
Lecture - 2 



What is Discrete Fourier Transform (DFT)? 

According to the definition of DTFT, 
00 

X(ro) = L x ( n ) e -jron ... (1) 

n=-oo

We know that X ( ro) is fourier transform of discrete time signal· x ( n ). The range of 'ro' is 
from O to 2 n or - n to n. Thus it is not possible to compute X ( ro) on digital computer. Because 
in Equation (1) the range of summation is from - 00 to + oo. But if we make this range finite then it 
is possible to do these calculations on digital computer. 

When a fourier transform is calculated only at discrete points then it is called as discrete 
fourier transform (DFf). 

1.1.1 Sampling the F.T. 

If we have aperiodic time domain signal then discrete time fourier transform (DTFT) is 
obtained. But DTFf is continuous in nature and its range is from - 00 to + 00

• Then a finite range 
sequence is obtained by extracting a particular portion from such infinite sequence. 

Now X ( ro) is a continuous signal. A discrete signal is obtained by sampling X ( ro ). A 
particular sequence which is extracted from infinite sequence. is called as windowed sequence. A 
windowed signal is considered as periodic signal. We can obtain periodic extension of this signal. 
This periodic extension in frequency domain is called as Discrete Fourier Transform (DFf). From 
this original sequence, x(n) is obtained by performing inverse process which is Inverse Discrete 
Fourier Transform (IDFf). 
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DFT (Frequency Domain Sampling) 

The Fourier series describes periodic signals by discrete spectra, where as the 

DTFT describes discrete signals by periodic spectra. These results are a consequence of the 

fact that sampling on domain induces periodic extension in the other. As a result, signals that 

are both discrete and periodic in one domain are also periodic and discrete in the other. This 

is the basis for the formulation of the DFT. 

Consider aperiodic discrete time signal x (n) with FT X(w) = 
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Since X (w) is periodic with period 2 , sample X(w) periodically with N equidistance 

samples with spacing 
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The summation can be subdivided into an infinite no. of summations, where each sum 

contains  
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Put n = n-lN 
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X(k) = 
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We know that xp(n) =  




1

0

N

k
Ck 

Kn
N

j

e

2

n= 0 to N-1 

Ck= N
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 k=0 to N-1 

Therefore Ck= N

1
X(k) k=0 to N-1 

IDFT ------------ xp (n) = 
N
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n = 0 to N-1 

This provides the reconstruction of periodic signal xp(n) from the samples of spectrum 

X(w). 

The spectrum of aperiodic discrete time signal with finite duration L<N, can be exactly 

recovered from its samples at frequency Wk=
N

k2
. 

Prove: x(n) = xp (n) 0nN-1

x(n  lN )e




xp(n) =Where














