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FOURIER SERIES VERSUS FOURIER TRANSFORME
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~_/ FOURIER SERIES VERSUS FOURIER TRANSFORME

N
~ Type of Transform Example Signal
Fourier Transform
signals that are continious and aperiodic —
Fourier Series
signals that are continious and periodic
Discrete Time Fourier Transform i
Signais that are discrete and aperiadfc EAFESNEFEAEESEEEEENEEENES - .l“-'l'“.-lllllll-nniu
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Discrete Fourier Transform oo - o /
signals that are discrete and periodic | apues e T a T e .
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/PE ODIC SQUARE WAVE IS SUM OF SINUSOIDS
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PERIODIC SQUARE WAVE

4

N/
f@t)=— [sm(ﬂt) 4 % sin(37t) + % sin(57t) + %sm(7nt) + - ] This Is an odd function
- 7[ -
1 “ K=1
o X | Fundamental only
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0 , \ _ | Five terms
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\/ VIéUALlZlNG A SIGNAL — TIME DOMAIN &
- FREQUENCY DOMAIN D

Amplitude (|

ﬂeQ“eﬂd

tim e
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30
To go from time domain ‘ (eQ\)e(\CN

to frequency domain =
we use Fourier Transform
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\/VI{ON PERIODIC SIGNALS AND FOURIER TRANSFORM

S

JFourier Transform

» Fourier Transform gives
the frequency domain of

a nonperiodic
domain signal.

time

Time domain
if 1t == 1/2
(1) = {1 if Il < . T2 A
() otherwise
A
. . >
w2 0O T2 Time
1 sin (TTf) AT A
M ry=AT -
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- DISCRETE FOURIER TRANSFORME
Time Domain Frequency Domain
x[ ] Forward DF> Re X[ ] Im X[ ]
I Ll
0 N-1 0 N2 0 N/2
N samples < N/2+1 samples N/2+] samples
Inverse DFT (cosine wave amplitudes)  (sine wave amplitudes)
N /
"
collectively referred to as X[ ] /
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\/ DEFINITION OF FOURIER TRANSFORM

9, )  The Fourier transform (spectrum) of f(t) is F(w):
F(o)=F {f(t)) = j f(t)e "™ d
f(O)=F {F(w)}= E £ F(@)e’dw
JNote: Remember o = 2nrf
=/
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-4 EXAMPLE: IMPULSE FUNCTION O (t)

o, % | | | 4
F(o)= &6} = [ 8(t)e"dt = ==l
5(t) o 1
| < 278(w)
a(t) 4
l S{ﬁf{!}}
| ]
<
l " Q) :
5(1) = 11fr=0
]l 0ifr#0 ~/

Delta function has unity area.
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yMP\L{FOURIER TRANSFORM OF SINGLE RECTANGULAR
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PULSE -

1 fc:r—iitiE

f(t)y=rect(t)=11(t/7)= < 27 72

ft)=rect(t)=1I(t/7)
'

Pulse of 1

T

_% % timet
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Remember o = 2nf

0 for all |t| >z
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F(w)= T fOe™dt=[e™dt
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\yAM LE: FOURIER TRANSFORM OF SINGLE RECTANGULAR

PULSE w
=T- Sin(a)z'/2) =7-sinc\7 f1
F(w)—r{ 072) }— (zf7)

sinc function

_72 % timet

Note the
pulse is
time x 3= <
centered ‘ e’
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JMPEHTIES OF THE SINC FUNCTION

—/
_, *sDefinitions of the sinc function:

sin(x)  and sin(7zx)

sinc(x) =

sinc(x) =
X 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 = *xt, 21, £37, ....

3. Using U'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.
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