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Abstract 
In this paper, a numerical technique is proposed to obtain the solution for 
transient heat conduction equation of Copper. The copper element is charac-
terized by many characteristics; the most important of which is its high ability 
to conduct heat and electrical conductivity, in addition to being a flexible and 
malleable metal that is easy to form without being broken, making it one of 
the basic minerals that humans have benefited from for thousands of years, it 
is one of the first minerals. That has been discovered and extracted, and still 
plays a major role in the development of societies. The obtained solutions are 
compared with the available exact solutions and the obtained solutions using 
the finite difference method. The results indicate that the finite difference me-
thod is a highly effective method for obtaining approximate solutions for the 
thermal conductivity equation for copper. It is also clear from the numerical 
results from copper in the high conductivity of heat and electricity. 
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1. Introduction 

William [1] numerical methods for partial differential equations, Jim [2] on the 
numerical solution of heat conduction problems in two and three space variables, 
in 1980, Mitchell and Griffiths [3] the finite difference method in partial diffe-
rential equations. In 2014, Dalal et al. [4] numerical solution of Volterra integral 
equation of second kind using implicit trapezoidal, Dalal [5] adomian decompo-
sition method of Fredholm, Dalal [6] applications of adomian decomposition 
method for solving of Fredholm integral equation. In 2016, Dalal [7] adomian 
decomposition method of solving of Fredholm integral equation of the second 
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kind using Matlab. In 2018, Dalal [8] numerical solution of system of three non-
linear Volterra integral equation using implicit trapezoidal. In 2019, Dalal et al. 
[9] finite difference method for solving heat conduction equation of the Granite. 
In 2020, Dalal [10] finite difference method for solving heat conduction equation 
equation of the Brick. In Finite difference methods, the derivatives in the partial 
differential equation are replaced with finite difference approximations. The do-
main of the solution [ ],a b  is divided into N subintervals of equal length h, that 
are defined by ( )1N +  points called grid points. The length of each subinterval 
is then ( )h b a N= − . Points a and b are the end points, and the rest of the 
points are the interior points.  

We apply the Finite difference approximation method for solve the heat con-
duction equation of the Copper. 

Advantages of using Copper: Copper is used in the manufacture of electrical 
wires because of its high conductivity of electricity. It is also used in the manu-
facture of many electrical and electronic devices and devices, such as: transfor-
mers, power generators, television, mobile phones, and other devices. Among 
the most important uses of copper in the electricity sector is its use in telecom-
munications Where micro wires are made especially for Internet lines related to 
local networks, in addition to making use of copper in the field of renewable 
energy, specifically in the manufacture of wind turbines, photovoltaic cells, and 
other devices related to the technology of renewable energy this. 

2. Finite Difference Method for Heat Conduction Equation 

The linear second order partial differential equation  
2 0xx xy yy x yAu Bu Cu Du Eu Fu G+ + + + + + =             (1) 

as a parabolic equation if 2 0B AC− = . A parabolic equation holds in an open 
domain or in a semi-open domain.  

Consider a thin homogeneous, insulated bar or a wire of length l. Let the bar 
be located on the x-axis on the interval [ ]0,l . See the rod have a source of heat. 
For example, the rod may be heated at one end or at the middle point or has 
some source of heat. Give ( ),u x t  denote the temperature in the rod at any in-
stant of time t. The problem is to study the flow of heat in the rod. The partial 
differential equation governing the flow of heat in the rod is given by the para-
bolic equation  

2 , 0 , 0.t xxu c u x l t= ≤ ≤ >                      (2) 

where 2c  is a constant and depends on the material properties of the rod.  
The heat conduction equation of the Copper 

1.14t xxu u=  

( ) ( ) ( )0, 1, 0, 0, Fu t u t t t= = ∀ ∈  

( ) ( ) [ ]0,0 , 0,1 ,u x u x x= ∀ ∈                    (3) 

where  Ft  Denotes the terminal time for the model. Here without loss of gene-
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rality, we assume that the spatial domain is [ ]0,1 . 
At first divide the physical domain ( ) ( )0, 0,1Ft ×  by N J×  uniform grid 

points 

, , 0,1, , ,F
n

tt n t t n N
N

= ∆ ∆ = =   

1, , 0,1, , .jx j x x j J
J

= ∆ ∆ = =   

Then, we denote the approximate solution ( ),n
j j nu u x t≈ . At an arbitrary point 

( ),j nx t . To obtain afinite difference scheme, we need to approximate the deriva-
tives in (1) by some finite differences. (Explicit scheme) Substituting  

( ) ( )1, ,n n
t j n j ju x t u u t−≈ − ∆  

( ) ( ) ( )2
1 1, 2 ,n n n

xx j n j j ju x t u u u x+ −≈ − + ∆  

Into (2), another difference scheme for (2) can be constructed as: 

( )

1
1 1

2

2
, 1 1, 1 .

n n n n n
j j j j ju u u u u

j J n N
t x

−
+ −− − +

= ≤ ≤ − ≤ ≤
∆ ∆

       (4) 

3. Numerical Simulations and Discussion 

1) Example 1. Find the solution of the heat conduction equation of the Copper 

1.14 , 0 1, 0;t xxu u x t= < < >  

( ) ( )0, 1, 0, 0;u t u t t= = >  

( ),0 40 3 , 0 1.u x x x= − ≤ ≤  

Applying the finite difference method using Matlab, then the result show as 
follows.  

2) Example 2. Find the solution of the heat conduction equation of the Copper 
1.14 , 0 1, 0;t xxu u x t= < < >  

( ) ( )0, 1, 0, 0;u t u t t= = >  

( ) 5,0 7cos , 0 1.
2

u x x x = ≤ ≤ 
 

 

Applying the finite difference method using Matlab, then the result show as 
follows.  

3) Example 3. Find the solution of the heat conduction equation of the Copper 

1.14 , 0 1, 0;t xxu u x t= < < >  

( ) ( )0, 1, 0, 0;u t u t t= = >  

( ) ( ),0 1 cos 2 , 0 1.u x x x= + π ≤ ≤  

Applying the finite difference method using Matlab, then the result show as 
follows.  

4) Example 4. Find the solution of the heat conduction equation of the Copper 

1.14 , 0 1, 0;t xxu u x t= < < >  
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( ) ( )0, 1, 0, 0;u t u t t= = >  

( ) ( ) ( )1,0 sin 3 sin 6 , 0 1.
4

u x x x x= − π + π ≤ ≤  

Applying the finite difference method using Matlab, then the result show as 
follows.  

5) Example 5. Find the solution of the heat conduction equation of the Copper 

1.14 , 0 1, 0;t xxu u x t= < < >  

( ) ( )0, 1, 0, 0;u t u t t= = >  

( ) ( ),0 1 , 0 1.u x x x x= − ≤ ≤  

Applying the finite difference method using Matlab, then the result show as 
follows.  

6) Example 6. Find the solution of the heat conduction equation of the Copper 

1.14 , 0 1, 0;t xxu u x t= < < >  

( ) ( )0, 1, 0, 0;u t u t t= = >  

( ),0 sin 3cos4 , 0 1.u x x x x= − ≤ ≤  

Applying the finite difference method using Matlab, then the result show as 
follows.  

7) Example 7. Find the solution of the heat conduction equation of the Copper 

,1.14 0 1, 0;t xxu u x t= < < >  

( ) ( )0, 1, 0, 0;u t u t t= = >  

( ),0 sin 2 sin5 , 0 1.u x x x x= π − π ≤ ≤  

Applying the finite difference method using Matlab, then the result show as 
follows. 

8) Example 8. Find the solution of the heat conduction equation of the Copper 

,1.14 0 1, 0;t xxu u x t= < < >  

( ) ( )0, 1, 0, 0;u t u t t= = >  

( ),0 sin , 0 1.u x x x= π ≤ ≤  

Applying the finite difference method using Matlab, then the result show as 
follows.  

9) Example 9. Find the solution of the heat conduction equation of the Copper 
1.14 , 0 1, 0;t xxu u x t= < < >  

( ) ( )0, 1, 0, 0;u t u t t= = >  

( ) ( ),0 2sin 2 sin 4sin 2 , 0 1.u x x x x x= π − π + π ≤ ≤  

Applying the finite difference method using Matlab, then the result show as 
follows.  

As we can see from Figures 1-9, the behavior of each transient heat equation 
of the Copper. Figure 1 shows the temperature distribution of the copper con-
duction of the conditions 

https://doi.org/10.4236/apm.2020.105021


D. A. Maturi et al. 
 

 
DOI: 10.4236/apm.2020.105021 354 Advances in Pure Mathematics 
 

 
Figure 1. Temperature distributions at several times for the heat conduction of the Copper for example 1. 

 

 
Figure 2. Temperature distributions at several times for the heat conduction of the Copper for example 2. 

 

 
Figure 3. Temperature distributions at several times for the heat conduction of the Copper for example 3. 
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Figure 4. Temperature distributions at several times for the heat conduction of the Copper for example 4. 

 

 
Figure 5. Temperature distributions at several times for the heat conduction of the Copper for example 5. 

 

 
Figure 6. Temperature distributions at several times for the heat conduction of the Copper for example 6. 
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Figure 7. Temperature distributions at several times for the heat conduction of the Copper for example 7. 

 

 
Figure 8. Temperature distributions at several times for the heat conduction of the Copper for example 8. 

 

 
Figure 9. Temperature distributions at several times for the heat conduction of the Copper for example 9. 
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( ) ( ) ( )0, 1, 0, 0; ,0 40 3 , 0 1.u t u t t u x x x= = > = − ≤ ≤  

Figure 2 shows the temperature distribution of the copper conduction of the 
conditions 

( ) ( ) ( ) 50, 1, 0, 0; ,0 7cos , 0 1.
2

u t u t t u x x x = = > = ≤ ≤ 
 

 

Figure 3 shows the temperature distribution of the copper conduction of the 
conditions 

( ) ( ) ( ) ( )0, 1, 0, 0; ,0 1 cos 2 , 0 1.u t u t t u x x x= = > = + π ≤ ≤  

Figure 4 shows the temperature distribution of the copper conduction of the 
conditions 

( ) ( )

( ) ( ) ( )

0, 1, 0, 0;
1,0 sin 3 sin 6 , 0 1.
4

u t u t t

u x x x x

= = >

= − π + π ≤ ≤
 

Figure 5 shows the temperature distribution of the copper conduction of the 
conditions 

( ) ( ) ( ) ( )0, 1, 0, 0; ,0 1 , 0 1.u t u t t u x x x x= = > = − ≤ ≤  

Figure 6 shows the temperature distribution of the copper conduction of the 
conditions 

( ) ( ) ( )0, 1, 0, 0; ,0 sin 3cos4 , 0 1.u t u t t u x x x x= = > = − ≤ ≤  

Figure 7 shows the temperature distribution of the copper conduction of the 
conditions 

( ) ( ) ( )0, 1, 0, 0; ,0 sin 2 sin 5 , 0 1.u t u t t u x x x x= = > = π − π ≤ ≤  

Figure 8 shows the temperature distribution of the copper conduction of the 
conditions     

( ) ( ) ( )0, 1, 0, 0; ,0 sin , 0 1.u t u t t u x x x= = > = π ≤ ≤  

Figure 9 shows the temperature distribution of the copper conduction of the 
conditions 

( ) ( )
( ) ( )
0, 1, 0, 0;

,0 2sin 2 sin 4sin 2 , 0 1.

u t u t t

u x x x x x

= = >

= π − π + π ≤ ≤
 

4. Conclusion 

In this paper, the calculations were performed by the MATLAB program for the 
programming and the corresponding evolutionary laws on the basis of the one- 
dimensional mathematical model of one-dimensional thermal conductivity us-
ing the Finite differences method of solving the heat-conduction equation of 
Copper. A numerical example has shown the effectiveness of the proposed me-
thod. In addition, it should be noted that the method used is easy and flexible in 
finding solutions. This work focuses on copper because, it is the high electrical 
conductivity of this metal, which comes second—after silver—in the list of the 
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most conductive minerals, its abundance in nature and its low cost, in addition 
to being a mineral that has antimicrobial properties, which reduces the bacterial 
burden of surfaces and bodies, all of which are considered to be the advantages 
that I nominated to be a mineral used in many areas of daily life. 
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