ECSE 210: Circuit Analysis
Lecture #22:

Frequency Response
Bode Plots



Bode Plots: Constant Factor

Constant factor:

A(dB) = 2010g10([H( j a))D: ZOlongK D: const.
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Bode Plots: Zero at the Origin

Zeros at the origin

Single zero  H(s) =
A ] )
Two zeros  H(s)=s’

¥Q

Multiple zeros  H(s) = s"
(zeros with multiplicity N)

A(dB) = 2010g1o([H(ja))D: 2010g10([(j50)ND: 20N log,, (@)



Bode Plots

H(s)=s"
20log,,(H(j)))=20log,, (je)"|)= 20N log,(w)
Slope =20N dB/decade
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Bode Plots: Pole at the Origin

Poles at the origin ,
Single pole  H(s) =

A ] )

Two poles  H(s)=
S

Multiple poles  H(s) = i
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(poles with multiplicity N)
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Bode Plots

H(s) = 1

SN
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2Olog10([H(ja))D: 2010g10U(ja))Nu =-20Nlog,,(w)
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Bode Plots: Real Pole

1

Real poles
Single pole: H(s) =
Aja) (S + (1)1 )
§=-0
— Y Pole of multiplicity N:  H(8) = (S "
‘ a)l
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Bode Plots: Low Frequency Asymptote
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Bode Plots: High Frequency Asymptote

o>, | ZH(s) = —N90°
20log,, (]H(ja))‘) =—-20Nlog,, Qja) + o, ‘) =—-20Nlog,, (a))
Slope = -20N dB/decade
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Bode Plots: Real Pole

Note that the two lines resulting from the “extreme cases”
intersect at w=w,.
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Bode Plots: Real Pole
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Bode Plots: Magnitude

Example: H(s)= 1
s+1
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Bode Plots: Phase

Example: H(s)=——

Need only two
2 asymptotes and one
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Bode Plots: Real Zero

Real zeros Single zero  H()=s+o,
A ] 0)

o Zero of multiplicity N H(s) = (S + o, )N
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Bode Plots: Low Frequency Asymptote

[ W << o, ] ZH(s) >0

20log,, (]H(ja))‘) =20N log,, Qja) + o, ‘) =20N log,, (a)l)

= constant
40dB

20dB

20N log,,(@, )
0dB

—20dB

—40dB
0.0lw, -—.lo @, 10w, 100w,

@



Bode Plots: High Frequency Asymptote
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Bode Plots

Note that the two lines resulting from the “extreme cases”
intersect at w=w,.
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Bode Plots
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Bode Plots: Phase

Example: H(s)=s+1 Need only two

asymptotes and one
w " point to sketch curve.
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Example 1

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

Im
One zero, two poles:

A
—> Poles at s=-20, and s=0 (origin)
> Zero at s=-2.
-20 2
¥ O—X » Re
- Method
Find the Bode plot due to each

component and add the results.



Example 1

Constant term:

201log(|-5|) =14dB

14dB




Example 1

Pole at origin

H(s)

1

H(/j1)=20log(l)=0dB at @=I rad./sec.
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Example 1

Pole at s=-20 H(s)= 1
| s+ 20

2010g(2—0j =—-26dB for o <<20 rad./sec.
A . Sets =0.
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Example 1

Zero at s=-2

20log(2)= 6dB

6dB

H(s)=s+2

Sets =0.
for o <<2 rad./sec.
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Example 1
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Example 1

A —_
Total response H(s) = (=5)(s+2)
s(s +20)
1 2 10 20 100
— 6B 1 I |
—124B |-7309BIdec 70N

At w=1 rad./sec. ;l/ci?\

201og(H(s))=14 + 0+ 6—26=—6dB
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Example 2

(s +100)(s + 200)
(s +10)(s + 1000)(s + 10000)

H(s) =

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

H(s) - (s +100)(s + 200)
(s +10)(s + 1000)(s + 10000)
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