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CHAPTER

Q.1

Q.4

MCQ and NAT Questions

Consider the following open-loop transfer function:
K(s+2)

(s+0)(s+4)

The characteristic equation of the unity negative

feedback will be

@ (s+1)(s+4)+K(s+2)=0
) (s+2)(s+1)+K(s+4)=0
() (s+1)(s-2)+K(s+4)=0
(d) (s+2)(s+4)+K(s+1)=0
For the given figure,
5
s+2
R(s) —=| C(s)
4 T
s+1
4(s+2) (-9
@) (s+2)(s+17) ®) (51 2)(s+9
95+13 4 1
(5+2)(5+7) @) G+
The transfer function of three blocks connected in
cascade is given by & If block 1
S(s+2)(s+3)
has transfer function of 1 and block 2 has
S(s+2)
transfer function of (Sig then the transfer
function of the 3 block is
@ (s+s+2) (o) S+
(s+2)
2
© (S0 (@ 8+ 1)2
S(s+3) (s+2)

The type of the control system represented by
the block diagram shown below is

Q.5

Q.6

Control Systems

Block Diagram and Transfer Function

R(s) @ 8(s +2) Cs)
S(s+1) (s +4)

2
2

(@) Type-2
(©) Type-4

(b) Type-3
(d) Type-5

Match List-I (Transfer Function of the System)
with List-1l (Type and Order of the System) and
select the correct answer using the codes given
below the lists:

List-I List-II
A i((iig 1. Type 0, second order
8. % 2. Type 1, second order
c 22(S+5) 3. Type 0, third order
s°(s+2)
D 5(s+2) 4 Tvoe 2 third on
" (s+)(s+3)(s+5) " YPe , third order
Codes:
A B C D
@2 1 4 3
)4 3 2 1
2 3 4 1
(d4 1 2 3

The closed-loop transfer function of a unity

feedback control system is ZL What
s +10s+25
is the open loop transfer function of the system?
25 25
(@ s? +10s ©) s? +25
25 25
© s+25 (d) s+10
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Q.7 Foratransfer function H(s) = Qs where A(s) and
Q(s) are polynomials in s.
Then:
(a) the degree of F(s) is always greater than the
Q(s).

(b) the degree of P(s) and Q(s) are same.

(c) degree of F(s) is independent of degree of
Q(s).

(d) the maximum degree of A(s) and Q(s) differ
at most by one.

Q.8 Thetransfer function is applicable to
(@) linear and time variant system
(b) non-linear and time variant system
(c) linear and time invariant system
(d) non-linear and time invariant system

Q.9 The transfer function, G(s)= 10(s-95)
s(s+1)(s+2)

represents

(@) A non-minimum phase transfer function
(b) A minimum phase transfer function

(c) An all pass transfer function

(d) None of these

Q.10 Consider the following statement and choose the
correct option:
Statement 1: The transfer function is said to be
strictly proper if the order of the denominator
polynomial is greater than that of numerator
polynomial.
Statement 2: The transfer function is said to be
proper if the order of the denominator polynomial
is equal to than that numerator polynomial.
Statement 3: The function is called improper if
the order of the denominator polynomial is greater
than that of numerator polynomial.
(a) Statement1and 2 are correct

(b) Statement 2 and 3 are correct

(c) Only statement 1 is correct

(d) Allthe statements are correct

Q.11 Theimpulse response of an initially relaxed linear
system is 2! y(1). To produce a response of
te 2 u(1), the input must be equal to
(@) etu(l) (b) e u(t)

1

d) = e ut)

(c) 2etu(l) 5
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Q.12 The unit step response of a linear time invariant
system is y(t) = 5& 1% u(f), where u(t) is the unit
step function. If the output of the system
corresponding to an unitimpulse input &(1) is h(t),
then h(t) is
(@) -50 e 0t y(1)
(c) 5e19g(1)

(b) 5 u(t) - 50 e 101 §(1)
(d) 58(f)—50 &0 (1)

Q.13 A control system whose step response is
-0.5 (1 + e is cascaded to another control block
whose impulse response is e'. What is the transfer
function of the cascaded combination?

1 1
@ s+ © sy
- 0.5
© 52 @ s+ )s+2)

Q.14 Determine C,/Rand C,/Rfor the block diagram.

'
R @ + C,
I
(@) 0Oand 1 (b) 1and 1
(c) 0andO (d) 1and 0

Q.15 The transfer function of the block diagram of
figure is

C(s)

1 ]
LA

Gy (G, +Gy)
1+ G, G.H + G, GsH

Gi(G, +G3)
1+ G, GoH + G, GsH

Gi(G, - Gs)
1+GH+G, H

Gi(G; +Gs)
1+GH+G3 H
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Q.16 Original block diagram

A + G; B

G,

Equivalent block diagram blocks 1, 2, 3 are
respectively.

(@) G, G, G,
() 1/G,, G, G,

(b) 1/G,, 1/G,, 1/G,
d) 1/G,, G, G,

Q.17 Consider the diagram shown,

C
[f i 1, then

(@ x-y-xy=1

(b) x—y+xy=1

1 1
() x—y-xy= (d)x—y+xy=§

2
Q.18 Find the transfer function Yo(8) for the network
shown in figure. Vi(s)
'A'AVAV m
10 1H
vio ) Sio 1FT 0
J;
@ —— (b) ———
S°+s+2 25° +5+2
1 q 1
s +25+2 () 25° +25+2

Q.19 The closed-loop system shown in the figure is
subjected to a disturbance N(s). The transfer
function C(s)/N(s) is given by

N(s)

R(S) ) —-[}-—cwo

|| H(s) II

coow packace P
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Gi(5) Go(8) _ Gl
@ T GeGE s ) T+G(s) He)
Go(s) Gy(s)
© Taere Y TreE 66 He

Q.20 Consider the following statements and choose the
correct option:
Statement 1: Non minimum phase functions are
the functions which have poles or zeros on the
right hand side of s-plane.
Statement 2: Minimum phase systems are
systems which have no poles or zeros with positive
real parts.
Statement 3: A system having the transfer

1-sT

function as F(s) =
1+sT

represents an all pass

system.

(a) Statements 1 and 2 are correct
(b) Statements 2 and 3 are correct
(c) Statements 1 and 3 are correct
(d) Allthe statements are correct

Q.21 Statement (l): The eigen values of the linear
system explain about the stability of the system.
Statement (l1): Eigen values of linear system give
the location of zeros of closed loop transfer
function.

Codes:

(a) Both Statement (I) and Statement (Il) are
individually true and Statement (Il) is the
correct explanation of Statement (1).

(b) Both Statement (1) and Statement (Il) are
individually true but Statement (ll) is not the
correct explanation of Statement (1).

(c) Statement (l)is true but Statement (l1) is false.

(d) Statement () is false but Statement (ll) is true.

Q.22 For the system shown in the figure, Y(s)/X(s) =

X(s) —
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Q.23 For the system in figure the transfer function %
o C(s) P
is given as

Rs) L+Rs+Q
Then value of P+ R+ Q wi will be

R(s) Y @% s(s1 : 1 Cls)
[s]
L2

Q.24 For the given block diagram, the value of

willbe

T

Q.25 The step response of a system is given by,

o) = | 1- L& 4 76
15

The DC gain of the system is

Q.26 The position control of a DC servo-motor is given
in the figure. The values of the parameters are
K;=1NmA R, =1W, L, = 01H.
J = 5 kg-m2, B = 1 N-m (rad/sec) and
K, = 1 V/(rad/sec). The steady-state position
response (in radians) due to unit impulse
disturbance torque T is

Ty(s)
+ KT N 1 G(S)
vals) R+Ls| =+ Js+B
K
L™ |

Multiple Select Questions (MSQ)

Q.27 Which of the following statement(s) is/are correct
about the control system whose block diagram is
shown below:

= (=] [e]

oo packsce VALY
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(a) Forthe above block diagram, the signal flow
graph has four forward paths.

(b) Forthe above block diagram, the signal flow
graph has two loops.

(c) Transfer function
C GG, -GG +GG,GyH, — GGG, H,
R 14 GGoHH, — GGHyH,

(d) Transfer function
C GG, + GGy + GG,GyH, + GiG5G,H,
R 14 GG,HH, + G,GsH,H,

Q.28 Which of the following statement(s) is/are

correct?

(a) Block diagram can be used to represent linear
as well as nonlinear systems.

(b) Signal flow graph method can be used to
represent linear as well as nonlinear system.

(c) Signal flow graph can be used to represent
only linear systems.

(d) For a given system, the signal flow graph is
unique.

Q.29 Which of the following statements are correct
regarding transfer function.

(a) The transfer function is defined only for a linear
time-invariant system.

(b) The transfer function is defined for both linear
and nonlinear systems.

(c) The transfer function is independent of the
input of the system.

(d) Thetransfer function of a linear time-invariant
system is Laplace transform of the impulse
response with all the initial conditions set to
zero.

Ads)

Q.30 The overall closed loop transfer function %

represented in the figure will be

<




w €O (G/(5) + G»(9))Gs ()
R(s) 1+ (Gy(S) + Ga(8))(Hy(5) + G5(s))
Cls) _ (Gy(S)+Ga(s))Ga(s)

®) R(s) T 1+ G(s)H () + Go(5)G5(5)
C(s) Gy(s) + Gy (9)

©) R(s) 1+ G(S)Hy(S) + Go(S)Hy(5)

« C(s)  Gy(8)G5(8) + Go(8)G5(8)
R(s) 1+ Gy(s)H(s) + Go(s)H,(s)

)

(s
+Gi(8)Gs(s) + Go(8)Gs (s

Q.31 The block diagram of a control system is shown
in figure.

Gy(s)

+ +
+ ES) i * C(s)

o— G G —
RS 5) @ o

N(s)

I
O

m Block Diagram and Transfer Function

1. (a) 2. (b) 3. (b) 4. (d) 5.
10. (@ 11. (b) 12. (d) 13. (¢) 14.
19. (d) 20. (d) 21. (¢ 22. (1) 23.

28. (a,c) 29. (ac,d) 30. (a,d) 31.

coow packace P

(31)

Control Systems
Objective Practice Sets 9

Which of the following statements is/are true”?

(@) C(s) _ GG;5 + G,G;
RS-0 1+ GsHy + GGy

(b) C(s) _ GGz + G,Gs
N(S)|pesy=0 1+ GaHy + GGy
N(S)|pesy=0 1+ GsHy+ GGy

@S 1
RS-0 1+ GsHy + GGy

6. (a) 7. (c) 8. (c) 9. (a)
15. (b) 16. (d) 17. (o) 18. (b)
24. (10) 25. (1) 26.

(-0.5) 27. (ab,c)

(a,c)

Block Diagram and Transfer Function

KN @
q(s) =1+ G(s)H(s)=0
. K(s+2) _
(s+MN(s+4)
qg(s)=(s+1)(s+4)+K(s+2)=0

Cg 1+G((3S) Hs) =~ For negative feedback

% = G,(8) + Gy(s) ... For parallel feedback
- o4

Gils) = sS+2 Gels) = S+1

C(S) _ 5 _ 4 _ S_S

Rs) s+2 s+1 (s+1)(s+2)

3. [

As the three blocks are connected in cascade the
overall transfer function is given by the
multiplication of individual blocks.

XX, = S+
TR g5+ 2)(s+ 3)
1 (542 (s+])
H5+2) (5+3) 2" s(s+2(s+3)
_(s+)
T (542

| 4. [C)

The type of the system = Number of open loop
poles at origin
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8(s+2) xé—

16(s+ 2)

. G(s)H(s) = m

T S(s+U)(s+4) &
- Type-5.

[ 5. [8)

Type of system: Number of poles at origin
Order of system: Degree of denominator
polynomial or number of total poles

A Type-1, order 2

B : Type-0, order 2

C: Type-2, order 3

D: Type-0, order 3

6. IO

Transfer function of unity feedback system with
forward path,

_ Qs
G = 1G9
Gs) 25
1+GS)  s2+10s+25

G(8) (s + 10s + 25) = 25(1 + G(9))
G(s) (s? + 10s) = 25
25

= G(s) =
(o) s® +10s

EA ©
As)

Transfer function = =——

H(s) o)
For positive real function, the degree of P(s) and
Q(s) must differ by one, but here nothing is
mentioned, for transfer function to exist, only initial
conditions must be made zero, degree of P(s)
and Q(s) are not of importance.

KN o

Transfer function only applicable to LTI systems.

0. IO

The given transfer function has one zero on RHS
of s-plane. Hence it is a non-minimum phase
transfer function.

[ 10. [B)

Let, Order of denominator polynomial = n
Order of numerator polynomial = m

Transfer function is said to be
(i) Strictly properift m<n
(i) Properitm=n

(iii) Improperif m>n

oo packsce VALY
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h(t) = e u(t)
wb) = te” u(t)
Taking Laplace transform:

As) = s$+2
1
Y(s) =
(s) (s+2)°
Y(s) = H(s)- X(s)
Y(s) _
= % = X(s)
-1
As) = s$+2
x(t) = et u(t)
[ 12. [
_a _d o o
h(t) = pm (s(t)) p (5e™ " u(t))

h(t) = 5[e‘“”80)—-106‘“”ua)]
h(t) = 570 - §(t) — 50e 10 u(1)
= 558(t) =50 e 10t y(1)

A ©

TF, = sL[sR]
_ s -05 05 ] s+
S S+2 S+2
1
TF, = L[IR] = ——
2 A s+1
T = TAxThH=—
S+2
[ 14. JO
We have, C, =R+ C,-C, =R
= Q:1
R
Also, C,=R+C,-GC,
G,
=2 A
= R
[ 15. JU
R C
R T S LTI S
LH |
As) _ GG, +Gy)

(S) 1+ G H(G, + Gs)
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m (d) 2x

A G, | B C  1+2y Ox
— R 2x.Y 1+ 0v+ 2y
14 =27 1+2y+2xy
1+2y
c_ & .
A—{—)—{2—{s}—= R 1v2y+2xy
2x =1+ 2y + 2xy
1
= X-y—-xy==
We know, B = Gy 2
A 1+G G, m
b
B [ 03 } )
7 s
| A 1+23 .
Now, option (a)
G,G,G = = L1
TF = 4=2>38 visr(t) =1 1@ =< V)
14 G, G, ) 3 s
111 °-
. G G, G 1
Option(b), TF= 2 2 -8 - 1
1+i.i G (1+ G, Gs) 2 s
Gy, G —WW—000————o +
;
.G, -G
Option (), TF = & L GG 2 @ T VO
P / T 17G,G,  G(1+G,Gy)
0 —
LRcYe
~ U . o
Option(d), TF = G, _ G; Applying voltage division
1+GG, 1+GG, ;
Hence option (d) is correct. Vo(s) s 2
Viis) — 1 1 0g?
(c) 5 §+S+§ 25 +2+s
oYols) _ 2
Vi(s) 252 +s5+2
Vols) _ 1 _ 1
Vi(s)  2s°+s+2 2s°+s+2

[ 10. [0
As)

To calculate, ——, input R(s) is set to zero.
N(S) put A(s)

Block diagram can be redrawn as,

N

o)

N
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Redrawing:
N(s) C(s)
+ Gy(s)
Gy(s) [«—| -H(s)
xAs) _ G(9)
N(s) — 1-(Gis) Go(s) (-H)(9))
as) _ Gy (s)
N(s) 1+ Gy(s) Ga(s) H(s)
[ 20. )
Minimum phase system:
S+1
Fs) = —>
9= 1 2E+3)
Non-minimum phase system:
_s-1
FS) = (s+2)(s+9)
All pass system:
Fs)= 571
s+1

All pass system also have gain = 1 for all the
frequencies.

[ 21. )

Eigen values of the system are closed loop poles.
And location of these poles describes the stability
of system.

e Y(s)

Y(s) = [X(s) - Y(9)]G(s) + X(s)
[1+ G(9)]Y(s) = [G(s) + 1]X(s)
e _,
(s)

= [

The above block diagram can be rewrite as

R(s) 2 g = 19 ; Cls)

]

]
L

oo packsce VALY
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R(s) + C(s)

R(s) C(s)

As) - Latls _ 10
R(s) 1. 10 s +11s+10
2
s“+11s

By comparing with

Pk
£ +Rs+Q

Hence, P+ Q+ R=10+ 11 + 10 = 31

o 0

For the given block diagram

% cs)

We can rewrite it as below:

(1]
L

R(s)

[+]

(-]

C(—S;:3><3+1:1O

[ 25. Q)]

Using Laplace transform of given response
function, we get,

1 7

1
A8 = 5™ 155+3) " (515)
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_ 15(s® +8s5+15) - s° — 55+ 1055° + 315s

155(s + 3)(s + 5)
_ 119s® +430s + 225
155(s + 3)(s + 5)
.. Transfer function,
Cls)
T(s) = —= =58C(s
~ 11952 + 430s + 225
15(s+ 3)(s+5)
DCgain = lim T(s) = —22>_ - 1
s—0 15x3x%x5

[ 26. &)

The transfer function due to the disturbance torque

T(s)is
1
0(s) _ (Js+B) s
T4(s) 1+( 1 J Ky K1
Js+B)\ R, +L;s
Fat LaS)
"~ (Ry+L,5)(Us+ B)+ KKy

The steady value of response for unitimpulse input

-S(R, + LyS)- %

= lim - T
0(0) sLo(Fw’a+Las)(Js+B)+KbKT a
S Ry
R.B+K,K;
Given:

Kr=1N-m/A R,=1Q,

B = 1 N-m/rad/sec
and K, = 1V/rad/sec
Substituting the given values into above equation,
we get

0(0) = —% =-0.5rad

(a, b, c)

The signal flow graph corresponding to the block
diagram.

coow packace P
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The signal flow graph has four forward paths and

two loops. There are no combinations of two non-

touching loops.

Both the loops are touching all the four forward

paths.

Forward path R—x; —x, —x;—x,—x; - C

M1 = (1)(1)(61)(62)(1) = 6162 A1 =1

Forward path R—x, —x, —x;—x,—x; - C

M, = (1)(ING)(-G,)(1) =-G,G; A, =1

Forward path R—x, —xg—x, —x3—x, —x; — C

M3 = (1 )(_64)(_/_/2)(61)(_62)(1) = 61 6264/_/2

Ay =1

Forward path R—x, —xg—x, —x3—x, —x; — C

M4 = (1 )(_64)(_/_/2)(61)(_63)(1) = _G1 6364"_/2

Ay=1

Loops and the gains associated with them are as

follows:

LoOp x, — x5 =X, — X5 — X5 — X,

Ly =(GG)(H)(H,) =-G,G,H, H,

Loop x, — x5 =X, — X5 — X5 — X,

L, = (G)(=G)(1)(H,)(-H,) = G,G;H,H,

The determinant of the signal flow graph is
A=1-(L +L,)

-1 -(-G,G,H,H, + G,G;H,H.,)

Applying Mason’s gain formula, the transfer

function is

m (a,c)

Block diagram can be used to represent linear as
well as nonlinear systems.

Signal flow graph method can be used to represent
only linear systems.

For a given system, the signal flow graph is not
unique.

m (a, ¢ d)

The transfer function is defined only for a linear
time-invariant system. It is not defined for nonlinear
systems.

[ 30. JEXC)

Blocks G, and G, are in parallel
G, + G,
To the above result H, is in negative feedback.
(G +Gy)
1+ (G; + Go)H,





