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DETAILED EXPLANATIONS

1. (b)
As the three blocks are connected in cascade the overall transfer function is given by the

multiplication of individual blocks.

(s+1)
X X = ——— <
17077 5(512)(s+3)
1 (s+2) (s+1)
X XX3 = T A
s(s+2) (s+3) s(s+2)(s+3)
_ (s+1)
BT (s+2)
2. (d)
jw
%o J--¢
x—] o
-2 - 1 2 O
o] o4
3. (b)
Here, the encirclement to the critical point is 1 (in clock wise direction) and 2 (in counter clockwise
direction).
N=-1+2=1
4. (d)

_C(s)_ 10(s+2)

T = =
(5) R(s) (52 +4s5+8)
.. The step response C(s) is,
10(s+2 10(s +2
C(S = 2 ( ) XR(S)Z 2( )
(s“ +4s5+8) s(s” +4s+8)
and the steady state response is,
limc(t) = limsC(s)= limsw = 1—0 =25
F—so0 s—0 s20 5(s” +4s5+8) 4
5. (b)
The roots of the characteristic equation are given by,
51,27 Lo, o, 1_?:2
Here, ~£w, =-3
3
= 0 = i
= ()
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and o1-82 =2=0,

By putting the value of w, in equation (ii), we get,

3 P
Sh-e _
: & =2
ox(1-8) =4
or 9(1 -&?) =482
9- 982482 = 0
or 1362 =9
- |18_3
or & \/;_\/ﬁ

6. (d)
The steady state offset is given by,

e.= lim sC(s
off s—0 ( )

R(s)=0
4K
When R(s) =0, C(s) = D(s)- C(s){(2S N 1)}
D(s
ce =2
+
(2s+1)
S- O—:’ (2s+1)
= |. —_—
Coff = s 06 (25 + 1) + 4K
038
o Coff = 4K +1
Fore =0, K=
7. (a)
The characteristic equation is given by,
1+G(s)H(s) =0
4
Here, G(S) = m and H(S) = (1 + 23)
4(1+ 29)
1+——F= =0
s(s+0.2)
s2+02s+8s+4=0
s2+82s+4=0
8. (b)
From the above Bode plot,
For section de, slope is -20 dB/dec
y—-0
20 = log8-1log16
y = 6.02 dB

...(i)
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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 + 1j
8
16(s +1.268)(s + 4)
I(s) = (s +8)
9, (b)
P-M7Z -
Centroid = 2 2 = (2+3)+1=—4
P-Z 1
(29 +1)180°
Angle of asymptotes = Tp_y T 180°, 540° and 900°
. Approximated plot is,
j
o
10. (b)
The Routh’s table can be formed as
3 4 4

st @6 (0)

as there is no sign change in the first column of Routh array thus, there will be no pole lie on the RHS
of s-plane. Also the row of zero occurs that indicates the complex conjugate poles exists on jo axis.

11. (¢)
The closed loop transfer function of the system is
C(s) 4s+1 1 _ 4s+1

R(s) 4s®+4s+1 4 ( 1)2
s+
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12.

13.

14.

1
For unit step input, R(s) = S
1 4s+1
C(s) = —X (@
© = ( 1)2 ()
S| s+
2
(d)
) C(s) G(s) __K+p
Given, R(s) = T+GEHS) 2 4gs+p
G(s) K+p
For H(s) =1, 1+G(s) = s2+qs+p
or G(s) [s* +gs +p] = (K+p) + G(K +p)
K+p K+p
or G(s) = -

s? +gs+p—-K-p 2 +gs—K
This is a type-0 system.
For a type-0 system, for unit ramp input,

= oo
eSS

(b)

Using the Routh’s tabular form

2| 6 16 0

o] 16 0 0
6

s0 16

Since there is no sign change in the first column of the Routh array, the system does not have any
pole in the RHS of s-plane. However the row of zeros occur which gives the auxiliary equation
A(s)=2s*+12s2+16=0
=5t +6s2+8=0

and the roots are given by,

s = 432, £j2
Hence the system is said to be marginally stable.
(d)
As per root locus transfer function
k
G) HE) = (54 4)(s2 +25+2)
CE: 1+ G(s) H(s) =0

o Copyright: MADE EASY www.madeeasy.in



12 | Ec-EE

E MADE ERASY

Leading Instituta for [ES, GATE & PSUs

S(s?+25+2)+4 (> +2s+2)+k=0
$+6s>+10s+ (8+k) =0

s3 1 10

g2 6 8+k

) (8+K)—60

S _LVTh)~oY

6

0 8+k 0

Row, sl=0

= 8+k =60
k=52

For calculation of intersection points,
62+ (8+k) =0
652 + (60) = 0
$2=-10

s=ij\/ﬁ

Thus points of intersection are,

s =1jo = £j3/10
15. (b)
The maximum phase lead is given by,
. -1 1-a
0, = S| T
For high pass filter/lead compensator,
T=R,C
Ry
= ;a<l
and %= R +R,
By putting the value of o in the above relation, we get,
R
0, = sin”! _ Rtk R+ Ry
1+ 2
Ry + R,
_sint Ry+Ry =Ry |_ sin!
Ry +Ry +Ry
16. (a)

_ R
Ry +2R,

The SFG shown in figure has two forward paths and five loops. There are no pairs of two loops
which are not touching each other, and all the loops are touching both the forward paths. The
forward paths and the gains associated with them are as follows:

Forward path x; - x, - x5 - x, - x5 - x

www.madeeasy.in
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17.

Forward path x; - x, - x5 - x,;
M, = (1) (G,) (1) = G,
A, =1
The loops and gains are as follows:
1 = Gi(-Hy) =-GH,
G,Gy(-H,) = -G,G,H,
= G,G,(-H;) = -G,G;H,
s = Gy(-H3)(-H,) = G,H;H,
G,4(-H3)(Gy)(-H))
= G,G,H,H,
Applying Mason’s gain formula, the transfer function is
Yo _ MiAq +MoA,
X A

Loop x, - x5 = x,;

Loop x, - x5 = x, - X,

N

Loop x5 - x4 — x5 - Xy

o
@
|

Loop x, - x5 - x5 - X,

Loop x, = x5 = X3 -x, = X,; Lg

G1GyG3 + Gy

1+ GyH, + G,GyH, + G,G3H5 — G4H3H, — G4,GyH3H,

(b)
Characteristics equation of this system is
1+ G(s) H(s) =0

2
1+ K(s” +16) _
s(s+4)
Breakaway points can be calculated as
_ =s(s+4)
T 2 +16

Differentiating above equation with respect to ‘s’

dK (s> +16)(—2s — 4) + (s> + 45)(25)

ds - (s> +16)?
Putti ax-_ 0
utting, is -
We get, (s2 +16)(2s + 4) = (5% + 4s) (29)
= $2-8-16=0

Solving above equation, we get
S, S, =-1.66, 9.65

As the point S = -1.66 lies on root locus, therefore this is valid breakaway point.
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18.  (d)
Check for controllability -

Q.= [B: AB] - [2“_04H

P(A) # p(Qp)
Qc| =0

and

. System is uncontrollable.
Check for observability,
Q= [CT: ATCT]
1 _ -2 01 B 1
“lo|'lo —4llo] |0
p(A) # p(Q,)

Also |Q0| =0
. System is unobservable.

19. (b)
The maximum phase provided by the compensator is,

0= sin_l(l_ajz30°
1+

sin30 T+a

%(1+(x) =(1-o)

1
or E(X = 5
1
or o= 3
ot =0.18
T= %=%=O.54sec
o 1/3
20. (d)

Characteristic equation,
CE =1+ G(s)H(s) =0
3a

- 1+s3 +55% +25+1 =0

or, s> +552+2s+ (Ba+1) =0
Using Routh’s tabular form,
3 1 2
2 5 (Bo+1)
sl | 10-(Boa+1) 0

5
0 (Bo+1)

0 0

LA

;]
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For system to have two poles at RHS,
10- Ba+1) <0

= 10 < Ba + 1)
9 <3u
or o >3
21. (¢)
Using Laplace transform of given response function, we get,
1 1 7
Cs) =

—— +
s 15(s+3) (s+5)

15(s? + 85 +15) — s> — 55 + 9552 + 955
155(s +3)(s +5)

109s? + 210s + 225
155(s +3)(s +5)

C(s)

109s” +210s + 225
. Transfer function, T(s) = R(s) sC(s) =

15(s +3)(s +5)

25
o lmT(s) = ——=2 =1
DC gain = M T(s)=752275

22,  (a)
The transfer function of the above circuit is,

1
+7
Eo(s) = RoRy(RiCys+1) R4C1(S RiCy

E(s) RiRg(RyCos+1)  ReCpf o 1

1

S+—

= Ko 1+sT :KC T
1+osT 1

Here, T = R,C, and oT = R,C,
If R,C, > R,C, then a0 < 1.
Thus, it represents a phase lead network.

23. (o)
As the system is said to be stable,

Therefore, no open loop pole in the RHS.
: P=0

4
The intersection point (—EK,OJ and K > % .
4
—-K >1
5

4
—K < -
or 5 1

o Copyright: MADE EASY
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=

That means the Nyquist plot encircles the critical point t

Hence, N=-2
= N=P-2Z
= 2=-Z orZ=2
24. (b)
Let K = 4 then,
G(s)H(s) = K
OHO = a2
Characteristic equation = 1+ G(s) H(s) = s> +4s + (4 + K) =
Routh array 2] 1 (4+K)
st 4 0
0
s | 4+K
For stability K > -4
now, calculating o,
-180° = 2tan™! ®,
or (Dpc = oo
Hence GM = 0dB=w
d G (w)H(w)| = . =1
an (@) H(w)l = 7 =
(1 /(mgc)2 +22 )
4
G
2
or Wee =0
W = 0
®
PM = 180°—tan’! % —tan”
= 180°
25. (b)

The state equation can be written as.
X1 = =2v *x,
3‘C2 = —Xq + 3u

and Yy =x +2x,

wo times in the clockwise direction

0

1 Wge
2

The signal flow graph corresponding to the state equations is

2

o

Y(s)

www.madeeasy.in
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26. (c)
Wiy = mn\/(l—2§2)+«/4§4 —48% 42
g2
M, = 20% = ¢ V15 %100
or o /N1 -& =02
&2 =0.262(1 - &2
&2 =0.2078
= £ =0.456~0.46
and t, = 2sec= = Ew,=2= o, =4.347 rad/sec
n
= 4 2 2
W 4.347\/\/4(0.46) —-4(0.46)° +2 +(1-2(0.46)")
= 434710576 +/0.179 - 0.846 + 2
= 4.347~/1.73 = 5.72 rad/ sec
27.  (b)
Forward path gain, P, = G,
P, = GG,
Individual loop, L, = -G,H,
L,=-GH,
L, = -G,G,H,
X, - A 1+G;H; +G;H, +G;G,H,
X5 2x6
x, 1+6+2H,+10H,
s__ 12
4 7+12H,
21 +36 H, = 48
= H, =075
28. (a)
Given, GH(s) = _ Ks+b
s[s+ (a—k)]
The velocity error constant,
. . 5(Ks+b)
= limsG(s)H(s) = lim————
K, = IsGEHE) = =)
b
T a-k
.. the steady state error for a unit ramp input is
1 a-k
0= % =7

o Copyright: MADE EASY
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29. (a)
also
or,

30. (a)

o G
" 1+GH

—G—10<7—o1

G - 0o = .
T_a_Txi=L

5~ T oG 1+GH

8_T = le.lxlOO%

T 21

=0.476%

The transfer function of the system is given by

Y(
W‘Ss; = T(s)

=C[sI-A""B+D

et oy 21
o2 S

(s +1)(s+2)

s +35+2
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