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In the name of God
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Partial Differential Equations (PDEs)

Heat Equation: Very Long BarsVery Long Bars

Heat Equation

The results in the last section can be extended to bars

of infinite length, which are good models of very long

bars or wires (such as a wire of length, say, 100 m).

Then the role of Fourier series in the solution process

will be taken by Fourier integrals.
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Partial Differential Equations (PDEs)

Using Fourier Integral.
And  Initial condition u(x, 0) = f(x)

RememberRemember thesethese
Results Results ((99)&()&(1010))!!
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Partial Differential Equations (PDEs)

The Fourier transform is closely related to the Fourier integral.

we can use Fourier transforms for solving our present or similar problems.

The Fourier transform applies to problems concerning the entire axis,

and the Fourier cosine and sine transforms to problems involving the

positive half-axis.
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Partial Differential Equations (PDEs)

The problem consists of the heat equation (1) and the initial condition (2), 

(2)

which in this example is

Our strategy is to take the Fourier transform with respect to x
and then to solve the resulting ODE in t.
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Partial Differential Equations (PDEs)

Therefore:

Since this equation involves only a derivative with respect to t but none with
respect to w, this is a first-order ODE, with t as the independent variable and
w as a parameter.



1432/12/07

4

Zanjan University Zanjan University Zanjan University Zanjan University Zanjan University

Zanjan University Zanjan University Zanjan University Zanjan University Zanjan University

Zanjan University Zanjan University Zanjan University Zanjan University Zanjan University

Partial Differential Equations (PDEs)

We get the general solution

Initial Condition:

Now inverse Fourier gives the solution:
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Partial Differential Equations (PDEs)

Combining and assuming that we may invert the order of integration, we then 
obtain:

By the Euler formula
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Partial Differential Equations (PDEs)

We recognize that this is in the form of convolutionconvolution as:
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Partial Differential Equations (PDEs)

?
Where:



1432/12/07

6

Zanjan University Zanjan University Zanjan University Zanjan University Zanjan University

Zanjan University Zanjan University Zanjan University Zanjan University Zanjan University

Zanjan University Zanjan University Zanjan University Zanjan University Zanjan University

Partial Differential Equations (PDEs)

We know (using Fourier Table):

?
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Partial Differential Equations (PDEs)

Using (18) and replacing x by x-p in g(t) we get:
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Partial Differential Equations (PDEs)

Using:

(Fourier w.r.tè x)
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Partial Differential Equations (PDEs)
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Partial Differential Equations (PDEs)

we then obtain the solution formula
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