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From the Continuous Fourier to the Discrete-time Fourier Transform
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From the Continuous Fourier to the Discrete-time Fourier Transform

The frequency domain representation of continuous signals is given by

X x t e d tj t( ) ( )

If we consider a sampled signal xs(t), that is

x t x nT t nTs
n
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then its F.T. is
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The Discrete-Time Fourier Transform

The F.T can be also written as

X x n T es
j n T

n
( ) ( )

Note that X Xs s s( ) ( )

By defining
sf

ffTT 22

and omitting the symbol T and the subscript s one can write

n

jnj enxeX )()(

which is known as the Discrete-time Fourier Transform of x(n).
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The Inverse Discrete-time Fourier Transform

The Inverse DTFT is

deeXnx jnj )(
2
1)(

A DTFT pair is denoted as

)()( jeXnx
Unlike the CFT the DTFT is a periodic complex function with
period        . The DTFT is a linear transformation and has
properties similar to those of F.T.
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Relation to the Z-transform

For
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Selected Properties of the DTFT

Linearity: jj ee YXnynx

jeXemnx mj
Shifting:

jj ee* YXnynxTime Convolution:
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Parseval’s Theorem: deXnx j
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The DTFT of a finite sequence
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Remark:  The   sin(.)/sin(.)  function is known as a digital sinc
or a Dirichlet function.
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The DTFT of a finite sequence  (Cont.)
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The DTFT of a finite sequence (Cont.)
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