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 Time-Domain & Frequency-Domain Characterization:
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 Time-Domain & Frequency-Domain Characterization:

LTI System
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 The Magnitude-Phase Representation 
of the Fourier Transform
 The Magnitude-Phase Representation 

of Frequency Response of LTI Systems (p. 427)
 Time-Domain Properties 

of Ideal Frequency-Selective Filters
 Time-Domain and Frequency-Domain Aspects 

of Non-ideal Filters
 1st-Order & 2nd-Order Continuous-Time Systems
 1st-Order & 2nd-Order Discrete-Time Systems
 Time- & Frequency-Domain Analysis of Systems
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 Magnitude & Phase Representation:
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 Magnitude Distortion & Phase Distortion: (p. 428)

LTI System



Feng-Li Lian © 2015
NTUEE-SS6-TimeFreq-10Magnitude-Phase Representation of Frequency Response  of LTI Systems

 Log-Magnitude & Phase Plots: (p. 436)

LTI System
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 Log-Magnitude & Bode Plots: (p. 436)
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 First-Order CT Systems: (p. 448)

LTI System

Time Constant
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 First-Order CT Systems:
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 First-Order CT Systems:
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 First-Order CT Systems:
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 Second-Order CT Systems: (p. 451)



Feng-Li Lian © 2015
NTUEE-SS6-TimeFreq-18First-Order & Second-Order CT Systems

 Second-Order CT Systems:
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 Second-Order CT Systems:
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 Second-Order CT Systems:
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 Second-Order CT Systems:
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 Second-Order CT Systems:
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 Second-Order CT Systems:
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 Second-Order CT Systems:
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 Second-Order CT Systems:
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 Example 6.4: (p.457)
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 Example 6.5:
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 Example 6.5:
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 First-Order DT Systems: (p.461)

LTI System



Feng-Li Lian © 2015
NTUEE-SS6-TimeFreq-33First-Order & Second-Order DT Systems

 Impulse Response of First-Order DT Systems:
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 Step Response of First-Order DT Systems:
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 Magnitude & Phase of Frequency Response:
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 Magnitude & Phase of Frequency Response:
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 Second-Order DT Systems: (p.465)
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 Impulse Response of 2nd-Order DT Systems:
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 Step Response of 2nd-Order DT Systems:
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 Magnitude & Phase of Frequency Response:
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 Magnitude & Phase Representation:
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 Magnitude & Phase Distortions:

LTI System
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 Magnitude & Phase Angle:
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 Magnitude & Phase Angle:
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 Magnitude & Phase Angle:
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 Magnitude & Phase Angle in Images:
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 Linear Phase:
H1
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 Non-Linear Phase:
H2
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 Linear & Non-Linear Phase:
H1 H2
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 Linear Phase: H1
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 Non-Linear Phase: H2
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 Linear & Non-Linear Phase: H3
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 Group Delay & Phase:
• Linear Phase & Delay:

• Nonlinear Phase & Group Delay



Feng-Li Lian © 2015
NTUEE-SS6-TimeFreq-60Magnitude-Phase Representation of Freq Resp of LTI Systems

 Example 6.1: H3H2H1
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Magnitude-Phase Representation of Freq Resp of LTI Systems
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H3H2H1
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H3H2H1
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H3H2H1
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 Example 6.2: Analog Transmission Performance on the 
Switched 

Telecommunication Networks (AT&T/Bell)
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H3H2H1
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 Ideal Lowpass Filters:
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 Ideal Lowpass Filters:
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 Ideal Lowpass Filters with Linear Phase:
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 Step Response of Ideal Lowpass Filters:

ringing

rise time
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 Overlapping Spectra: H

Ideal Band-Pass Filter ?



Feng-Li Lian © 2015
NTUEE-SS6-TimeFreq-77Time- & Frequency-Domain Aspects of Non-ideal Filters

 Desired Filter Characteristics: H
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 Three Frequently Used Filters:
• Butterworth, Chebyshev, Elliptic filters
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 Example 6.3: Two Frequently Used Filters:
• Butterworth filter

• Elliptic filter
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 DT Non-recursive Filters:
• Recursive or infinite impulse response (IIR) filters

> Impossible to design a causal, recursive filter 
with exactly linear phase (related to time delay)

• Non-recursive or finite impulse response (FIR) filters
> Can have exactly linear phase (related to time delay)

ss3-105
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 Log-Magnitude Plots: ss3-106
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 Lowpass Filtering 
on Dow Jones Weekly 
Stock Market Index:

http://big5.jrj.com.cn/
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 General Form of DT Non-recursive Filters: ss3-104

ss3-108
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 General Form of DT Non-recursive Filters:
ss6-82



Feng-Li Lian © 2015
NTUEE-SS6-TimeFreq-86Time-Domain & Frequency-Domain Analysis of Systems

 Comparison on a Linear Amplitude Scale:

Log Scale

Linear Scale
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 Lowpass Non-recursive Filter with 251 Coefficients:

Coefficients determined by the Parks-McClellan algorithm
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H3H2H1
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 Lowpass Filters:
NTUEE-SS6-TimeFreq-92Summary: Chap 6 - 5

Ex 5.2Fig 6.37Fig 6.35 Fig 6.28
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 The Magnitude-Phase Representation of the FT
 The Magnitude-Phase Representation 

of Frequency Response of LTI Systems
 Time-Domain Properties of 

Ideal Frequency-Selective Filters
 Time-Domain and Frequency-Domain Aspects 

of Non-ideal Filters
 1st-Order & 2nd-Order CT Systems
 1st-Order & 2nd-Order DT Systems
 Time- & Frequency-Domain Analysis of Systems


