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23. 

  a. ζ = 
- ln (

%OS
100 ) 

π2 + ln2 (
%OS
100 )

   = 0.56, ωn = 
4

ζTs
  = 11.92. Therefore, poles = -ζωn  ± jωn 1-ζ2  

 = -6.67 ± j9.88. 

 b. ζ = 
- ln (

%OS
100 ) 

π2 + ln2 (
%OS
100 )

   = 0.591, ωn = 
π

TP 1-ζ2  = 0.779.  

 Therefore, poles = -ζωn  ± jωn 1-ζ2  = -0.4605 ± j0.6283. 

 c. ζωn = 
4
Ts

  = 0.571, ωn 1-ζ2  = 
π
Tp

  = 1.047. Therefore, poles = -0.571 ± j1.047. 

24. 

 
Re =

4
Ts

= 4;  ζ =
-ln(12.3/100)

π 2 + ln2 (12.3/100)
= 0.5549

Re =ζωn = 0.5549ωn = 4; ∴ωn = 7.21
 

 Im = ωn 1 −ζ 2 = 6  

 ∴G(s) =
ωn

2

s2 + 2ζωns + ωn
2 =

51.96
s2 + 8s + 51.96

 

25. 
a. Writing the equation of motion yields, (3s2 +15s + 33)X(s) = F(s) 
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 Therefore, c(t) = 1 - 0.29e-10t - e-2t(0.71 cos 4.532t + 0.954 sin 4.532t) 

= 1 - 0.29e-10t - 1.189 cos(4.532t - 53.34o). 

 c. 

   

  

  

 Therefore, c(t) = 1 - 1.14e-3t + e-2t (0.14 cos 4.532t - 0.69 sin 4.532t) 

= 1 - 1.14e-3t + 0.704 cos(4.532t +78.53o). 

28.  
 Since the third pole is more than five times the real part of the dominant pole, s2+1.204s+2.829 

determines the transient response. Since 2ζωn = 1.204, and ωn = 2.829  = ωn = 1.682, ζ = 0.358, 

%OS = e−ζπ / 1−ζ 2

x100 = 30%, Ts = 
4

ζωn
   = 6.64 sec, Tp = 

π
ωn 1-ζ2   = 2 sec; ωnTr = 1.4, 

therefore, Tr = 0.832.  

29. 
a. Measuring the time constant from the graph, T = 0.0244 seconds. 
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Solutions to Problems   7-3 

11. Minimizes their effect 

12. If each transfer function has no pure integrations, then the disturbance is minimized by decreasing the 

plant gain and increasing the controller gain. If any function has an integration then there is no control over 

its effect through gain adjustment. 

13. No 

14. A unity feedback is created by subtracting one from H(s). G(s) with H(s)-1 as feedback form an 

equivalent forward path transfer function with unity feedback. 

15. The fractional change in a function caused by a fractional change in a parameter 

16. Final value theorem and input substitution methods 

 

SOLUTIONS TO PROBLEMS 

1.  

e (∞) =  lim s E(s )
s →0

  =  lim
s →0    

s R(s )
1+G(s )

 
where  

G(s) =
450(s +12)(s + 8)(s +15)

s(s + 38)(s2 + 2s + 28)
. 

For step, e (∞) = 0. For 37tu(t) , R(s) =
37
s2 . Thus, e (∞) = 6.075x10-2. For parabolic input,  

e(∞) = ∞. 
 

2.  

a. From the figure 235 =−=−= ssssss cre  

b. Since the system is linear, and because the original input was )(5.2)( ttutr = , the new steady 

state error is 8.0
5.2

2
==sse . 

 
3.  

e (∞) =  lim s E(s )
s →0

  =  lim
s →0    

s R(s )
1+G(s )

 

=lim
s→ 0

s(60/s3)

1+ 20(s +3)(s + 4)(s + 8)
s2 (s + 2)(s +15)

= 0.9375 

4.  
Reduce the system to an equivalent unity feedback system by first moving 1/s to the left past the 

summing junction. This move creates a forward path consisting of a parallel pair, 
1
s

+1
⎛ 
⎝ ⎜ 

⎞ 
⎠ ⎟  in cascade 

with a feedback loop consisting of G(s) =
2

s + 3
 and H(s) = 7. Thus,  
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