
Partial Differential Equations: 

Basic Concepts: 

 An equation involving one or more partial 

derivatives of an (unknown) function of two or more 

independent variables is called a partial differential 

equation. The order of the highest derivative is called 

the order of the equation.     
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Just as in the case of an ordinary differential equation, 

we say that a partial differential equation  is linear if it is 

of the first degree in the dependent variable (the 

unknown function) and its partial derivatives. If each 

term of such term of such an equation contains either 

the dependent variable or one of its derivatives, the 

equation is said to be homogeneous; otherwise it is said 

to be nonhomogeneous. 
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Here (c) is a constant; (t) is a time; x, y, z are the 

Cartesian coordinates and the dimension is the 

number of these coordinates in the equation. 

Equation (4) [with f(x,y)≠0] is nonhomogeneous, 

while the other equations are homogeneous.  
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MODELING: 

(1)Vibration of elastic string (wave equation): 

Assumptions; 

 Vibration takes place in x-y plane. 

 No elongation. 

 The string can transmit force only in the 

direction of its length. 

 Constant tension force.  
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Solution of Partial Differential Equations: 

 Here under we consider the simple 

examples, the solution of which depends 

up to the meaning of partial 

differentiation. 
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We can now obtain the finite-difference 

analogues of partial differential equations by 

replacing the derivatives in any equation by 

their corresponding difference approximation 

given above. 
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Laplace’s equation: 

We wish to solve Laplace's equation: 

uxx+uyy=0 

in a boundary region R with boundary C. As in Dirichlet's 

problem, let the value of u be specified every where on C. 

For simplicity, let R be a square region so that it can be 

divided into a network of small squares of side h. Let the 

values of u(x, y) on the boundary  C be given by Ci and let 

the interior mesh points and the boundary points be as in 

the figure below:   
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Example: 
Solve Laplace equation for the figure given below:  
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n u1 u2 u3 u4 u5 u6 u7 u8 u9 

1 6.25 9.38 6.25 18.75 25.00 18.75 43.75 53.13 43.75 

2 7.03 9.57 7.08 18.94 25.10 18.98 43.02 52.97 42.99 

3 7.13 9.83 7.20 18.81 25.15 18.84 42.94 52.77 42.90 

4 7.16 9.88 7.18 18.81 25.08 18.79 42.89 52.72 42.88 

5 7.17 9.86 7.16 18.78 25.04 18.77 42.88 52.70 42.87 
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