State Space Analysis

[ M' Multiple Choice Questions]

Q.1

Q.2

Q.3

Q4

A certain LTI system has state model

=[5 el

y=[1 1]x and the values of

x(0) =1 x0) =1 u(0) = 0. Find %t—o
@ 1 (o) -1
() O ) 2

The transfer function Y(s)/U(s) of a system
described by the state equations

() = —2x(t) + 2u(t) and y(t)=0.5x(t) is

(@) 0.5/(s-2) (b) 1/(s-2)

(c) 0.5/(s+2) (d) 1/(s+2)
[GATE-2002]

The state-space representation of a system is
given by

x=[g e]aloama v=[] x

Then the transfer function of the system is

1 1
(@) s> +3s+2 (b) S+2
s 1
() 213542 (d) 51 [ESE-2003]
0 10 0
X=|0 0 1|x+|0fu
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Q.5

Q.6

‘ Q7

If the control signal is
u=[-05 -3 Slx+v

Find the eigen values
(a) 01 _11 _2 (b) Ol _17 _3
(¢) 0,-2,-3 (d) 0,.1,-2

The system mode described by the state
equations

. Jo 17 o _
k=i, glFt|qlu v=01 1lxis

(@) controllable and observable

(b) controllable but not observable

(c) observable but not controllable

(d) neither controllable nor observable
[GATE-1999]

Consider the system x = Ax+BU

10 p
A= .B=
where [0 1] : [q]

which of the following about controllability is true.
(@) Controllable for any non-zero value of p& q
(b) Controllable onlyif P#g=20

(c) Un-Controllable for all values of p & g

(d) Cannot be concluded from the data given

. 11 2 0
LetX=[O 1]X+[1:|U

y=[b 0Olx
where b is an unknown constant
This system is
(@) observable.for all values of b
(b) unobservable for all values of b
(c) observable for all non-zero values of b

(d) unobservable for all non-zero values of b
[ESE-2002]



Q.8 The transfer function of a system
Y(s) _ 1
Us) s*+5s%+85%+65+3
Which one of the following will be ‘A’ matrix in
state variable form?

0 1 0 0]
0 0 1 0
@19 0 0 1
-3 -6 -8 -5
0 1 0 0]
0 0 1 O
(b)
0 0 0 1
|5 -8 -6 -3]
1 0 0 0]
0 1 0 0
(c)
0 0 1 0
-3 -6 -8 -5]
0100
0010
d o0 o0 1
36 8 5

Q.9 The zero-input response of a system given by
the state-space equation

- alrelollo] s
o 7]

e! t
(© |: :| (d) l:tetjl [GATE-2003]

. 10
Q.10 Given A=[O 1], the state transition matrix

eltis given by

[GATE-2004]

Q.11 The state-space representation in phase-variable

form for the transfer function G(s) = 251 is
s?+7s+9
[0 1] [o
(@) 5c=~_g _7_x+ 1?u;y[T 2]x
. [o 17 fo]
(b) x—h_9 '7dx+_1_U'Y[O 1]x
(©) J&=—_9 wa+— —U'y[2 0]x
o -7 1]
. |9 -7 0
() *=|, wa+ 1Wu;y[1 2]x
[ESE-2002]

Q.12 Consider the system described by following
state space equations:

RS N M S R LI

If uis unit step input, then the steady state error
of the system is

@ 0 ©®

w|nN

(©) (d) 1
[GATE-2014]

Q.13 The state variable representation of a system

is given as

o o[
y=[0 1k

The response U1) is

(a) sin (1) (b) 1- e’
(c) 1-cos (1) (d)0

[GATE-2015]
Q.14 A network is described by the state model as
y=3x - 2x,

The transfer function H(s) (: @) is
U(s)

115+ 35 115 -35
@ s-s+4 © E-2)G+4)
115+ 38 ) 11s-38

) 5-2)s+4)
[GATE-2015]
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Q.15 The state variable description of an LTI system

is given by
X4 0 ay 0 X4 0
Xy |= 0 a |{x |+ 0lu
x3 33 0 0 JC3) 1
X
y=0 0 0)x
]

where y is the output and u is the input. The
system is controllable for
(@) a,#0,a,=0,a;#0
(b) a;=0,a,#0,a;#0
(c) a,=0,a,#0,a;,=0

(d) a,#0,a,#0, a;=0 [GATE-2012]

Q.16 A second-order linear time-invariant system is
described by the following state equations

. %x1(t) +2xt) = 3u(t)

o)+ 220 = ()

where x,(1) and x,(t) are the two state variables
and u(t) denotes the input. If the output
c(t) = x,(1), then the system is

a) controllable but not observable

b) observable but not controllable

¢) both controllable and observable

d) neither controllable nor observable

[GATE-2016]

Q.17 Consider a linear time invariant system x = Ax,

with initial conditions x(0) at t = 0. Suppose a
and B are eigenvectors of (2 x 2 ) matrix A
corresponding to distinct eigenvalues A, and A,
respectively. Then the response x(t) of the
system due to initial condition x(0) = a.is

(@) aeM! (b) et2tep
(d) gMta 42t

[EE: GATE-2016]

80 Numerical Data Type
== Questions

(©) greleag

Q.18 Anunforced linear time invariant (LT1) system is
represented by

MEEE

If the initial conditions are x,(0) =1 and

x,(0) = -1, the solution of the state equation is

x(t) =k, etand x, = k, 2.

Where k, and k, are respectively .
[GATE-2014]

Q.19 Consider the following state-space
representation of a linear time-invariant system.

WhEZ%&Nth.

c= [1] and x(0) = [jl]

The value of y(t) for t = log,2 is .
[EE: GATE-2016]
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T1. The state equations in the phase variable
canonical from can be obtained from the transfer
function by
(a) Cascaded decomposition
(b) Direct decomposition
(c) Inverse decompaosition
(d) Parallel decompesition

[Ans: (b)]



T2. The state equation of a second-order linear

T3.

system is given by
x(t) = Ax(t), x(0)=x

1 et 0
For xp = _1],x(t)= _é—t and for x =[ 1].

11! - 8e
Ans:
-11e" + 16
Find the state transition matrix ¢(f) of given
system o[0T
y JE2 - O 0 X2 '
[Ans: [1 t]]
0 1

T4.

x4
X
X3

T5.

Consider the state space model of a system,
as given below:

-1 1 0llx] [0 xq
=10 =1 Of|lx|+|4luiy=[1 1 x|
O O -2 X3 O X3

The system is

(a) controllable and observable

(b) uncontrollable and observable
(c) uncontrollable and unobservable
(d) controllable and unobservable

[Ans: (b)]
System matrix of continuous time system is

0o 1
A= [_3 _5] then characteristic equation
is
[Ans: s2 + 55 + 3 = 0]



