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Frequency Response: 
Resonance 

EGR 220, Chapter 14.5, 14.6 

November 23, 2010 
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Overview 

 Recap C & L frequency response 
 Bode plots 

!  Heuristics for Bode plots 

 Resonance 
!  Characterizing resonant circuits 

 Filters 
 Design project questions? 
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C & L Behavior?  Impedance and 
blocking or passing energy 

Frequency Capacitor Inductor 

ω  = 0; 
(Low 
frequencies) 

ω  = ωi 
(Finite 
frequencies) 

ω  = ∞ 
(High 
frequencies) 

Simple Circuits: Which f are 
Passed and Blocked? 
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Circuit Design:  Observations 
 Transfer function 

!   A zero causes an increase in amplitude 

!   A pole causes a decrease in amplitude 

 Ex: Circuit elements (with H(s) " Vo/Vs, v-gain) 

!   ZL=jwL   as  ω# :  |Vo| may # or $ 

!   ZC=1/(jwC)   as  ω# :  |Vo| may $ or # 

 Conceptual objective 
!  Connect the characteristics of circuit elements and 

circuit behavior 
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 Corner Frequencies:  Boundary conditions and 
corner frequencies used to sketch plots 

!    ω = 0  and   ω = ∞  and   ω = ωp;z 

 Bode plots: a systematic, graphical method of 
representing the frequency response of a circuit 
!   Zero: s and (1 + s/z) terms in the numerator of H(s) 
!   Pole: s and (1+ s/p) terms in the denominator of H(s) 

Bode Plots: Which f are 
Passed and Blocked? 
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Transfer Function & Bode Plot 

€ 

H (s) =
200 jω

( jω + 2)( jω +10)
 

HdB (s) = ?

φH (s) = ?
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Bode Plot & Transfer Function 
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Compare Circuit Behavior 
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Resonant Circuits (p 630-631) 

 Observe:  Sharp peak in amplitude plot at 
resonant frequency 
!  Note we ignore this in Bode plots 

 Explanation (energy? impedance?): 

 Uses of resonance: 
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Resonant Circuit Terms 

 Half-power frequencies 
 Bandwidth 

!  Note relationship to % and corner frequencies 

 Quality factor 
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Circuit to H(ω) to Bode Plot 

6 10Ω    5/3 H     0.03 F 

                             10 Ω 
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Design from a Bode Plot 

 Given the Bode plot, determine the transfer function 
and design a possible circuit from the transfer 
function.     
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H(s) =

K "s " 1+
s# 
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Design from a Bode Plot 

 Compare H(s) above to the (voltage gain) transfer function of 
the following two circuits (series RCL, and (C + R||L ) ) 
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Design from a Bode Plot 

 Compare H(s) above to the (voltage gain) transfer function of 
the two circuits 
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 What is resonance? 

 Resonance only for RLC or higher order circuits Ð 
why? 

 What are important terms for discussing resonance? 
!   Frequencies 

  Resonant frequency 
  Two half-power frequencies 

!   Bandwidth 
!   Quality 

Resonance Summary 


