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A B S T R A C T

This paper obtains bright and singular dispersive optical solitons for birefringent fibers in a
parabolic law medium. The extended trial function algorithm was implemented to extract these
soliton solutions. In addition, cnoidal and snoidal wave solutions are also recovered for the
model.

1. Introduction

Pulse splitting in optical fibers is a growing concern in soliton dynamics for optical fibers and PCF. This occurs due to non-
uniformity in fiber diameter and is a manufacturing defect. This leads to pulse splitting and hence the effect of differential group
delay (DGD) comes up. The cumulative effect of DGD is known as birefringence. This paper addresses the problem for dispersive
solitons that is studied in a parabolic law medium and is governed by Schrödinger–Hirota equation (SHE). There are several per-
turbation terms that are included in the model that arises from various factors in soliton propagation dynamics. A wide variety of
proposed mathematical analysis exists to address soliton dynamics in optical fibers and other nonlinear evolution equations [1–10].
This paper will adopt the extended trial function method to analyze the coupled SHE with perturbation terms and parabolic law
nonlinearity. Bright and singular soliton solutions emerge from this integration scheme. These soliton solutions exist with certain
parameter restrictions that are also presented. After a quick introduction to the model, the detailed derivations are given in the rest of
the paper.

1.1. Governing model

In the presence of Hamiltonian type perturbations, the governing equation for the propagation of solitons through birefringent
fibers with parabolic law nonlinearity is given by the following SHE [9]:
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In Eqs. (1) and (2), the unknown functions q(x, t) and r(x, t) are the optical wave profiles for the two components in birefringent
fibers; x and t represent the spatial and temporal coordinates, respectively. For l=1, 2, the constant parameters al, bl, cl, λl, νl and γl
are, respectively, group velocity dispersion (GVD), self-phase modulation (SPM), cross-phase modulation (XPM), inter-modal dis-
persion (IMD), self-steepening and third-order dispersion (3OD) for the two polarized pulses. The terms with dl, el and fl are associated
with the quintic nonlinear terms of the parabolic (cubic–quintic) law nonlinearity [2,8,9]. Finally, ξl and θl are the nonlinear dis-
persions.

2. Mathematical analysis

In order to seek optical solitons to the coupled system given by (1) and (2), the starting hypothesis is taken up in the form as
indicated below:

=q x t P ξ x t iϕ x t( , ) [ ( , )]exp[ ( , )],1 1 (3)

=r x t P ξ x t iϕ x t( , ) [ ( , )]exp[ ( , )],2 2 (4)

where Pl(ξ) for l=1, 2 are the amplitude components of the two solitons and

= −ξ x v t, (5)

and the phase components ϕl are defined as

= − + +ϕ κ x ω t θ ,l l l l (6)

for l=1, 2. Here, v is the velocity of the solitons, κl are frequencies of the two solitons while ωl are the soliton wave numbers and θl
are the phase constants. Substituting (3) and (4) into (1) and (2) and splitting into real and imaginary parts give rise to
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for l=1, 2 and = −l l3 . Utilizing the balancing principle leads to

=P P ,l l (9)

and then integrating Eq. (8) with zero constant of integration, one has
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Eqs. (10) and (11) will now be analyzed in two different cases.
Case-1: In this case, from (11), the third term implies

=γ 0,l (12)

for l=1, 2. This means that optical soliton solutions for the governing coupled system, will exist provided third order dispersion
vanishes. Therefore, Eqs. (10) and (11), by virtue of Eq. (12), reduces to
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respectively. The remaining linearly independent functions, from Eq. (11), bring about the constraint

+ + =ν ξ θ3 2 0,l l l (15)

and the velocity of the soliton

= −v λ a κ2 .l l l (16)

Equating the two values of the soliton velocity (16) gives
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