing problem in soliton
transmission technology, namely the Internet bottleneck. There are several mathematical mechanisms that can handle this
dynamics analytically [1-15]. This paper will employ Khalil’s concept of fractional derivative to retrieve dark and singular
soliton solutions to the resonant NLSE. This derivative was first introduced in 2014 and has gained popularity ever since
[13]. The rest of the paper is dedicated to the derivation of the soliton solutions after a quick overview of the basics.

1.1. Mathematical model

The governing resonant NLSE with perturbation terms and fractional temporal evolution that is studied in nonlinear
optics is formulated in its dimensionless form as: [5,7]:
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where Di‘ is the conformable derivative operator of order ;4 € (0, 1]inthe t > 0is defined by the following [6]
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Later on, many effective methods for obtaining exact traveling wave solutions of various nonlinear fractional evolution
equations via this fractional derivative have been presented [1,13,14].

Now, in (1), the first term represents the fractional temporal evolution where 0 < u < 1, and b is the coefficient of group
velocity dispersion (GVD) while the two nonlinear forms are the coefficients of ¢; and ¢, that bind together and balance
with GVD in a delicate manner for sustaining these solitons. On the right hand side § accounts for inter-modal dispersion
and A is from self-steepening term, while v and 6 are from nonlinear dispersions. The coefficient of ¢ is from Madeling fluids
that makes the model resonant. The full nonlinearity parameter is n. The detailed analysis of the model is discussed in the
subsequent section.

2. Mathematical analysis

In order to solve Eq. (1), we use the wave transformation

q(x, t) = g(s)e' 0 (3)
where g(s) represents the shape of the pulse and
s—xst (W) o, (4)

and the phase component is defined as
D (x, t):—K}H—gt“ +6p. (5)

Substituting (3) into (1), we obtain an ordinary differential equation (ODE)

(@+b-0)g" — (w+ 8k +ax® — ok?)g + (c1 — hic — O) g1 + cg*™1 =0, (6)
along with the constraint condition on the perturbation parameters

2n+1)A+2nv+6=0. (7)
In order to obtain closed form solutions, we use the transformation

g=u", (8)
that will reduce Eq. (6) into the ODE
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Balancing the terms UU” and U# in Eq. (9) yields N = 1. In this section, we construct some exact traveling wave solutions of
Eq. (1) by using the modified simple equation method [8].
Suppose that we have the formal solution of Eq. (9) as follows

U(s) = Ao + A (%) , (10)
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