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ENSC380
Lecture 17

Objectives:

@ Learn the definition of the discrete-time Fourier Transform (DTFT)
@ Learn the properties of DTFT

Atousa Hajshirmohammadi, SFU



DTFT

DTFS is defined for DT signals which are periodic.
DTFT is defined for all DT signals (periodic or aperiodic).

The approach to reach from DTFS to DTFT is very similar to the CT case.

Here we only state the final result:
2[n] = / X(F)el2mFrgp
1

Note: The integral is over any time interval of length 1!

X(F) = Z x[n]eI2mEN
Note: X (F') is periodic with period

Notations:

2[n] Lo X(F)  X(F) = Faln])  aln] = F~1(X(F))
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Examples

¢ Example 1: Find the DTFT of §[n — 1] + d[n + 1]

® Example 2: Find DTFT of ()" 1u[n — 1]
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Properties of DTFT .

® Here we list the properties of DTFT.

¢ Using these properties and the DTFT pairs listed in Appendix E, we can find
the DTFT of many signals.
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Linearity
X|n|— o
ylnl— B
X|p]|— o
ylnl— B

DTFT Properties

ax[n]+ py[nJ—— a X(F)+ BY(F)

ax|n]+ Bylnk—— a X(i0)+ AY(iQ)

?

L oX(F)+BY(F)

}axmwwm




DTFT Properties

Time X[n—n, Je——e " X(F)
Shifting x[n —n, «——e7 X(jQ)
x[n] Di( &
18
1 1 F
‘| h T Phase on X(F)
-16 le ! B -11:Jr " F
X F)l
xX[#] i
11e F
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DTFT Properties

Frequency e/ " x[n]«—— X(F - F,)
Shifting " x[n]«—— X(j(Q-))
Time Konle—XCF)

Reversal x[-n]«—— X(-jQ)

714



DTFT Propertles

X[n
Differencing F
X|Nn |
X[ﬂ]
J.J-l-[‘[.
Kl 16
-1+
x[#]
$
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x|n — 1<—>(1 eJZﬁF)X(F)

n—1«——(1-e"*)X(j)

IX(;Q)|

ittt

& Phase of X(}Q)

nl

X (j )l

AR

27 "
Phase of X(jQ)

. on JQ




DTFT Propertles

X(F)

Z x[m«—— Lo 4= X(O)comb(F)
Accumulation mz-oo 1)( eQ‘ . 0
Z x[m]<—>1 (é Jg X(O)comb(zﬂ)

x[r] IXEE]Q)I

m w jo
" T 2w ha ; 0 2n
16 [m_'?f =  Phaseol X(j)
TE
2

X()

44

2w _ 2n
T Phase of X{jQ)
|
- jC2
n 2n ] nl 2m

-16 16




DTFT Properties

Multiplication-
Convolution
Duality

nJ*y[n}—— X(F)Y(F)

n]+y[n—— X(jQ)Y(jQ)

nly[n]«—— X(F)® Y(F)

1

'y'n‘<L>2—x(jQ)®Y(jQ)
- /A

As In other transforms, convolution in the time domain is
equivalent to multiplication in the frequency domain

X[rn]—

h[n]

—y[n] = h|n]*x[n]

X(F) —

H(F)|—Y(F) = HEX(F)




DTFT Properties

Kl[ﬂ] IXI( )l
1 - Q .‘l.
T’ —_—
1 e /!
1 B i
. Xl[n]xz[n] |X1( F)®X2( )l
11 _ 44 _ +
O i
+ 1 16
. +
q el
}{2[}"3] |X2( )l
4 0.54

Aty -] 1 |~




DTFT Properties

Accumulation I
Definition of a > el = comb(F)
Comb Function ="
> KT = [IX(F) dF
Parseval’s = .
2 . 2
Theorem > X[n] = LJX( jQ) dQ

N=-—0o0

The signal energy is proportional to the integral of the
squared magnitude of the DTFT of the signal over one
period.
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Example 3

Find the signal energy of

1 . n
x[n] = =sIinc(—
5 100

Atousa Hajshirmohammadi, SFU



14/14

Example 4

Assuming the DTFT of z[n] is X (F), find the DTFT of

z*[—n] + z[n]
2
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