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5 
 The Discrete-Time Fourier Transform 
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5.1 Representation of Aperiodic Signals  

      : The Discrete-time Fourier Transform 

5.1.1 Development of the Discrete-Time Fourier Transform 



     Dept. of Electronics Eng.                                                                                                        DH26029 Signals and Systems 

                                                                                                             

-3- 





Nk

nNjk

keanx )/2(][~ 










 
n

nNjk
N

Nn

nNjk

k enx
N

enx
N

a )/2()/2( ][
1

][~1 2

1







Nn

nNjk

k enx
N

a )/2(][~1 







n

njj enxeX  ][)(

)(
1

0jk

k eX
N

a  N/20  

Let us define 
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As N goes to infinity, 0  becomes 0,                , and                    .  ][][~ nxnx  0k
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Ex. 5.1) 

5.1.2 Examples of Discrete-Time Fourier Transforms 
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Ex. 5.2) 
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Ex. 5.3) 
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Note) Continuous-Time Fourier Transform 

Ex. 4.4) 
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• The analysis equation 

• The synthesis equation 

  : no issues of convergence 

5.1.3 Convergence issues associated with the discrete-time Fourier 

          transform 

or 
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5.2 The Fourier transform for periodic signals 
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Refer to Fig. 5.9 at page 370 
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Ex. 5.5) 
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Ex. 5.6) 
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5.3 Properties of the discrete-time Fourier transform 

5.3.1 Periodicity of the discrete-time Fourier transform 

5.3.2 Linearity of the Fourier transform 

5.3.3 Time shifting and frequency shifting 
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Ex. 5.7) 
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5.3.4 Conjugation and conjugate symmetry 

5.3.5 Differencing and accumulation 


