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This  paper  studies  differential  group  delay  in optical  fibers  with  coupled  Fokas–Lenells
equation.  Two  integration  schemes  are adopted.  They  are  trial equation  method  and  mod-
ified  simple  equation  scheme.  Bright,  dark and  singular  soliton  solutions  are  retrieved
together  with  their respective  existence  criteria  that are  also  presented.
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1. Introduction

The phenomena of differential group delay (DGD) is unavoidable in soliton transmission through a fiber optic cable.
This unwanted feature stems from rough handling of fibers and its nonuniformities. This cumulative effect of DGD leads
to birefringent optical fibers. Mathematically, it is the vector coupled version of the model equation that is studied in this
context such as coupled nonlinear Schrödinger’s equation (NLSE). This paper will study the vector-coupled version of another
popular model in fiber-optic transmission technology. It is the Fokas–Lenells equation (FLE) that was  proposed about a decade
ago and gained popularity ever since [1–15]. The coupled FLE is already studied by some authors [4,8,14,15]. There are two
integration schemes that will analyze the coupled FLE in this paper. They are trial equation method and the modified simple
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equation scheme. These methods will reveal bright, dark and singular soliton solutions to the model. After a quick overview
of these integration schemes, the details are explored in the remainder of the manuscript.

1.1. Governing model

The dimensionless form of coupled FLE is written as:

iqt + a1qxx + b1qxt + (c1|q|2 + d1|r|2)(�1q + i�1qx) + qr∗(�1r + i�1rx) = 0, (1)

irt + a2rxx + b2rxt + (c2|r|2 + d2|q|2)(�2r + i�2rx) + rq∗(�2q + i�2qx) = 0. (2)

In (1) and (2), the first term in both of these equations represents the temporal evolution of the pulses in birefringent fibers
and q(x, t) and r(x, t) are complex valued functions that represents the soliton profiles for the two components in birefringent
fibers. For l = 1, 2, al represents the group-velocity dispersion (GVD) and bl are spatio-temporal dispersion (STD) along the
two components. Next, cl and dl are self-phase modulation and cross-phase modulation terms respectively.

2. Revisitation of trial equation method

In this section, we revisit the main steps of trial equation algorithm:

(3) Step 1: Suppose a nonlinear evolution equation (NLEE) with time-dependent coefficients

P(u, ut, ux, utt, uxt, uxx, . . .)  = 0 (3)

can be converted to an ordinary differential equation (ODE)

Q (U, U ′, U ′′, U ′′′, . . .)  = 0 (4)

using a travelling wave hypothesis u(x, t) = U(�), � = x − vt, where U = U(�) is an unknown function, Q is a polynomial in
the variable U and its derivatives. If all terms contain derivatives, then Eq. (4) is integrated where integration constants
are considered zeros.

(4) Step 2: Pick the trial equation

(U ′)2 = F(U) =
N∑
l=0

ılU
l (5)

where ıl, (l = 0, a, . . .,  N) are constants to be determined. Substituting Eq. (5) and other derivative terms such as U′′ or
U′′′ and so on into Eq. (4) yields a polynomial G(U) of U. According to the balance principle we  can determine the value of
N. Setting the coefficients of G(U) to zero, we get a system of algebraic equations. Solving this system, we can determine
v and values of ı0, ı1,. . .,  ıN.

(5) Step 3: Rewrite Eq. (5) by the integral form

±(� − �0) =
∫

dU√
F(U)

(6)

Based on the discriminants of the polynomial, we  classify the roots of F(U), and then perform the integration in Eq. (6).
Thus, we list the exact solutions to Eq. (3).

2.1. Application to FLE

In order to solve Eqs. (1) and (2) by the trial equation method, the following solution structure is hypothesized

q(x, t) = P1(�)ei�1(x,t), (7)

r(x, t) = P2(�)ei�2(x,t), (8)

where the wave variable � is given by

� = x − vt. (9)

Here, Pl(�) (l = 1, 2) represents the amplitude component of the soliton solution and v is the speed of the soliton, while the
phase component �l(x, t) (l = 1, 2) is defined as

�l(x, t) = −�lx + ωlt + 
l, (10)

where �l are the frequencies of the solitons in each of the two  components, ωl are the wave numbers, while 
l are the phase
constants.
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