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Question 1 

a)  

i) If the natural response in the output of a system creates instability to the 

system, what can we tell about exponential term in it? 

ii) Does the presence of entire row of zeros in a Routh Table always mean 

that the system has jω-axis poles? 

iii) If there is a zero in the first column of the Routh table, what does this 

indicate? 

 (3 marks) 

b) The closed loop transfer function of the system is represented by T(s). 
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i) By observing the T(s), determine stability of the system. Give the 

justification of this observation. 

(3 marks) 

ii) Using the Routh table, determine how many poles of the above transfer 

function are in the right half-plane, the left half-plane, and on the jw-axis. 

Comment about the system’s stability based on the result obtained. 

(9 marks) 
 

c) The system shown in Figure Q1c has an oscillation frequency of 2.5 rad/sec. 

Find the value of gain K and the value of p when the system is in a marginally 

stable condition. 

(10 marks) 

 

 

 

 

Figure Q1c 
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Question 2 

A unity feedback system has a forward transfer function 

𝐺 𝑠 =
𝐾(𝑠 + 1) 𝑠 + 5
(𝑠! − 2𝑠 + 2)  

a) How can we determine whether a root locus plot crosses the imaginary axis of 

s-plane? 

 (2 marks) 
 

b) By using the Routh-Hurwitz criterion, find the range of K to make the system 

stable. When the system is marginally stable, calculate the value of closed 

loop poles. 

 (6 marks) 
 

c) Draw the root locus of the system on the graph paper provided.  

(13 marks) 

d) If the system is to operate at the damping ratio of 0.6, find the dominant poles 

of the system. What is the value of K at this operating point. 

(4 marks) 
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Question 3 

 
a) What is the effect on the performance of a system if the following 

compensators are used, respectively: 

i) PI Controller 

ii) PD Controller 

iii) PID Controller 

(4 marks) 

 

b) A vehicle speed control system is shown in Figure Q3b. 

 

 

 

 

Figure Q3b 

 

The system without controller is able to produce a settling time of 4.44 s and a 

peak time of 3.49 s. 

Design a suitable controller to achieve the following specifications: 

• the settling time is reduced to half of the system’s without controller 

• the peak time is maintained, and 

• the steady state error is reduced to zero for a unit step input. 

(16 marks) 

c) Sketch the root locus of the uncompensated and compensated systems in part 

(b) above. 

(5 marks) 
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Question 4 

a)  

i) What is a frequency response? 

ii) From the bode plot of a given system, how do we know that the system is 

stable or unstable? 

(3 marks) 
 

b)  A unity feedback system has an open-loop transfer function of 

𝐺 𝑠 =
𝐾1000(𝑠 + 1)

𝑠 𝑠 + 5 𝑠 + 10 (𝑠 + 50) 

 
i) By using the straight line approximation method, plot the Bode plot of the 

open-loop system for K = 1. 

(14 marks) 

ii) Obtain the Gain Margin and Phase Margin of the system. 

(2 marks) 

iii) Determine the stability of the system. Give your reason. 

(2 marks) 

iv) Find the value of gain K needed for the system to give a phase margin of 

45o. 

(2 marks) 

v) With the value of K obtained in part b(iv) above, re-plot the magnitude 

curve to show that the required phase margin is obtained. 

(2 marks) 
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Question 5 

 
a) The phase margin of a system can be changed using the following methods: 

- Gain adjustment 

- Lag compensation 

- Lead compensation 

Discuss the effects of each of the above compensation technique on the 

system’s stability and steady state error. 

 (9 marks) 

b) A unity feedback system in Figure Q5b has a forward transfer function given 

as 

𝐺 𝑠 =
𝐾

𝑠 𝑠 + 5 (𝑠 + 20) 

 

Figure Q5b 

The Bode plot for the system for K = 1 (without the controller/compensator 

Gc(s)) is shown in Figure Q5b(i) and Figure Q5b(ii).  

i) The system is needed to operate at a velocity error constant, Kv = 10. Do 

the necessary adjustment on the Bode plot so that this velocity error 

constant is achieved. 

(4 marks) 

ii) Design a lead compensator to reduce the percentage overshoot to 10% 

while maintaining the same velocity error constant, Kv. 

 (12 marks) 

Hint: 

𝜙! = tan!!
2𝜁

−2𝜁! + 1+ 4𝜁!
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