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Question ONE 

(a) State any Two Advantages and Two drawbacks of state variable analysis. (4 marks)

(b) Consider the system shown in Figure Q1 (b) which is series RLC circuit. It is having an input voltagev1( t )  and the 

current flowing through the circuit isi( t ) .The state variables are the current through the inductor, and the voltage 

across the capacitorvc( t ) . Represent the circuit as a state space model.

Figure Q1 (b) (6 marks)
(c) Distinguish between singularity and non-singularity matrix (2 marks)
(d) Find all eigenvalues and their Eigen vectors for

A=[3 −2
1 0 ] ,

(8 marks) 



©Technical University of Mombasa Page 2 of 4

Question TWO 

(a) Find the matrix transfer function relating the input 
u( t )

 and the output response 
y ( t )=x1( t )

for the second order 
system.

[ ẋ1( t )ẋ2( t ) ]=[0 1
−4 −2 ][ x1( t )x2( t ) ]+[04 ]u( t )

y ( t )= [1 0 ] [ x1( t )x2( t ) ] (6 marks)
(b) A linear time invariant system is characterized by state equation

[ ẋ1( t )ẋ2( t )]=[1 0
1 1 ][ x1( t )x2( t )]  

Compute the solution of state equation in time domain, assuming initial vector is

[ ẋ1(0 )ẋ2(0 )]=[10 ]
(8 marks)

(c) Obtain the diagonal canonical state space representation of a feedback system having a closed - loop transfer 
function
U ( s )
Y ( s )

=
2( s+5 )

( s+2)( s+3 )( s+4 ) (6 marks)

Question THREE

(a) Given a plant:   

ẋ ( t )=Ax ( t )+Bu( t )
y ( t )=Cx ( t ) where, 

A=¿ [0 1 ¿ ]¿
¿

¿¿
Determine:

i) Full state feedback in such a way that the closed loop system has double negative pole 
p1,2=−1

ii) Full state observer such that its poles are double and are 
p3,4=−3

(12 marks)

(b) The state equation of the closed loop system is given by ẋ ( t )=( A−BK ) x ( t )where,

A=[ 0 1
−2 −3 ] , B=[01 ] , K=[6 1 ]

Check whether the closed loop system is stable using the function of Lyapunov

V ( x )=1
2
xT ( t )Px ( t )=1

2
xT [5 2
2 10 ] x ( t )

(8 marks)

Question FOUR

(a) Briefly, explain the sampling theorem and the Sample & Hold operation (6 marks)
(b) Find the z-transform of a sampled unit ramp signal (6 marks)

(c) Given a (ZOH )in cascade with

G1( s )=
( s+2)
( s+1)

 or 

G( s )=
(1−e−Ts )

s
( s+2)
( s+1)

. Find the sampled-data transfer function, G(z), if the sampling time, T, is 
0.5 second. (8 marks)

Question FIVE
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(a) Given that: 
U ( z )= z

( z−2)( z−4 ) , Expand U ( z )  into partial fraction form and find its time domain 
representation using inverse z-transform . (6 marks)

(b) Check the stability of the system of figure Q 5(b) 
G ( s )= 2

s( s+4 ) , where the sampling period is T=1sec

Figure Q 5(b) (10 marks)
(c) Draw a basic block diagram used in representing the discrete state-space model (2 marks)
(d) Determine the state equations of a discrete-time LTI system with system function

H ( z )=
b0+b1 z

−1+b2 z
−2

1+a1 z
−1+a2 z

−2

(2 marks)
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