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Fourier Transform of Signals

Lecture 3-2
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Discrete-Time Periodic Signals (DTPS):
The Discrete-Time Fourier Series (DTFS)

N Q, = 27n/N X[n] :

X[K] is discrete spectrum & X[K] is periodic function.
N-1 o

x[n] =Y X[k]e" ™" (1)
k=0

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

XK=< > Anle ™ | @)
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Orthogonal Property

Z
[EEY

N-1 N-1 N-1
e—ijn Z eijn _ . e—ijn . eijn
=0 0

i
o
>
3
|




‘qe1 dsd ® opny

i
N-1 _jk21n N-1 jm21n N-1 N-1 _jk21n jm21n
e N e N — . e N N
n=0 m=0 n=0 m=0
f S ej(m_k)ZN”n
n=0 m=0
if mzk, let I=m-k; The | isaninteger.
n jzilN
:N—l .Nz_leijﬂl :N—l Nl[eJZZI] :Nz—l 1—e N
27|
n=0 m=0 m=0 n=0 m=0 1_ eJT
N1 q_g@i2rl N1 g q
= 271 57 =0
"0 e N ™ e'N

‘ge1 dsd ® opny

&
N-1 _
given x{n]=> X[m]e™*"
m=0
1 N-1 ) 1 N-1[N-1 )
- X[ n]e—ijOn — _Z X[m] eijOn e
N == N n=0 (m=0 |
1 &% j (m=k)Qon
=N > X[m] e’ °
n=0 m=0
( 1 N-IN-1 _
— X[m] e!™¥ % 0 vk =m
N
— n=0 m=0
11 N-1
= X[K]Y 1= X[K], vk=m
N n=0
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3 DTFS, Q,
5 x{n] - > X[K]
* X[K] x[n]
« X[k  x[n] N
« DTFS
. !N N (N )
. . . szin .
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g Example 3.2
| DTES XK =2
N=7? ? ?

Time-dorﬁ.é'a"imr'iﬂéignal for Example 3.2.
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N =5,

Q=27

X[n] isodd symmetric signal, select n=—-2to +2:

1 &2 —jkz—”n
X[ =2 3. Hrle "
n=-2

:% O‘efjkz?”(fz) 1 e—jk%”(—l) 'ejkzslr(O)—l-ejkzg(l)+0-ejk2;(2)}
1_ ejk%[ eﬁjk%ﬁ 1
=11 1 B -=h .. 27Zk
5 +J 2 5[+jsm( A)]
9
: O
° o X[K]==[+ jsin /
& 5 5
Magnitude Spectrum:
1 :
X (K)| =—{\/1+S|n2(2ﬂy)}
5 5
Phase Spectrum:

arg X (0} = tenin(2% )
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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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$ Example 3.3 : (Method of Inspection) x[n] =
B cos(nn/3+9) DTFS =2
solution:
2T T
Q=== S N=6.
N 3

x[n] = cos(zn/ 3+ ¢) :% ej@ d +e_j[ﬂ;+¢]

1
=—e
2

zn

ioais 1 iy 1%
e 3+ gl

13

¢

‘qe 1 4sd ® opny

solution: (cont.)

1 0% 1, 1%
xn)==ee 3 +§e‘¢e 3

2
comparing:.... N=6 n=-2~+3
3 ikZn
[n =Y X[k]e ?
k=-2
27,

X[Ze "y X[-1e "+ X[0]

.2 .37

+xme "+ x[2e 2+ x[3e’ 2"

'>'<[—2] - X[0] = X[2] = X[3] =0,
1

1 .
X[-1==€e, X[1]==e"
[-1] > [4 >
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% Magnitude and phase of DTFS coefficients for Example 3.3.
3 X[-2] = X[0] = X[2] = X[3] = 0,
1 1 .
X[-]==€e, X[1]==e"
....... I KA M
R T T T
6 4 iz lo 2:4a 6 & 10
arg (X [k]
T .T ......... T
l-?, i“f.“}l To 2 ia l 6 E"”.‘i.l ’
............. 1. .
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5 Find the Magnitude and phase of DTFS
- coefficients for Example 3.4.
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X[n= > s[n-mN]
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A discrete-time impulse train with period N.
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g EX3.5: 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] =7
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choose n=-M ~ (N-M-1J)

L wl HH fw- SHIEL -

L MM A Mo M

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

choose n=-M ~N-M -1
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-M-1 1 Mo k7
X[K] = 2 e e
NS

Ietm=n+M,

1M _k¥mwm)y 1 kFm M kT
X[k]:NZe N :Ne N e N

m=0 m=0
:Ne 1+e +e Nte Ni..qe
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1 K SIS - kM7
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§rewrite:
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X[K] = =
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e N —-e N
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X[k]=4 N s‘n(k@ |

2M +1 k=0, +N, +2N,
N
Ex: N=50M =12 2M+1_25_,g¢
N 50
N=50M=4 2M+1_9 413

50
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5 The DTFS coefficients for
7 the square wave shown

in Fig. 3.11, assuming . %
a period N = 50: f'l’llll‘" lfi'l'n' IJ

(@M=4,
(b)M = 12.
M

Ex: Nosom o1z, DML _ oo ey ['HL'HHHHHL'LII]

N 50 : |
N=50,M =4, ZM*L_9 _g1g
50 27
z Problem 3.6: Find the DTFS of the x[n] = ?

N =10
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Signals x[n] for Problem 3.6.
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Example: 3.8 x[n] = X[Kk] ?

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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