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Abstract

In this work, new analytic solutions for the nonlinear space-time fractional (3 + 1)-dimensional Jimbo-
Miwa equation and Burger-like equation including conformable derivative are obtained by using the
G'/G expansion method. The obtained traveling wave solutions are represented by the hyperbolic,
trigonometric and rational functions. Simulations of the obtained solutions are presented at the end of
the paper.
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1. Introduction

Fractional partial differential equations play an important role in various fields of science and engineering.
Recently, scientists have developed various methods to solve such equations [1-12].

Jimbo and Miwa [13] first studied the (3 + 1)-dimensional Jimbo-Miwa equation as the second equation in the
well known Kadomtsev-Petviashvili hierarchy of integrable systems. Certain interesting (3+1)-dimensional waves
in physics but not pass any of the conventional integrability tests are modelled by the Jimbo-Miwa equation [14].
Furthermore, it plays an important role in modeling of the three-dimensional waves in plasma and optics. Hirota?s
bilinear method, Kudryashov method, sub equation method, Exp-function method and generalized three-wave
method have been applied to the (3 + 1)-dimensional Jimbo-Miwa equation in [15-19], respectively. Space-time
fractional (3 + 1)-dimensional Jimbo-Miwa equation in the sense of Jumarie?s modified Riemann-Liouville derivative
has been solved by using the generalized Bernoulli equation method and the (G’'/G, 1/G)-expansion method in
[20, 21], respectively. Conformable time fractional (3+1)-dimensional Jimbo-Miwa equation has been solved by
using the modified form of the Kudryashov method [22].

Burgers equation is related to applications in acoustic phenomena and have been used to model turbulence
and certain steady-state viscous flows. The Burgers equation has an important place in various areas of applied
sciences and physical applications, such as modeling of fluid mechanics and financial mathematics, astrophysics [23].
Different varieties of Burger equation are available in literature such as inviscid Burgers? equation, viscous Burgers?
equation, Burgers-like equation and coupled Burger?s equations. Improved tanh function method, sub-equation
method, tan(F(g))—expansion method have been applied to the Burgers-like equations in [24-26]. The space and
time fractional Burgers-like equations with Caputo fractional derivative by the variational iteration method have
been solved in [27].

(3 + 1)-dimensional Jimbo-Miwa equation and Burger-like equation have been widely studied in the literature.
But there is not much work for the conformable fractional derivative case. To our knowledge, only time-fractional
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(3 + 1)-dimensional Jimbo-Miwa equation has been investigated [22]. In this study, we consider conformable
space-time fractional (3 + 1)-dimensional Jimbo-Miwa equation and Burger-like equation. We establish new exact
solitary wave solutions to these equations by G’/G expansion method.

2. Description of conformable fractional derivative and its properties

For a function f : (0,00) — R, the conformable fractional derivative of f of order 0 < « < 1 is defined as (see,
for example, [28])

flt+et=) — £(t)

TY f(1) = lim - @1)
Some important properties of the conformable fractional derivative are as follows:
Tta(af + bg) (t) = Ctho{f(t) + thag(t)7 Va, be R7 (22)
T = e 2.3)
TY(fla(r) = 7% (Of (9(0)). (2.4)

3. Analytic solutions to the conformable space-time fractional Jimbo-Miwa Equation
equation

The conformable space-time fractional (3 + 1)-dimensional Jimbo-Miwa equation is given as follows (see, for
example, [15-19])

TETPTT) u+ 3T Ty uT u+ 3T uT T w + 2T T u — 3TPTY = 0, (3.1)
0<a<l,0<pB<1, 0<y<1, 0<0<1.

Let us consider the following transformation
e z? Y7 20

t)=U =k— = - il
W, 9,2,8) =U(Q), E=k-tmg +n"+po,

where k, m, n, p are constants. Substituting (3.2) into Eq.(3.1) we obtain the following ordinary differential equation
(ODE)

(3.2)

m3nU® + 6m?nU'U" + (2kn — 3mp)U" = 0. (3.3)
Integrating of Eq.(3.3) with zero constant of integration, we have
m3nU" + 3m*n(U")? + (2kn — 3mp)U’ = 0. (3.4)

Let us suppose that the solution of Eq.(3.4) can be expressed in the following form:

Y G,
U©) =Y ai(22 ), (3.5)
2 g

where G = G(§) satisfies the linear ODE in the form
G"+ MG +puG =0, \#0,u#0, (3.6)

where a;, A and p are constants to be determined.
Substituting Eq.(3.5) into Eq.(3.4) and then by balancing the highest order derivative term and nonlinear term in
result equation, the value of N can be determined as 1. Therefore, Eq.(3.5) reduces to

Gl

U(€) = ag + al(a). 3.7)
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Substituting Eq.(3.7) into Eq.(3.4), collecting all the terms with the same power of %, we can obtain a set of algebraic
equations for the unknowns ag, a1, A, i, k,;m,n,p:

3naim? — 6naym® = 0,

6Anaim? — 12 naym® = 0,

3aymp — 2a1kn — m3n(ai A + 2a1p) + 3aim*n(A* + 2p) — 6aymPun — 6a; \*m3n = 0,
3a1 dmp — 2a1kdn — Am>n(ag \* + 2a1 1) + 6a3dm?un — 6a; Am>un = 0,

3aymup — 2a1kpn — mPpn(ai\? + 2a1p) + 3aim?p*n = 0.

Solving the algebraic equations in Mathematica, we obtain the following set of solutions: k = — ’\2’"3"_4;'5“"_37"’) ,

a1 = 2m.
When A\? — 41 > 0,

A AT dp Cysinh(Y2EME) 4 cosh (VM)
U1($ay>zat)=ao+2m(—§+ 5 V2 —ap. V22 —ap '
Cy cosh(%“g) + Cy sinh(%ﬂg)

When A\? — 41 < 0,

Vap — 22 —Cy sin(7‘4”2_)\25) +Cy cos(7”4”2_)\25)
2 Oy cos( LAY L 0 sin(LAA

A
UQ(xayazut) :a0+2m(_ 5 +

When A2 — 44 =0,

A C
U3(x,y,z,t):a0+2m(—§+cl+7202£). (38)

Here ¢ = (— )‘Qmsnfgv:;“ nodmp L2 4 m% + n% + p%). In Fig.1 and Fig.2, we obtain simulation of the periodic
solution (3.8). Fig.1 shows 3D plot of the traveling wave solution us(z,0.03,0.03,¢) of Eq.(3.1) for & = 0.75, =1,
=05 0=075,m=1 n=5 p=-2, ay=10,A=0.02 u=030C =-3, Cy=4,-10 <z < 10 and
0 < ¢ < 10. Fig.2 shows 2D plot of the traveling wave solution us(z,0.03,0.03,0.5) of Eq.(3.1) for « = 0.75, =1,
7=05, 0=07,m=1, n=5 p=-2, ap=10,A=0.02, p=03,C, =-3, Ca=4,-10< 2z <10att=0.5.
Note that the 3D graph gives the action of u in space x at time ¢ and illustrates the change of amplitude and shape
for each obtained solitary wave solutions. 2D graph shows the action of u in space « at fixed time ¢ = 0.5.

4. Analytic solutions to the conformable space-time fractional Burgers-like equation

We consider conformable space-time fractional Burger-like equation (see, for example, [24-26])
T

1
Tﬁu+Tﬁu+uT5u+§Tfou:o, 0<a<l1 0<pB<I1. (4.1)

Let us consider the following transformation

(0,0 = U, €=k +mZ 42)
u(z,t) = =k—+m— .
) ) a /8 )
where k, m are constants. Substituting (4.2) into Eq.(4.1) we obtain the following differential equations
m2
(k+m)U’+mUU’+7U”:0. 4.3)

Integrating of (4.3) with zero constant of integration, we have

2
(k+m)U+%U2+m7U’ —0. (4.4)
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Let us suppose that the solution of Eq.(4.4) can be expressed in the form Eq.(3.5). Substituting Eq.(3.5) into
Eq.(4.4) and then by balancing the highest order derivative term and nonlinear term in result equation, the value of
N can be determined as 1. Therefore, Eq.(3.5) reduces to

/

UE) = ag + a1 (%) (4.5)

Substituting Eq.(4.5) into Eq.(4.4), collecting all the terms with the same power of &, we can obtain a set of algebraic
equations for the unknowns ay, a1, A, p, k,m:

(mai)/2 — (m*a1)/2 =0,

ar(k +m) + apaym — (a3 dm?)/2 = 0,

(mad)/2 + (k +m)ag — (aym?p)/2 = 0.

Solving the algebraic equations in Mathematica, we obtain the following set of solutions:

Case i ag = 3 (A+ v/ —4pr) a1 = m. b = 5 (=2 = my/N — 4p

When \? — 41 > 0,

\/

w/ C sinh(~Y _4”5) + C5 cosh(Y _4“5) )

ui(x,y,t <)\ + \//\27) + m( 2 C1 cosh( \/7 ) + Cy sinh( mﬁ)

When \2 — 4, < 0,

«/ 2 /—C sin(¥ - )‘5) C5 cos(~ - AQE)
ug(x,y,t <>\+\//\2 )+m< 4M > (Clcos(mg)_:_czm(mg) ))

When \? — 4, =0,
wua(x,y, t (A+ N ) +m< A L) (4.6)

Cl+02§
Here«f:%(—Q—m\/)@—élu)%—&-m%
Case 2: aoz%()\—\//\Q—élu),al —m, k= %(—2+m\/v—4ﬂ

When A\? — 44 > 0,

SN—

\/ (' sinh(~ 4“5) + C cosh(~ 74”5)
2 Cy cosh(~ 4#5) + Cy sinh (¥ 74”5)

ug(x,y,t) = %()\— VA2 —4u) —|—m<

When \? — 41 < 0,

CY sin( VA A2£)JrC’Qcos(v e >\2g)
C cos( VA A2§)+C’2s1n( ”4” X 5)

U5(x,y,t):%()\—\/)\27>+m( \/4,U—)\2(

When \? — 44 =0,
w(w,,6) = o (A= V22 =) +m( = 2 A L)

01-1—025
Here§:%<—2+m\/)\2—4u)%+m%

In Fig.3, we obtain simulation of the solitary wave solution (4.6). Fig.3 is simulation of the kink-shaped soliton
solution. Kink wave is traveling wave which rises or descends from one asymptotic state to another. The kink
solution approaches a constant at infinity. Fig.3 presents 3D plot of the traveling wave solution w1 (x, 1,t) of Eq.(4.1)
fora=05 8=10=075,m=1 n=05A=3, n=2,C, =05 Co=—-0.25-5<x<150<t<15.
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5. Conclusion

In the present paper, the G’ /G expansion method is applied to solve the space-time fractional (3 + 1)-dimensional

Jimbo-Miwa equation and Burger-like equation including conformable derivative. The obtained traveling wave
solutions are represented by the hyperbolic, trigonometric and rational functions. The obtained solutions by using
presented method are new and have not been expressed in the literature so far. The method can also be applied to
the other conformable nonlinear fractional differential equations.
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Figure 1. 3D plot of the periodic wave solution uz(z, 0.03,0.03,¢) of Eq.(3.1) .

Figure 2. 2D plot of the periodic wave solution us(x,0.03,0.03,0.5) of Eq.(3.1).

Figure 3. 3D plot of the solitary wave solutions u, (x,1,t) of Eq.(4.1) .
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