Available online at www.isr-publications.com/jnsa
J. Nonlinear Sci. Appl., 10 (2017), 3023-3029

Research Article

ISSN : 2008-1898

Scie
22 Nceg .
D &

/1/0/)

Journaj/
% ;

of,

Journal of Nonlinear Sciences and Applications

Q
€)
Suopeon®®

PuEicanoss
Journal Homepage: www.tjnsa.com - www.isr-publications.com/jnsa

The Yang Laplace transform- DJ iteration method for solving the local
fractional differential equation

Yong-Ju Yang®*, Cai YangP, Xiao-Feng Jin®

4School of Mathematics and Statistics, Nanyang Normal University, 473061 Nanyang, P. R. China.
bpepartment of Computer and Information Technology, Nanyang Normal University, 473061 Nanyang, P R. China.
®Mechanical and Electrical Engineering, Jiaozuo University, 454003 Jiaozuo, P R. China.

Communicated by X.-J. Yang

Abstract

In this paper, we propose the Yang Laplace transform- DJ iteration method, which is derived from coupling the Yang-
Laplace transform method with the DJ iteration method. The solution procedure for the local fractional differential equations
is given. And some test examples are given to show the accuracy and the validity of the proposed technique. (©2017 All rights
reserved.
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1. Introduction

Fractional differential equations have extensive applications in many fields of science, such as physics,
applied mathematics and engineering. It is worth mentioning that the fractional derivative can be defined
in many forms upon its need. So there are many fractional derivatives up to know. Unlike other fractional
derivatives, the local fractional derivative can be dealt with the differential equations on the Cantor space,
for example [6, 8, 9, 14, 16]. There are many methods for solving the local fractional differential equa-
tions, such as the integral transformation method, the two-dimensional extended differential transform
approach, the variational iteration transform method, the Sumudu transform method, the local fractional
homotopy perturbation method and so on (see[1, 3-5, 11-13, 15]). The classical Laplace transform is a
powerful mathematical tool for solving ordinary and partial differential equations. And the DJ iteration
method [2] has many merits in solving nonlinear differential equations. The above two techniques have
been applied by many researchers. More recently, the local fractional Yang-Laplace transform method
introduced in [10, 17] has been successfully applied in solving the local fractional differential equation. In
this paper, in order to promote the Yang-Laplace transform method for solving the local fractional differ-
ential equation more simply, we try to couple the Yang-Laplace transform method with the DJ iteration
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method . The organization of the manuscript is as follows. In Section 2, the local fractional operators are
introduced. In Section 3, the Yang Laplace transform- DJ iteration method for solving the local fractional
differential equation is investigated. In Section 4, several examples are considered. Finally, In Section 5,
the conclusions are presented.

2. Local fractional operators

In this section, we introduce the basic definitions of the local fractional continuity, the local fractional
derivative, the local fractional Fourier series, the Yang-Laplace transforms and the inverse Yang-Laplace
transforms [10], respectively.

Definition 2.1. Suppose that there is [10]
[D(x) — @(x0) < €%, (2.1)
with [x —xp| < 6, for ¢,8 > 0, then ®(x) is called local fractional continuous at x = x¢ and it is denoted by

lim ®(x) = O (xg).
X—X0

Definition 2.2. Suppose that the function ®(x) is satisfied with the condition (2.1) for x € (a,b), it is
called local fractional continuous on the interval (a, b), denoted by

®(x) € Cxla,b).

Definition 2.3. In fractal space, let ®(x) € C(a,b), the local fractional derivative of ®(x) of order o at
X = Xg is given by [10]

_ d*O(x)

DL (xg) = 01 (xo) = b, = lim 200 — o))

dx« X=X (x —xg)*

where AX(D(x) — D(xg)) =T(1+ o) A(D(x) — D(xg)).

Obviously, the order o of local fractional derivative is equal to the dimension of Cantor set. Local frac-
tional derivative of high order and local fractional partial derivative of high order are defined respectively
in the following forms [10]:

k times

———

akoc ® o« o« ®

Ik (x,y) = FNCaRr (x,y).
Definition 2.4. Let r(%wd fgo lu(t, x)[(dt)* < k < oo, the Yang-Laplace transforms of u(t,x) is defined by
[10]:

1 o0
Lo{u(t,x) = U(s,x) := J Eo(—=s*t*)u(t,x)(dt)%, 0<a <1, (2.2)
F(l + O() 0

where the latter integral converges and s € R.

Definition 2.5. The inverse Yang-Laplace transforms of U(t,x) is defined by ([10]):

L HU(s, %)} = ult,x) == Eo(s¥t®)U(s,x)(ds)*, 0<a<],

(2:[)“ J'(5+ioo

B—1ico

where s = 3% +i%®%, 1* is fractal imaginary unit and Re(s) =3 > 0.
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3. The Yang-Laplace transform-DJ method

In this section, in order to introduce the procedure of the Yang Laplace transform- DJ iteration method,
we investigate the following local fractional differential equation on fractal set:

ko (¢, x
BN Ll 6] = (L), (3.1)
subject to the initial conditions % = @k(x),k =0,1,--- ko, where L is a linear operator, k € N+

and f(t,x) is a source term. Supposing that the Yang-Laplace transformations of u(t,x) and f(t,x) with
respect to variable t are U(s,x) and F(s,x), respectively, and applying the Yang-Laplace transformation
on both sides of the (3.1), we can get

ko—1
sK0*U (s, x) Z O (x)s** + L[U(s,x)] = F(s, x).

That is,
ko—1

Z Qi (x)s*™ — SK%L[U(S,X)] + Sk%l:(s,x). (32)

U(s,x) kooc

In the following, we try to solve (3.2) by the D] method [1]. According to the D] method, we can construct
the following equation:

u(S/X) = G(s,x) + L(u(sl x)), (33)

where
ko—1

1
Skooc Z Pr(X)s™% + g Fls,x),

and T(U(s,x)) = —Skloch[U(s,x)]. Obviously, L is a linear operator. If the solution U(s,x) of (3.3) has the
following series form:

U(s,x) =) Ui(s,x), (3.4)
i=0
the linear operator [ can be decomposed as
LY Wils,x) = Y LUy (3.5)
i=0 i=0
Substituting (3.4) and (3.5) into (3.3), we can get
U(s,x) = Y Ui(s,x) = G(s,x) + L(Up) + Y L(Us(s,x)). (3.6)
i=0 i=1

According to the D] method, the recurrence relation is constructed as follows:
Uo(s,x) = G(s,x), Umsi(s,x) =LUm(s,x)), m=0,1,2,---. (3.7)

Obviously,
Ug(s, %) + -+ + Um1(s,x) = G(s,x) + L(Uo(s,x)) + - - + L(Um(s,x)),

is the m + 1 term approximate solution of the (3.3). In conclusion, by virtue of (2.2), (3.4) and (3.6), the
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analytic solution of (3.1) can be given by the following series form:

'LL(t, X) = I—;l{u(sf X)}

1 B4ioco
- (2m)* Jﬁ- Ea(s*t™)U(s,x)(ds)*

o0

B+ioco
1 J+ E“(S“t“)zui(szx)(ds)cx

(27-[)0( B—1ioco 1=0

1 X rB+ico e ) (38)
~ 2n)e — Jﬁ—ioo Ea(s%t™)Ui(s,x)(ds)

B+ioco
= | R IGs a9

B—ico

Eo(s*t*)U;(s,x)(ds)*.

1 o0 J'(3+ioo

j—1 v B—too

4. Mlustrative examples

In order to illustrate the validity of the Yang Laplace transform-DJ iteration method in Section 3, we
give the following several local fractional differential equations.
Consider the following local fractional heat conduction equation

o%u(t, x) _ 2a62“u(t,x)
otx ox2x 7

(4.1)

subject to the initial condition
u(olx) - ECX(X‘X)/

where p is a constant.
Taking the Yang-Laplace transformation on both sides of (4.1) with respect to the variable t, we can
structure the following equation
1 p2* 2%*U(s, x)
U= &b+ o e
Substituting (3.4) into the above equation and in light of (3.7), we can obtain the following recurrence
relation

ul :l(u()) = s axzo( = SZ(X (X( 0()/
2 A2 4o
L pEay, 42
UZ = L(U.l) - s aXZ‘X - 33“ E(X(ch)/ ( )

um+1 = I(um) =

s x2x  gnHDa ¥

Proceeding in this manner, the rest of the components U;(s,x) can also be completely determined and
then, making use of (3.4), we can obtain

2mao
P

Uls, %) = ) (e Ealx®). (4.3)
m=0
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With the help of (3.8) and (4.3), we can yield the following exact solution of (4.1)

u(t,x) = Ly YU(s, x)} = L 1{2 TR Ea)) = E LJ{Z Sﬁnﬂ

2moctmoc

P 4 200y x
Z M e = EalEa(p?t).

Consider the following local fractional differential equation

0%xu(t,x)  0%*u(t,x)
at20c = aXZOc

+u(t, x) 4 sing (x%), 4.4)

subject to the initial conditions

aO(
otx
Taking the Yang-Laplace transformation on both sides of (4.4) with respect to the variables t and then
arranging the result, we can structure the following equation

u(0,x) = —(0,x) =0.

1 92%U(s,x) 1
sZe — 1  ox2x s (s2x —1)

u= sing (x%). 4.5)

Substituting (3.4) into (4.5) and then in light of (3.7), we can construct the following recurrence relation

1 .

Uy=G= m sing (x¥),

- 1 92%*Uy(s,x) 1 )
ul = l(Ll-()) = 52“ 1 aXZ“ = S‘X(SZ“ — 1)2 SIHOC(X(X)I

~ 1 9%*U(s,x) 1 i
uZ = l(ul) = 52“ 1 aXZ(X = S(X(SZ(X _ 1)3 SIHO((X(X)I

- 1 9% Up(s,x) (—pm+t

uerl = l(Um) = 5206 1 aXZOc = SOC(SZOC — 1)m+2 Sll’l(x(Xoc).

Proceeding in this manner, the rest of the components can also be completely determined and then,
making use of (3.4), we can obtain

o (_1)m+1 ] N
U(s,x) = Z (52 sing (x%). (4.6)
m=0

With the help of (3.8) and (4.6), we can yield the following exact solution of (4.4)

m+1 m+1
u(t,x) = LH{U(s,x)} =L 1{Z = iz(xl) e sing (x¥)} = sing (x Z Ly 1{ ) )mz}
o ( oc)]_fl( ol o tZoc
= sing (x*)L, sToc) = sing(x )m.

The Yang Laplace transform- DJ iteration method can be also applied to solve some integral-differential
equation, for example, the following example.
Consider the following local fractional integral-differential equation

9%*u(t,x)

saa Tl ultx) =0, (47)
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subject to the initial conditions
o%u .
u(0,x) = at—(x(O,x) = sing (x%). (4.8)
Taking the Yang-Laplace transformation on both sides of (4.8) with respect to the variables t and then
arranging the result, we can structure the following equation

sing (x%)  sing(x%) oliza)U(S,X)

U(s,x) = s + ST 2 . (4.9)

Substituting (3.4) into (4.9) and then in light of (3.7), we can construct the following recurrence relation

Sing (x%)  sing(x%)
Uo = G = g + SZOC ’
iy o ol Ug(s, %) sing(x¥)  sing (x%)
Uy = HUo) = — g2 - g3 + g 7
(2xx) . .
< olx Ui (s,x) sing (x%)  sing(x*)
u2 = ]'(U’l) - g2 = gox + gbx 4
2 . .
Uy — T(U) — O Um(s, ) sina(x®) | sina(x*)
m+1 = m) = g2 T og2m43)a T g2mt4)x’

Proceeding in this manner, the rest of the components can also be completely determined and then,
making use of (3.4), we can obtain

U(s,x) = sing(x*) ) _ %

R

S
0

Therefore, the exact solution of the (4.7) can be easily deduced as follows:

o0

5. Conclusions

In this work, we proposed the Yang Laplace transform- DJ iteration method. The test examples are
showed that the suggested method can be applied as a simple and efficient tool for solving the local
fractional differential equations.
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