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Lecture #22: 

Frequency Response

Bode Plots



Bode Plots: Constant Factor

Constant factor: H(s) = K

A(dB) = 20log10 H( jω)( )= 20log10 K( )= const. ∠H(s) = 0o
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Bode Plots: Zero at the Origin
Zeros at the origin

H(s) = sSingle zero

H(s) = s2Two zeros

H(s) = sNMultiple zeros

A(dB) = 20log10 H( jω)( )= 20log10 ( jω)N( )= 20N log10 ω( )
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Bode Plots
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Bode Plots: Pole at the Origin
Poles at the origin

Single pole
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Bode Plots
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Bode Plots: Real Pole
Real poles

Single pole:
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Bode Plots: Low Frequency Asymptote
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Bode Plots: High Frequency Asymptote
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Bode Plots: Real Pole
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Bode Plots: Real Pole
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Bode Plots: Magnitude
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Bode Plots: Phase
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Bode Plots: Real Zero

Real zeros    H(s) = s + ω1Single zero
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Bode Plots: Low Frequency Asymptote
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Bode Plots: High Frequency Asymptote

101.0 ω 11.0 ω 1ω 110ω 1100ω
ω

dB0

dB20

dB40

dB20−

dB40−

1ωω >>

( ) ( ) ( )ωωωω 1011010 log20log20)(log20 NjNj =+=H

Slope =20N dB/decade

oNs 90)( +→∠H



Bode Plots
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Bode Plots
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Bode Plots: Phase

Example: H(s) = s +1
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Example 1

H(s) =
(−5)(s + 2)
s(s + 20) See textbook example 14.7

One zero, two poles:
Poles at s=-20, and s=0 (origin)
Zero at s=-2.

Method
Find the Bode plot due to each 
component and add the results.
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Example 1

Constant term:
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Example 1

Pole at origin
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Example 1

Pole at s=-20
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Example 1

Zero at s=-2
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ω

dB6

1 10 100

decdB /20

2

ω
dB26−

1 10 100

decdB /20−

20

ω
dB0

1 10 100

decdB /20−

ω

dB14



Example 1

Total response
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Example 2

H(s) =
(s +100)(s + 200)

(s +10)(s +1000)(s +10000)

Three poles, two zeros:
Poles at s=-10,  s=-1000 and s=-10000
Zeros at s=-100 and s=-200.
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Example 2
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