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Q1: [10 Marks] For the circuit shown in Figure Q1, e; is the input voltage and e,is the
output voltage.

eo(s)

(i) [5 Marks] Find the system’s transfer function P
(ii) [5 Marks] Find a differential equation relating the input e; (t) to the output e, (t).
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Figure Q1

Q2: [10 Marks] Consider the block diagram shown in Figure Q2. Find the transfer function
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Figure Q2
Q3: [15 Marks] Consider the feedback system shown in Figure Q3, in which J = 1.

(i) [10 Marks] Determine the value of k and K such that the system’s maximum
overshoot M,,=0.25 and the peak time £, =2.
(ii) [5 Marks] Find, accordingly,
e rise time t,
e settling time t;
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Figure Q3



Q4: [10 Marks]

(i) [5 Marks] Given a Bode plot shown in Figure Q4(a), find the gain margin and the
phase margin.

(ii) [5 Marks] Consider the feedback system shown in Figure Q4(b), where G (s) =
=% and H(s) = —. Given its Nyquist plot shown in Figure Q4(c), determine

1+s
if the system is stable or not. Show your reasoning.
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Q5: [20 Marks] Consider the system shown in Figure Q5.

@) [5 Marks] Determine the closed-loop characteristic polynomial.
(ii) [10 Marks] For what ranges of a, the system is stable?
(iif) [5 Marks] Sketch the root locus of the system as the parameter a varies from 0 to

infinity.
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Q6: [15 Marks] Given an LTI system with transfer function
s+3
G(s) = S24+7s+12

(i) [5 Marks] Find its state-space matrices (4, B, C,D) in controllable canonical form
(i) [5 Marks] Verify, using the controllability matrix, if this state-space realization is
controllable?

(iii) [5 Marks] Is this state-space realization a minimal realization? Explain why or
why not.

Q7: [10 Marks] Consider the system
w0y =% 1]+ []ue,

y(t) = [1 1]x(t)

(i) [5 marks] Design a state feedback which has eigenvalues at -2, -4.
(i) [5 marks] Determine the transfer function of the closed loop system.

Q8: [10 Marks] Consider a system with the transfer function

_ (s=1)(s+2)
G(s) = (s+1)(s—2)(s+3)

(i) [5 Marks] Is it possible to change the transfer function to

(s-1)
(s+2)(s+3)

Gf (s) =

by state feedback? Explain why or why not.

(ii) [5 Marks] Is the resulting system BIBO stable? Is it asymptotically stable? Explain

why or why not.
--- END ---
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