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1. Introduction

Optical soliton perturbation with fractional temporal evolution is one of the viable means to address a growing problem
in telecommunication industry, namely the Internet bottleneck. This problem leads to slow Internet traffic and eventually
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blockage of the traffic. Several mechanisms have been proposed to address this concern. One of them is to choose time-
dependent coefficients of dispersion and nonlinearity. A better and much more efficient method is to consider fractional
temporal evolution which is what this paper will address.

The current work is to study the governing nonlinear Schrédinger’s equation (NLSE) with quadratic-cubic (QC) nonlin-
earity in presence of perturbation terms and higher order dispersions such as third order dispersion (30D) and fourth order
dispersion (40D). It is well known that NLSE as well as other forms of nonlinear evolution equations are addressed by a
variety of mathematical methods [1-30]. In this paper, two approaches will reveal soliton solutions that will illustrate slow
progress of solitons through optical fibers and other waveguides.

There are a variety of ways to define fractional temporal evolution such as Caputo derivative, Baleanu derivative and
others. This paper will employ Khalil’s conformable fractional derivative that will be first introduced. With this definition of
temporal evolution, Kudryashov’s method will lead to the soliton solutions of the perturbed NLSE. Finally, a second method
that is known as Liu’s extended trial equation method also will reveal additional forms of soliton solutions to the model. The
rest of the paper is devoted to revisitation of these concepts and derivation of the soliton solutions.

1.1. Mathematical model

The governing resonant NLSE with conformable time fractional and perturbation terms that is studied in nonlinear optics
is given in its dimensionless form as [7,8,28]
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where DY is the conformable derivative operator of order « € (0, 1] in the t-direction. In Eq. (1), the independent variables x
and t respectively represent spatial and temporal variables. The dependent variable q(x, t) gives the complex-valued wave
profile together with i = +/—1. The coefficient of the real-valued constant a is known as the group velocity dispersion. The
nonlinear terms are given by the coefficients of by and b,, which represent quadratic and cubic forms, respectively. On the
right hand side § is the coefficient of inter-modal dispersion which appears when the group velocity of light propagating
through multi-mode optical fibers or other optical waveguides depends on the optical frequency as well as the propagation
mode involved. The coefficients of y and ¢ are 30D and 40D, respectively. These appear when GVD is negligably small and
thus the higher-order dispersions creep in order to maintain the necessary balance between dispersion and nonlinearity for
the sustainment of optical solitons. The coefficient of A is due to self steepening that is included to eliminate formation of
shock waves. Finally, 6 represents the coefficient of nonlinear dispersion.

1.2. Khalil's conformable fractional derivative

Recently, Khalil et al. introduced a new simple well-behaved definition of the fractional derivative called conformable
derivative. The conformable fractional derivative of order is defined by the following definition [22].
Definition: Let f: [0, oo) — R, then, the conformable derivative of f of order « is defined as

o e fle+ et — f(1)
DY(f(E) = lim=—— =,

forallt>0, o € (0, 1].
This new definition satisfies the properties in the following theorem:

Theorem 1. Let« < (0, 1], f, g be a-differentiable at a point t, then [22]:

(i) D¥(af + bg) = aD¥(f) + bD¢ (g), foralla, b € R.
(ii) DY(t*) = wtt=<, forall o € R.
(iii) DY (fg) = fD{ (g) + gD{ (f)-

. DY (f)-fDf
(iv) DY ({E") _¢8 [(f)ngDt(g).

If, in addition, f is differentiable, then D (f)(t) = tl-o %.

Abdeljawad [1] established the chain rule for conformable fractional derivatives as following theorem.

Theorem 2. Let f:(0, co)— R, be a function such that f is differentiable and also a-conformable differentiable. Let g be a
differentiable function defined in the range of f. Then

TD{ (fog)(t) = t'~*g'(t)f" (1)), (3)

where prime denotes the classical derivatives with respect to t.
Later on, many researchers established exact traveling wave solutions of various nonlinear fractional evolution equations
via this fractional derivative [2,10,16,17,23,27,30].
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