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Question ONE

(a) Compare and contrast classical control to modern control approach to control systems analysis. (4 marks)

(b) Figure Q1 (b) is a series RLC electrical circuit. It is having an input Voltage,vi (1) and the current flowing through the
circuit isi(t). Develop the state space representation of the circuit if the state variables are the current flowing
through the inductor,i ( t ) and the voltage across capacitor,vo(t). (6 marks)
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Figure Q1 (b)
(© The dynamics of three cars moving can be represented in state space by the following state equations, where u(t) is
an input control for the leading car

kl(t)zxz(t)_x1(t)+“(t)

Xz(t):;cl(t)-w%(t) —Xz(t)

X, (t)=x,(t)—x,(t)
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Represent the above dynamics in the form X ( t ): Ax+Bu ( t) 4 marks)

(d) Determine the state representation of a continuous-time LTI system given below in Jordan canonical form.
1
G(S)_(5+3)3(5+2) (6 marks)
Question TWO
(a) State the Shannon’s sampling theorem (2 marks)
(b) Given that:
Ulz)=r—

( z-2 ) ( e 4) , Expand U ( Z) into partial fraction form and find its time domain representation using
long division method . (8 marks)
x(k+1)=A,x(KT )+B,u(kT)

(©) Discretize the continuous-time system given in the form and deduce the expressions
for the matrices Ag andB d for the sampling period T =10sec
>.<1 _| 0 L% |, 0 u
X,/ [=0.01 Ofix,| [1 (10 marks)
Question THREE
(a) Explain the terms controllability and observability (4 marks)
X, I 1] x 1
= + u
X, 0 —-1]|x, 0
(b) A system is described in state space by: . Determine whether the system is
completely state controllable or not. (4 marks)

(©) A regulator system is shown in Figure Q3(c). The plant is given by: X=Ax+Bu where,

0 1 O 0
A=|0 0 1| B=|0
-1 -5 -6 1

b

The system uses the state feedback control ¥ = —KX  The desired closed-loop poles are chosen to be at s =-2 +j4, s
=-2 -j4, s =-10. Determine the state feedback gain matrix K.

u 3 X

= B e —>

e
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Figure Q3 (c) (12 marks)
Question FOUR
(a) Determine the z- transforms for the following continuous functions:

i) step function fi(t)=ult)=1(t)

i) ramp input f2 ( t ) =at
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(6 marks)

(b) Draw the block diagram and signal flow graph of discrete state-space model (4 marks)
(a) Sketch a block diagram of a discrete-time system with the state space representation
01 0
x\k+1)= x\k)+ " {ulk
(r1)=| Ltk)+f2 )
y(k):[8 _7]X(k) (4 marks)
1
G\S)=—————=
(s) (s+1)(s+2) G(z)
(©) For the transfer function obtain the pulse transfer function (6 marks)
Question FIVE
(a) Obtain a state-space model in the phase variable form for a system with transfer function
Y(s) s2+7s%+55+2
U(s) s(s+1)(s+3) (4 marks)
(b) For the same system obtain a state-space model in the canonical form. (4 marks)
(©) Show that the eigen values of 4 matrix in (b) and (c) are O, —1and—3 (4 marks)
(d) Apply € " method to determine the time response of a system described by the homogeneous equation:
X, 0 1| x
5| =2 3|
given that x,(0) =1 and x,(0) =1 (8 marks)
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Table of Laplace and Z-transforms

x(kT)=x(k)=0 fork<0
Unless otherwise noted, k=0, 1,2, 3, ...
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