
 

Fourier Transforms
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is sometimes simpler to use a complex representation
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If fCx is not well behaved e.g has infinite extent the
FT may involve generalisedfunctions e.g FTC13 211864

Properties of the FTwww
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Differentiation
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prove using integration by parts
Multiplication
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Convolution Correlation
www

The convolution of two functions is defined by

If g Gd ff Ag gbc g dog
it is a symmetric observation

intuitively one function getsspreadoutbytheother
can also be thought of as the area of overlap as

9 scans the real axis
In statistics let Axl gly be independentpdf for random
variables X Y What is the pdf of 2 XtY
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we then integrate overall x
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The FT of a convolution
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The convolution theorem states that
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Thu we can deconvolve a measuredsignal by dividing
in the Fourier domain provided we know the
convolution function

The correlation of two functions h f g
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Powerspectroim
From the definition of correlation
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In the special case f g the equation reduces to
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Complex Methods

the Fourier integrals can be treated as contour integrals
in the real axis for complex Z and K

Consider a general driven harmonic oscillator
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equivalently to using Greens functions take the FT
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get F glut is a contour integral
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by Jordan's lemma this does notcontribute
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For tho we use a lowersemicircle This doesnotenclose

any poles so gCH 0 for t Lo causal behaviour
otherwise we can just use the residue thm to find gCt

Gaussian integration lemmawww
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This is clearly true if we shift in the real axis
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However it can also be shown that this holds for a c
let Im a 20 whoa Let Ci be
the horizontal line with Im 2 Im a F
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we thus build a rectangular contour
in the limit of R so this shows that
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The Diffusion equationwww

II X II can besolved with the FT
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where tocry foe it To4 doc is the initial condition
using the convolution theorem
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F C evaluated by completing the square and using
the Gaussian integration lemma

The error function erf se Fafo e Edt 1

often arises in these problems
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