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4.2 DISCRETE TIME FOURIER TRANSFORM AND ITS PROPERTIES
The DTFT is a transformation that maps Discrete-time (DT) signal x[n] into a

complex valued function of the real variable namely:

o

Flx(n)] = X(e/®) = Z x(n)e Jon

n=—oo

INVERSE DISCRETE FOURIER TRANSFORM
IDTFT is given by

. 1 (™ . .
x(n) = FXx(e/?)] = %f X(e/?)e/®"dw , for n = —oo to o
—TT

Example 1: Find the DTFT of x(n) = a™u(n).

Solution:
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Example 2: Find the DTFT of x(n) =a ™', 1a 1 < 1.

Solution:
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X(e’”) = ZEI|H|H[F}]€_“'M = Za'”e'iw” + ZHHE‘_JM'
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H=—x H=—

Let m = —n 1 the first summation. we obtain
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x[n] X (e

..nﬂﬂ]l ‘I]"Thn. (1-aM1t +a)

PROPERTIES OF DTFT:

Linearity:

gﬂ]"{x]l:ﬂ] + xg{ﬂ}} = gﬂ'{{l’](ﬂ]&. + ?ﬁ;_}-rlxgl[ﬂ} = X[[E-I.m\ll + _Xz{r'_"fim:l
Time Shifting:
If F o x( 1) - X(ei=), then:
Fpdx(n - ny)t = eem X(e @)
Proaof:

on

ix(ﬂ—uu)e'*m = ix{m)f"t"{””"ﬂ:' —eg B z x{m]c—jﬂm

R=—oc Rl=—oc M=—a

Time Reversal:

If Fpdxln)} = X(e™), then:

Forlx(-m)} = X(e7°)

Convolution:
If Fpixin)} = X(e'=) and Fp{u(n)} = Y{e'=), then:

C{f'l.m) = gL]',l'{:’c': ?’i1.| ® }’{?’i}} = X(efm] YI:E-"C"]
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Proof:

=)= 3 X s{m)r{n=m)e = 3 ) 3 s{n=m)e

A=—e= Ml=—0= H=—s= Rl=—oc
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Frequency Shifting:

If Fprixin)} = X(e™), then:

F oy {f:;'""'”x( rz)} = X(e o) ) »

Time Multiplication:

If Fpixin)} = X(ef=), then:
i Z
F {ﬂx(n]} =—z di }
="
Parseval’s Theorem:

If Fprixin)} = X(e™) and Fp{pin)} = Yie™), then:

oo

Z x{n)y* (n)= LJE X{.«:”]Y . {e"‘”] dew

L
H=—c=
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Proaf:

| B0 oSt [

fl=—o= fl=—oc

For the case x(n) = y(n), then:

X{E'ﬁ Mzri(ﬂ

Multiplication of Sequences:

If Fprix(n)} = X(e/®) and Fp{p(n)} = ¥(eio), then:

-]

5 o ()] S = 3ol e e

fl=—oc H=—oo

L)k L (o

H=—cc

1 . .
=5 V(7)o xe)
Differentiation in the Frequency Domain:

If Fp{xln)} = ), then:

"H[;Lﬁ{ix“”]‘ T ) =% o o)
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