
Digital Signal 
Processing- Lecture 8 



Topics to be covered: 

O Sampling of continuous time signal 
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Sampling of Continuous-Time 
Signals 

O  Introduction 

O  Periodic Sampling 

O  Frequency-Domain Representation of 

Sampling 

O  Reconstruction of a Bandlimited Signal 

from its Samples 

O Discrete-Time Processing of Continuous-

Time signals 
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 Introduction 
O Continuous-time signal processing can be implemented 

through a process of sampling, discrete-time processing, 

and the subsequent reconstruction of a continuous-time 

signal. 

f=1/T: sampling frequency     ,cx n x nT
n


   

 sradTs /,2

T: sampling 

period 



5 








n

nTt )(

Periodic Sampling Continuous-
time signal  

T: sampling period 
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 Frequency-Domain Representation of Sampling 

[ ] ( ) | ( )c t nT cx n x t x nT 

T：sample period; fs=1/T:sample rate 

Ωs=2π/T: sample rate 
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T：sample period; fs=1/T:sample rate;Ωs=2π/T:sample rate 
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  Representation of           in terms of             ,  jweX  jX s  cX j
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Nyquist Sampling Theorem 

O Let           be a bandlimited signal 

with                               . Then          is uniquely 

determined by its 

samples                                                       ,if  

 

 

OThe frequency            is commonly referred as 

the Nyquist frequency. 

OThe frequency           is called the Nyquist rate. 
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Reconstruction of a Bandlimited Signal from its 
Samples 
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 Discrete-Time Processing of Continuous-
Time signals 
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C/D Converter 

OOutput of C/D Converter 
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D/C Converter 

OOutput of D/C Converter 
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 Linear Time-Invariant Discrete-Time 
Systems 
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Linear and Time-Invariant 

O Linear and time-invariant system behavior 

depends on two factors: 

O First, the discrete-time system must be 

linear and time invariant. 

O Second, the input signal must be 

bandlimited, and the sampling rate must 

be high enough to satisfy  Nyquist 

Sampling Theorem. 



18 

       

    




























k

c

Tj

r

TjTj

rr

T

k
jX

T
eHjH

eXeHjHjY

21

  0 ,cIf X j for T   

 
   
















T

T
jXeH

jY
c

Tj

r 



,0

,

      jXjHjY ceffr

 
 
















T

T
eH

jH

Tj

eff 



,0

,

  ,

0,
r

TH j T
otherwise

    




19 

 Impulse Invariance 

Given: 

 jw
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 Impulse Invariance 
Two constraints 
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