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Examples of Fourier transforms

1 Fourier transform of Dirac delta function @ (&)= d(t):




Examples of Fourier transforms

"time" domain frequency domain
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Convergence of Fourier transforms

OO The Fourier transform remain valid for an extremely broad class of signals of
infinite duration. The convergence criteria are similar to the Fourier series:

0 There is no energy in the difference between a signal and the reconstruction of
a signal from its Fourier representation if the signal has finite energy:

+ 00
/ lz(¢)]?dt < 400

0 The Dirichlet conditions ensure that a signal equals its Fourier
representation, except at isolated values of time for which the signal is
discontinuous (see Fourier series).
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Properties of the Fourier transform: linearity



Properties of the Fourier transform: time shifting

2(t) <2 X (jw)

then

2(t=tg) <1 e 90 X (juw)

It is very useful when taking time delays into account in systems.



Properties of the Fourier transform: differentiation and integration

A
d:l:(t) F '

dt




Properties of the Fourier transform: time and frequency scaling

If e
x(t) «— X(jw)
then
F 1 jw
t) <— X (—
o(at) S o X ()

Example: playing an audio signal faster sounds higher in frequency.
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Properties of the Fourier transform: time and frequency scaling

1 W
fo2(t) < X(jw) then z(at) s ‘a‘X(%)

A signal that is localized in time is not localized in frequency, and conversely!

Gaussian Gaussian

\/

Time domain Frequency domain

Example: incertitude principle in physics.



Properties of the Fourier transform: the convolution property

/AW —s| W | — 91 < gl e hib)

2(t) <5 X (jw) | % /"“'HU‘&‘)
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y(t) = x(t) * h(t) += Y (jw) = X (jw)H (jw)

h(t) <2 H(jw)

then



