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Frequency Response
• Frequency Response:   Given T.F. H(s)

tA cos
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20log | ( ) |         v.s.    log
most time, plot

( )   in              v.s.    log

These are the Bode plot. In Matlab: b
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Bode Magnitude Plot: 
 plots the magnitude of G(j) in decibels w.r.t. logarithmic frequency, i.e.,

Bode Phase Plot: 
 plots the phase angle of G(j) w.r.t. logarithmic frequency, i.e.,

 

A better way to graphically display the frequency response! 

10 10dB
( ) 20log ( )       vs      log   G j G j  =

10( )         vs        log   G j 

Benefits: 
– Display the dependence of magnitude of the frequency response on the input 

frequency better, especially for magnitude approaching zero
– Log axis converts the multiplications and divisions into additions and 

subtractions, which are easier to handle graphically

– Allow straight-line approximations for quick sketch 
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Example
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Works only if H(s) is stable
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Ex:
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Transfer Function

Frequency Response

Bode Magnitude Plot

  

Bode Phase Plot 
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Example

Ex: Find the magnitude and the phase of the following transfer function:
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Asymptotic 
curves for basic 
factors
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Standard Form of Transfer Function:

Frequency Response:

Q: By just looking at the Bode diagram, can you determine the 
time constant and the steady state gain of the system ?
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1st Order Real Poles

 Transfer Function:

Plot the straight-line approximation of 
G(s)’s Bode diagram: 
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Standard Form of Transfer Function

Frequency Response

( )

10 1

2 2
10

10

20log ( )

10log 1

1
0dB, 1 or  

1
3dB, 1 or 

1
20log , 1 or 

p

b

b

b
b

G j

 

  


  



  

 

= +


 =



 = = =

  

=  
 

1( ) 1   ,    0zG s s= +  

Frequency (rad/sec)

0.01/ 0.1/ 1/ 10/ 100/

40

20

3
0

0

45

90

P
h

as
e 

(d
eg

);
 M

ag
n

it
u

d
e 

(d
B

)



@profsaeedasiri 10/8/2023MENG366 -  Prof. Saeed Asiri
12

1st Order Real Zeros

Transfer Function:

Plot the straight-line approximation of G(s)’s Bode 
diagram: 
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Lead Compensator

Transfer Function:

Plot the straight-line approximation of G(s)’s Bode 
diagram: 
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• 1st Order Poles

– Break Frequency

– Mag. Plot Approximation

 0 dB from DC to b and a straight line 

with −20 dB/decade slope after b

– Phase Plot Approximation
 0 deg from DC to          .  Between          

and 10b , a straight line from 0 deg to  
−90 deg (passing −45 deg at b).  For 
frequency higher than 10b,  straight 
line on −90 deg.

• 1st Order Zeros

– Break Frequency

– Mag. Plot Approximation

 0 dB from DC to b and a straight line 
with 20 dB/decade slope after b

– Phase Plot Approximation

 0 deg from DC to          .  Between          
and 10b , a straight line from 0 deg to  
90 deg (passing 45 deg at b).  For 
frequency higher than 10b ,  straight 
line on 90 deg.
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Note: By looking at Bode plots you should be able to determine the relative order of the system, its 
break frequency, and DC (steady-state) gain.  This process should also be reversible, i.e., given a 
transfer function, be able to plot a straight line approximation of Bode plots.

1
10 b
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Standard Form of Transfer Function

Frequency Response
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Standard Form of Transfer Function

Frequency Response
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Standard Form of Transfer Function

Frequency Response
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 decreases  decreases
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A Few Observations:

• Three different characteristic frequencies:

– Natural Frequency (n)

– Damped Natural Frequency (d): 

– Resonant (Peak) Frequency (r):

• When the damping ratio   0.0, there is no peak in the Bode magnitude plot.  DO NOT confuse this 
with the condition for over-damped and under-damped systems: when  < 1 the system is under-
damped (has overshoot) and when   1 the system is over-damped (no overshoot).

21 2r n= −  

21d n= −  

  r d n 
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Second-Order System

Transfer Function:

Plot the straight-line approximation of G(s)’s Bode diagram:
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Standard Form of Transfer Function

 

Frequency Response
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Bode plots of zeros are the mirror images of the 
Bode plots of the identical poles w.r.t. the 0 dB line 
and the 0 deg line, respectively:
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• 2nd Order Complex Poles

– Break Frequency

– Mag. Plot Approximation

 0 dB from DC to n and a straight line with 
−40 dB/decade slope after n.  Peak value occurs at:

– Phase Plot Approximation

 0 deg from DC to                . Between                and  n , a 

straight line from 0 deg to −180 deg (passing −90 deg at n).  

For frequency higher than  n ,  straight line on −180 deg.
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• 2nd Order Complex Zeros

– Break Frequency

– Mag. Plot Approximation

 0 dB from DC to n and a straight line with 40 dB/decade 
slope after n.

– Phase Plot Approximation
 0 deg from DC to              . Between               and  n , a 

straight line from 0 deg to 180 deg (passing 90 deg at n).  
For frequency higher than  n ,  straight line on 180 deg.
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Combination of Systems

 Transfer Function:

 Plot the straight-line approximation of G(s)’s Bode plots: 
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Combination of Systems

 Transfer Function:

 Plot the straight-line approximation of G(s)’s Bode plots: 
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Combination of Systems

 Transfer Function:

 Plot the straight-line approximation of G(s)’s Bode diagram: 
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In most cases, stability of this closed-loop

can be determined from the Bode plot of G:
– Phase margin > 0

– Gain margin   > 0

G(s)
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If                     never cross 0 dB line (always below 0 dB line), then PM = ∞.

If                     never cross –180° line (always above –180°), then GM = ∞.

If                     cross –180° several times, then there are several GM’s.

If                     cross 0 dB several times, then there are several PM’s.
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Margins on Bode Plots
freq.over -crossgain    :gc

( ) dB0or    1 ,at  = jGgc

margin phase   :PM

( )gcjG +=180

freq.over -cross phase   :pc

( ) = 180pcjG 

( ) dB log20margingain    : pcjGGM −=

( ) in value  1 pcjG =



@profsaeedasiri 10/8/2023MENG366 -  Prof. Saeed Asiri
33

( )
( )

( )( )52

1100

++

+
=

ss

s
sGExample:

Bode plot on next page.
( )( )11

1
10

5
1

2
1 ++

+
=

ss

s

( ) 100near   line dB 0 cross  .1 =jG
100 gc

_______PM

( ) ______at  180 cross  .2 =− pcωjG 

_______=GM

Margins on Bode Plots



@profsaeedasiri 10/8/2023MENG366 -  Prof. Saeed Asiri
34

( )
( )254

25
2 ++

=
sss

sGExample: ( )1

1

25
42

25
1 ++

=
sss

Margins on Bode Plots



@profsaeedasiri 10/8/2023MENG366 -  Prof. Saeed Asiri
35

Margins on Bode Plots
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Margins on Bode Plots
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Margins on Bode Plots
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