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Consider the following system for questions (8-17) 

 

 

 

where,  

𝐺(𝑠) =
A(1−

s

ω1
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 +(
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ω2
)

2   

 

[ Hint: 10
1

2Q⁄  ≈ 2] 

Except where noted, we will assume Gc(s) =1. The asymptotic Bode plot of G(s) is shown below.  

 

|G(s)|

G(s)

G1

G2

G0

ωa

ωbωc

ωd ωe

ωf

φ1

φ2

φ3

φ4

 

 

 

 

+ 
- 

G(s) 

 

Gc(s) 

 

𝐴 = 12,000 

ω1 = 300𝑟𝑑𝑠/𝑠 

ω2 = 10𝑟𝑑𝑠/𝑠 

Q = 1.6 

 



  
Page 4 

 
  

8. The expression for the gain G1 along the sloping line segment is 

a. 
𝐴𝜔2

𝜔
     

b. 𝐴 (
𝜔

𝜔2
)

2
 

c. 𝐴 (
𝜔2

𝜔
)

2
 

d. 𝐴𝜔 

e. (𝐴
𝜔

𝜔2
)

2
 

 

9. The expression for the gain G2 along the sloping line segment is 

a. 
𝐴𝜔2

2

𝜔1𝜔
     

b. 𝐴 (
𝜔2

𝜔𝜔1
)

2
 

c. 
𝐴𝜔1𝜔2

2

𝜔
     

d. 𝐴𝜔 

e. (𝐴
𝜔𝜔1

𝜔2
)

2
 

 

10. The frequency ωc  shown in the above plot has an approximate value of 

a. 5 rds/s 

b. 20 rds/s 

c. 1 rds/s 

d. 30 rds/s 

e. None of the above 

11. The expression for the phase φ4 along the sloping line segment is 

a. −180 − 45 log10(
10𝜔

𝜔1
)     

b. −270 + 45 log10(
10𝜔1

𝜔
)     

c. −180 − arctan (
𝜔

𝜔1
)     

d. Both (a) and (c) 

e. (a), (b) and (c) 

12. Unity gain crossover frequency is 

a. 2000rds/s 

b. 3500rds/s 

c. 4000rds/s 

d. 5000rds/s 

e. None of the above 

13. The phase margin is 

a. 90 

b. 0 

c. -180 

d. -90 

e. -270 
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14. The steady state error of the closed loop system for a unit step (assuming Gc(s) = 1) is 

a. 0 

b. 1 

c. 0.5 

d. ∞ 

e. 2 

 

15. We now use a compensator such that 𝐺𝑐(𝑠) =
𝐾

𝑠
 where K is a constant. The value of K required so that the 

loop gain has a unity gain crossover frequency of 2 rds/s is 

a. 10 × 10−3 

b. 2 × 10−3 

c. 10 

d. 
1

12
 × 10−3 

e. 
1

6
 × 10−3 

 

16. For your design of question (15), the phase margin is 

a. 90 

b. 0 

c. -180 

d. -90 

e. -270 

 

17. For your design of question (15), the steady state error of the closed loop system to a unit step is 

a. 1 

b. 0.5 

c. ∞ 

d. 2 

e. 0 

 

18.  Consider the unity feedback process control plant, 

          𝐺𝑝(𝑠) =
1

(𝑠+1)3                                                 

        [ Hint:       (𝑠 + 1)3 = 𝑠3 + 3𝑠2 + 3𝑠 + 1 ] 

Using the Ziegler-Nichols design methodology, a proportional compensator would have a gain: 

a. 2 

b. 3 

c. 4 

d. 6 

e. 8 

 

 


