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Abstract 
 

In this paper, we apply a new method for solving system of partial differential equations 

within local fractional derivative operators. The approximate analytical solutions are obtained 

by using the local fractional Laplace variational iteration method, which is the coupling 

method of local fractional variational iteration method and Laplace transform. Illustrative 

examples are included to demonstrate the high accuracy and fast convergence of this new 

algorithm. The obtained results show that the introduced approach is a promising tool for 

solving system of linear and nonlinear local fractional differential equations. Furthermore, we 

show that local fractional Laplace variational iteration method is able to solve a large class of 

nonlinear problems involving local fractional operators effectively, more easily and accurately; 

and thus it has been widely applicable in physics and engineering. 
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1. Introduction 
  

The local fractional variational iteration method was applied to solve the partial differential, 

integral and integro-differential equations arising in mathematical physics: Yang et al. 

(2013), Su et al. (2013), Yang et al. (2014) Wang et al. (2014), Baleanu et al. (2014) Chen, et 

al. (2014), Neamah (2014). Based on it, the local fractional Laplace variational iteration 

method had found successful applications in physics and applied mathematics as in the 

following examples: fractal heat conduction equation  by Liu (2014), fractal vehicular traffic 

flow by Li, et al. (2014), heat equation by Xu et al. (2014), linear partial differential 

equations by Yang (2014), nonlinear partial differential equations by Jafari and Jassim 

(2014), Fokker Planck equation by Jassim  (2015), diffusion-wave equations by Jassim et al. 

(2015). 

 

The local fractional calculus theory has attracted a lot of interest for scientists and engineers 

because it is applied to model some problems for fractal mathematics and engineering. It 

plays a key role in many applications in several fields, such as physics Yang (2012), 

Kolwankar and Gangal (1998), Yang et al. (2013), Zhao et al. (2013), Li et al. (2014), heat 

conduction theory Yang (2012), Yang et al. (2013), Xu et al. (2014), fracture and elasticity 

mechanics Yang (2012), fluid mechanics Yang (2012), Yang et al. (2013) and so on. The 

local fractional partial differential equations arising in mathematical physics described the 

non-differentiable behaviors of physical laws. Finding the non-differentiable solutions is a 

hot topic. Useful techniques were successfully applied to deal with local fractional 

differential equations.  

 

In this work, our aim is to use the local fractional Laplace variational iteration method to 

solve the system of linear and nonlinear local fractional partial differential equations. The 

structure of the paper is suggested as follows. In Section 2, we give analysis of the method 

used. In Section 3, some examples for systems of local fractional partial differential equations 

are given. Finally, the conclusions are considered in Section 4.        

 

2. Local Fractional Laplace Variational Iteration Method. 

In order to illustrate this method, we investigate system of local fractional partial differential 

equations as follows: 

 

      ,,...,2,1,0)()(),( niUNURyxuL iii                                                                      (2.1) 
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
 denotes linear local fractional derivative operator of order k , iR  and iN  denotes 

linear and nonlinear terms.                                                                              

 

According to the rule of local fractional variational iteration method Yang et al. (2013), Su et 

al. (2013), Jafari et al. (2015) the correction local fractional functional for (2.1) is constructed 

as  
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which leads up to 
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where  
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i  is a fractal Lagrange multipliers. 

 

Applying the local fractional Laplace transform  on both sides of Equation (2.4), we get 
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or  
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Taking the local fractional variation of Equation (2.6) gives us  
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By using computation of Equation (2.7), we get: 
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Hence, from Equation (2.8) we get: 
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Hence, we have the following iteration algorithm: 
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Therefore, the local fractional series solution of Equation (2.1) is 
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3. Some Illustrative Examples                                               
 

In this section, we give some illustrative examples for solving system of local fractional 

partial differential equations to demonstrate the efficiency of  local fractional Laplace 

variational iteration method. 

 

Example 1.  
 

Let us consider the system of local fractional coupled partial differential equations with local 

fractional derivative Yang et al. (2014): 
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In view Equation (2.12) and Equation (3.1) the local fractional iteration algorithm can be 

written as follows: 
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which leads to  
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where the initial value reads: 
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Making use of Equation (3.4) and Equation (3.5), we get the first approximation, namely: 
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Hence, we have 
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From Equation (3.4) and Equation (3.7), we arrive the second approximation: 
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Therefore, we get 
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Consequently, the local fractional series solution is: 
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Example 2.  
 

Consider the system of local fractional coupled Burger's equations with local fractional 

derivative Yang et al. (2014): 

 

        

 

 
,0

),(),(),(
),(2

),(),(

,0
),(),(),(

),(2
),(),(

2

2

2

2









































































y

yxvyxu

y

yxv
yxv

y

yxv

x

yxv

y

yxvyxu

y

yxu
yxu

y

yxu

x

yxu

                               (3.12) 

6

Applications and Applied Mathematics: An International Journal (AAM), Vol. 11 [2016], Iss. 1, Art. 9

https://digitalcommons.pvamu.edu/aam/vol11/iss1/9



                                                                                                        Hossein Jafari and Hassan Kamil Jassim  168            

 

subject to the initial conditions 
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From Equation (2.12) and Equation (3.12), we obtain 
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which leads to  
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where the initial value are: 
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Applying Equation (3.15) and Equation (3.16), we get the first approximation, namely: 
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Hence, we have 
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In view of Equation (3.15) and Equation (3.18), we arrive the second approximation: 
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Therefore, we have 
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Consequently, the local fractional series solution is: 
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Example 3.  
 

Let us consider the system of coupled partial differential equations involving local fractional 

operator: 
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with initial conditions 
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In view Equation (2.12) and Equation (3.23) we have 

 

      

   

    ,
1

),(),(

,
1

),(),(

1

1



















































mm
mm

mm

mm
mm

mm

uv
y

u

x

v
L

s
yxvLyxvL

vu
y

v

x

u
L

s
yxuLyxuL





















                                    (3.25)  

 

which leads to  
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where the initial value reads: 
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Making use of Equation (3.26) and Equation (3.27), we get the first approximation, namely: 
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Hence, we have 
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In view of Equation (3.26) and Equation (3.29), we arrive the second approximation reads: 
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Therefore, we have 
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Consequently, the local fractional series solution is: 
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4. Conclusions 
 

In this work we considered the coupling method of the local fractional variational iteration 

method and Laplace transform to solve the system of linear and nonlinear local fractional 

partial differential equations and their nondifferentiable solutions were obtained. The local 

fractional Laplace variational iteration method is proved to be an effective approach for 
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solving system of partial differential equations with local fractional derivative operators due 

to the excellent agreement between the obtained numerical solution and the exact solution. A 

comparison is made to show that the method has small size of computation in comparison 

with the computational size required in other numerical methods and its rapid convergence 

shows that the method is reliable and introduces a significant improvement in solving linear 

and nonlinear partial differential equations with local fractional derivative operators. 

 

Acknowledgement 
 

The authors are very grateful to the referees and the Editor-in-Chief Professor Aliakbar 

Montazer Haghighi for useful comments and suggestions towards the improvement of        

this paper. 

 

 

REFERENCES 

 

Baleanu, D., Tenreiro  Machado, J. A.,  Cattani, C., Baleanu, M. C., Yang, X. J. (2014). 

Local   fractional   variational   iteration  and   decomposition   methods   for  wave  

equation within  local  fractional  operators.  Abstract  and  Applied Analysis, ID 535048, 

2014: 1-8.  

Chen, L.,  Zhao, Y.,  Jafari,  H.  and  Yang,  X. J.  (2014).  Local  fractional  variational 

iteration   method  for   local  fractional  Poisson   equations  in  two  independent   

variables. Abstract and Applied  Analysis, ID 535048, 2014: 1-7.  

Jafari, H. and Jassim, H. K. (2014). Local fractional Laplace variational iteration method for 

solving nonlinear partial differential equations on Cantor sets within local fractional 

operators. Journal of Zankoy Sulaimani-Part A, 16: 49-57. 

Jafari, H. and Jassim, H. K. (2014). Local fractional series expansion method for solving 

Laplace and Schrodinger equations on Cantor sets within local fractional operators, 

International Journal of Mathematics and Computer Research, 2: 736-744. 

Jafari, H. and Jassim, H. K. (2014). Local fractional Adomian decomposition method for 

solving two dimensional heat conduction equations within local fractional operators, 

Journal of Advance in Mathematics, 9: 2574-2582. 

Jafari, H. and Jassim, H. K. (2015). Local fractional variational iteration method for nonlinear 

partial differential equations within local fractional operators. Applications and Applied 

Mathematics, 10: 1055-1065. 

Jassim, H. K. (2015). New approaches for solving Fokker Planck equation on Cantor sets 

within local fractional operators. Journal of Mathematics, ID 684598, 2015:1-8. 

Jassim, H. K., Ünlü, C., Moshokoa, S. P. and C. M. Khalique, C. M. (2015). Local fractional 

Laplace variational iteration method for solving diffusion and wave equations on Cantor 

sets within local fractional operators. Mathematical Problems in Engineering, ID 309870, 

2015: 1-9.   

Kolwankar, K. M., and Gangal, A. D. (1998). Local fractional Fokker-Planck equation. 

Physical Review Letters, 80: 214-219.  

11

Jafari and Jassim: Solving System of Local Fractional Partial Differential Equations

Published by Digital Commons @PVAMU, 2016

http://www.hindawi.com/journals/mpe/
http://www.hindawi.com/journals/mpe/


173  AAM: Intern. J., Vol. 11, Issue 1 (June 2016) 

 

Liu, C. F., Kong, S. S. and Yuan, S. J.  (2014). Reconstructive schemes for variational 

iteration method within Yang-Laplace transform with application to fractal heat 

conduction problem. Thermal Science, 17: 715-721. 

Li, Y., Wang, L. F., Zeng, S. D., Zhao, Y. (2014). Local fractional Laplace variational 

iteration   method for fractal  vehicular   traffic  flow. Abstract and Applied Analysis, ID 

649318, 2014: 1-7.  

Li, Y. Y., Zhao, Y., Xie, G. N., Baleanu, D., Yang, X. J. and Zhao, K. (2014). Local 

fractional Poisson and Laplace equations with applications to electrostatics in fractal 

domain. Advances in Mathematical Physics, ID 590574, 2014: 1-5.  

Neamah, A. A. (2014). Local fractional variational iteration method for solving Volterra 

integro-differential equations  within  Local  Fractional  Derivative  Operators.  Journal 

of Mathematics and Statistics, 10: 401-407. 

Su, W. H., Baleanu, D., Yang, X. J. and Jafari, H. (2013). Damped wave equation and 

dissipative wave equation in fractal strings within the local fractional variational iteration 

method. Fixed Point Theory and Applications, 2013: 89-102. 

Wang, X. J., Zhao, Y., Cattani, C. and Yang, X. J. (2014). Local fractional variational 

iteration method for inhomogeneous Helmholtz equation within local fractional 

derivative operator. Mathematical Problems in Engineering, ID 913202, 2014: 1-7. 

Xu, S., Ling, X., Cattani, C., Xie, G. N., Yang, X. J. and Y. Zhao, Y. (2014). Local fractional 

Laplace variational iteration method for nonhomogeneous heat equations arising in 

fractal heat flow, Mathematical Problems in Engineering, ID 914725, 2014: 1-7. 

Yang, X. J. and Baleanu, D. (2013). Fractal heat conduction problem solved by local      

fractional variation iteration method. Thermal Science, 17: 625-628. 

Yang, X. J., Baleanu, D., Khan. Y. and Mohyud-Din, S. T. (2013). Local fractional  variation 

iteration method for diffusion and wave equations on Cantor sets. Romanian Journal of 

Physics, 59: 36-48. 

Yang, A. M., Chen, Z. S. and Yang, X. J. (2013). Application of the local fractional series 

expansion method and the variational iteration method to the Helmholtz equation 

involving local fractional derivative operators, Abstract and Applied Analysis, ID 

259125, 2013: 1-6. 

Yang,  A.  M., Li, J., Srivastava, H.  M., Xie, G. N., Yang,  X. J. (2014). The local  fractional  

Laplace  variational  iteration  method   for  solving linear partial  differential  equations   

with local  fractional  derivatives. Discrete Dynamics in Nature and Society, ID 365981, 

2014: 1-8. 

Yang, X. J. (2011). Local Fractional Functional Analysis and Its Applications. Asian 

Academic Publisher Limited, Hong Kong.  

Yang, X. J. (2012). Advanced Local Fractional Calculus and Its Applications. World Science 

Publisher, New York.  

Yang, X. J., Baleanu, D., and Machado, J. A. (2013). Mathematical aspects of the Heisenberg 

uncertainty principle within local fractional Fourier analysis. Boundary Value Problems, 

2013: 1-16.  

Zhao, Y., Baleanu, D., Cattani, C., Cheng, D. F. and Yang, X. J. (2013). Maxwell’s equations 

on Cantor sets: local fractional approach. Advances in High Energy Physics, ID 686371, 

2013: 1-6.  

12

Applications and Applied Mathematics: An International Journal (AAM), Vol. 11 [2016], Iss. 1, Art. 9

https://digitalcommons.pvamu.edu/aam/vol11/iss1/9


	A New Approach for Solving System of Local Fractional Partial Differential Equations
	Recommended Citation

	Local Fractional Variational Iteration Method for

