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1. Introduction

In recent years mathematical and physical aspects of nonlinear phenomena draw much attention [1-4]. Since true laws of nature are drawn
by nonlinear interactions. And, one of the inevitable tools for translating these laws into a mathematical language are nonlinear differential
equations. It would not be an exaggeration to say that the past century was a century of nonlinear equations. Many different nonlinear
differential equations have been the subject of studies to explain various nonlinear phenomena. Some of the most famous of these equations
are Korteweg - de Vries (KdV) [5], Boussinesq [6], Cahn-Hilliard [7], nonlinear Schrodinger [8] and Ginzburg- Landau [9], etc. Especially
complex form of Ginzburg-Landau equation (CGLE) is very interesting due to its capability of explaining very complex events in physics
such as superconductivity, superfluidity [10], strings in field theory [11], Bose-Einstein condensation [12], etc. Due to its flexibility CGLE
has been studied extensively by physicist and mathematicians.

In recent years, analytical and numerical solutions of fractional differential partial differential equations have been obtained by different
methods [7,13-16]. (1/G’)-expansion method has been widely used to obtain analytical solutions of partial differential equations [17-19].
This method stands out for its flexibility, reliability and convenience. In this study, new wave solutions of conformable time fractional CGLE
were obtained by (1/G’)-expansion method.

2. Governing Equation
In this study, conformable time fractional CGLE is taken account as the governing equation which is in the form of;

iD! + agy + bG(|q|*)q = algl*(Ig1*)x — B{(lg1*)x}*| + va @.1)
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where 1 € (0, 1), x represents the distance along the fibers, while 7 represents the time; a,b, &, B and 7 are constants. The coefficients a and
b arrise from the group velocity dispersion (GVD) and nonlinearity. The terms a, 8 and y arrise from the perturbation effects in particular, y
occurs from the debasement effect. In Eq. (2.1), function G must possess the uniformity of the complex function G(|¢|?)g which is k times
continuously differentiable, consequently
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To obtain the solution of Eq. (2.1), the usual decomposition into phase-amplitude components produces:
il
qlx,) = H(E)e T 0 2.3)
where the & is defined as
Il
13 :k(x—vﬁ). (24)

The function H denotes the pulse shape, v implies the speed of the soliton, k denotes the soliton frequency; @ represents the soliton wave
number, 0 represents the phase constant. When the amplitude-phase decomposition subrogated into Eq. (2.1) and separating into real and
imaginary parts, the following equations yields:

(Hg)?
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and

v = —2ak.
By decides on

a=28
the first term on the right-hand side of Eq. (2.5) set to zero. Thus Eq. (2.1) becomes

iD}! +agx +bG(|q*)g = |q|§q* 2l (I91*)xe = {(Ia1*)x}?| + g 2.6)
and Eq. (2.5) becomes
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3. (1/G")-Expansion Method

The (1/G’)-expansion method is implemented to various partial differential equations (PDEs) [17—19]. This method is a powerful analtical
method for the computation of analytical solutions of PDEs. Now, lets deal with the nonlinear conformable time fractional partial differential
equation for @(x,¢) in the form

Mg do ¢ 9?
At A S S S 3.1
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where ¢(x,7) is the unknown function and H is the polynomial of ¢(x,7) and its partial derivatives.
Presentation the wave variable as
Il
(p(xvt):(p(€)7§:k(x_vﬁ)' (32)

where k and ¢ are parameters. Using Eq. (3.2), we get Eq. (3.1) becomes an ordinary differential equation for ¢ = ¢(&)
F(o. ¢, 9", ¢",...)=0. (33)

where prime implies derivative respect to &. According to (1/G’)-expansion method, it is supposed that the analytical solutions of Eq. (3.3)
can be expressed as a polynomial of (1/G’) as

o(&)=Y a (é) ay #0 (3.4)

i=0
where G = G(&) satisfies the second order ordinary differential equation
G'+AG +u=0 (3.5)
and a;(i =0,...,n),A, u are constants to be determined later. To obtain the solution of Eq. (3.5) with G = G(&), the Eq. (3.4) will contain

the following equation

1 1

G'(§) —% +Atanh(A&)—Asinh(A&) 3.6)
where A is integral constant.
Stepl.
The positive integer n in Eq. (3.4) can be stated by figuring out the homogeneous balance between the highest order derivatives and the
highest nonlinear terms of @(&) in Eq. (3.3).
Step2.
Replacing (3.4) with Eq. (3.5) into Eq. (3.3) and simplifying by collecting together all the same powered terms of (1/G’), the left hand side
of Eq. (3.3) is turns into a polynomial. After equalizing each coefficient of this polynomial to zero, we get a set of algebraic equations in
terms of ¢;(i =0,...,n),A, U, c,k.
Step3.
By solving the system by symbolic computer software, then replacing the results with the solutions of Eq. (3.5) into Eq. (3.4) leads to
analytical solutions of Eq. (3.3).
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4. Analytical Solutions of Complex Ginzburg-Landau Equation

As it can be seen Kerr law nonlinearity can be applied to Eq. (4.2). Since, non-harmonic motion of electrons with an external electric field
cause to nonlinear responses in the optical fiber. Due to the Kerr law nonlinearity, G(u) is can be taken as u, hence Eq. (2.6) becomes

B

iD]! + agy +blq*q = P 2lq*(lg*)xx — {(la1*)}? | + 7a @.1)
and Eq. (4.2) turns into
I*(a—4P)Hgz — (0+ax® +y)H +bH> = 0. (4.2)

According to the balance principle, we obtain n = 1. Consequently, the analytical solution of Eq.(4.2) can be obtanied as

H(E) =ag+a (é) 4.3)
and thus
¢"(&) =2a1p” (G,Eé))3+3allﬂl (G,Eé))zﬂnﬂ (%) (4.4)

By replacing Egs. (4.3)-(4.4) by Eq. (4.2) and gathering together all the same powered terms of (1/G’), the left hand side of Eq.(4.2) is
turned into another polynomial in (1/G’). Equalizing each coefficient of this polynomial to zero, gets a set of algebraic equations as follows:
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Solving the system above, gets
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By the help of the statements (4.6), (4.3) and (3.6), we obtain analytical solutions of Eq. (4.1) as follows:

/ 2 . o
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5. Conclusions

In this study, the complex Ginzburg-Landau equation (CGLE) used in the evaluation of many physical phenomena such as Bose-Einstein
condensation, superconductivity, super-fluidity, semiconductor laser excitations was solved analytically. In order to solve the CGLE, the
(1/G’)-expansion method, which mathematicians have being used in analytical solution of nonlinear partial differential equations in recent
years, has been used. In this study, it has been shown that the (1/G’)-expansion method can be successfully applied in the analytical solutions
of the CGLE. In addition, the flexibility, reliability and convenience of the method have been demonstrated with a new study.



132

Universal Journal of Mathematics and Applications

References

(1]
(2]

(3]
(4]

(5]

(6]
(71

(8]
(9]
[10]

[11]
[12]

[13]

[14]
[15]

[16]

[17]
[18]

[19]

[20]
[21]

A.B. Abubakar, P. Kumam, A descent Dai-Liao conjugate gradient method for nonlinear equations, Numer. Algorithms, 81(1) (2019) 197-210.

M.S. Gowda, D. Sossa, Weakly homogeneous variational inequalities and solvability of nonlinear equations over cones, Math. Program., 177(1-2)
(2019) 149-171.

R. Garra, E. Issoglio, G.S. Taverna, Fractional Brownian motions ruled by nonlinear equations, Appl. Math. Lett., 102 (2020) 106160.

M.A. Al-Jawary, M.I. Adwan, G.H. Radhi, Three iterative methods for solving second order nonlinear ODEs arising in physics. J. King Saud Univ.-Sci.,
32(1) (2020) 312-323.

A.R. Seadawy, N. Cheemaa, Some new families of spiky solitary waves of one-dimensional higher-order K-dV equation with power law nonlinearity in
plasma physics, Indian J. Phys., 94(1) (2020) 117-126.

J.T. Kirby, A new instability for Boussinesq-type equations, J. Fluid Mech., (2020) 894.

A. Tozar, O. Tasbozan, A. Kurt, Analytical solutions of Cahn-Hillard phase-field model for spinodal decomposition of a binary system. EPL (Europhysics
Letters), 130(2) (2020) 24001.

A. Esen, O. Tasbozan, Numerical solution of time fractional Schrodinger equation by using quadratic B-spline finite elements. In Annales Mathematicae
Silesianae, 31 (2017) 83-98.

O. Tasbozan, A. Kurt, A. Tozar, New optical solutions of complex Ginzburg-Landau equation arising in semiconductor lasers, Appl. Phys. B, 125(6)
(2019) 104.

A. Berti, V. Berti, A thermodynamically consistent Ginzburg-Landau model for superfluid transition in liquid helium, Z Angew. Math. Phys. 64 (2013)
1387-1397.

R.J. Rivers, Zurek-Kibble causality bounds in time-dependent Ginzburg-Landau theory and quantum field theory, J. Low Temp. Phys. 124 (2001) 41-83.
E. Kengne, A. Lakhssassi, R. Vaillancourt, et al., Exact solutions for generalized variable-coefficients Ginzburg-Landau equation: Application to
Bose-Einstein condensates with multi-body interatomic interactions, J. Math. Phys. 53 (2012) 28.

E. Atilgan, O. Tasbozan, A. Kurt, S.T. Mohyud-Din, Approximate Analytical Solutions of Conformable Time Fractional Clannish Random Walker’s
Parabolic (CRWP) Equation and Modified Benjamin-Bona-Mahony (BBM) equation. Univ. J. Math. Appl., 3(2) (2020) 61-68.

H. Yang, Homotopy analysis method for the time-fractional Boussinesq equation, Univ. J. Math. Appl., 3(1) (2020) 12-18.

S. Toprakseven, The Existence and Uniqueness of Initial-Boundary Value Problems of the Fractional Caputo-Fabrizio Differential Equations. Univ. J.
Math. Appl., 2(2) (2019) 100-106.

A. Tozar, A. Kurt, O. Tasbozan, New wave solutions of time fractional integrable dispersive wave equation arising in ocean engineering models. Kuwait
J. Sci., 47(2) (2020).

A. Yokus, An expansion method for finding traveling wave solutions to nonlinear pdes, Istanbul Commerce Univ. J. Sci., 14 (2015) 65-81.

H. Durur, A. Yokus, Hyperbolic Traveling Wave Solutions for Sawada.Kotera Equation Using (1/G')-Expansion Method, AKU J. Sci. Eng., 19 (2019)
615-619.

A. Yokus, H. Durur, Complex hyperbolic traveling wave solutions of Kuramoto-Sivashinsky equation using (1/G’) expansion method for nonlinear
dynamic theory, J. BAUN Inst. Sci. Technol., 21 (2019) 590-599.

R. Khalil, M. Al Horani, A. Yousef, M. Sababheh, A new definition of fractional derivative, J. Comput. Appl. Math, 264 (2014) 65-70.

T. Abdeljawad, On conformable fractional calulus, J. Comput. Appl. Math. 279 (2015) 57-66.



	Introduction
	Governing Equation
	(1/G')-Expansion Method
	Analytical Solutions of Complex Ginzburg-Landau Equation
	Conclusions

