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Read the following instructions carefully

1. This question paper contains 30 objective questions. Q.1-10 carry one mark each and
Q.11-30 carry two marks each.

2. Answer all the questions.

3. Questions must be answered on Objective Response Sheet (ORS) by darkening the appropriate
bubble (marked A, B, C, D) using HB pencil against the question number. Each question has
only one correct answer. In case you wish to change an answer, erase the old answer completely
using a good soft eraser.

4. There willbe NEGATIVE marking. For each wrong answer 1/3rd of the full marks of the question
will be deducted. More than one answer marked against a question will be deemed as an
incorrect response and will be negatively marked.

Write your name & Roll No. at the specified locations on the right half of the ORS.
No charts or tables will be provided in the examination hall.

Choose the Closest numerical answer among the choices given.

©® N o o

If a candidate gives more than one answer, it will be treated as a wrong answer even if one
of the given answers happens to be correct and there will be same penalty as above to that
questions.

9. Ifaquestion is left blank, i.e., no answer is given by the candidate, there will be no penalty for
that question.

DO NOT OPEN THIS TEST BOOKLET UNTIL YOU ARE ASKED TO DO SO
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Q.No. 1to Q.No. 10 carry 1 mark each
Q.1

Block diagram of a system is shown in the
figure,

s+3
s+1

R@) s+5

ay + IT' C(S)

s+1 |i|

E
Then whole system is equivalent to
(@) An integrator with gain = 0.5
(b) A differentiator with gain = 2
(c) First order system
(d) Zero order system

Q.2

Block diagram of a control system is shown

in the figure

The condition that must be satisfied to
remove the effect of disturbance on the
response of the system.

(a) G,H,=1 (b) GH,=-1

(c) G,G,GH, =-1 (d) GH,=-1

Q.3

Transfer function of a first order system is
given by

G() = o1

Impulse response of the system is,
c(t)
1 _____________________

c(t)

Q4

Q.5

Q.6

R(s)

t

Valid state transmission matrix ¢(¢) is,
@ o=~
b o=

te™t et
(©) o) =
_—e_t +te”t 2t
ettt et }

—tet et —3e7t

(d) o(t) =

A closed loop system is shown in figure

K
s(s+1)(s +3)

C(s)

Range of K, in which system is stable
(@) K>0 (b) K<12
(c) K>12 (d) 0<K<12

The transfer function of a system is
(s+5)
(s)=———— and the output of the
(s +25-3)
system for a unit step input is y(t). The
value of lim y(t) is
t— oo

5
@ 3
(b) -2.5
() 1

(d) None of the above
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Q.7

o

The signal flow graph of a control system
is given below :

Q.8

12 O O 0

The number of feedback loops in the system

are .
(@) 4 (b) 5
() 6 (d) 7

Which of the following Bode plot
corresponds to the proportional integral
controller?

M(dB)

(a) 20 dB/dec
0 dB/dec

DN

w(rad/sec)

M(dB)

-20 dB/dec

1l

0 dB/dec

w(rad/sec)

M(dB)
b<zc;‘ 0 dB/dec
A\

&

¥

|

w(rad/sec)

N

M(dB)

\

\-20 dB/dec  W(rad/sec)

Q.9

Q.10

The state variable model of a system is given
as

J.Cl 1 1 x1
3'62 B 01 Xn
[x(O)] =1 0]
The solution of homogeneous equation is

given by,

o ]
a b
@ | ® |

"0 "
© |+ (d)

_e - -
Consider the system given below :
R(s) > 3—2 C(s)

H(s) =1

The resonant peak of the above system for
unit step input is
(a) 0
(c) 4

(b) e
(d) undefined

Q. No. 11 to Q. No. 30 carry 2 marks each

Q.11

State space representation of a system is

given by
x1 () 0 1| x())| |0
Lz(t)} ) {‘7— _J{xz(f)}r[l}(t)
y(t) = x,(f)
x1(0) 0
Where, Lz (O)} = L} and r(t) =t u(t);
then zero state response is
? s(s2 +5+2)
1

b) — -~
(®) sz(s2 +5+2)
Qg —2

s(s2 +5+2)

(d) None of these

o Copyright: MADE EASY
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Q.12 A PD controller is tuned to get desired
phase margin for second order control
system.

s+2
s(s+3)

R(s) 9+0.5s

C(s)

Phase crossover frequency for compensated
system is

(a) 2.52 rad/sec (b) 3.94 rad/sec

(c) 1.45 rad/sec (d) does not exist

Q.13 Unit step response of second order system
is shown in figure

c(t)

E ] A

t

I 4 sec

Transfer function of the system is

5 . 93
@ 2 2st5 ®) 2 503
27 10

) 2ios127 D 210

Q.14 The closed loop frequency response |G( ](1))|

versus frequency of a second order
prototype system is shown in figure below.

|M(jm)|

1.6 7\
1 i

o (rad/sec)

The corresponding unit step response of the
system is

c(#)

Q.15

Q.16

I 3.2 sec

The state equations of a control system are
given below:

X1 =X,

Xy =-20x,-9x, +u
It is desired that the closed loop poles are
to be placed at s = (-1 £ j2). The value of
feedback gain matrix K is

(@) [13 7]

(b) [15 -7]
(€ [-15 -7]
(d) [13 7]

The transfer function of a unity feedback
control system is given below:
K(s+4)

G(s) = (s+ 2)2
The value of K such that o, = 2 rad/sec is
(a) 2
(b) 242
(c) 4
(d) 8

www.madeeasy.in
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Q.17

Q.18

16 dB

The frequency response of
1
s(1+2s)(1+4s)
plotted in the complex G(jo) plane (for 0 <
® < o) is

G(s) =

jo
-0.75 B
(a) 0= s
-6+ ]oo
-6 +j°° o=0 ]Q)
(b) -075 |@=c o

jo
(c) 0= s
—1.33\/—0.75
ow=0
-6 +joo
jo
W =oo 5
(d) 133
-6 —joo =

The asymptotic log-magnitude curve for
open loop transfer function is sketched

below,

-20 dB/dec

0dB

(rad/sec)

167

Open loop transfer function is

10(s + 8)(s + 4)

(@) T(s) = " 2(5+ 1.268)

Q.19

Q.20

Q.21

Q.22

16(s +1.268)(s + 4)
(b) T(s) = sz(s +8)

10(s +1.268)(s + 8)
(©) T(s) = 52(5 +4)

8(s+1.268)(s + 8)
(d) T(s) = sz(s +4)

A unity feedback control system has an
open loop transfer function represented by

() = s(s+4)

If a unit step input is given and value of

damping ratio for system is 0.5, then the
value of gain K and its peak overshoot will
be respectively:

(a) K=16, M, =0.163

(b) K=4, M,=0.163

(c) K=16, M, =0.288

(d) K=2, M,=0.288

In the system shown below, input x(t) =
2sin2t.

1
s+2

X(s)

Y(s)

The steady state response y(t) will be

(a) \/—sm[2t+ J (b) 2\/751n(2t—2)
© fsm(zt "j (d) %sin(ZHZJ

Consider the characteristic equation D(s) =
$0+ 5%+ 6s* + 553 +10s2 + 55 + 5. The number
of roots in the right side of s-plane is

(a) Three (b) Two

(c) One (d) Zero

The Bode plot of a low pass system with

steady state gain as unity shows an absolute

magnitude of 0.5 and phase angle of -90°

at the frequency of w = 1 rad/sec. The

transfer function of such system will be
0.5

@ COHO =5 () 0=y
0.5 1
© 6O @ GO

o Copyright: MADE EASY
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Q.23

R(s)

Q.24

Q.25

Q.26

Q.27

The block diagram of a control system is
shown below :

K, *+sKp

C(s)

s(s +2)

H(s)=1

The control specifications are such that the
damping ratio of the closed loop system is
0.6 and damped frequency of oscillations is
10 rad/sec. The parameters of PD controller
K, and K[, are respectively

(a) 156.25, 14 (b) 13, 156.25

(c) 125,14 (d) 156.25, 13
The polar plot of G(s)= 11;2 for0Sw< oo
is
Im Im
@) (b) ‘
Re \’/‘ Re
Im Im
(©) (d) /’\
Re ‘ Re

The open loop transfer function of a non-
unity feedback transfer function is

1.25(s+1)

G(s)H —_—
(s+0.5)(s-2)

(s)= If the Nyquist
contour is in anti-clockwise direction, then
the Nyquist plot of G(s)H(s) encircles
-1+j0

(a) once in clockwise direction

(b) twice in clockwise direction

(c) once in anticlockwise direction

(d) twice in anticlockwise direction

For a second order system, the peak
overshoot is given by 15% at time 7, = 3
sec, the location of the poles are

(a) -0.289 +£j1.217 (b) -0.289 * j1.047
(c) -0.632 £;1.217 (d) -0.632 * j1.047

The open loop transfer function of a unity
negative feedback control system of type-1

Q.28

Q.29

R(s)

Q.30

has pole located at s = -3. The system gain
Kis adjusted such that the steady state error
of the system due to the application of (2 +
5t) u(t) is 2.75. Then the value of gain K is
(a) 15.00 (b) 10.61
(c) 7.52 (d) 5.45
The open loop transfer function of a unity
feedback control system is

K(s+1)
(s+9)(s+3)
The value of ‘K’ for which point (-1 + j2)
lies on the root locus is

G(s)H(s)=

(@) 5.21 (b) 27
(c) 11.66 (d) None of these
Consider the block diagram shown below,
s+a +2)
@ 5 1) ce)

|

The sensitivity of steady state error for

ramp input with respect to ‘o is

(@) 0 (b) -1

© 5 (d) =

Given the system represented in state space
by equations:

[0 17 0]
{8 _6}6{1}

y=[2 1]x

1
o)

The state-transition matrix of the system is

(a) (I)(t) ~ B (8—21‘ _ 28—41’) (e—Zt _ e—4l‘) ]

(e paety (e 420t

o) - i (2672 — ) %(e_Zt et ]

b) _(—4e_2t + 4e_4t) (—e_2t +2¢74 )|
_(26—21? ey %(6—21‘ et
(C) q)(t) - (_e—Zt + e—4t) 1(6—21‘ _ e—4t)
4 (I)(t) _ :(e—Zt _28—4t) (26_2t _26—4t)
(d) B _(—e_Zt Tty (me 426

EEEE
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1. (a) 7. (b) 13. (c) 19. (a) 25. (a)
2. (d) 8. (b) 14. (c) 20. (c) 26. (d)
3. (c) 9. (d) 15. (c) 21. (d) 27. (d)
4. (b) 10. (b) 16. (c) 22. (d) 28. (d)
5. (d) 1. (a) 17. (d) 23. (d) 29. (b)

6. (d) 12. (d) 18. (b) 24. (d) 30. (b)
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DETAILED EXPLANATIONS

1. (a)
Signal flow graph of the system is

5+3
s+1
s+1 s
R() \/ ce)
-3s
Mason’s gain formula,
) _ Bay
R(s) ~ A
Where, P, = forward path gain
A, = 1 - (sum of individual loops) + (sum of two non touching loops)....

|
I/
©» | ®»
+ |+
= | Q1
~—
©® | =

p, =

~
N
Il

(
Loops: L, (2:—5) Gj (=39)
[

s+5) 1 (s+3) 1
T x=+ X =
S+ s+1 5 s+5+s+3

C(s) s
R(s) ~ 1_|_(s+5

jxlx(?)s) s[s+ 1+ 3s+15]

Thus system can be represented as

R(s)

It is an integrator with gain = 0.5
2. (d)

C(s)
It is desirable to remove the effect of disturbance on response. So % ratio can be calculated as

follows:

Cls) G3(1+GiHy)

D(s) = 1+G,;G,G3H, +G;H,
Response due to disturbance,

www.madeeasy.in © Copyright: MADE EASY



[ MADE EASY Ec |l EE|
Indie’s Best Institute for IES, GATE & PSUs

. ControlSysteml 9

G3(1+G1H>)

— D .
CE) = PO 17G.G,GaH, + GiH,

C(s) should be zero for D(s) # 0

GH, = -1
3. (c)
1
G) = (Ts+1)
Given that, R(s) =1
C(s) = R(s).G(s)
1 1
Cls) = =

(Ts+1) T(s +71J

Taking inverse Laplace transform of above equation, we get

_ 1yt
C() = T¢
At t=20 C(t) = 1
, : = 7
t = oo, Cit =0
c(t)
1
T
t
4. (b)
State transition matrix, ¢(t) = e
0(0) =1
From property of state transmission matrix at t = 0,
0(0) = I

_|1+0 0| {1 0 _

S| -0 1] |0 1]
Option (b) is correct

5. (d)

Characteristic equation of system is,
1+ G(s) H(s) = 0

1+L
ss+D)(s+3) 0
$$+4s2+35+K = 0

Routh-Hurwitz method,

o Copyright: MADE EASY

www.madeeasy.in
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s 1 3

2| 4 K

g 12-K
4

s0 K

According to Routh-Hurwitz criteria, for a stable system, first column of Routh array should
have positive sign
12-K

r 7
and K <12
K>0

Common range is 0 < K<12

6. (d)
Since the transfer function has one pole on the R.H.S. thus the system is unstable. So, the final
value theorem is not applicable in this case. The output will be unbounded.

7. (b)

L = bfe, L,= bchge, Ly=i,L,= kjg and L;= kl.

8. (b)
Transfer function of proportional integral controller is
B K; Kj+sK,
T(s) = K, +T—T

Initial slope = -20 dB/dec, due to pole at origin

0 dB/dec, due to finite zero.

Final slope

9. (d)
Solution of homogeneous equation is given by,
x(t) = o(t) x(0)
¢(t) = State transition matrix
x(0) = Initial conditions of system
11
Given : [A] = {O J

s 0] [1 1] [s=1 -1
[s-A] = {0 s}{o 1}{ 0 S—1:|

www.madeeasy.in © Copyright: MADE EASY
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1 1
-1 _1)2
sl-apt =570 C 11)
0 _—
s—1
toot
t
o(t) = L st-ar'=|®
0 ¢
; 0) = et tet 1 _ et
x(t) = 900 Nl
10. (b)
C.LTEFE. T(s) = 2
1 VR B ol (S) 52+4
Characteristic equation = s2+4=0

On comparing, s? + 28w, s+ o2 =0, £=0

1

28 \J1-¢2 -

So, Resonant peak (Mr) =

11. (a)
Response of the system in Laplace form is,
Y(s) = X,(5)
For zero state response,
X(s) = 0(s) BR(s)

Where, 0(s) = [sI - Al
1
R(s) = 2

State space representation is

() = A x(t) + Br(t)
y(t) = Cx(t)
[0 1
A= —1]

(s 0 0 1] [s -1
i -2 -1] [2 s+1
[s+1 1}

-2 s
- Al _
s | +s5+2

[sI - A]

Il
o
©

o Copyright: MADE EASY
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From equation (ii), we get

1
1 [s+1 17]0]1 ¥ +5+2 {1}
X(s) = . = | =
2 sz+s+2[ -2 S} L}Lz} 8 s°
24542
_
sz(s2 +5+2)
X(s) =
B
s(s2 +5+2)
From equation (i), we get
X (S)}
Y(s) = |0 1
[ ]_Xz (5)
[
2,2
s°(s"+s5+2
v = o 1] . )
| s(s? +5+2)
N
Y(s) = s(s2 +5+2)
12.  (d)
At phase crossover frequency,
ZG(jo)H(jw) = -180°
) (9+0.5s)(s +2)
Given, G(s) H(s) = W
' ' 9+ j0.5m)(jw +2)
G(jo) H{o) = i3+ jo)
ZG(jo) H(jo) = tan™! (0%) +tan ! (%} —90°—tan! (%)
Ato=w,, ZG(jo)H(jw) = -180°
-180° + 90° = tan™! (%} +tan”! (%j —tan”! (gj
©_o
-90° = tan! (Oﬂ) ttanl| 23
9 o’
1+—
6
-90° = tan”! (Oﬂ) +tan”! © 3
9 (6+w7)

www.madeeasy.in © Copyright: MADE EASY



£ MADE EASY EE - controlSystem | 13

Indig’s Best Institute for IES, GATE & PSUs

0.5m Q)
90° = tan”!| 2 —06+0°
0507
9(6 + »?)
0.5m )
9 612
S
05w
9(6 + »?)
0.50>
1= 02
54 + 9w

90 -05m>+54 = 0

w = {-6.35

Frequency can not be imaginary. Thus, phase crossover frequency does not exist.

Alteratively, for second order system, Bode phase plot never crosses -180° axis. Thus phase
crossover frequency is infinite.

13. (¢)
From time response curve,
t, = 4 (For 2% tolerance band)
Cw,
4= 4
S,
Ew, =1
_ 18
and M, = e
009 = e N1E
In 0.09) = ——"=
J1-§82
(241)2 (1 - &%) = n%g?

(2.41)2 = E(m2 + (2.41)?)

(2.41)
2 7 =¢
- +(2.41)
Damping ratio, & = 0.61
1

= ——=1.64
©n T 061
Standard second order transfer function:
2
o)
T(s) = =
®) s2 + 28,5+ 02
T(e) = 2.7
(5) = s +25+27

o Copyright: MADE EASY www.madeeasy.in
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14.  (¢)
At resonant frequency, resonant peak is achieved.
M, = 1.6,

®, = 4 rad/sec

M, and o, are given by
1

M, = 281 - E2
= ®, 41— 282

1

281 - E2

4&4—4&2{&)2 =0

e
I

Now, 1.6

oy
Il

1
0.94, 0.33 (0,to exist 1 - 2E2 > 0; & should be less than NA )

oy
Il

0.33 is acceptable
4

and W, = T
\1-2(0.33)

4.53 rad/sec

Settling time for 2% tolerance band is,

4 4
= o, 033x453 ~ 27 sec

e
[

15. (o)
Th ix A = o1
e system matrix A = 20 -9

The state equation with stable variable feedback is
(A - BK)x + Br

x

0 17 [0 0 1
(A4 - BK) = {—20 —9}{1}[& I<2]=[—20—1<1 —9—KJ

The desired characteristic equation is

$+2s+5 =0 ..(i)
The characteristic equation using state variable feedback is
sl -(A-BK)| =0
s -1

20+K; s+9+K,
s2+9s+Kys+20+ K, =0

2+ (9+K)s+(20+K) =0 ..(ii)
Comparing (i) and (ii),
K, = -7
K, = -15
K = [-15 -7]

www.madeeasy.in © Copyright: MADE EASY
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16.  (¢)
K(s+4)
G(s) = (s+2)2
The open loop poles are,
s = =2,-2
The open loop zero is s = -4
P-z=2-1=1
So angle of asymptote is 180°
The characterisitic equation is,
(s+2)2+K(s+4) =0
P ax - 0
ut is =
dK (s+2)(s+6)
T
s = -2 and s = -6 are the breakaway points.
6 (o}
At point P, S =-4+j2
at this point ®,; = 2rad/sec
K(s+4)
2 =1
(5+2)7 | __4i
K(-4+j2+4)
4+ 2422 1
2K
— = 1
(\/22 +2? )
K=4
17.  (d)
' 1
Given, G(S) = 51+ 2s)(1+ 4s)
‘ 1
Cl0) = o +2j0)(1+ j40)
1- j20)(1- j40 1- j6o — 80
Gljw) = (1-20)1 - j4)

jo(1+402)(1+1602)  jo(l+4w?)(1+160%)

o Copyright: MADE EASY
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18.

-6 ~ i(1-8w?)
T (1+40%)(1+160%)  o(l+40?)(1+160?)
: 6 _j) :
= M = ————:—6— [e'e)
Ato=0; G(jw) 1" 0 J
6 ] .
Ato = oo G(jw) = ——-L=-0-j0

plot cuts the negative real axis, when
Img [G(jw)] = 0
1-8w? =0

1
o = 22 rad/sec
-6

G(w) = I o -1.33
[1+4x)(1+16x)
8 8
From above points, polar plot can be drawn as
jo
) = oo
o
-1.33
6- joo 0=0
(b)
From the above Bode plot,
For section de, slope is -20 dB/dec
y—0
20 = log8 —1log16
y = 6.02 dB
Now, for section bc, slope is -20 dB/dec
16 - 6.02
20 = logw; —log4

o, = 1.268 rad/sec
To find value of gain K
y =mx+c
16 = -40log 1.268 + 20 log K

K = 10.14
From all the result, transfer function is,

10.14( : ;68 + 1) [Z + 1)

I(s) = :
s2 (s + 1)
8

16(s +1.268)(s + 4)

T(s) = (s +8)

www.madeeasy.in © Copyright: MADE EASY
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19. (a)
Closed loop transfer function with unity feedback
Cls) __Gl)
T(s) = Rs)  1+G(s)
K
. s(s+4) K
B 1+ K 454K
s(s +4)
Comparing T(s) with standard form
2
T(s) = Oy
2+ 28,5 + 02
We get, o2 =K
= o, = JK
2Em 4
Given damping ratio, & = 0.5
o4 4,
@ T 28 2x(05)
K= w2 =16
Peak overshoot is given by,
12
MP = e_ng/ 1—&
_ m05)/41-025
= 1814 = 0,163
20. (c)
y(t) = AM sin(2t + )
where, A =2, and M = |- 1
jo+2
Atw=2 M = L
0=2, = o
and ¢ = —tan! O l=—tan! ..z
2 1 4
y(t) = %Sin[Zt—gJ
21.  (d)

Using Routh table :

(1 6 10 5
11 5 5
st|1 55
S0 0

o Copyright: MADE EASY
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The Routh table construction procedure breaks down here. Since the s row has all zeros. The
auxiliary polynomial coefficients are given by the s* row. Therefore the auxiliary polynomial is
A(s) = s*+5s2+5

dA
Al _ 4s% +10s
ds
i 3 - . - dA(s)
Replacing the s° row in the Routh table with the coefficients of d—s' we have,
¢ )1 6 10 5
|1 5 5
st 1 5 5
2|4 10
2|20=10_ 55 5
4
B 25-20 _9
25
5

Examining the first column of this table we see that there are no sign changes. Hence, there is no
root lying in the RHS of s-plane.

22, (d)
Steady state gain =1
1
G(jo)|==
Given, | (jo) | 2 at m=1rad/sec
ZG(jo)=-90°
In option (d), G(j(x))|m= 1 = ;24 —45°—-45° = 14 -90°
[V1+1] 2

23.  (d)

w, = (anll—gz

10

©n \1-0.62

Desired characteristic equation of second order is

=12.5rad/sec

= §2+28m,5+ 02 =5% +155+156.25 =0

C.E. of given system is

1+(K, +sKD)[L} =0

s(s+2)
s?+2s+ K, +sKp = 0
sz+(2+I<D)s+Kp =0
On comparing K, = 156.25
K, =15-2=13
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24. (d)
, 1+j4m
G = —
U2 = 14 720
Atm =0, G(jo) = 1£0°
Ato=2, G(jw) = 1.955326.91° |pipy quadrant with clockwise direction
At o =10, G(jw) = 1.99.1.43°
At o = oo, G(jo) = 2£0°

So, correct option is (d).

25. (a)
Number of open loop poles in R.H.S. of s-plane(P) = 1.
CE.(s+05)(s-2)+1.25(s +1) 0
s2-15s-1+1.25s +1.25 0
s2-0.25s + 0.25 =0
s = 0.125 +j0.4841[Location of closed loop poles]
So, both closed loop poles lies in R.H.S. of s-plane, Z = 2.

Number of encirclement (N)
N = Z - P[': Nyquist contour in anticlockwise direction]
N=2-1=1

N is positive for clockwise encirclement.

N is negative for anti-clockwise encirclement.

So, Nyquist plot will encircles -1 + jO, once in clockwise direction.

26. (d)
The location of the poles are given by, -, + jo, ...(i)
where, £ = damping ratio
o, = natural frequency of oscillation
®, = damped frequency of oscillation

Using maximum peak overshoot, the value of £ can be obtained as

18

= 0.15
s = 0.604
1-¢2
Squaring both the sides,
€2 = 0.364(1 - &2
0.364
2 = ——=0.267
o < = 16
or € = 0517 ...(ii)
now eak time, T, = -3
7 p 7 *p (l)d
T —1.047 rad
or o, = 7= rad/sec
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0y = wn\ll_&z

. From equation (ii) and (iii), we have

.. Location of poles are,

27.  (d)

Steady state error,

or

28. (d)

W, 1.047

J1-82 J1-05172
1.223 rad/sec

—éwn t j(‘od

~(0.517 x 1.223) + j1.047

-0.632 + j1.047

lim sE(s)

s—0

lim sx&
s—>0  1+G(s)H(s)

sX 2+E ><1
lim 5) S
s—0 1+

s(s+3)
(2519) (s +3)

lim 52
s=0 (s°+3s+K)
lim (23;+5)(s+3)
s—0 s°+3s+K
15
K
15

——=545
2.75

...(iii)

For any point to lie on the root locus the angle condition must be satisfied.

ZG(s)H (s)|s =

GEHE),_,

ZG(s)H(s)|

ZG(s)H(s)|

= £180°

K(-1+j2+1)

K(j2)

T (14249 (-1+243) | (8+/2)(2+ j2)

90° - tan ™! 2 tan™! (1)
8

90° - 14.036° - 45°
30.96°

+180°
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Angle condition does not satisfy.

29. (b)
The steady state error is defined by
1
y s><S—2
e, = lim
sa01+(s+oc)x(sz+2)
S s° -1
2_
= lim— (s~ =1)
s=205(s” =)+ (s+a)(s+2)
_ L
=7 2a
%
gos _ G _Oe 0 _9(-1) o
* Jo  do e, odal2a) 1
o 20
2
- _a_2:_1
o

30. (b)
0(t) = L7(sI - A)]

o o

(sI-A) =
-1
(sI-4) = {; s+6}
(SI—A)_l — 2;|:S+6 1j|
s“+6s5+8 8 s
s+6 1
(s+2)(s+4) (s+2)(s+4)
- -8 s

| (s+2)(s+4) (s+2)(s+4)

(2672 — ) 1,201 a
2 2

(—e_zt + 2e‘4t)

o(t) = L[(sI - A)] =

(—46_2t +4e7H
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