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Figure 1  shows a system with two inputs and two outputs. Derive C1(s)/R1(s), C1(s)/R2(s),C2(s)/R1(s), and C2(s)/R2(s). (In deriving 

outputs for R1(s), assume that R2(s) is zero, and vice versa. 

 
Figure 1 

1-b) If the transfer function of a system is given by: 

 
i) Obtain a state-space equation and output equation for the system defined by  

ii) Draw a signal flow graph represents this system. 

 

2-a) Figure 2-a shows a mechanical vibratory system. When 2 lb of force (step input) is applied to the system, the mass oscillates, 

as shown in Figure 2-b. Determine m, b, and k of the system from this response curve.The displacement x is measured from the 

equilibrium position. 

 
                                                                                              Figure 2 

2-b) . Consider a feedback system shown in figure 3  

For 
4)1)(s(s

s)(4
G(s)




  , we use a proportional controller with K˃0 
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Figure 3 

i) Determine the range of K for which the feedback systmis stable. 

ii) Draw the Nyqusit plot for K=1. 

iii) Design K˃0 such that the phase margin is maximized. 

Hint: You may use the following identity 
2
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3-a) Sketch the root loci for the system shown in Figure 4 

 

 

 

 

 

 

 

 

 

Figure 4 

3-b) Consider a feedback system in figure 3, a phase-lead compensator with 
0.04s1

0.4s1
(s)Gc




  is placed in series with the plant 

10)5)(s1)(s(s

500
G(s)


 , compute the gain and phase margin 

a. G.M. =  dB, P.M. = 60° 

b. G.M. = 20.5 dB,P.M. - 47.8° 

c G.M. = 8.6 dB, P.M. = 33.6° 

d. Closed-loop system is unstable 

(verify your answer). 

 

4-a) Consider the feedback system depicted in Figure 3, where 

24)s(s

1
G(s)


  

A suitable compensation Gc(s) for this system that satisfies the specifications: 

(i) P.O. < 20%, and (ii) velocity error constant 10Kv  , is which of the following: 

(show your work) 

 

4-b) Given the straight line Bode diagram of magnitude in figure 5, find the corresponding transfer function. 
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                    Figure 5-a      Figure 5-b 
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1-b)  

1-b) If the transfer function of a system is given by: 
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iii) Obtain a state-space equation and output equation for the system defined by  

iv) Draw a signal flow graph represents this system. 

 

 
 

Another solution 
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iii  ) the state space representation of the system. 

 

 
 

2-a) 
Solution. The transfer function of this system is 
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  (a) Mechanical vibratory system;                                    (b) step-response curve. 

 

 

 
 

2-b) 

 

i) The characteristic equation is given by 1+KG = 0 

This is reduced to S
2
 + (3-k)S + 4(K-1) 

All coefficient should be +ve  

31  K  

ii)  

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Intersection with real for ω = 0 or 8 , at -1 and – 0.3333 respectively 
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The maximum phase will not change with K but the value of )( iG  

Let x1tan  for max  , 0
1
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= 0 for 01281047 24   12 069.1,

7

8  s  

iiG 1995.06533.0)069.1(   

68308.0)( iG      464.1k  to get tha max phase margin which equal to 
6533.0

1995.0
tan 1  

3-a) The open-loop poles are located at s=0, s=–1, s=–2+j3, and s=–2-j3.A root locus exists on the real axis between points s=0 and s=–1. The 

angles of the asymptotes are found as follows: 
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(a) Control system; (b) root-locus plot. 
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. Consider a feedback system in which a phase-lead compensator 

 
is placed in series with the plant 

 
The feedback system is a negative unity feedback control system shown in Figure 10.43. 

Compute the gain and phase margin. 

 

 

 
 

 

 

a. G.M. =  dB, P.M. = 60° 

b. G.M. = 20.5 dB,P.M. - 47.8° 

c G.M. = 8.6 dB, P.M. = 33.6° 

d. Closed-loop system is unstable 

(verify your answer). 

 

4-a)Consider the feedback system depicted in Figure 10.43, where 

 
 

A suitable compensation Gc(s) for this system that satisfies the specifications: 

 (i) P.O. < 20%, and (ii) velocity error constant Kv a 10, is which of the 
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following: 

 
(verify your answer) 

 

The correct answer is (b) 
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For (b) 
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