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ABSTRACT 

In this paper, we have discussed fuzzification of elliptic 

partial differential equation taking Laplace Equation in two 

variable into consideration. While solving this equation 

numerically at different grid points, on the other hand we 

want to observe findings using fuzzy intervals. Finite 

difference method is applied in solving the equation 

numerically. 
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1. INTRODUCTION 
The concept of Fuzzy differential equation was first 

introduced by Chang and Zadeh [1]. Dubois and Prade [2] has 

given the extension principle. In this paper, we first applied 

finite difference method to solve Laplace equation 

numerically ,then fuzzified. 

2. BASIC CONCEPT AND 

DEFINITIONS 
A triangular Fuzzy number µ is defined by three real numbers 

with base as the interval [a,c] and b as the vertex of the 

triangle.The membership functions are defined as follows: 
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( ) ( ) )()()()( cbcandaba RL −+=∆−+=∆ αααα  

2.1 Application of Finite Difference 

Method in  Laplace Equation 
The Laplace’s Equation in two variable  is      
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which is very often encountered in heat and mass transfer 

theory, fluid mechanics, elasticity, electrostatics, and other 

areas of mechanics and physics, is an elliptic partial 

differential  equation since B2 - 4AC = -4 < 0.  

Replacing  uxx  and  uyy by finite difference method, (1) 

becomes   
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                       [Taking meshes to be of square nature]  

i.e. the value of u at any mesh point is the arithmetic mean of 

its values at the four neighboring mesh points to the left, right, 

above and below which is called Standard Five Point Formula 

(SFPF) could be represented  as per Fig-1.  Here we will use 

two formulae called Standard Five Point Formula (SFPF) and 

Diagonal Five Point Formula  (DFPF)  represented 

respectively  by diagrams Fig-1 and Fig-2. 
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We will use Diagonal Five Point Formula (DFPF) wherever 

necessary as  
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3. APPLICATION OF FUZZY 

INTERVAL IN LAPLACE EQUATION 
Boundary points have been taken from C1  to C16 due to 

equation no. (1)  with fuzzy intervals as given in Table-1. 

][)(C 3,1;2,1;1,11 lll=  ][)(C 3,2;2,2;1,22 lll=  

][)(C 3,3;2,3;1,33 lll=  ][)(C 3,4;2,4;1,44 lll=  

][)(C 3,5;2,5;1,55 lll=  ][)(C 3,6;2,6;1,66 lll=  

][)(C 3,7;2,7;1,77 lll=  ][)(C 3,8;2,8;1,88 lll=  

][)(C 3,9;2,9;1,99 lll=  ][)(C 3,10;2,10;1,1010 lll=  

][)(C 3,11;2,11;1,1111 lll=  ][)(C 3,12;2,12;1,1212 lll=  

][)(C 3,13;2,13;1,1313 lll=  ][)(C 3,14;2,14;1,1414 lll=  

][)(C 3,15;2,15;1,1515 lll=  ][)(C 3,16;2,16;1,1616 lll=  

 

Table-1 

Moreover u1 to u9  are  nine interior points due to the  square  

grids as shown in the  Fig-3. 
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             Fig-3 

Now to evaluate initial value of  u5  i.e. 
)0(

5u  using  Standard  

Five  Point Formula as   
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Fuzzy membership functions (f.m.f.) and respective α-cuts of 

C3 , C11 , C15  and  C7  are respectively 
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Hence   α-cut  of  C3  is  
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Hence   α-cut   of   C11   is 
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Hence α-cut of C15 is 
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Hence α-cut of C7 is  
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To retain two roots with α ε [0,1], let  
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In a similar way we can find out fuzzy membership functions 

for 
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Next successive approximations with their f.m.f. as required 

may be obtained from previous approximations and  specified 

boundary conditios.   

4. A NUMERICAL EXAMPLE 
Let us consider the Laplace Equation in two variables  

Uxx (+) Uyy (=)0---------------------------------------------

(10) 

in the region R(=){(x,y) :0≤ x 4≤ ,0≤ y 4≤ } with  

boundary conditions  u(0,y)(=)0, u(x,0)(=)
2

2x
, u(x,y)(=)x2, 

u(x,y)(=)8(+)2y.     Leibmann’s  iteration process will be 

applied to solve eqn.(10)  which is 
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Initial values of the ui’s may be calculated with the help of 

Standard Five Point formula (SFPF) and Diagonal Five Point 

Formula (DFPF). 

For given boundary conditions, the boundary points and their 

respective numerical values are  

C1=0,  C2=1,  C3=4 ,  C4=9 ,  C5=16 ,  C6=14 ,  C7=12 ,  C8=10 

,  C9=8 ,  C10=4.5 ,  C11=2 ,  C12=0.5 ,  C13=0 ,  C14=0 ,  C15=0 

,  C16=0 .   
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95658696288.195668696288.1

95658696288.1

))(()4(
7

µ  


















≤≤
−

+−

≤≤
−

−

=

otherwise

xwhere

x

xwhere

x

x
u

;0

27062468566.327052468566.3

27052468566.327062468566.3

27062468566.3

27052468566.327042468566.3

27042468566.327052468566.3

27042468566.3

))(()4(
8

µ  


















≤≤
−

+−

≤≤
−

−

=

otherwise

xwhere

x

xwhere

x

x
u

;0

75679209746.675669209746.6

75669209746.675679209746.6

75679209746.6

75669209746.675659209746.6

75659209746.675669209746.6

75659209746.6

))(()4(
9

µ  

5. CONCLUSION 
Here we have given f.m.f. for initial approximations with 

fourth approximations in solving the numerical example. This 

may however be increased up to desired accuracy. 
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