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Discrete Time Fourler

Transform (DTFT)




BevelopmentoltheBIREE

In deriving discrete-time Fourier Transform we have
three key steps:

Step#i:

Consider an aperiodic discrete-time signal x[n]. We pad
x[n] to construct a periodic 51gnal

perlodlc pad

Since x’[n] is periodic, by discrete-time Fourier series
we have:

Step#2:



Developmentof the DI (eont. )

Where a, is:

Here, w_=2m/N.

Now note that x’[n] is a periodic signal with period N
and the non-zero entries of x’[n] in a period are the
same as the non-zero entries of x|n].

Therefore, it holds that:



elopment of the DTFT (cont.)

X(ej‘”) = E x[nle ™"

Nn=—00

1 “ - jk(2m/N)n 1
a, =— Y xlnle’ ==X
ey 200 N




Development of the DTFT (cont.)

As N=»oo,w =20, so the area becomes infinitesimal
small and sum becomes integration and x'[n]=x[n],so
above equation becomes,

Hence, the Discrete time Fourier transform pair:



Developmenmofiihe DR (cont. )

The first equation is referred to as synthesis equation
and second one as analysis equation.

X(e)®) is referred to as the spectrum of x|n].



x[n]=a"u[n], l|a|<1

o0

X (ejw) = i x[nle™’" = E a"ulnle ™"

n=0 =CLE
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Periodic Signals

For a periodic discrete-time signal:

The discrete-time Fourier transform must be periodic
in w with period 2m.

Then the Fourier transform of x|n] should have
impulses at w, , w_ 21, w_ =41, and so on.

In fact, the Fourier transform of x[n] is the impulse
train:

Now consider a periodic sequence x|n] with period N
and with the Fourier series representation:



Periodic Signals (cont.)

In this case, the Fourier transform is:

So that the Fourier transform of a periodic signal can
directly constructed from its Fourier coefficients.
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X(ejw) = i Jré(a)—z?n—anH i Jl’é(a)+2?ﬂ—2ﬂ’l)
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X(ej‘”)=m3(a)—2?ﬂ)+n6(a)+2?ﬂ), —T<W<T




Example #3 (cont.)

o) 0 Wo T 2w
(—27—wg) (—2m+wyp) (27 —wg) (2m+wg)

Discrete-time Fourier transform of x[n] = c0S wyn.




Properties of DT Fourier
Transform
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Conjugation & Conjugate Symmetry

If:
Then:

If x[n] is real valued, its transform X(e/®) is conjugate
symmetric. That is:

From this, it follows that is an even function
of w and is an odd function of w.

Similarly the magnitude of X(e/®) is an even function
and the phase angle is an odd function.
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Od{x[n]}gjlm{X(ejw )}







