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Lecture 17

DFT:  Discrete Fourier

Transform
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READING ASSIGNMENTS

 This Lecture:

 Chapter 8, Sections 8-1, 8-2 and 8-4
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LECTURE OBJECTIVES

 Discrete Fourier Transform

 DFT from DTFT by frequency sampling

 DFT computation (FFT)

 DFT pairs and properties

 Periodicity in DFT (time & frequency)







1

0

)/2(][][
N

n

nkNjenxkX 






1

0

)/2(][
1

][
N

k

nkNjekX
N

nx 



Aug 2016 © 2003-2016, JH McClellan & RW Schafer 4

Sample the DTFT  DFT

 Want computable Fourier transform

 Finite signal length (L)

 Finite number of frequencies
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4-pt DFT: Numerical Example

 Take the 4-pt DFT of the following signal
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N-pt DFT: Numerical Example

 Take the N-pt DFT of the impulse
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4-pt iDFT: Numerical Example
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FFT: Fast Fourier Transform

 FFT is an algorithm for computing the DFT

 N log2N  versus  N2 operations

 Count multiplications (and additions)

 For example, when N = 1024 = 210

 ≈10,000 ops vs. ≈1,000,000 operations

 ≈1000 times faster

 What about N=256, how much faster?



Zero-Padding with the FFT

 Get many samples of DTFT

 Finite signal length (L)

 Finite number of frequencies (N)

 Thus, we need
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)(][,, ̂jeXkXNNL 

In MATLAB
• Use    X = fft(x,N)

• With L=length(x) less than N

• Define xpadtoN = [x,zeros(1,N-L)];

• Take the N-pt DFT of  xpadtoN
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DFT periodic in k  

(frequency domain)

 Since DTFT is periodic in frequency, the DFT 

must also be periodic in k

 What about Negative indices and Conjugate 

Symmetry?

)()()(][

)(][

)/2())/2())(/2())(/2(

)/2(

kNjNNkNjNkNj

kNj

eXeXeXNkX

eXkX











][][

][][

)()( )/2()/2(

kXkNX

kXkX

eXeX kNjkNj











 

]3[]29[

]2[]30[

]1[]31[

32















XX

XX

XX

N



DFT Periodicity in 

Frequency Index
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Summary of DTFT Pairs
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