ROHINI COLLEGE OF ENGINEERING AND TECHNOLOGY

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:

Flx(n)] = X(e J0) = ¥, x(n)e  Jon
n=-oo
INVERSE DISCRETE FOURIER TRANSFORM

IDTFT is given by

x(n) =F1[X(e/®)] = %TY(gja))e jon dw ,for n=—oo to o

Example 1: Find the DTFT of x(n)=anu(n).

Solution:

oo

Xfe™ )= ¥ ajale™ = in”u[n]e'f“” = i(ne'*’“ ‘_]_n = ;

H=—aoo n=—x n=0 1 — e jo

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

Solution:

i+ =4 .
}C-(ij) — Zﬂl""l”[”]E—jam s Zﬂ_”{j_jwn _I_Zﬂng—jam
n={

H=— H=—0

Let m = —n 1n the first summation. we obtain
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PROPERTIES OF DTFT:

Linearity:

Fprlxi(n) + x(n)} = Fprx(n)} + Fprin(n) = Xi(e’®) + Xy(e'®)
Time Shifting:
If Fpylx(n)} = X(e/), then:
F prdx(n — ng)} = ei@m X(e i)

Proof:

=

N xln—n e'st'}’lz “ " E,'»"'-"‘{’”"'fh:':e-,ir.urjn e E—_i_u.-n
2 {n=m)e = 3 x{m) 2. x(m)

R=—oc Rl=—oc M=—oa

Time Reversal:
If Fppfx(n)} = X(e=), then:
Fprix(—n)} = X(e )
Convolution:
If Fpdx(n)} = X(e=) and Fprip(n)} = Y(e®), then:

Gle®) = Fpr{x(n) * y(n)} = X(ei=) ¥(eie)
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Proof:
C(f-‘”] = Z Z"{WJJ’{H— m} g~ . _ Zx(m]i}{ﬂ i m]e'*i”"
= 3 ) D) = Y )Y )
Frequency Shifting:

If Foxn)} = X(e'®), then:

F or {e’h’“"x( ?’i!)} = X(e o) ] )

Time Multiplication:

If Fpdx{n)} = X(ef=), then:

Parseval’s Theorem:

If Fprlx(n)} = X(e®) and Fp{y(n)} = ¥(e), then:

S ol (o)== e
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Proaf:

= :[;x{ﬂ)e""”}f*(e”)dm: ix(n]ﬁ J:y*[ew

f=—o=

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

X(E'm)rdm

Multiplication of Sequences:

If Fprix{n)} = X(ef®) and Fpr{p(n)} = Y(er), then:

)= 3o+ = 3l [ o)

fl=—o= H=—=a
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H=—ca
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Differentiationinthe Frequency Domain:

If Fpylx(n)} = X(e=), then:

ﬁi"(‘;}”)ﬁ{ix(ﬂ)e--w]rjirm(ﬂ)e'”"=—ﬁm{ﬂx(”)}

H=—a=



