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JFourier Transform

* Fourier Transform gives
the frequency domain of
a nonperiodic  time

domain signal. s =
/N , .
S 2L iz 0 Iz 2 Rl Frequency "
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Ul Line Spectra
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f@t)= i|:sin(7rt) +%sin(3ﬂt) +%sin(5m‘) + %sin(7nt) + ] This Is an odd function
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VISUALIZING A SIGNAL - TIME DOMAIN &
FREQUENCY DOMAIN

A

Amplitude

ﬂeQueﬂd

ti/h e

To go from time domain
to frequency domain
we use Fourier Transform




FOURIER SERIES VERSUS FOURIER
TRANSFORM

Continuous time Discrete time e Fourier series for continuous-
time periodic signals — discrete
. . spectra
. iscrete . :
L Fourier ) e Fourier transform for continuous
Periodic ) Fourier iodic sianal i
Series Transform aperiodic signals — continuous
spectra
. Discrete
Aperiodic Fourier Fourier *
Transform Transform




DEFINITION OF FOURIER TRANSFORM

 The Fourier transform (spectrum) of f(t) is F(w):

F()=§ {/(1)} = j f (e " di

f(6)= 8" {F(w)} = g [ Fo)e™do

(JNote: Remember o = 2xf




EXAMPLE: IMPULSE FUNGTION 3 (T

F(o)= &6} = [ 8(t)e"dt = _=e=1
o(r) < 1 ;s
| & 275(w)
5(t) 4
Flo0)]
Al ]
<>
:
{ : 1)) ] *
11f1=0
%= { 0if 10

Delta function has unity area.




EXAMPLE: FOURIER TRANSFORM OF SINGLE

RECTANGULAR PULSE

1 for——<t<—

f(&)=rect(t)=11(t/7) = 3 2

f(t)=rect(t)=1I(¢/ 1)

A

Pulse of i
width t

_% 72 timet

Remember o = 2nf

0 for all |¢[> L
2

/2

F(w)= T ft)e “di= j e/ dt

~7/2
e—j(ut
— B ja)
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—jor/?2 it/ 2
e J —'é?j

~r/2 —Jjo
_ — sin(a)r/2) _ z_.[sin(a)z-/?_)} ?
—Jo (w7/2)




EXAMPLE: FOURIER TRANSFORM OF SINGLE
REGTANGULAR PULSE

L sin(wz/2) | .
F(w)—r[ @2) }—r (zf7)

sinc function

_% % time t

Note the
pulse is
time
centered g ‘ ’ 0




PROPERTIES OF THE SING FUNCTION

+»» Definitions of the sinc function:

sin(x)  and sinc(x) =
X TX

sin(zx)

sinc(x) =

¢ Sinc Properties:

1. sinc(x) is an even function of x.

2. sinc(x) = 0 at points where sin(x) = 0, that is,
sinc(x) = 0 when x = 7w, +271, £37, ... .

3. Using L'Hopital’s rule, it can be shown that sinc(0) = 1.

4. sinc(x) oscillates as sin(x) oscillates and monotonically
decreases as 1/ x decreases as | x | increases.

5. sinc(x) is the Fourier transform of a single rectangular pulse.




