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Abstract  This paper first describes RDTM and then uses Reduced RDTM to compute an approximate solution of 
the one-dimensional convection-diffusion problems. The method provides the solution quickly in the form of a 
convergent series. Our method reduces the computational difficulties existing in the other traditional methods. To 
show the efficacy of the results, three examples are considered. 
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1. Introduction 

We consider the following one-dimensional 
convection-diffusion equation  
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Where 𝛼𝛼,𝛽𝛽 and 𝛾𝛾 are known constant coefficients, 𝑘𝑘1(𝑥𝑥) 
and are known continuous functions.  

The convection-diffusion equation is a merging of 
diffusion and convection equations, and describes the 
physical phenomena in which particles, energy, or other 
physical quantities are transmitted to the physical system 
due to the two processes of diffusion and convection. 

In this study, firstly we describe the RDTM and then 
apply the RDTM to investigate the solution of the one-
dimensional Convection-diffusion equation. 

In recent years, some numerical solution have been 
developed to solve these types of convection-diffusion 
problems. Likes: the adaptive spline function approximation 
[1], several finite element methods [2], the finite difference 
approximation [3], cubic B-spline quasi-interpolation  
[4], restrictive taylor’s approximation [5], exponential  
B-spline collocation method [6]. Exponential B-splines [7], 
weighted finite difference [8], meshless method [9], 
implicit method [10], redefined cubic B-splines collocation 
method [11]. In 2009, the reduced differential transform 
method (RDTM) was introduced by Keskin [12] to solving  
 

solve various partial differential equations and fractional 
nonlinear partial differential equations. The technique of 
reduced differential transforms is a repetitive procedure 
for the solution of a Taylor series differential equations. 
This method reduces the size of the computational work 
and can be easily applied to many physical problems. 

This paper has been organized as follows: Section 2 
deals with the analysis of the method. In Section 3, we 
apply the RDTM to solve three types of one-dimensional 
Convection-Diffusion Problem. Conclusions are given in 
Section 4. 

2. Reduced Differential Transform 
Method (RDTM) 

Consider a function of two variables 𝑓𝑓(𝑥𝑥, 𝑡𝑡),  and 
suppose that it can be represented as a product of two 
single-variable f(x, t) = g(x)h(t). the function 

f(x, t) can be represented as 
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Where 𝐹𝐹𝑘𝑘(𝑥𝑥) is called t -dimensional spectrum function of 
𝑓𝑓(𝑥𝑥, 𝑡𝑡). The basic definitions and fundamental operations 
of the two-dimensional reduced differential transform 
method are introduced are defined in [13] as follows: 
Definition 2.1. Assume 𝑓𝑓(𝑥𝑥, 𝑡𝑡) is an analytic function in 
the domain of interest. The reduced differential transform 
of 𝑓𝑓(𝑥𝑥, 𝑡𝑡) is defined as 
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Definition 2.2. The differential inverse transform of 
𝐹𝐹𝑘𝑘(𝑥𝑥) is defined as follows: 
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By inserting equation (2.2) in (2.3), we obtain 
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Some basic properties of the two dimensional reduced 
differential transform are presented in Table 1 below.  

Table 1. The Operations for the reduced differential transform 
method 

3. Numerical Example  

In this section, we used the basic definitions (in  
section 2) of the two-dimensional reduced differential 
transform method for solving three examples of the  
one-dimensional Convection-diffusion equations. 
Example 1. We consider the following one-dimensional 
convection-diffusion problem  

 ( ) ( )
2

2 2
2 2 2 4 sin 2 ,

0 , 1,

f f tsin x t x
t x

t x

π π π∂ ∂
− = +

∂ ∂
≤ ≤

 (3.1) 

with the boundary conditions and the initial condition  
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by using the basic properties of RDTM in equations (3.1) 
and (3.2), we obtain the following relations 
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From initial condition (3.2), we have 

 ( )0 0.F x =  (3.4) 

Using Eq. (3.4) in Eq. (3.3), we get the following 𝑈𝑈𝑘𝑘(𝑥𝑥) 
values, 
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By using the differential inverse reduced transform of  
𝑼𝑼𝒌𝒌(𝒙𝒙,𝒚𝒚)  
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we get 

 ( ) ( ) 2, sin 2 .f x t x tπ=  (3.7) 

We obtain the exact solution of equation (3.1). 
Example 2. We consider the convection-diffusion 
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and the boundary conditions 
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subject to the initial conditions 
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By using the basic properties of RDTM in equation 
(3.8), we obtain the following relations 
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Taking the differential transform of Eqs.(3.10), we write 

 ( ) 2
0 .

x

F x e
− 

 
 =  (3.12) 

Using Eq. (3.12) in Eq. (3.11), we get the following 
𝑈𝑈𝑘𝑘(𝑥𝑥) values 
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the exact solution of the equation (3.8) will assume the 
following form: 
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Example 3. Consider the convection-diffusion problem 
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Transformed function Original function 
𝑭𝑭𝒌𝒌(𝒙𝒙) = 𝑮𝑮𝒌𝒌(𝒙𝒙) ± 𝑯𝑯𝒌𝒌(𝒙𝒙) 𝒇𝒇(𝒙𝒙, 𝒕𝒕) = 𝒈𝒈(𝒙𝒙, 𝒕𝒕) ± 𝒉𝒉(𝒙𝒙, 𝒕𝒕) 
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with the initial condition 

  ( ) 2,0 ,f x x=  (3.16) 

with the boundary condition: 

 ( ) ( )0, 0, 1, tf t f t e−= =  (3.17) 

by using the basic properties of RDTM in equation (3.15) 
and (3.16), we obtain the following relations 
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and 

 ( ) 2
0 .u x x=  (3.19) 

Using Eq. (3.18) in Eq. (3.19), we get the following 
𝑈𝑈𝑘𝑘(𝑥𝑥) values 
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By using the differential inverse reduced transform of 
𝑈𝑈𝑘𝑘(𝑥𝑥), we get 
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by using the closed form in the solution of (3.21), we 
obtain the following exact solution  

 ( ) 2, , .tu x y t x e−=  (3.22) 

4. Conclusion 

In this work, we used reduced differential transform 
method (RDTM) to compute an approximate solution of 
the one-dimensional convection-diffusion problems. The 
method provides the solution in the form of a rapidly 
convergent series. Three explanatory examples are given 
to represent the efficacy of the obtained results. 
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