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PARTIAL DIFFERENTIAL EQUATION 
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Parabolic Equation   Hyperbolic Equation     Elliptic Equation 

 
Solution Steps: 
 

1. Draw the grid solutions and consider the value of 

boundary and initial conditions. 

2. Write PDE in the form of finite-difference . 

3. Calculate jiu ,  level by level (molecule graph). 

4. Find the answer through the solution of linear 

equation system. 
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Parabolic Equation     
 

Focus: Heat Equation  

    

 

   0             L 
Temperature distribution:   txu ,  

 

Heat Equation:   
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Boundary conditions   :    
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Initial condition :    xfxu 0,  

 

              Method 

 
Explicit Finite-Difference                                             

method 
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Explicit Finite-Difference Method 

 

   ji txutxu ,,   

     jiu ,  

 

Finite difference formula for this method: 
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tttk ii  1  and xxxh ii  1  
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e.g. 

 

Given the heat equation: 
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with 
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 40  x  

take 0.1h  and 04.0k , solve the heat equation up 

to second level. 
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Hyperbolic Equations     
 

Focus: Wave Equations  

    

 

   0             L 
 

Displacement distribution :   txu ,  

Wave equation  :   
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Boundary conditions   : 
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Initial conditions  :    xfxu 0,   initial displacement 
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0,   initial velocity 

 

  method   finite difference   

 

Finite Difference Method 
 

   ji txutxu ,,   

     jiu ,  
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Finite difference formula: 
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Initial conditions (velocity) 
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     Consider this    

           condition at 1st level  

 
 

tttk ii  1  and xxxh ii  1  
 

Thus,  
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20  x

e.g. 
 

Given the wave equation 
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where 

 

     0,2,0  tutu    0t  

    xxu sin0,       

    xxut 2cos0,   

 

take  1.0 kx , solve this equation up to the second 

level. 
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by 0
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Elliptic Equations 
  

Focus: Poisson Equation and Laplace’s Equation 
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Steady-state temperature distribution :   yxu ,  

 

Poisson Equation :    yxf
y

u

x

u
,

2

2

2

2










          

                                  byax  0,0  

 

 If;   0, yxf  then,  

Laplace’s equation :   0
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Boundary conditions  :        
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Method   finite difference   

 

Finite Difference Method 
 

   ji txutxu ,,   

     jiu ,  

 

Finite Difference Formula: 
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Poisson equation  
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Laplace’s Equation  
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e.g. (Poisson’s Equation) 

 

Use finite difference method to find the approximate 

solutions for this equation 
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 10,20  yx   

with     10,,0  xuy ,   yeyu 2,2   and   xexu 1, . 

Take 0.1 hx  and 25.0 ky . 
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e.g. (Laplace’s Equation) 

 

Use finite difference to find the linear equation system 

for  

 0 yyxx uu    5.10,5.10  yx   

 

with     00,,0  xuyu ,     25.1,,5.1  xuyu . Take 

5.0 kh . 

 
 


