Fourier Series:
Sines & Cosines:

Example:
f(x) = blsjnp—LX+b25in %+

Or:

¥
f(x):ébns'nn—EX

n=1

Now, a property of sinesis that:

Ontheinterval- L £ X£ +L

Now, to find the coefficient b,, multiply both sides bysn p_li( , and integrate:

@n — f(x)dx— d)lsn pL dx + d’z an %sn pL ax +...
Which is al zero, except the first term, which is half the interval length. Hence:
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Hence, one should see, more generally:
17y npx _
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Similarly for cosines:

If:

¥
f(x)=a, +6°1 a, cos%

n=1
Then:
17

f (x)d
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n=123..
%dx
Technically, there isa byterm — but it is zero. Note that the a,isn't zero, and is divided by 2L.
Now, for a general function:
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¥
f(x)= a0+é8%ncosﬂ+b sn opx O on- LEXE+L
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Where:
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Note that you divide a, & b, by half the length of the interval/integral.

For Fourier series to work, f(x) must satisfy Dirichlet’s conditions:

f(x) must be single valued & have finite number of discontinuities;
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Of (¥)|dxmust be finite
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Hence the Fourier series will converge to f(x).
Fourier series use the property of the orthogonality between sines and cosines:
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Complex Exponentials:

Two complex functions are orthogonal ona £ x £ bif:
b
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Hence, the two complex exponentials are orthogonal :
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Thus, if
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