‘qe71 dsa % oipny

¢

Fourier Transform of Signals

Lecture 3-2
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Introduction
( ). FS
( ) FT
( ): DTFS
( ): DTFT
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Discrete-Time Periodic Signals (DTPS):
The Discrete-Time Fourier Series (DTFS)

N Q, = 2n/N X[n] :

X[K] Is discrete spectrum & X[K] is periodic function.

i = Y XK | ()

X[n] is discrete-time signal and x[n] is periodic signal.

X[K] :%Nzlx[n]ew (2)




Orthogonal Property
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N-1 _
given [n] = X[mje!™"
m=0
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DTES;, Q,
Xnj - > X[K]
X[K] X[n]
X[K] X[n] N
DTFS
eijon N (N
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Example 3.2

DTFS X[K] = ?

Time-domain signal for Example 3.2.
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X[n] isodd symmetric signal, select n=-2to+ 2:
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.+ X[K] = % [1+ j Sin(Zﬂ%)]

. Magnitude Spectrum:

X (K)| = {\/1+S|n (Z”V)}

. Phase Spectrum:

arg{X (9} = tanin(27 )
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Magnitude and phase of the DTFS coefficients for the signal in Fig.
3.5 are periodic with period of N=5.
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Problem 3.2:

(@)

(b) DTFS
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Example 3.3 :
cos(nn/3+9) DTFS = 7
solution:
2T T
QO — — y N
N 3

X[n] = cos(zn/ 3+ @P) =

1
2

1

2
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:_ej¢e 3 _I_Ee_1¢e 3
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(Method of Inspection)

X[n] =

13
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solution : (cont.)

x[n]_ el¢e 3+;e”’e 3
Comparlng:...'. N=6; n=-2~+3
3 ikZn
{nj= ) X[kle *

k=—2
.27z

_X[-2e 3"+ X[~Te 2" + X[0]

i“n '—n '3—7Zn
L X[e’® +X[2le ® + X[3e 3

X[-2] = X[0] = X[2] = X[3] =0,

X[-1] _Legw X[1] _Leit
2 2
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Magnitude and phase of DTFS coefficients for Example 3.3.

X[~2] = X[0] = X[2] = X[3] =0,

11 — 1 -4 _ 1 I
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Find the Magnitude and phase of DTFS
coefficients for Example 3.4.

x[n] = f‘ﬁ[n—mN]

M=—0o0

A discrete-time impulse train with period N.
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- X[n] = Z&[n MmN |

M=—o0

N n=0
1 N-1 +o0 1 N —
_ ZE[n—mN]e jkn2z/N _ _Z le jkn27z/ N
N N=0 m=—x N n=0 —/—
1 0 0o
:N 5[O]+§mejk27z/|\| +...+5[)4/ 1) e—jk27r(N—1)/N}
_o[o 1

N N
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EX 3.5: Given the magnitude and phase of DTFS
coefficients, please find x[n] = ?
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EX 3.6: Find the DTFS coefficients of the
square wave, or X[k] =?

choose n=-M ~ (N-M -1

e P LI

Square wave for Example 3.6.
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Applying DTFS Equation (2)

choose n=—M ~N-M -1

XK=~ Y xrje V" N
N n=—M N n=-M
letm=n+M,
2M 27 27\ 2M 27
X[k]:i eJN( M):lek M eJk
N m=0 N m=0
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Sm(k 7z(2|\|<|I +1)j
N . k#0, £N,
X[K] =+ sjn(k”j
N
2M +1’ K=0 +N,
N
Ex: N=50M=12 2M+l_20_ ¢
N 50
N=50M=4 M*+l_9 _ 41g

N 50
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The DTFS coefficients for
the square wave shown
In Fig. 3.11, assuming

a period N = 50:

(a) M =4,
(b) M = 12.
*%* M
Ex: N=50M=12 2M+1_25_ g
50
N=50M=4 M*l_9_ ,ig
50

X[k

015 |

0ol

XK1
(LIKS

| WWW 104

(LIKS
=3y 40 =30 =20 -0 0 10 M My 40 5D

[F}]

0.5

n4

0.3

T T a0l 20} M 1 20 My 4 M)

all

27



‘qe71 dsa % oipny

¢

Problem 3.6: Find the DTFS of the x[n] = ?

[ | .
e, =« 1111

(b

Signals x[n] for Problem 3.6.
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Example: 3.8 x[n] = X[k] ?

Electrocardiograms for two
different heartbeats and the
first 60 coefficients of their
magnitude spectra.

(a) Normal heartbeat.

(b) Ventricular tachycardia.

(c) Magnitude spectrum for

the normal heartbeat.

(d) Magnitude spectrum for
ventricular tachycardia.

Or (arrhythmia)
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