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Do not write on the question paper.

Question ONE (Compulsory 20 marks)

(a) Define state of a system, state variables and state vector. (3 marks)
(b) A system is described by the following differential equation. Represent the system in state space: 

y⃛+3 ÿ+4 ẏ+4 y=6u1+3u2+4u3

And the outputs are:
y1=4 ẋ+3u1

y2= ẍ+4u2+u3

Determine the state space representation of the system in diagonal canonical form. (8 marks)
(c) A feedback system has a closed loop transfer function:

Y ( s )
R ( s )

=10 s+40

s3+s2+3 s . Construct three different state models showing block diagram in each case. (9 marks)

Question TWO 

(a) A two input two output linear dynamic system is governed by:

 

[ ẋ1( t )
ẋ2( t ) ]=[0 1

−2 −3 ][ x1( t )
x2( t ) ]+[2 1

0 1 ]u
y=[1 0

1 1 ][ x1( t )
x2( t ) ]

 Find
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i) The Transfer function matrix

ii) Assuming 
[ x1(0 )
x2(0 )]=[00 ]

find the output response y ( t )if 
u( t )=[ 0

e−3 t ]
fort≥0

(12 marks)
(b) Derive a state space model for the electrical parallel RLC network given in Figure Q3 (b) given that the current

i=I sinωt . (8 marks)

Figure 3 (b)

Question THREE

(a) Distinguish between singularity and non-singularity matrix (2 marks)
(b) Show the following system is always controllable

[ ẋ1

ẋ2

ẋ3
]=[ 0 1 0

0 0 1
−a3 −a2 −a1

][ x1

x2

x3
]+[001 ]u

(4 marks)
(c) Explain the design of state observer. (4 marks)
(d) Illustrate and explain pole placement by state feedback. (4 marks)

(e) Find the matrix k=[k1 k2 ] which is called the state feedback gain matrix for the closed loop poles to be located 

at−1.8± j2. 4 for the original system governed by the state equation: 

[ ẋ1

ẋ2 ]=[ 0 1
20 .6 0 ][ x1

x2 ]+[01 ]u
(6 marks)

Question FOUR

(a) State any Two advantages and Two disadvantages of Digital Control Systems (4 marks)
(b) Assume the sampling period is 2 secs, discretize the continuous-time system described by

(c)
[ ẋ1

ẋ2 ]=[0 1
0 0 ][ x1

x2 ]+[01 ]u
(6 marks)

(d) Find the response of the system of Figure Q 4(d) to a unit impulse input
(4 marks)

Figure Q 4(d) (10 marks)
Question FIVE
(a) Derive the transition matrix Φ (k) of the discrete-time system

x (k+1)=Ax (k )+bu(k )
with

A=[ 0 1
−0 .16 −1 ] ,     b=[11 ] ,       x (0 )=[11 ]

(5 marks)
(b)  Calculate the state vector x(k) for step input. (5 marks)
(c) Derive the discrete model at the state space of a continuous-time system, which is described by the differential  

equation:
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ÿ+3 ẏ+2 y=u̇+3u
and is being discretized with ZOH. (10 marks) 
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