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In the method of separating variables, or product method, we determine 
solutions of the wave equation (1) of the form:

By inserting this into the wave equation (1) we have:
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the left side depending only on t and the right side only on x. 
Hence both sides must be constant.
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We now determine solutions F and G of (5) and (6) so that u=FG satisfies
the boundary conditions (2), that is,
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Hence we are left with

Then (5) becomes:
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The eigenfunctions (11) satisfy the wave equation (1) and the boundary

conditions (2) (string fixed at the ends). A single will generally not satisfy the

initial conditions (3).

From Fundamental Theorem 1:
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For the sake of simplicity we consider only the case when the initial velocity g(x) is 

identically zero. Then Bn* = 0, thus we get:

We know:

From (13) è
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We can write as:
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we know that the Bn are as:
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D’Alembert’s Solution of the Wave Equation:

by introducing the new independent variables:
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We assume that all the partial derivatives involved are continuous, 
so that:
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The point of the present method is that (3) can be readily solved by two

successive integrations, first with respect to w and then with respect to v.
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where primes denote derivatives with respect to the entire arguments v=x+ct and
w=x-ct, respectively.
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Finally we get:
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Heat Flow from a Body in Space (Heat Equation)

Heat Equation
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The heat equation is also called the diffusion equation because it also models
chemical diffusion processes of one substance or gas into another.
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Heat Equation: 
Solution by Fourier Series.

As an important application of the heat equation, let us first consider the

temperature in a long thin metal bar or wire of constant cross section and

homogeneous material, which is oriented along the x-axis (Fig. 294) and is
perfectly insulated laterally, so that heat flows in the x-direction only.
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Then the heat equation becomes the one-dimensional heat equation

We begin with the case in which the ends x = 0 and x = L of the bar are kept at

temperature zero, so that we have the boundary conditions:
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The left side depends only on t and the right side only on x, so that both sides must 
equal a constant k.
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We first solve (5). A general solution is
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To obtain a solution that also satisfies the initial condition (3), we consider a series 
of these eigenfunctions:
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