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Abstract
 In this paper we shall present a method for solving local fractional differential equations. This method is based on the combina-

tion of the Shehu transform and the local fractional derivative (we can call it the local fractional Shehu transform), where we have 
presented some important results and properties. We concluded this work by providing illustrative examples, through which we 
focused on solving some linear local fractional differential equations in order to obtain non- differential analytical solutions. From 
the results obtained, it can be concluded that this suggested method is effective when applied this type of local fractional partial 
deferential equations.
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Introduction

Transformations defined by integrals play an important role in 
the resolution of ordinary differential equations, partial differen-
tial equations and in the resolution of integral differential equa-
tions with integer order or fractional order. It also intervenes in 
mathematical physics, probability calculus, automatics, engineer-
ing, etc...

Among the most famous transformations, we find the Laplace 
transform method [14], the Fourier transform method [23], the 
Mellin transform method [24], and there are other transforma-
tions that have appeared in the recent period, we cite for example, 
the Sumudu transform method [25], the Natural transform meth-
od [26], the Ezaki transform method [27], the Aboodh transform 
method [28], the Shehu transform method [10] and others.

The work in this paper is based on the Shehu transformation 
method, as this transformation that have appeared recently and is 
defined by an integral due to its association with the well-known 

Laplace transform [14]. It was recently discovered by Maitama and 
Zhao in 2019 [10], and has been used by many researchers in the 
field of mathematics to solve both ordinary and partial differential 
equations of integer order ([1,2,10,20-22]), both ordinary and par-
tial differential equations of fractional order ([6,9,11,12]), integro-
differential equation [3], and integral equation [4].

The main objective of the present work is to combine the local 
fractional derivative with the Shehu transform in order to resolve 
linear differential equations with local fractional derivative. We 
supported this work with illustrative examples showing how to ap-
ply this transform with the use of local fractional derivative.

The structures of the paper are as follows. In Section 2 some 
basic definitions and properties of the local fractional calculus and 
local fractional Laplace transform method. In section 3, we present 
some important results. In section 4, we apply the local fractional 
Shehu transform method (LFST) to solve the proposed example. Fi-
nally, we conclude with the conclusion.
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Basic of local fractional calculus

In this section, we give the concepts of local fractional derivatives 
and integrals and polynomial functions on cantor sets.

Definition 1
([13,15,16]) If there exists the relation 

,)()( 0
σγττ <Φ−Φ

With ,0 δττ <−  for 

L,
 ,0>δ  and 

L,
 .R∈δ  Now )(υΦ  is 

called local fractional continuous at 0ττ =  , denote.

By ).()(lim 00
ττττ Φ=Φ→  Then )(τΦ  is called local fractional 

continuous on the interval ),( ba  , denoted by ).,()( baCστ ∈Φ  

Definition 2
([13,15,16]) Setting ),()( baCστ ∈Φ  , the local fractional de-
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Definition 3
([13,15,16]) The local fractional integral of )(τΦ  of order σ  in 
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Definition 4
([7,13,19]) The local fractional Laplace transform of )(τΦ  of or-
der σ  is defined as 
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Theorem 1
([15]) If { } ),()( sFL σσ τ =Φ  then one has 
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See [15].
 
Theorem 2
([15]) If { } ),()( sFL σσ τ =Φ  then one has 

{ } { }.)(1)(0 ττ σσ
σ
τσ Φ=Φ L

s
IL

Proof
See [15].

Theorem 3
([15]) If { } )()( sFL σσ τ =Φ  and ( ){ } )(sL σσ τ Ω=Ψ  , then one 
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Theorem 4
([17]) Suppose that ],,[)( baCστ ∈Φ  then there is a function 
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Main Result
In this section, we present the local fractional Shehu transforma-
tion (LFST) method and some properties are discussed.

If there is a new transform operator 
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For example if =Φ )(τ  ),( σσ
σ τiE  we obtain 
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As the generalized result, we give the following definition. 

Definition 5
The local fractional Shehu transform of )(τΦ  of order σ  is de-
fined as
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Theorem 6
(local fractional Shehu-Laplace and Laplace-Shehu duality)
 If { } )()( sFL σσ τ =Φ  and ( ){ } ),,( νυτ σσ Ω=ΦSLF  then one 
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Theorem 7
(local fractional Shehu transform of local fractional derivative) 
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To demonstrate the validity of the second formula, we use math-
ematical induction.

If 1=n , we obtain
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Shehu transform of some special functions
In all of the following results, we relied on the first formula of defi-
nition 5 , and some of the results found in references ([5,18]).
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By performing simple operations, we find
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By performing simple operations, we find.

Illustrative examples 

In this section, we will apply the local fractional Shehu transform 
(LFST) to some suggested local fractional differential equations.
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Example 1
First, we consider the following local fractional differential equa-
tion of order 
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Example 2
Next, we consider the following local fractional differential equa-
tion 
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By following the same steps as the previous example, we obtain  
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Take the inverse transformation, we get 
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This result represents the exact solution to our equation. 
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Example 3
Finally, we consider the following local fractional differential equa-
tion of order ,2σ  ),10( ≤<σ  
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By following the same steps as the previous example, we obtain 
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Take the inverse transformation, we get 
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This result represents the exact solution to our equation.

Conclusion
 In this work, we proposed the local fractional Shehu transform 

based on the local fractional calculus and its results were discussed, 
where we presented some important results and properties with 
their proofs. To prove the effectiveness of this method, we have ap-
plied it to solve some linear local fractional differential equations, 
where we found the results to be accurate and from the type of 
no differential functions. Based on the results of the suggested ex-
amples, we can say that this method is practical and effective in 
solving other forms of linear local fractional differential equations.
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