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Abstract 
 
In this paper, we study the coupling of an approximate analytical technique called reduced differential transform (RDT) with fractional 
complex transform. The present method reduces the time fractional differential equations in to integer order differential equations. The 
fractional derivatives are defined in Jumaries modified Riemann-Liouville sense. Result shows that the present technique is effective and 
powerful for handling the fractional order differential equations. 
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1. Introduction 

In recent years, the fractional calculus [1, 2, 3, 4,12] is an interest-
ing topic in current literature. It has attracted many researchers 

because of its wide application in diverse fields of engineering and 
physical sciences. The fractional calculus involves different defini-
tions of the fractional differential operators namely Riemann-
Liouvilles derivatives, Caputo derivatives, Riez and Grunwald-
Letnikov derivatives. Most of the authors follow the caputo or 
Riemann – Liouvilles form of fractional derivatives to solve the 
fractional differential equations because their solutions are practi-
cally useful. For example Guy Jumarie [15] proposed a new meth-

od obtained by using modified Riemmann-Liouville derivatives to 
solve the fractional nonlinear partial differential equations. Later 
Zheng-Biao Li et al [9, 13, 16] proposed fractional complex trans-
form method based on modified Riemmann-Liouville derivatives, a 
novel and universal approach for finding exact solutions of frac-
tional differential equations. Later, many researchers [10, 11] have 
explored this topic and applied this technique to solve mathemati-
cal models based on fractional calculus.  

2. Jumaries Riemann-Liouville Fractional  De-

rivatives 
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where      is a continuous function. 

Here, we mention some important properties of the modified Rie-
mann-Liouvilles derivatives [14]: 
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3. Fractional complex transform  
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where k, l, m, n are unknown constants and       , 

                       

4. Outline of the method 

The basic definition and properties of reduced differential trans-
form (RDT) are given in [8]. 
The reduced differential transform of v(x, t) at t = 0 is defined as 
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The differential inverse transform of      is defined as 
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and from (7) and (8), we have 
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Theorem 1. If                      then 

                   
Theorem 2. If                 then              

Theorem 3. If         
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The main objective of this work is to illustrate the ability and reli-
ability of fractional complex transform based on Jumaries modified 
Riemann-Liouville derivatives to achieve the explicit solution of 
time fractional parabolic equations via the method of RDT 

5. Numerical Applications 

Example 5.1 Consider the time fractional parabolic equation: 
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with initial condition 
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Using the complex transformation [15], we obtain the following 
integer order PDE:  
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Operating differential transform on (12) and using the theorem (9), 
we obtained the following recurrence formula 
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From the initial condition (11), we have  
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Where  
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Substituting the eqn. (14) in to the eqn. (13) and then using the 
transformed equations (15) and (16), for k = 0, 1, 2, 3, 4, the first 

few components of       are obtained as follows: 
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Now, substituting the Eqns. (17) - (21) in to the Eqn. (9), we have 

             
  

      
     

(22) 

which is exactly the same as the results obtained by Galerkin  col-

location method [5,6] and ADM [7] when     . 

Example 5.2 The time fractional parabolic equation 
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with initial condition 
 

          (24) 

 
Using the complex transformation [15], we obtain the following 
integer order PDE:  
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Operating differential transform on (25) and using the theorem (6), 
we obtained the following recurrence formula: 
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From the initial condition of Eqn. (25), we have 

         (27) 

According to RDT, using the recursive formula (26) and the initial 
condition (27), we obtain 
 
         for            (28) 

 
This implies  

                        
Since       
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which is exactly the same as the results obtained by ADM [17] 
when     . 

6. Conclusion  

In this work, we successfully presented the coupling technique to 
achieve the analytical solution of fractional parabolic differential 
equations. The fractional complex transform requires no special 
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knowledge of fractional calculus and it is extremely accessible to 
solve other similar type of nonlinear fractional differential equa-
tions. 
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