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Chapter 13: Frequency Response 
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Ex. 13.4-5 
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Problems 
 Section 13-3: Gain, Phase Shift, and the Network Function 
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Section 13-4: Bode Plots 
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(d) From,  the plot,  the gain at = 40dBω0



 386

P13.4-7 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
P13.4-8 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

By inspection,

H(j ) = 
A 1+ j 100

j 1+ j 1000
from the magnitude plot for 100< <1000

H(j )   Aj 100
j

A
100

  20log A100=0     A=100

 So  H(j ) = 
100 1+ j 100

j 1+ j 1000
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ω

ω

j
600 600

H( ) = 

K(1+ j
10

)(j )

j
0.7

j
600

j
100

To determine K, notice that H dB=1 when  0.7 <   <  10.  That is

1 =
K(1)(j )

(1)(1)

K(0.7)   K = 2

2

2
2

.

.

� �

• The slope is 40dB/decade for low frequencies, so the numerator will include the factor (jω)2 . 
• The slope decreases by 40dB/decade at ω = 0.7rad/sec. So there is a second order pole at ω0 = 0.7rad/sec. The 

damping factor of this pole cannot be determined from the asymptotic Bode plot; call it δ1. The denominator   
of the network function will contain the factor 

• The slope increases by 20dB/decade at ω = 10rad/s, indicating a zero at 10rad/s. 
• The slope decreases by 20dB/decade at ω = 100rad/s, indicating a pole at 100rad/s. 
• The slope decreases by 40dB/decade at ω = 600rad/s, indicating a second order pole at ω0 = 600rad/s. The 

damping factor of this pole cannot be determined from an asymptotic Bode plot; call it δ2. The denominator of 
the network function will contain the factor 
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T ( )  T (gains not  in dB)

 20 log .99 =  T ( )  dB T( )  dB      (gains in dB)

=  20 log K  log   log  
K

1+
z

=   log 1+
z

=  20 log  
1
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(a) 

K 1+j 
z

T( )= 
j

2K
T( )   1+ 

z

2 2K
T( )  dB = 20 log   1+ = 20 log  K 20log  + 20 log  1+10 10 10 10z z

ω

ω
ω

ωω
ω

ω ωω ω
ω

 
  

 =   

   −      

So T ( )  dB and  T ( )  dB  are the required low and high - frequency asymptotes.L Hω ω

The Bode plot will be within 1% of |T(ω)| dB both for ω<<z and for ω>>z.  The range when ω<<z is 
characterized by 

Let   T ( )  dB = 20 log K

and   T  dB = 20 log  
K

z

Then  T( )  dB 
T ( )  dB        <<  z

T  dB       >>  z

L 10

H 10

L

H

ω ω

ω

ω
ω ω

ω ω

−
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��

20 10log

( )
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The range when acterized by

T T( )  (gains not in dB)

 20 log .99 =  T  dB T( )  dB (gains in dB)
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( )

1
1 j R C 1 (1 j R C )j C 1 1 1 12H( )     

j R C R C j1 1 2 1 2R1 j C1

1 1 1
                       

R C j R C1 2 1 1H( )     
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H
k

j
p

where

k
R

R

p
CR

( )ω ω= −
+

=

=

1

1

2

1

2

We require

200  =  z  = 
1

C R

500  =  p  = 
1

C R

14 dB =  5 =   k
p

z
 =  

C

C

1 1

2 2

1

2

Pick  C   1 F,  then C  =  0.2 F,  R  =  5k  and  R  =  10k
1 2 1 2= µ µ Ω Ω

H( )  =  k

1+ j
z

1+ j
p

where

k =  
R

R

z =  
1

C R

p =  
1

C R

1

2

1 1

2 2

ω

ω

ω−

We require 

500   =   p    = 
1

CR

34dB =  50  = 
R

R

Pick C =  .1 F,   then R  =   20k ,   R  =  400

2

2

1

2 1µ Ω Ω

Pick the appropriate circuit from Table 13.4-2. 

Pick the appropriate circuit from Table 13.4-2. 
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p 
R

( )ω
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.
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20 0 05

2 2
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1 1 2 2

= =

= =
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= = = =

C R

C R

dB 

Pick  C F k k Fµ µ. , . .Ω Ω

Pick the appropriate circuit from Table 13.4-2. 


