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Question ONE
(a) Define state of a system, state variables, state space and state vector, then state the advantages of state space analysis.
(5 marks)
(b) A system is described by the following differential equation. Represent the system in state space.
X=3x+4x+4x=u(t)+3u,(t)+4u,(t) (3 marks)
(©) A feedback system has a closed loop transfer function:
Y(s) 10s+40
Uls) s’+s’+3s
Construct three different state models showing block diagram in each case. (8 marks)
(d) Find the time response of the system described by the equation
).(1 :[_01 _12 X401y x,(0) :[_01 , u(t)=t>0
% % given that x,(0) (14 marks)
Question TWO
(a) Obtain the state model for the signal flow graph of figure Q2(a)
1
(6 marks)
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Figure Q2 (a).

(b) Compute the state transition matrix by infinite series method given the matrix
A= 0 1
-1 =2
(6 marks)
{4 1}
(©) Determine the Eigen values and Eigen vectors of 3 2 (8 marks)

Question THREE

(a) Explain how poles of a closed loop control system can be placed at the desired points on the s plane (4 marks)

(b) Explain the design of state observer. (4 marks)

(©) Consider the system with state equation X =Ax+Bx
Where,

0 1 0 0
A={0 0 1| B=[0
-1 -5 -6 1
By using state feedback control Y=~ Kx ( t ) , it is desired to have the closed loop poles athi=~— 2+j4 JH2™ 2—j4 and
H3=~10 Determine the state feedback matrix K
(12 marks)
Question FOUR
(a) Determine the z- transforms for the following continuous functions:
i) step function fl(t):u(t)
il) ramp input f2 ( t ) =at
(8 marks)
|
G(s)=——

(b) A sampled data system has the following transfer function: s+1 If the sampling time is 1second and the
system is subjected to a unit step input, determine the discrete time response. Note that the system has no zero-order
hold included. (8 marks)

(c) Find the transfer function of the following discrete system
y(k)+2y(k=1)-ylk=2)=2x(k)-x(k-1)+2x(k-2) (4 marks)

Question FIVE

() Derive the state equations and the transfer function 11 (2)=Y(2)/R(2) or the block diagram of Figure Q5 (a).

yiK)
LI [ B X6 B X,k
A - )
E Tt
-0.3
Figure Q5 (a). (8 marks)
(a) Figure Q5 (b) shows a digital control system. When the controller gain K is unity and the sampling time is 0.5

seconds, determine:
i) Open loop pulse transfer function
ii) Closed loop pulse transfer function
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A 4

h 4

5(s+2)

Figure Q5 (b)
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Table of Laplace and Z-transforms

X(s) x(r) x(kT) or x(k) X(2)
Kronecker delta &(k)
1. - - | k=0 1
0 k=0
Siln-k)
2. - - 1 n=k F
0 n+k
1 1
3. = (1) 106) -
5 -z
4 1 e—:u g—uﬂ' 1
’ s+a
1
5. : t kT
3 , ,
6. S £ *T)?
6
7. - £ (“-)3
8 - 11— R
’ .\'(s-f-a)
9 b-a o g o T _ T (c"“r —e ]:'1
(s+a)s+b) l—e™z7 ez
1 ; Te =z
10. ; te™ kTe™ VL
(s+a) (l—e"' - ]
s 1-(1+aT)e "z
11. : (1—ane™ 1 —akT)e ™" e —
(s+a) ¢ (E—e'”:" )'
2 = . : T:e—u[ l+e—u’1:—l -1
12. - l'(’_m‘ (kﬂ‘e’“” ( — )“
{s+a) (l—e 'z ]
a’ ar i g [(aT—He"” ]+(E—e"” —aTe™ )z"]z"
13. 3 at—1+e akT—-1+¢ .y —
"(.s‘+u) (l—:')(l—e_“ ;']
] ! sinel
14. S— sin o sin kT &
st +w” 1-2z" coswT +z7*
3 _:—] S T
15. — cos ax cos akT *
5"+ 1-2z7 coswT +z7
@ —aT -1 . T
16. E ¢ sin @t ¢ sin kT ol o S
(ﬁ"*'ff) +@” 1-2¢™ z7 coswT +e "z
s+a 1= z7' coswT
17. I TS e cos awf e cos kT - € ; cong T
(s+a) +o’ 1-2e™ z" coswT +e ™"z~
18. - - d )
1—qz™
k-1 -1
a z
19. - -
k=1,2,3 P
|
20. - = ka*! P ITh
(l—a:")
)
2 el 2 2
21. - = Ka =
z (l +4az +a’z? )
22. - - Ko B
—az
5 s u-"‘(1+lln:"+]la::’2 +a"z"‘)
; = = Ca :
(l—a:“ )
1
24, — - d* cos kr =
1+az
x()=0 fortr<0

(kD) =x(k)=0 fork<0

Unless otherwise noted, k=0, 1,2, 3, ...
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