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9- Partial Differential Equations:  (10 hrs) 

Wave equation, Laplace equation, solution of boundary condition problems, 

general solution, solution by separation of variables. 

 

Introduction  

In second year, we considered the role of ordinary differential equations in 

engineering. However, many physical processes fundamental to science and 

engineering are governed by partial differential equations, which is equations 

involving partial derivatives. The most familiar of these processes are heat 

conduction and wave propagation. Unless the situation is very simple, there will 

be many independent variables, for example a time variable t and a space variable 

x, and the differential equations must involve partial derivatives. 

The application of partial differential equations is much wider than the simple 

situations already mentioned. Maxwell’s equations comprise a set of partial 

differential equations that form the basis of electromagnetic theory, and are 

fundamental to electrical engineers and physicists. The equations of fluid flow are 

partial differential equations, and are widely used in aeronautical engineering, 

acoustics. 

One of the major difficulties with partial differential equations is that it is 

extremely 

difficult to illustrate their solutions geometrically, in contrast to single-variable 

problems, where a simple curve can be used. 

The solution of partial differential equations has been greatly eased by the use of 

computers, which have allowed the rapid numerical solution of problems that 

would otherwise have been intractable. 

There are three basic types of equation that appear in most areas of science and 

engineering, and it is essential to understand their solutions before any progress 
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can be made on more complicated sets of equations, nonlinear equations or 

equations with variable coefficients. 

General discussion 

The three basic types of equation are referred to as the wave equation, the heat-

conduction or diffusion equation and the Laplace equation. 

1- Wave equation 
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2- Heat-conduction or diffusion equation 
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3-  Laplace equation 
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Solution of the wave equation 

 

In this section, we will try to solve the three types of PDE’s by three different 

methods: 

1- D’Alembert method. 

2- Separated Variables. 

3- Laplace method. 
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Laplace transform solution 

For linear problems that are time varying from 0 to  ∞, as in the case of the wave 

equation, Laplace transforms provide a formal method of solution. The only 

difficulty is whether the final inversion can be performed. 

First we obtain the Laplace transforms of the partial derivatives 

 



 

PARTIAL DIFFERENTIAL EQUATIONS FOR ELECTRICAL ENGINEERING 

2016/2017 BY DR.HISHAM L.SWADI 

 

 

 



 

PARTIAL DIFFERENTIAL EQUATIONS FOR ELECTRICAL ENGINEERING 

2016/2017 BY DR.HISHAM L.SWADI 

 

 

 

 


