Engineering Letters, 28:3, EL._28 3 19

An Improved (G’/G) Method for Conformable
Fractional Differential Equations in Mathematical
Physics

Qinghua Feng*

Abstract—In this paper, an improved (G’/G) method is
applied for seeking exact solutions of fractional differential
equations in the sense of the conformable fractional deriva-
tive. The present method is a generalization of the known
(G’/G) method. Based on a fractional complex transformation,
certain fractional differential equation can be converted into
another ordinary differential equation of integer order, and
then can be solved subsequently based on the homogeneous
balance principle and the sub-equation. As of applications
of this method, we apply it to solve the (2+1)-dimensional
space-time fractional Nizhnik-Novikov-Veselov System and the
time fractional seventh-order Kaup-Kupershmidt equation. As
a result, some exact solutions with new general forms are
successfully found for them.
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I. INTRODUCTION

Recently, fractional calculus has played an important role
in many researching domains such as fluid mechanics [1],
bioengineering [2], finance [3] and so on. Fractional differ-
ential equations have attracted much attention in a variety
of applied sciences including physics, dynamical systems,
control systems, engineering and so on. Furthermore, they
are employed in social sciences such as food supplement,
climate, and economics. Recently there have been an in-
creasing attention to fractional differential equations due to
their frequent appearance in wide applications in various
fields. Many practical problems lead to the necessity of
seeking exact solutions and numerical solutions for fractional
differential equations. Many powerful and efficient methods

have been proposed so far, such as the (G/) method [4-
7], the variational iterative method [8-11], the fractional
Nikiforov-Uvarov method [12], the modified Kudryashov
method [13-16], the exp method [17,18], the first integral
method [19-21], the sub-equation method [22-25], the cou-
pled fractional reduced differential transform method [26],
the Bernstein polynomials method [27], the residual power
series method [28], the Jacobi elliptic function method [29],
the finite difference method [30-32] and so on. Based on
these methods, a variety of fractional differential equations
have been investigated.

In this paper, based on the properties of the conformable
fractional derivative [33], we apply an improved (G’/G)
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method to seek exact solutions for fractional differential
equations, which is an extension of the known (G’/G) method
[5]. The present method belongs to the categories of the sub-
equation methods, and a sub-equation with more general
form than that in the (G’/G) method is used here. By use
of a fractional complex transformation and the properties
of conformable fractional calculus, certain fractional partial
differential equation can be converted into another ordinary
differential equation of integer order. Then the solutions of
the converted ordinary differential equation are supposed to
be expressed in a polynomial involving under-determined
coefficients, and the degree of the polynomial can be de-
termined due to the homogeneous balance principle. By
substituting this polynomial into the ordinary differential
equation, a series of algebraic equations involving the under-
determined coefficients can be derived. Solving these equa-
tions, the coefficients can be determined, and then the exact
solutions can be obtained subsequently.

For the conformable fractional derivative and the
conformable fractional integral, we have the following
definitions and properties.

Definition 1 [33, Definition 2.1]. The conformable
fractional derivative of order « is defined by

1)

L e

Dy =1 1

¢ f(t) e - (1)

Definition 2 [33, Definition 3.1]. The conformable

fractional integral of order « on the interval [0, ¢] is defined
by

1o (1) = / 521 f(s)ds. ()

Propsition 1. For the conformable fractional derivative,
the following conclusions hold.

D7) =417, DEf(t) = -2 f(1), D*C =0. (3)
{D‘*(I"f(t))= ol @
17(D} (1)) = /(1) — £(0).
DEfl9(0)] = fla0]DEo(0),
DeIF(Dg(t)] = F(1D%g(1) + g(t)D" (1),
D@[af() by(t)] = aD" f(t) +bD (1), (5)
200" 50— {0D" 0

D“( )(t)

f
“(t)
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We note that Proposition 1 can be easily proved due to
the definitions of the conformable fractional derivative and
the conformable fractional integral.

The rest of this paper is organized as follows. In Section 2,
we give the description of the improved (G’/G) method for
seeking exact solutions of fractional differential equations. In
Section 3, we apply the improved (G’/G) method to construct
exact solutions for the time fractional seventh-order Kaup-
Kupershmidt equation and the (2+1)-dimensional space-time
fractional Nizhnik-Novikov-Veselov System and the time
fractional seventh-order Kaup-Kupershmidt equation. Some
conclusions are presented at the end of the paper.

II. DESCRIPTION OF THE IMPROVED (G’/G) METHOD
FOR FRACTIONAL DIFFERENTIAL EQUATIONS
In this section we give the description of the improved
(G’/G) method for seeking exact solutions of fractional
differential equations.
Suppose that a fractional partial differential equation, say
in the independent variables ¢, x1, 2, ..., T, 1S given by

« «
P(uy,...ux, Dfuq, ..., Dffuy, Dflul, - Dfluk, -
D} ui,...,D} ug,...) =0, (6)
where u; = u;(t,z1,22,...,2n), @ = 1,...,k are unknown

functions, P is a polynomial in wu; and their various partial
derivatives including fractional derivatives.
Step 1. Execute certain fractional complex transformation

xn) = Uz(é.)a f = f(t7.’)31,$2, "'amn)7 (7)

such that Eq. (6) can be turned into the following ordinary
differential equation of integer order with respect to the
variable &:

P(Uy, ...,

Ui(t7.’171,.')32, ceey

U, UL, ULUY .U )=0. (8)

Take the expressions Diu; and Dgiul for example. If one
use the fractional complex transformation £ = c% + kﬁ
Then due to (3) and (5) in Proposition 1, one can obtain that
Diuy = UiDi¢ = cU'(€), D} uy = UD€ =kU'().

Step 2. Suppose that the solution of (8) can be expressed
by a polynomial in (%) as follows:

mj G/ ; )
£) = Zam(a) L j=1,2,..k, (9)
=0

where a;;, ¢ = 0,1,...,m;, j = 1,2,...,k are constants
to be determined later, a;,, # 0, the positive integer m;
can be determined by considering the homogeneous balance
between the highest order derivatives and nonlinear terms
appearing in (8), G = G(§) satisfies the second order ODE
[34] in the form

AGG" — BGG' — C(G"*—EG2 =0,  (10)

where A, B, C, E are real parameters.

Note that by use of Eq. (10), the order of U;(f) ism+1,
which is one more that that of U;(¢).

Denote

Ay =B?+4E(A-C), Ay = E(A-0). (11)

By the General solutions of Eq.(10), we have tye following

G’(§))

expressions for ( arey)
When B # 0, A; > 0:

GO _ B ., VM
G(&) 204-C) 2A4-0)
L VAL VAL
[Cl sinh m + CQ cosh m] (12)
Cicosh ————— VAL + Oy sinh ——— VALE T
P 2A—0) T 2(A-0)
where Cy, Cs are arbitrary constants.
When B # 0, A; <O:
(G/(§)> — B + V _Al
G(&) 204-C) 2A4-0)
VAL VEANTS
[—Clsln (A—0) + Cy cos ——— (A—C)] i~
o V=21 O si V=A€7
1C0872(A_C) + 281n72(A_0)
where C, Cs are arbitrary constants.
When B # 0, A; =0:
G'¢,_ B Oy
G "a-o tarae M
where Cy, (5 are arbitrary constants.
When B =0, As > 0:
VA VA
(G’(f)): \/A—Q [Clsmh(A,O)—’—C?COSh(A C’)}
Ge) (4-0) Cicosh ———— VAL + Oy sinh ———— VAL 7
T A-0 T A-0)
(15)
where Cy, Cs are arbitrary constants.
When B =0, A; <O:
—C1sin —= —A2f + Cycos ———— A2€
Ge) (4-0) C} cos ——2> 2£ + Oy sin ——2> At
Ra-o) T (A—Cg |
16

where C, Cs are arbitrary constants.

Step 3. Substituting (9) into (8) and gsing (10),
collecting all terms with the same order of ( G
the left-hand side/ of (8) is converted
polynomial in (%) Equating each coefficient of this
polynomial to zero, yields a set of algebraic equations for
aji, 1=0,1,...,m, 7=12,...k

) together,
into another

Step 4. Solving the equations system in Step 3, and using
(12)-(16), we can construct a variety of exact solutions for
Eq. (6).

Remark 1. If wetake A=1, B=-\C =0, E=—pu
in Eq. (10), then it reduces to G” + AG’ + pG = 0, which
is the used equation in the known (G’/G) method. So the
present method is a generalization of the (G’/G) method.
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III. APPLICATIONS OF THE IMPROVED (G’/G) METHOD

In this section, we apply the improved (G’/G) method
described in Section II to seek exact solutions for some
space-time and time fractional differential equations.

A.  (2+1)-dimensional
Novikov-Veselov System

space-time fractional Nizhnik-

Consider the (2+1)-dimensional space-time fractional
Nizhnik-Novikov-Veselov System [35]

D¢+ aD3Pu + ng”Yu + DBy
+dDju = 3aD? (uv) + 30Dy (uw),
Dfu = D}v,

Dju = Djw,

7O<a7ﬂa’y§1a

(17)
which is a fractional extension of the following (2+1)-
dimensional Nizhnik-Novikov-Veselov system [36]:

Ut + QUggz + Dlyyy + g + duy = 3a(uv), + 3b(uw),,

Uy = Vy,

Uy = Wy.
(18)
In order to apply the improved (G’/G) method, we suppose
w(z,y,t) = UE), vle.y,t) = V(E), wla,y,t) = W),

_ m o B Y
where § = v oy T T+ T raeY T
m, k, I, & are all constants with k, [, m # 0. By use of
(3) and (5), one can obtain

Diu=D}U(§) = U (§) D& = mU'(§),
Diu = DEU(E) = U'(§)DE¢ = kU (),
Dju = DjU(§) =U'(§) Dy =U'(§),
So Egs. (17) can be turned into the following forms
mU’ 4 ak3U" + bl3U" + ckU' + dIU’ =
3ak(UV) 4 3bl(UW),
kU =1V,
W' =kw’.

(19)

Integrating (19) once, one has

mU + ak3U" + bI3U" + ckU + dlU
= 3akUV + 30lUW + g1,

kU =1V + g,

U = kW + g,

where g1, g2, g3 are the integration constants.
Suppose that the solutions of (20) can be expressed by a
!/

(20)

polynomial in (%) as follows:

)" (21)

where a;,b;,¢; are constants, and G = G(§) satisfies Eq.
(10). Balancing the order of U” and UV, the order of U
and V, the order of U and V in (20), one can obtain m; =
mog = M3z = 2. So

(22)

Substituting (22) into (20), using Eq./ (10) and collecting
all the terms with the same power of (Q) together, equating
each coefficient to zero, yields a set of algebraic equations.

Solving these equations, yields the following results.
Case 1:

2k(—C + A)? 2kIB(—C + A)
A = ————5  , 1= =5
A A
2kIE(—C + A) 2k*(—C + A)?
T T T
2k*B(—C + A) 2k*E(—C + A)
b= b=,
A A
203(—C + A)? 21°B(—C + A)
=5  sa=———5
A A
212E(—C + A)
COo=—"—"—""35
A

1
m— _?(dz A? 4 ckA? 4+ 4bIPAE + 4ak® AE + bl® B?

~4ak*CFE + ak®B? — 4bI*CE), g1 = g2 = g3 = 0.

Case 2:
21k(A% — 2CA + C?) 2kIB(—C + A)
az = 2 y A1l = ———————5
A A
Ik(2AF — 2CE — B?) 2k2(A? — 20A + C?)
ag = — 3 bQ - 2 )
3A A
2k*B(—C + A) k*(2AE — 2CE — B?)
bl = - 92  » Y% = - 2 )
A 34
2%(A% —20A + C?) 212B(—C + A)
C2 = A2 y C1 = —T,

I?(2AE — 2CE — B?)
3A? ’

Co = —

1
m = —P(dlAQ + ckA? — 4bI° AE — 4ak® AE — bl B?

+4ak*CE — ak®B? + 4bI3CE), g1 = go = g3 = 0.

Substituting the results above into Eqs. (22) and combining
with (12)-(16) we can obtain corresponding exact solutions
for Egs. (18).

From Case 1 we get the following exact solutions, where
C1, Cs are arbitrary constants, and

—_t* 1 2 2 3 3

&= F(1+a)[ 12 (dlA® 4 ckA*+4bl AE—&]:lak AE+

3R2 _ 3 3p2 _ 3 B
bl°B 4aleE+ak B —4bI°CE)] + I +ﬂ):v

b
N AR
Family 1: when B # 0, Ay > 0:

2KIE(-C+A) 2%B(-C+A4), B

ul(x’yvt) = 42 42 {Q(A — C)
L VAL VALE
N \/A—l [C181nhm+02COShm]}1
24-0) C coshﬂ + C sinhﬂ
a0y TP 24— 0)
2lk(—C + A)? B
N A? {2(A -0)
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VAL VAL . VAL V-2
N \/A—l [Olsth(A—C)+CZCOSh2(A—C)]}2 [*0181112(14_0)+CQCOS2(A_C)]}2
24-0) C1 cosh ﬂ + Cysinh ﬂ C1 cos —Aug + Cysin —Aug
2(A—0) 2(A—0) 2(A—C) 2(A—C)
_ 2%°BE(-C+A) 2’B(-C+A), B 2E(—C + A) 22B(-C+A), B
'Ul(xayat)—_ A2 - A2 {2(A—C) w2(x»yat):_ A2 - 42 {Q(A—C)
VAL VAL vy SR
\/A—l C1 sinh Z(T—lC) + C5 cosh 2(?_10) 1 — — Oy sin flf + O cos flf
- o) VA€ Ve D a2 ey
Cycosh —~-—1> 4 Cysinh —2 1> 2(A-0) Ch cos RANS + Oy sin —Ai€
2(A—0) 2(A-0) a0y TP 24— 0)
2%*(—-C + A)®> B VAL
{ + 213(—C + A)? B VAN
A? 204-0) 2A4-0C) + Ve {Z(A_O)+2(A_C)
Cq sinh Mﬂ + C5 cosh ﬂ V=AE V=ALE
[ (A-C) 2(14*0)]}2 —Cysin ————— + (Cyco08 ————
VAL VA — A=) 2Dy ()
(1 cosh NA—O) + (5 sinh V=AE V=ALE ’
(A-0) 2(A-0) C1cos ———— + (s sin
2(A—0) 2(A-C)
2E(—-C + A) 2°B(—-C + A) B
wi(z,y,t) = — e - yE {2(A —¢)  Family 3: when B #£0, Ay =0:
Y VA ) = _2kIE(-C+A) 2kiB(-C+4), B
N \/A—l [Clsmh 2(A—1C) + Cy cosh Q(A—lC)]}l uz(x,y,t) A2 42 {Z(A—C)
2(4-0) VAL L VAL Cy 2k(—C + A)? B Cy
sh o 1 2
C} cos 2(A_C)+Ogblnh2(A_C) +C1+C'2£ Ve {Q(A—O)+01+C’2§}’
2°(-C + A)?, B VAL 2E(-C+ A) 22B(—-C+A), B
AT SEa—0) T30 va(@,y, t) = = A2 - (A2 ){Q(A—C)
C1 sinh ﬁEﬁ + C5 cosh VAL I Cy 1 2K (=C + A4)? { B + & )2
2(4-C) 24-C e (23 T+ 0t AT A0 Gl
| VA vae )
Creosh s—¢y T Cesinh o — 65 s 8) = 2E(-C+A) 2°B(-C+ 4B
Family 2: when B # 0, A1 <0: A2 A2 2(4-0)
_ 2kIE(—C+ A) 2kIB(—C + A) B Cy , 203(—C+ A2 B Cy
vl == Ga_g torad T @ {Q(A—O>+cl+cz%2}5)‘
VoA . VA Family 4: when B =0, Ay > 0:
N /iAl [70151112(14—0)+C2COS2(A—C)]}1 amaty 4. when , Ao >
24-0) C} cos VoAiE + Cysin VoAl ua(,y,1) = — 2klE(_2C A 2le(_20 t4) { VA,
LSy — o) T a0y A A (4-0)
2Ak(—C + A)? B —A o VASE VA
0 ) Ga—ot 2(\:5) Crsmb oy PO L k(o + 4y
VA VA oo VB o VAR TR
_clst(TfC%JrczcosQ(Ailé) VO a— o) T a0
[ 1},
NEYINY; VAL L VA VA
0100572(A7C)+C’2s1n2(1470) { N [Clbmh(A—C)+CQCObh(A—C)]}2
UE(—C+A) WB(-C+4), B A=) cosh Y228 ) oy YB2E
oo, 1) = — (A2 + )_ (A2 + ){Q(A_C) C’lc%h(A_C)—!-C'gbmh(A_C)
. VAL V=2 _ 28’B(-C+A) 2°B(-C+A4), VA,
. VoA [_Clst(A—C)+C2COSQ(A—C)]}1 vy(z,y,t) = yE yE {(A—C)
2(A - C) V=ALE . VAL
C cos + Cysin . VA VAR
A=) T A= 0) SN PPN ) O+ a2
L0+ A)Q{ B, VA Croosh Y28 oo VAR A?
e 20A-C) " 2(A-0) VO — o) T A= o)
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From Case 2 we get the following exact solutions, where

. VA VA
C} sinh + C5 cosh
{ VA2 [ ' (A-0C) ’ (A-0O) 112 C1, Cy are arbitrary constants, and
(4-0) (' cosh Aot + Cysinh ———— Aot 7 o 1
L Aoy T A o) = m[—ﬁ(dm2+ck/ﬁ —4bBAE — 4ak’ AE —
3132 30 _ 1312 3 k B
bl*B? + 4ak’CE — ak’B* 4+ 4bl°CE)] + F(1+5)x +

B(—C+A){ VA,

(Ty.t) = 2PE(-C+4A) 2P
e A0 lyiee
0
Ao A
[Cl sinh (fé) + C5 cosh (fé) | QZQ(_C n A)g Family 6: when B #£0, A; >0
Ik(2AE — 2CE — B? kIB(—C + A
C1 cosh (ff) + (5 sinh (A/Eé) A2 ug(x,y,t) = — ( 3;? ) — 2 (Ag +4)
Croinh V26 oo Ve s ym o R Chcon YR
/ VA, [ (A-0C) (A-C) G taa—ol I}
: e A-O)A-CO) T VAe o VAR
(4-0) C; cosh ——_ VAL + Cysinh ——_ VAL o 2(A—-0C) +Cs 2(A-C)
(A-0) (A-C) 2k(A? — 2CA + C?) B VAL
Family 5: when B =0, Ay < 0: A? {2(A -Q) * 2(4-0)
2IE(—C + A) 2kIB(—C+ A)  /—A o VAL VAL
us(z,y,t) = — yE - yE e 02) [Cl sinh o=y T o y2
O vV —As& LC V—Ax¢ (1 cosh Z(fg) + Cs sinhz(A\/Eg
: Aoy TR A o) I 2k(—C + A)? ) . )
/A /AL k“(2AE —2CFE — B 2k*B(—C+ A
C1 cos (A_ég)—&-(]gsin (A_Aéf) A? ve(z,y,t) = — ( 3A2 ) - (Az )
J— J— . VAL VAL
—(' sin ﬂ + C5 cos —A2f B VAL C1sinh 2(A-C) + Cz cosh 2(A-C)
A A { + [ I}
(VB (4-0C) (A—C) e 2(A-0) 2(A-0) VAL VAT
(4-0) C1 cos — 82 + Oy sin —Aa8 Creosh 2(A-0)  Casinh 2(A-0C)
R A-o) TP (A-0) +2/&(142—201“02){ B VAL
(g t) - (ZPECCHA) B+ A) VA, A2 24-0)  2(4-0)
e A? A? (4-0) Cisinh —— VAL + C5 cosh 7\/55
2(A-0C) 2(A-C) . 4
e VBt —2 1y
“OSIM T e TS T k(= A Cyeosh Y81 g YA€
[ . — |} + 2(A-0) 2(A-0C)
Cl COS _ 25 +CQSiIl 7A2£ A2 l2<2AE_20E_B2) 2Z2B(_C+A)
(A B C) (A - C) w6([)37 y7 t) = A2 - A2
—Ag¢ 4 Cyeos Yo Asf ’ VA VA
—Cysin ——— co . Aq& A€
Vv A A-C A-C 1 sin 5 cos
Tio) \(ﬁs) B SR B MG s Ml s 1Y
Croos 25 é) + Cysin 2228 A-0) A0 T VAE A
- 20A—0) 20A—0)
2042 _ 2
ws (2, y,t) = — 2Z2E(;§ A 2123(1_420 A i _Acf) e 312CA = ){Z(AB— oy " z(ﬁo)
/A — . VALE VALE
~Crsin Y22 4 0 cos Y02 20y A2 Cusimb Gt N gy
— — 2 1 . 1
Ci cos (VA_Aéf) +Casin _Aéf; A Creosh oo — @y T Cesinb o — 4
Nt Nt Family 7: when B # 0, A; < 0:
O sin Y22 O cos Y22 B e B
{ \/E [ 1 S1n (A — C) + 2 COS (A C) }} (27) U7(x,y7t) _ 7”{(2AE SIZSE B ) _ leB(A§+ A)
(A—C) V—Ds¢ VAR — —
€ cos (A - C) Casin (A C) —C1 sin ﬁ + Cs cos ﬁ
{ B, V- [ 2(A-C) 2(1470)”1
Remark 2. If weput A=1, B=-X, C=0, E=—p 204-0) 204-0C) O cos NANY S + Gy sin NEYNY;
then the solutions (23)-(25) reduce to the results established ! 2(A—-C) 2 2(A—C)
+21k(A2 —2CA+C?) B —A
Sa-ota—o

in [35, Eqs. (24)-(26)].
A2
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V=2 V=AE VA VA
[fclsm (A ) + C5 cos (A—C’)]}Q { \/A—2 [Clsmhm+ogcosh (A—C)]}l
C} cos —— A1d + Oy sin Ly 7 (4-0) (1 cosh VA2 + C5 sinh VA
Y- 0) TP 24— 0) ! (A—C) T A=-0)
k*(2AE —2CE — B?) 2k*B(—C + A) 2k(A% —2CA + C? A
1}7(.13, yvt) = - 342 - A2 + ( A2 ){(ﬁ)
. V=AE vV—A€
5 & Mo P a0 Crsinhy 22+ Caconh (fé)
ba-otsu-ol " Vae  Jme J [ 2,
C cos + Cs sin VA . VA
2(A-0) 2(A—-C) C1 cosh + Cysinh ————
2k2(A2—2CA+C?), B V=2, (4-0) (A-0)
* A? {2(A - 0) * 2(A—C) w0, 3.1) k*(2AE — 2CE — B?)  2k’B(—C + A)
9Ly Yy = - -
—(C' sin VoA + C5 cos L 347 A+
[ ' 2(A-C) ’ 2(A-0C) 1}2 C1 sinh 7\/55 + C5 cosh VAL
O oos VB o VA (VA A0 (A0,
10082(A—C)+ 2SS A= 0 A=0)' o VBSE  VASE
1 COS (AfC’)+ 5 sin (A= 0)
_ P’(2AE—-20E - B? 2P°B(-C + A)
wr(@,y,t) = — VE - 12 23(A2 —20A+C?) /A,
+ 5 {
Crain VTBIE L V=ALE A (A—0O)
{2(A—0)+2(A—0)[C R ST . I} Cusinh =5 + Gy cosh "5
LSy —o) Ty [ T Vi 13,
22(A2 —2CA+C? B V-2 Cycosh 20 + Cysinh — 20
" A? {Z(A—C)+2(A_C) (4-0) (4-0)
2 _ _ 2 2 _
P \/Tg oA wg(%y’t):_l(QAE 2§E B?)  2IB( §+A)
1 sm + Cy cos 3A A
\/— 16 , \/—Af ' C) sinh C cosh =2
CICOSQ(A—O)+CQSIHQ(A—1C') {X/Ké[ 1 sin (A C)+ cos (A—C)]}l
Family 8: when B # 0, Ay =0: 2 (4-0) (' cosh (fé) + Cy sinh (fé)
Ik(2AE — 2CE — B
us(z,y,t) = — ( v ) 2;2(A2—2CA+02){ VA,
A2 (A-C)
_2k:lB(—C+A){ B N Gy !
A? 204-0) G+t Cy sinh (Fé) + C5 cosh <fé)
2k(A2—20A+C?) B Co 1y [ = 2 (3D
+ { + F VAR o VA
A2 2 Q(A—C) 0142-025 C cosh (A_C)+CQSIHh (A—C)
va(a 1) = —CAE ;;CE - B) Family 10: when B = 0, Ay < 0:
— — 2 —
2k°B(—C + A){ B n Cy p uio(z,y,t) = _k2AR Sng 5)_ 2le(AQC =4
A? 204—C) " C1 4 Cq¢
V=A% V—=25¢
2k:2(A2 —20A+02) B Cy ) A —(C} sin — + Cy cos —
A2 Sa—o TaTad ! L) 4Dy
9 ' 5 ’ (4-C) C' cos s + Cy sin —Aa¢
wa(o,y,t) = ~LCAEZ2CE - ) A= w-
34 AK(A% — 204+ C?) /=2,
LWBCCHA) B G yE o
2 A-C) " C+C
A A4-C) " Ot Cat e VB VR
WA 20A4C) B O, g o) TS a0
7 NA-C) v G e e v
Family 9: when B =0, Ay > 0: 1608 (A-0C) T Casm (A-0C)
Ik(2AE —2CE — B?) 2kiB(-C+ A k*(2AE —2CE — B?) 2k’B(-C + A
u9(l‘7y7t) = - ( 3A2 ) - (A2 + ) le(xvyvt) = - ( 3A2 ) - (AQ - )
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—Cisin @ + C5cos @
= CC05@+C sin@
Ao T A-0)
+2k2(A2—2CA+02){\/_7A2
A2 (A-C)
- Sin@ cos V—Ag¢
[ Cl (A—C)+C2 (A_C)]}Q
Croos VB2 L 0 g VB8
' (A—C) 2 (A—C)
wio(z, 1, 1) = _’(24E _?ng -B% 2123(1_421 + A)
Vv VA
V=", —C1Slnﬁ+02cosm 1
e R v . v
(A-C) (A-0)
+2l2(A2_20A+02){\/E
A2 (A-C)
- sin@ + C5 cos V=As€
R S )
¢ 005@+C’ sin@
' (A—C) 2 (A—C)

Remark 3. If weput A=1, B=-X\, C=0, FE=—p,
then the solutions (28)-(30) reduce to the results
established in [35, Egs. (27)-(29)]. Furthermore, letting
A=1, B=-)\C=0, E=—u, a=1, k=1=1,
then the solutions (23)-(25), (28)-(30) reduce to the results
established in [36] despite the slight difference of the forms
of constants. So the solutions (23)-(25), (28)-(30) are of
more general forms than those in [35,36].

Remark 4. The solutions (26), (27), (31), (32) are new
solutions for the (2+1)-dimensional space-time fractional
Nizhnik-Novikov-Veselov System to our best knowledge.

B. Time fractional seventh-order Kaup-Kupershmidt equa-
tion

Now we apply the present method to solve time fractional
differential equations. Consider the following time fractional
seventh-order Kaup-Kupershmidt equation [5]

D& + 20160 u, + 630(uy)® 4 2268utip iy 4+ 504U Uy gy

(33)
In order to use the improved (G’/G) method to solve Eq.
_ _ _ C o

(33), we let u(x,t) = U(§), where { = x ) a)t +&o,
m, k, I, & are all constants with k, [, m # 0. By use of
(3) and (5), one can obtain Dfu = DRU(E) = U'(§) D3¢ =
—cU’(£). So Eq. (33) can be turned into the following form
—cU’ +2016U3U" + 630(U")3 + 2268UU'U" + 504U2U""
+2520"U" +-1470'UW + 420U 4+ U = 0. (34)
Suppose that th,e solutions of (7124) can,be expressed by a
polynomial in (%) as U(&) = Y2 ai(%)i, where a;, i =

1=0

0,1,...,m are constants, and G = G(§) satisfies Eq. (10).
Balancing the order of U”U"" and U™ in (34), one can
obtain m = 2. So one has
G’ G’
U(e) = T Tz,
(&) a0+a1(G) +CL2(G)

Substituting (35) into (34), using Eq. (10) and collecting

!
all the terms with the same power of (G ) together, equating
each coefficient to zero, yields a set o? algebraic equations.

Solving these equations, one can obtain the following results.
Case 1:

(35)

1 (A-C)B
= — > (8AE -8EC — B?), a1 = ———"—,
a0 = a7t ) @ 242
1
as = —E(A2 — 2AC+ 02),
c=——=(64A°E® —192CA’E® + 48A*B’E?
48A

—96CAB?E? + 192C%AE? + 12AB*FE — 64C3E3
+B% — 120B*E + 48C*B*E?).

Case 2:
L B*  (A-C)B A 24C+CF
0 — 24A2u 1 — 2A2 y W2 — 2A2 )
B6
- E=0.
48A

Remark 5. If wetake A=1, B=-\C=0, E=—pu
in Cases 1-2, then the results reduce to the results in [5],
which were obtained by use of the (G’/G) method. So our
results are of more general forms than those obtained from
the (G’/G) method.

Substituting the results above into Eq. (35) and combining
with (12)-(16), one can obtain corresponding exact solutions
for the time fractional seventh-order Kaup-Kupershmidt e-
quation.

From Case 1 one can get the following exact solutions,
where C, C5 are arbitrary constants, and

1
Tt —————

48 AT (1 + o)
—96CAB%E? + 192C?AE? + 12AB*F — 64C%E? + BS

€= (64A3E® —192C A>3 448 A B> E*

—12CB*E + 48C?B?E*)t™ + &,.

Family 1: when B #0, A > 0:

up(z,t) = ﬁ(SAE —8EC — B*) + (

VAL
(1 sinh 72(14 — 0
VA€
2(A-0C)
1

—— (A% —24C + 02){2

242
VAL
2(A - C)
VAL
2(A - C)

A-C)B, B
24 "2(A-C)
VAL
+ C5 cosh m
VAL
+ Cy sinh m
B VAL

(A—0) " 2(a—0)
VAL
2(A-0)
VAL
2(A—-0)

VAT

0

+3 I}

C1 cosh

(' sinh + C5 cosh

[ B (36)

C cosh + (5 sinh
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Family 2: when B # 0, Ay <0:

1 B e, (A-O)B, B
wa(@,t) = S5 (8BAB —8BC — BY) + =3 {Q(A—C)

VA V=2A1¢
—C sin Q(T*IO) + Cy cos Q(T*IC)
2(A_C) 2(1?%0)
1, 2 B =
—g & AT N a6

VA€
2A—C)

V-4

reral 1%

3

C1 cos + Cy sin

V=42
2(A-0C)
V=A& V—A1€
2(A-0) 2(A-0C)
Family 3: when B #0, Ay =0:

—( sin + C5 cos

[ 1}

(37)

C cos + C5sin

1 A-C)B
us(e,t) = 5 =g (SAE — SEC — BY) + %
B Cy
S oo
! 2 2 02 2
_E(A —2AC+C ){2(A—C) +C1—|—C2§} . (38)
Family 4: when B =0, Ay > 0:
_ ' gap-spc-py4 A-OB
u(@,t) = =5 (BAE —8EC — B?) + ~——5
o VA VA
; \/E [Cl Slnhm + C5 cosh (A*C)]}l
(4=0) ¢, cosn VB2t + Cy sinh VA
A=) T o)
—ﬁ(ﬁ —2AC + C?)
VB¢ L VA
(VB O TNy g
(4 =006, cosh Y228 + Cy sinh VAL
R aE o) T o)
Family 5: when B =0, Ay < 0:
1 A-C)B
us(e,t) = 5 =5 (SAE — SEC — BY) + %
N V=256
{ A, [_CISIH(A—C) + C5 cos (A—C)]}l
(4-0) C1 cos V=Rt + Cysin v~ At
LS A= o) T A= 0)
—ﬁ(zﬁ —2AC +C?)
—C1sin V=Aut + Cs5 cos VA€
{\/—7A2[ oy T2 A=0) 2 (4
- CCOS@£+C sm\/_iA2£ .
R a—o) T a—o)

From Case 2 one can get the following exact solutions.

Family 6: when B # 0, Ay > 0:

 B® (A-O)B, B VA
Uﬁ(x’t)—_%Az 242 {Q(A—C)+2(A—C)

Fig. 1. The solitary wave solution u, with

CIZI,CZZO,AZZ,B:C:EZI,%:O, o=0. 5

180000
160000
140000
120000
100000
8000¢-]
60006-]
40000-]
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==l
L e |
2 4 s |"‘.%§="‘J 6 4

i T

t 10 X

Fig. 2. The periodic wave solution u, with

€,=1,0C,=0, A=2 B=C=E=1, §0=0, 0=0.5

VA VALE
[Cl sinh m + C5 cosh m]}l
VAL L VA
(' cosh m + Cy sinh m
A% —2AC + C? B VAL
o2 bBu-o -0
VAL VAL
[Cl sinh m + C5 cosh m ]}2 "
C Coshﬂ + C sinhﬂ 7
! 204-C) " TP 24-0)

where C, Cs are arbitrary constants, and

B6

$= T AT+ o)

t* + &.
In (36)-(37), by taking special parameters, we obtain
solitary wave solution expressed in hyperbolic function and

periodic wave solution in trigonometric function as shown in
Figs. 1-2.
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IV. CONCLUSIONS

An improved (G’/G) method have been applied to seek
exact solutions for fractional differential equations, which
is an extension of the known (G’/G) method. For illustrat-

ing

the validity of the method, we apply it to solve the

(2+1)-dimensional space-time fractional Nizhnik-Novikov-
Veselov System and the time fractional seventh-order Kaup-
Kupershmidt equation. With the aid of the mathematical
software, some new exact solutions with general forms have
been successfully found for them.
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