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CHAPTER -1

INTRODUCTION TO CONTROL SYSTEM

1.1 INTRODUCTION

A control System is a combination of elements arranged in a planned manner where in each
element causes an effect to produce a desired output. This cause and effect relationship is
governed by a mathematical relation.

Reference Control Controlled c(t)

r® Input System output

If the input of system is controlled in desired manner, the system is called control system.
Any system can be characterized mathematically by
1. Transfer function 2. State model

LT.ofoutput _L[c(t)] c(s)

Transfer function= - = |
L.T.of input [c®)] R0

initial conditions—0

Transfer function is also called impulse response of the system.

1. Disturbances

The signal that has some adverse effect on output of system called disturbances if it is generated
inside called internal distributes if it is other called out external disturbances.

2. Plant
It is defined as the portion of system when is to be controlled it is also called process.

3. System
A system is an arrangement or component such that it gives proper output to given input e.g.
classroom example of physical system.

4. Control System
It is an arrangement of different physical component such that it gives the desired output for the
given input by means of regulate or control either direct or indirect.

5. Controllers
It is the element of system it say, may be external to system it controls the plant or process.

6. Performance Specifications

Control system are designed to perform specific task. The requirement imposed on control system
are usually spelled out as performance specifications. These specifications may be given transact
response requirement maximum overshoot settling time is step response.

1. Steady state requirement (steady state error) or may be given in terms of frequency response.

2. Specification of the control system must be given before the design process begins.

3. Most important part of control system design is to sate the performance specification precisely
so that they will yield on optional control system for the given purpose.

Mathematical modeling of control system regular must be able to model dynamic system in
mathematical terms and analyse their dynamic characteristics.

ECG PUBLICATIONS 1
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A mathematical model of dynamic system is defined as a set of equation that represent the
dynamics of system.

(a) Principle of causality apples to the system considered.

(b) Current output of system (t = 0) depends an past impact (input t < 0).

(c) But does not depend upon the feature value of impact.

7. Transfer Function/Impulse Response

In modern control system engineering transfer function usually used to define input = output
relationship.

a Y"(t) +y" () +.......

= box"(t) + by X™(t)

y(s) bys™+bs" .

X(s) as+as" Tt —n.

Applicability of transfer function obeyed only upto linear, time invarient defferential equation
system which is extensively used in analysis and design of such a system.

1. If transfer function is know the output or response can be studied for various form of input with
a view towards understanding the nature of system.

2. Transfer function is properly of system itself independent of magnitude and nature of input.

3. It does not provide the physical structure of system. The transfer function of many physical
statures can be identical.

=

A - E————————
The transfer function of a system is a mathematical model in that it is an operational
method of expressing the differential equation that relates the output variable and

input variable.
- |

8. Automatic Controllers
Automatic Controller

Error
Detector

P?)?;t‘ : Amplifier Actuator —>| Plant Output

Sensor

Error detector is actuating the error signal.

Actuator is the power device that produces the input to plant according to control signal.

Sensor is measuring element.

Automatic controller compares actual value of plant output with descried value of plant output
measured the deviation and produces a control signal that reduce the domatium to zero.

9. Control Action
The manner in which automatic controller generate the control signal is called control action.

10. Controlled Variable (Control Signal or Manipulated Variable)
Controlled variable is the quantity or condition that is measured and controlled.

ECG PUBLICATIONS 2
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Control Signal or manipulated variable is the quantity or condition that is value of controlled
variable normally the controlled variable is the output of the system.

=

Control means measuring the value of controlled variable of system and applying

control signal to system to correct or limit deviation of measured value from desired

value.
., | A A

1.2 CLASSIFICATION OF CONTROL SYSTEM
1.2.1 Open - Loop Control SystemQ
It can be described by a block diagram as shown in the fig.

Input Output
() npu (ét;gtgr(:]l utpu o)

The input ‘r’ controls the output ¢ through a control action process. In the block diagram shown, it
is observed that the output has no effect on the control action. Such a system is termed as open
loop control system.

r(t) G(5) c(s)

In an open - loop control system, the output is neither measured nor feedback for comparison with
the input. Faithfulness of an open - loop control system depends on the accuracy of input
calibration.

CE) _ -
RO) =G(s) or C(s) = G(S)R(s)

1.2.2 Closed - Loop Control System

rM Comparator

Error(e) Control action —>OUtpUt c

Measuring
Element

In a closed- loop control system, the output has an effect on control action through a feedback as
shown and hence closed — loop control systems are also termed as feedback control systems. The
control action is actuated by an error signal ‘e’ which is the difference between the input single ‘r’
and the output signal ‘c’. This process of comparison between the output and input maintains the
output at a desired level through control action process.

The control system without involving human intervention for normal operation are called
automatic control systems. A closed — loop (feedback) control system using a power amplifying
device prior to controller and the output of such a system being mechanical i.e., position, velocity ,
acceleration is called servomechanism.

ECG PUBLICATIONS 3
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Re— O 6r) —>cp)

L H(s)

If error signal e(t) is zero, output is controlled

If error signal is not zero, output is non controlled.

For positive feedback, error signal = x(t) + y(t) or R(s) + y(s)

For negative feedback, error signal = x(t) - y(t) or R(s) — y(s)

The purpose of feedback is to reduce the error between the reference input r(t) and the system
output c(t).

Transfer function of closed loop control system will be %
S
Now,
y9—Y 0N e c©)
CE) HO) | 1)

6(5)=S8)  c(s)=c(s)E(s)

E(s)
Now T (s) = €(s)
R(s)
Where T () is the overall T.F. of a closed loop C.S and H(s) %
S

B(s) =H (s) C (s)

For negative feedback, R(s) — y(s)

= G(8) [R(s) = Y(5)] = G(s) [R(s) = H(s) C (s)] C(s) = G(s) R(s) — G(s) H(s) C (s)

C)_ G
“ R(s) 1+G(s)H(s)
1= ___ 8O
R(s) 1-G(s)H(s)

G(s) H(s) is called loop transfer function.

, for Positive feedback

1.2.3 Comparison of Open — Loop and Closed — Loop Control Systems

Open — loop C.S. Closed loop C.S.

1. | The accuracy of an open — loop system | 1. | As the error between the reference
depends on the calibration of the input. input and the output is continuously
Any departure from pre — determined measured through feedback, the
Calibration affects the output closed — loop system works more

accurately.

ECG PUBLICATIONS 4
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2. | The open — loop system is simple to | 2. | The closed - loop system is
construct and cheap. complicated to construct and costly

3. | The open — loop systems are generally | 3. | The closed — loop systems can
stable. become unstable under - certain

conditions.

4. | The operation of open — loop system is | 4. | In terms of the performance, the
affected due to presence of non — closed — loop systems adjusts to the
linearities in its elements. effects of non — linearities present in

its elements.
Positive Feedback Negative Feedback
Unity F/B (H(s) = 1) Non unity F/B (H(s) = 1) Unity F/B Non unity F/B
G(s) =28 Gls) =) 6= | g =) __
1-G(s) 1-G(s)H(s) 1+G(s) 1+G(s)H(s)

Where G(s) T.F. without feedback (or) T.F. of the forward path
H(s) = T.F. of the feedback path

1.3 EFFECT OF FEEDBACK

1.3.1 Effect of Feedback on Stability

Stability is a notion that describes whether the system will be able to follow the input command. A
system is said to be unstable, if its output is out of control or increases without bound for a
bounded input. It can be demonstrated that one of the advantages of incorporating feedback is that
it can stabilize an unstable system.

1.3.2 Effect of Feedback on Overall Gain

Feedback effects the gain G of a non — feedback system by a factor of 1 + GH. The general effect
of effect of feedback is that it may increase or decrease the gain. In perceptual control system G
and H are function of frequency so that 1 + GH >>1 in one range and can be < lin other range.
Therefore, feedback could increase the gain of the system in one frequency range but decrease it in
another.

1.3.3 Effect of Feedback on Sensitivity
SM_@M/M_@E_ 1
© 0G/IG G M 1+G+H
1.In general a good control system should be sensitive to the impact command.

2.Thus sensitivity function can be made arbitrarily small by increasing GH provided that the
system remains stable.

1.3.4 Effect of Feedback on Sensitivity

1. Senstivity

It is a defined as a ratio of variation in a system parameter to the variation in another system
parameter.

ECG PUBLICATIONS 5
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%changeinP orS. — oP /P
%changein Parameter K~ ¢ 6K /K
Consider G as a parameter that may vary. The sensitivity of the gain of the overall system T to the
variation in G is defined as
S - oTiT

oG/G
Where & T denotes the incremental change in M due to the incremental change in G; oT/T and
0G/G denote the percentage change in T and G, respectively.

Mathematically sensitivity

g _oTG__ 1 g _AdTIT _GdT
¢ G T 1+GH ¢ dG|G TdG
dG d
where—=—| —|=— >
dG dG|1+GH dG (1+GH)

:[(l+GH)x1—GXO+H}:{1+GH—GH}

(1+GH)’ (1+GH)®
dT

Now S{ :Ed—T = G X ! > by putting value of — from above equation

T dG G (1+GH) dG

1+GH

1

=S =
1+GH

2. Negative Feedback System
For closed loop system

+ GdT
For an open loop system, G=T=>S; =S 1
Thus sensitivity of a closed loop is to parameter variations is reduced by a factor of (1+GH)
This relation shows that the sensitivity function can be made arbitrarily small by increasing GH,
provided that the system remains stable. In an open — loop system, the gain of the system will
respond in a one — to — one fashion to the variation in G. In general, the sensitivity of the system
gain of a feedback system to parameter variations depends on where the parameter is located in the
control process.

1.4. CLOSED LOOP SYSTEM SUBJECTED TO DISTURBANCES

Disturbance
D(s)

R 6.6) F——>{ 6.6 F-r—ece®

e |
H(s) |

Superposition Principle

ECG PUBLICATIONS
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Co®)|  _ G,(s)
D) g0 1+G1(5)G,(5)H(s)
Cs)| _  Gi(5)G,(5)
RE) g 1+Gi(5)G,(S)H(S)
C(s) = Cr(s) + Co(s)
C(S)= GZ(S)
1+G,(5)G, ()H(S)
If G, () H(s) | >> 1; Gy (5) G () H ()] >> 1
Cy (5)
D(s)

This is an advantage of closed loop control system. On other hand

[G,(5)R(5) +D(s)]

= 0 and effect of disturbance is suppressed.

Cels) _ 1

R(s)  H(s)

This means if |Gy (S) G (s) H (s)| >>1

Thus % because independent of G,(s) and Gy(s) and is inversely proportional to H(s) so that
S

G4(s) and G,(s) variation do not affect the closed loop transfer function.

Thus we can conclude that any closed loop system with H(s) = 1 tends to equalize input and

output.

Effect of internal disturbances is equalized or vanishes in closed loop control system.

C(s) _ Output

Transfer function = =
R(s) Input

ECG PUBLICATIONS 7
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GATE QUESTIONS | —

1. The Nyquist stability criterion and the Routh

criterion both are powerful analysis tools for
determining the stability of feedback
controllers. Identify which of the following

statements is FALSE:

[GATE - 2018]
() Both the criteria provide information relative
to the stable gain range of the system. (b)
The general shape of the Nyquist plot is readily
obtained from the Bode magnitude plot for all
minimum-phase systems.
(c) The Routh criterion is not applicable in the
condition of transport lag, which can be readily
handled by the Nyquist criterion
(d) The closed-loop frequency response for a
unity feedback system cannot be obtained from
the Nyquist plot.

2. A system is described by the following
differential equation:
dy(t ax(t

1 2y - 20 yO) =
where x(t) and y(t) are the input and output
variables respectively. The transfer function of
the inverse system is

+x(t), x(0) =

[GATE - 2017]

s+1 S+2
a [ —
® s-2 (b) s+1

s+1
C —_— O~
© S+2 (d ) 2
3. Find the transfer function E of the

X(s)
system given below.
@
| I |

\¥ 2
b iz

X(s)

D

[GATE - 2015]

Gl
1+ HG,

+ G,
1-HG,
G, G,

1+HG, 1+HG,

G, +G,
1+H(G, +G,)

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

(@)

(b)

(©)
(d)

4. For the signal - flow graph shown in the
following expressions is equal to the transfer

TR

2 2 X (5)=0

function

X,()

[GATE - 2015]

@S by — Sz
1+G,(1+G)) 1+G,(1+G,)

©—2 @ —2
1+G,G, 1+G,G,

5. The impulse response g(t) of a system, G, is
a shown in Figure (a). What is the maximum
value attained by the impulse response of two
cascaded blocks of G as shown in Figure (b)?

ECG PUBLICATIONS
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g(t)

@

(b)
[GATE - 2015]

2

3

(a)g (b) "
4

() c (d)1

6. The measurement system shown in the
figure uses three sub-systems in cascade whose
gains are specified as G1, G,, 1/G5 . The relative
small errors associated with each respective
subsystem G;, G, and Gs are €1, €; and g3 . The
error associated with the output is :

—> Output

1
'”P“t—> G,
2

[GATE - 2009]
)

@& +e,+— (b)

€3 €3
(C)er+te—¢g (d) &1 + & + &3
7. Despite the presence of negative feedback,

control systems - still  have problems of
instability because the

[GATE - 2005]
(a)Components used have non — linearities
(b)Dynamic equations of the subsystem are not
known exactly.
(c)Mathematical
approximations.
(d)System has large negative phase angle at
high frequencies.

analysis involves

p >

(s’ +3s+2)

Where F (s) is the Laplace transform of the

function f(t). The initial value of f(t) is equal to
[GATE - 2004]

(b) 5/2

o

8. Consider the function  F(s) =

(@5
(c) 5/3

9. The signal flow graph of a system is shown
in fig. below. The transfer function C(s)/R(s) of
the system is

[GATE - 2003]

6 6s
Q) ———— b)——
()52+29s+6 ()sz+295+6
s(s+2) s(s+27)
C)——— d) ——
()52+29s+6 @ s +29+6

10.The system shown in the figure remains
stable when

[GATE - 2002]
(b)-1<k<3
(d k>3

@ k<-1
(c)1<k<3

ECG PUBLICATIONS
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SOLUTIONS

Sol. 1.(b)

Bode magnitude plot consists of only magnitude
information. But to obtain Nyquist plot we need
both magnitude and phase information. Hence
statement (b) is false.

Sol. 2. (b)

y( ) vayty= 2O i

Apply Iaplace transform to above equation
SY(s) + 2Y(s) = SX(s) + X(s)
Y(s) [s +2] = X(s) (s +1)
H(s) = Y(s) S+1
T X(s) S+2
S+2
Hin () = S+1

Given dx(t)
dt

Sol. 3. (¢)
Y9 =Ga1ly(s) =+ 1Yy(s)] + Gz [X(s) — 4y (s)]
Yo __ G, +G,

X(s) 1+H(G,+G,)

Sol. 4. (b)
Forward path P, = G,
All loops L; =- G,
Lz =- Gle
Non touching loops are nil.
So
K
P.A
y@):g;kk_
X, (8) A
GZ
:> _—
1+G,(1+G,)

G,(1-0)
- 1_(_61_(3162)

Sol. 5. (d)
Thee given system is

9(t)

The continuous time signal is defined as

g(t) =u(t)-u(t-1)

By convolving G with G itself, we get

g(t) * g(t) = [u(t )~ u(t = Ix[u(t)— u(t —1)]
=ut) *ut)—ut) *ut—D—ut—1) *u(t)
+u(t— 1) *4(t-1)
=rit)—rt—1D)-—rt=2+rt-2)
So,g(Meq=rt)-2rt—)+rt—2)

The continuous time signal is drawn in the

figure below.
Oeq

1 fmmmmm———
OA—)I

Hence, maximum value of geq is equal to 1

Sol. 6. (a)

Overall gain of the system is written as

G=G,G, 1

3
We know that for a quantity that is product of
two or more quantities total percentage error is
some of the percentage error in each quantity.
So error in overall gain G is

1
AG=¢g +g,+—

€3
Sol. 7.(a)
Despite the presence of negative feedback,
control systems still have problems of

instability because components used have

ECG PUBLICATIONS
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nonlinearity. There are always some variation as
compared to ideal characteristics.

Sol. 8. (d)
Given transfer function is
5
FS)=———
S(s°+3s+2)
F(s) = __>
s(s+1(s+2)
By partial fraction, we get
F— 25, 5
25 s+1 2(s+2)
Taking inverse Laplace of F(s) we have

5 5
F(t)==u(t)-5e" +=e™
® 5 Q) 5
So, the initial value of f(t) is given by

. 5 _ 5
limf() =2 -5+-1)=0

Sol. 9. (d)
Mason Gain formula

2P A,
T S)=———
©) A
In given SFG there is only forward path and 3

possible loop.
pp=1

_s+27

A =1+

1

3 24
—_—t =
S S S

—24 3

L =—,L =—andL, =—
2 s s

-2
s

Where L; and L are non — touching
This

C(s) _ PA,
R(s) 1-—(loopgain)+ pairof non —touching loops

O\

S
S

1_[_3_24J+_2,_3 l+27+£2
s s s S S
_8(s+27)

52 +295+6

Sol. 10. (d)

From Mason gain formula we can write transfer
function as

K

Y(s) 5 B K

R(S) _1_(3+—Kj  5-3(3-K)
5 s

For system to be stable (3 — k) <0 ie K>3

ECG PUBLICATIONS
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0]

ESE OBJ QUESTIONS | —

1. The open — loop transfer function of a system
10K

® 1+10s

When the system is converted into a closed —
loop with unity feedback, the time constant of
the system is reduced by a factor of 20. The
value of K is

[EE ESE - 2018]
(@) 1.9 (b) 1.6
() 1.3 (d) 1.0

2. The effects of feedback on stability and
sensitivity are

[EC ESE - 2015]
(a)Negative feedback improves stability and
system response is less sensitive to external
inputs and parameter variations.
(b)Feedback does not affect stability but system
response is sensitive to disturbances and
parameter variations.

(c)Feedback does not affect stability response is
sensitive to disturbances and  parameter
variations

(d)Negative feedback affects  stability and
system response is more sensitive disturbances
and parameter variations.

3. The D.C. gain and steady state error for step

s+1

input for G (s) = — are:
S +s+1
[EC ESE - 2013]
(@1land1 (b)0and 1
(c)landO (d0Oand0

4. In control systems, excessive bandwidth is
NOT employed because:

[EC ESE - 2013]
(a) Noise is proportional to bandwidth
(b) It leads to low relative stability
(c) It leads to slower response
(d) Noise is proportional to the square of the
bandwidth

0]

SOLUTIONS

Sol.l. (a)

10k
1+10s
Z,=10
10

Z,=—=05
20

OLTF =

CLTF= —lOk
10k +1+10s

, = 10 =0.
10k +1

E =10k +1
0.5

k=19

Sol.2. (a)

(©
s+1
s +s5+1

0+1
=500

Sol.3.
G(s) =

ess = Steady State Error = !
1+k

Ky =0 G()H(5)=0
Sol.4. (a)
Noise Power = 13

Noise Power x Bandwidth x B

ECG PUBLICATIONS
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CHAPTER -2

MATHEMATICAL MODES OF PHYSICAL SYSTEMS

2.1 INTRODUCTION

1.A physical system is collection of physical objects connected together to serve an objective.
2.ldealizing assumptions are always made for the purpose of analysis and synthesis of systems. An
idealized physical system is called a physical mode.

3.0nce a physical model of a physical system is obtained, the next step is to obtain a mathematical
model which is the mathematical representation of the physical model through use of appropriate
physical laws.

2.2 MECHANICAL SYSTEMS

A mechanical system which is modeled using the three ideal elements would yield a mathematical
model which is an ordinary differential equation. All mechanical systems are divided into two
parts:

2.2.1 Mechanical Translational System
In this type of mechanical system input is the forced (F) and the output is linear displacement (x)
or linear velocity (v). The three ideal elements are:
1. Mass Element
2
Fomdx
dt?

or F:Md—V
dt

2. Damper Element
d dx
F=f—(x—x,)=f—
5 o %) Sl

where  X; — Xy X
orF="f(vi—vp) =fv

where v =vy; -V,
X, X,

=1

3. Spring Element
F =K (X;—Xp=) = Kx

ECG PUBLICATIONS E
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where X; — X, = X
orF=K/[(vi—v))=K[v
where v=v; -V,

2.2.2 Mechanical Rotational System
In this type of mechanical system input is the torque (t) and output is angular displacement (6) or
angular (). The three ideal elements are:

1. Inertial Element

I\
J]

—\
=

d?o do
=)J— ort=J—
’ dt? dt

2. Torsional Damper Element

d do
=f—(0,-0,)=f—
T dt( 1 2) dt

Where, 0=0,—0,0rt=¢ (0, — m) = fo

W )
VS

SR\
J/

TO O

3. Torsional Spring Element
1=K0 Ort=K/ odt

2.3 ELECTRICAL SYSTEM
The resistor, inductor and capacitor are the three basic elements of electrical circuits. These
circuits are analysed by the application of Kirchhoff’s voltage and current laws.

ECG PUBLICATIONS 14
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2.3.1 Series RLC Circuits

di 1
Applying KVL, iIR+L—+=|idt=V,
pplying o=V,

dq

but i=—
dt

orq:jidt

2
Ld—§+Rd—q+&=\/in
dt d C

2.3.2 Parallel RLC Circuit
Applying KCL,

®  zr

X+1J‘vdt+Cd—V:i
R L dt
Where, V is node voltage
v do

dt
Where ¢ is Magnetic flux

2
Cd_j)+£%+i:i
d® ddt L

Duality: C —»

1
Ro= ¢
R b—q

2.4 NODAL METHOD FOR WRITING DIFFERENTIAL EQUATION OF COMPLEX

MECHANICAL SYSTEM

1. Number of nodes = Number of displacements.
2. Take and additional node which is a reference node.
3. Connect the mass and inertial mass elements always between the principle node and reference

node.

4. Connect the spring and damping elements either between the principle nodes of between
principle nodes and reference depending on their position.

5. Obtain the nodal diagram and write the describing equations at each node.
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=

One mass element constitutes order of differential equation =2
Two mass elements constitute order of differential equation =4

‘n’” mass elements constitute order of differential equation =2n

A point or node between damper and spring must be take as displacement
Each mass must be taken as a displacement

Consider the mechanical systems given below.

ol

x (Displacement)

2.4.1 Mechanical Translations System

F=F1+ F2+ F3
2
F:Md—§+Bd—X+kx
dt dt

fT% K tﬂ e

E te |

€
x €—

2.4.2 Mechanical Rotational System
T=T1+ 1T, +13
2
T= Jd_26+ B@+ Kq
dt dt
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For anybody, the algebraic sum of externally applied forces and the forces resisting motion in any
given direction is zero.

A positive reference direction must first be chosen. Forces acting in the reference direction are
considered as positive and those against the reference direction as negative.

09000
[
L
2
O
2i%

Y
IS g

The applied force F is balanced by the acceleration of the mass, and resistive forces of spring and
damper.
2
F=MIX D kx
dt dt
This is a linear constant coefficient second order differential equation.

2.5 ANALOGOUS SYSTEMS

There are two types of analogies:

(i) Force (F) — Torque (t) — voltage (V) Analogy

(ii) Force (F) — Torque (t) — Current (i) Analogy

Applied force (F) is analogous to applied voltage Vip.

Mass M is analogous to inductance L.

Coefficient of viscous friction B is analogy to resistance R.

Spring deflection constant K is analogous to reciprocal of capacitance (1/C).
Displacement is analogous to electric charge g.

=

2
As the quantities L(;T?,R dg

2
—,lq,\/in are voltages and Md—Z,Bd—X,Kx,F are
dt C dt dt

forces, therefore above said analogy is called force (F) — voltage (V) analogy.
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2.6.1 Analogy with Various System

Electrical Thermal Mechanical Liquid
Charge Heat Length Volume
Voltage Temperature Force Heat
Current Rate of Heat Velocity Rate of Volume
Resistance Resistance Resistance Resistance
Capacitance | Capacitance Capacitance | Capacitance
Inductance Not applicable | Mass Iterance

2.6.2 List of Mechanical Electrical Analogous Variables and Parameter

Mechanical Translation
System

Mechanical Rotational System

Electrical System

Force: F(t)

Torque: T(t)

Voltage : V(1)

Displacement: x(t)

Angular Displacement:6(t)

Charge: q(t)

Velocity: v(t) = x(t)

Angular velocity: w(t) = 0(t)

Current : L

Mass: M

Moment of inertia : J

Inductance : L

Friction coefficient : B

Friction coefficient : B

Resistance : R

Spring Constant: K

Torsional constant: K

Reciprocal of
capacitance:1/c

ECG PUBLICATIONS 18
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= | GATE QUESTIONS  —

1. The laplace transform of a causal signal y(t)

is Y(s) :% . The value of the signal y(t) at
+

t=0.1sis unit.
[GATE - 2017]

2. The transfer
Y(s) s
R(s) s+2
Acos(2t+¢) for the input cos(2t). The values of
A and ¢, respectively are

function of a system is

. The steady state output y(t) is

[GATE - 2016]

(a) % ,—45° (b) % ,+45°
() \2,-45° (d) 2,+45°

3. The particular solution of the initial value
2

problem given below is %+123—i+36y =0
with y(0) =3 and dy =-36
dx|, o
[GATE - 2016]
(b) (3+25x)e™®
(d) (3-12x)e™

(a) (3-18x)e ™™
(c) (3+20x)e™

4. In the feedback system shown below
1
G(s)=———.The ste
© (s°+25s) k
closed-loop system should have minimum
setting time and have no

response of the

overshoot.
r— 3 O E || G(s) y

|

The required value of gain k to achieve this is

[GATE - 2016]

5. The response of the system

G(s) s—2

=——"_" _ to the unit step input u(t) is
(s+D(s+3) P input u(®

y(t).The value of (:i_)t/ att=0"is
[GATE - 2016]

6. The open-loop transfer function of a unity-
feedback control system is given by
G(s) = K

S(s+2)
For the peak overshoot of the closed-loop
system to a until step input to be 10%, the value
of K is

[GATE - 2016]

7. A first-order low-pass filter of time constant
T is excited with different input signals (with
zero initial conditions up to t = 0 ). Match the
excitation signals X,Y,Z with the corresponding
time responses fort <0

X: Impulse P:1-em
Y: Unit step Qt-T@A-e")
Z: Ramp R: e"T

[GATE - 2016]
(a) X-R, Y-Q, Z-P
(b) X-Q, Y-P, Z-R
(©) X-R, Y-P, Z-Q
(d) X-P, Y-R, Z-Q

8. The closed-loop transfer function of a system
4

(s*+0.4s+4)
due to unit step input is

iIST(s) = . The steady state error

[GATE - 2014]

9. The system shown in figure below
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With

[GATE - 2007]
(@) X =cos + ¢y, Y = 1/(s° + ags + ay,
Z=bgs+ by
(b) X =1, Y = (Cos + C1)/(S + ags + ay),
Z= boS + bl
(€) X =15 + Co, Y = (byS + bo)/(s? + a1S + ap),
Z=1
(d) X =ci5+Co, Y = 1/(s° + ags + @),
Z= bls + bo

10. For a tachometer, if O(t) is the rotor
displacement in radians, e(t) is the output
voltage and K; is the tachometer constant in

V/rad/sec, then the transfer function, @ will
Q(s)
be
[GATE - 2004]
() Ks® (b) Kds
(c) Kis (d) Ky

11. An electrical system and its signal — flow
graph representations are shown the fig (a) and
(b) respectively. The values of C, and H,
respectively are

[GATE - 2001]

|| Z(s) °

[Z 91
1206

Vl(s)C) @ E(EI @ E(s)

Z,(9) —Z,(s)
Z,(8)+Z5(9) + Z4(5) " Z,(8) + Z4(9)
—Z5(S) —Z5(9)
Z,(8)=Z5(8) + Z,(5) ' Zy(9) +Z4(9)
Z,(8) —Z5(5)
Z,(8)+Z5(8) + Z,(5) ' Z,(8) + Z4(s)
—Z5(5) Z,()
Z,(8)=Z;(8) + Z,(5) ' Z,(9) +Z4(9)

(@)

(b)

(©)

(d)
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SOLUTIONS

Sol. 1. (-2.19)
S+2

The laplace transform Y(s) = 6 then y(t) at t
S+

=0.1is

Y(s) = s+2 _s+6-4

s+6 S+6
Y =L" [ki}
S+6

Y(t) = [3(t) - 4e°]
T=0.1y(0.1) = §(0.1) — 47501
Y(0.1)=-2.19

Sol. 2. (b)
A_|_do | 2 __2 _1

ljo+2],_, xf 22 222 2
jo
jo+2

=90°—tan

w=2

o=~

Sol. 3. (a)

D’+12D +36=0

= D=-6, -6

The solution is y = C; €™ + Coxe™ = (1)
y(0)=3=3=C,

(1) =>y=3e®+ Cxe™

dy
dx

= d_y =-18+C,
X x=0
=-36=-18+C,
C2 =-18
. The solutionis y =3 e® -18 x ™

=-18e"" + C {-6xe™ +& ™}

Sol. 4. (1)

Given G(s) = 2;
(s“+25s)

From Diagram CE = 1 + KG(s) = 0
$+2s+K=0

Minimum Settling Time is obtain. For Critical
Damped System For Critical Damped System

(&=1) the % m, = 0%
2Em,=2

2x1x@m, =2

o, =1 rad/sec

K=1

Sol. 5. (1)
Method-1.
s—2

Given Y(s) = m u(s)

= Y(s)= m[leem u(s)——]

dy | _
L[E} =sY(s)

s—2

R o)

dy . s-2

= =lim —— |=
dtf_, =\ (s+1)(s+3)
Method-11.

Y(s) = _s=2 J_=2. 3 _
s+ (s+3)) 35 2(s+1) 6(s+3)

y(t)=—2/3 + 3/2e"-5/6e™*

dy -t S +3t
= =(t=0)=3/2(-)e"'-=(-3)e
m (t=0) -1 6( )

= -3/2+5/2=1

Sol. 6. (2.87)

Given % M, = 10%
M,=0.1
=>M,=¢e

0.1= e™e
In(0.1) = ——"%

g

23= %
N

£=0.59

—nE/\1-E?

5
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K

Given G(s) = 612

CE:

1+G(s) = 0 = s* +25+K=0
2 e,=2

2X 0.59 X @,=2

o, = 1.69 r/sec

K=o =2.87

Sol. 7. (c)

1
HS) = l+st
Vo(s) = H(s).Va(s)

(i) if vi (1) = 3(t)
Vl(S) =1

1
Vo(§) = H) Vi) =7

Vo (t) = le{

T
(i) if vi(t) = u(t)
Vl(S) =1/s

1 1 1
Vo (8)

s@+st) s s+1
T

vot)=(1—e ")

(i) vi(t) = r(t)

= Vi(s)= iz
S

Vi(s) = H(S). Vi(s) = ——

s?(L+s1)

1 T, T
== 1
s 1
T

Vo(t) = t—t(1—e ™)

Sol. 8. (0)
Closed loop T.F.

4
T(s) = e
©) s’ +0.4s+4
G(s) 4
1+G(s) s*+0.4s+4

1+G(s) s*+0.455+4

G(s) 4
1 s*+04s+4
1+ =
G(s) 4
1  s°+04+4-4
G(s) 4
4
Open loop. T.F. G(s) =
2 P ©) S(s+0.4)

Error constant, K, =1limG(s)
s—0

=lim
s-0 5(s+0.4)

Steady state error, e, = t _ 0
1+ K,

Sol. 9. (d)

From the given block diagram we can obtain
signal flow graph of the system. Transfer
function from the signal flow graph is written as

S a, a, Pb, Pb
+t4y2-—2-—1
s & s s
. (c, +c,8)P
(s* +a,s+a,)—P(b,+sb,)
(c, +cs)P
(" +as+a,)
1- P(b, +sb,)
s’ +a,s+a,
from the given reduced from transfer function is
given by
~ XYP
©1-YPZ
By comparing above two we have
X =(co +Cy5)
Y= 2;
s“ +a,s+a,
Z = (bo + sby)
Sol. 10. (c)

ECG PUBLICATIONS 22
A unit of ENGINEERS CAREER GROUP



MATHEMATICAL MODES OF PHYSICAL SYSTEMS

| GATE-2019

In A.C tachometer output voltage is directly
proportional to differentiation of rotor
displacement
o) <[00 e() = K,
Taklng Laplace transformation on both sides of
above equation
E(s) = KisO(s)
So transfer function

_E®

=(K)s
- 60)

Sol. 11. (c)
From SFG we have

11(s) = G1Vu(s) + HIy(s) (1)
15(s) = G,l1(s) (i)
Vo(S) = Gsly(s) .. (iii)

Now applying KVL in given block diagram we
have

Va(s) = 11(8) Zu(8) + [11(s) — 12(8)]Zs(s) -..(IV)

0 = [Ix(s) — 11(S)1Zs(s) + Io(s) Zo(s) + |2(5)(Z;(5)
(Y

From(iv) we have

Or Vy(s) = 14(s) [Z(s) + Z5(S)] - 12(8)Z5(S)

Or 1,(s) = L e R
Z () +Z5(8) Z,(8)+Zy()

(i)
From (v) we have y
11(5) Z3(S) = 12(S)[Za(s) +Zs(s) + Za(9)]

... (vii)
or L= hOZE
Z;(5)+Z,(8)+2Z,(s)
Comparing (ii) and (vii) we have
Z,(9)

2 Zy(8)+ Z,(9)+ Z,(5)
Comparing (i) and (vi) we have

__ 40

Z)+Z,6)
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0]

ESE OBJ QUESTIONS | —

1. In a system, the damping coefficient is —2.
The system, response will be

[EE ESE - 2017]
(a) Undamped
(b) Oscillations with decreasing magnitude
(c) Oscillations with increasing magnitude
(d) Critically damped

2. A dominant pole is determined as

[EC ESE - 2017]
(a)The highest frequency pole among all poles
(b)The lowest frequency pole at least two
octaves lower than other poles
(c)The lowest frequency pole among all poles
(d)The highest frequency pole at least two
octaves higher than other poles

3. The desirable features of a servomotor are
[EE ESE - 2016]

(a) Low rotor inertia and low bearing friction

(b) High rotor inertia and high bearing friction

(c) Low rotor inertia and low bearing friction

(d) High rotor inertia and low bearing friction.

4. Statement  (I): Open-loop system is
inaccurate and unreliable due to internal
disturbances and lack of adequate calibration.
Statement  (II): Closed-loop  system s
inaccurate as it cannot account environmental or
parametric changes and may become unstable.
[EE ESE - 2016]
(a)Both Statement (I) and Statement (11) are
individually true and statement (I1) is the correct
explanation of Statement (1).
(b)Both Statement (1) and Statement (II) are
individually true but Statement (II) is not the
correct explanation of Statement (1)
(c)Statement (1) is true but Statement (II) is
false
(d)Statement (1) is false but Statement (Il) is
true.

5. In a closed loop system for which the output
in the speed of motor, the output rate control
can be used to

[EC ESE - 2015]
(a) Limit the speed of the motor
(b) Limit the torque output of the motor
(c) Reduce the damping of the system
(d) Limit the acceleration of the motor

6.In a servo-system, the device used for
providing derivative feedback is known as

[EC ESE - 2015]
(b) Servometer
(d) Tachogenerator

(a) Synchro
(c) Poteniometer

7. The z —transform X(z) of the signal
x [n] = a"u(n)
where u(n) is sequence of unit pulses, is
[EE ESE - 2015]

a z
@ — ®)

z-1

z 1
© Z-o @) Z-a
8. The servomotor differs from the standard
motors principally, in that, it has
[EE ESE - 2015]
(a) Entirely different construction
(b) High inertia and hence high torque
(c) Low inertia and low torque
(d) Low inertia and higher starting torque

9. The transfer function of the circuit as shown
in the figure is expressed as
R

0
[EE ESE - 2015]

b
® T sre ®) T scr
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1
1+sRC

(© (d) 1+ sCR

10. The transfer function of a low-pass RC
network is
[EE ESE - 2014]

1

(@) RCs (1 + RCs) (b) m
RC S

© (1+RCs) @ (1+RCs)

11. The transfer function of a zero order hold is
given by

[EE ESE - 2014]

1

(a) S (by1-e™

1 _ e—TS
S

(©)s(1-T") (d)

12. When deriving the transfer function of a
linear element

[EE ESE - 2013]
(a)Both initial conditions and loading are taken
into account.
(b)Initial conditions are taken into account but
the element is assumed to be not loaded.
(c)Initial conditions are assumed to be zero but
loading is taken into account.
(d)Initial conditions are assumed to be zero and
the element is assumed to be not loaded.

13. In control system, excessive bandwidth is
not employed because

[EE ESE - 2013]
(a)Noise its proportional to bandwidth
(b)It leads to low relative stability
(c)1t leads to slower time response
(d)Noise is proportional to the square of the
bandwidth

14. Consider the following  statements
regarding advantages of close loop negative
feedback control systems over open loop
systems:

()The overall reliability of the closed loop
system is more than at open loop system.

(ii)The transient response in a closed loop
system decays more quickly than in open loop
system.
(iii)In an open loop system, closing of the loop
increases the overall gain of the system.
(iv)In the closed loop system, the effect of
variation of component parameters on its
performance is reduced.
Which of these statements are correct?

[EE ESE - 2013]
(b) i and iii
(d) iii and iv

(@) iandii
(c)iiand iv

15. The open-loop transfer function of a unity
feedback control system is

1
G(s) = 2 The

function will have poles at

closed-loop transfer

[EE ESE - 2012]

@ -2,-2 (b) -2, -1
(c)-2, +2 (d)-2+j1
16. Match  List-1 (Mechanical translation

system) with List-Il (Electrical element for
analogues) and select the correct answer using
the code given below the lists:
List-1
A. Mass
B. Damper
C. Spring
D. Displacement
List -11
(i) Resistor
(ii) Inductor
(iii) Capacitor
(iv) Charge
[EE ESE - 2012]
Codes:
(@) A-iv, B-iii, C-i, D-ii
(b) A-ii, B-iii, C-i, D-iv
(c) A-iv, B-i, C-iii, D-ii
(d) A-ii, B-i, C-iii, D-iv

17. The law/principle in mechanical systems,
analogous to Kirchhoff’s laws in electrical
systems, is

[EE ESE - 2012]
(@) First law of motion
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(b) Second law of motion
(c) Third law of motion
(d) d’Alembert’s principle

18. Consider the following statements with
regards to signal flow graph:
5

NSO WIS

N/

-2

oC

(i) The number of loops are 3.
(i) The number of loops are 2.
(iii) The number of forward paths are 3.

(iv) < ratio isﬂ
R 81

(v) © ratio is 28
R 21
Which of these statements are correct?
[EE ESE - 2012]
(b) i, iii and iv
(d) iii, ivand v

@) i, iii, ivand v

19. The resulting equivalent transfer function
of the system shown below is
r—3X |E|—>c

Ml
L

[EE ESE - 2013]
GlGZ

1+G,G, +G,G,H,

GZLGZ
1+G,G, +G,H,

Gle
1+H,G,G,
G1GZ

1+G,G, +H,

(@)
(b)
(©)

(d)

20. The transfer function % for the system
s

shown below is

C(s)

[EE ESE - 2011]

G+H G+H
(@) (b) :

1+GH, 1+GH,
(c) _H, (d) "t}

1+GH, 1+GH,

21. The system transfer function for the block
diagram shown in

> y()

[EE ESE - 2011]

@ —tC ) O
1-G,H,+G,H, 1-H,G, +G,H,

(C) GlGZHl (d) GIGZHI
1+G,H, +GH, 1+G,H,+GH,

22. Consider the following relations with

regard to the below shown gear trains:

1

qu:
T

L]
w_]

i) 2N

62 Nl
.. d?0 do
(i) T, :Jsz+ Bzd—t2
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2 2 2
e LA L
N, | dt N, ) dt

2 2 2
T[N A0 g (N ) dO,
N, ) dt N, ) dt
Which of these relations are correct?
[EE ESE - 2011]

(b) i and ii only
(d) i and iii only

(@) i, ii and iii

(c) ii and iii only

23. The transfer function for the diagram shown

below is given by which one of the following ?
C

o—¢ o

Input R Output

o

O
[EE ESE - 2008]

1 sRC
@ RO ®) Tosro)
© g f':gc) (d) 1+sRC

24. Which one of the following statements is
correct of phase — shift type and Wein bridge
type R-C oscillators ?

[EE ESE - 2007]
(a) Both use positive feedback
(b) The former uses positive feedback while the
latter uses both positive and negative feedback
(c) The former uses both positive and negative
feedback while the latter uses positive feedback
only
(d) Both use negative feedback

25. Assertion (A): For a prototype second
order system, the larger the bandwidth, the
faster the system will respond.
Reason (R): Bandwidth and rise time are
inversely proportional.

[EE ESE - 2007]
(a)Both A and R are true and R is the correct
explanation of A.
(b)Both a and R are true but R is not the correct
explanation of A.
(c)Ais true but R is false.

(d)Ais false but R is true.

26. Consider the following statements in
connection with feedback in control system:
(i)With an increase in forward gain, the output
value approaches the input value in the case of
negative feedback closed — loop system.

(ii)A negative feedback closed — loop system
when subjected to an input of 5 V with forward
gain of 1 and a feedback gain of 1 gives output
4.999 V.

(iii)The transfer function is dependent only
upon its internal structure and components, and
is independent of the input applied to the
system.

(iv)The overall gain of the block diagram shown

is 10.
I Bl e Y =

Which of the statements given above are
correct?

[EE ESE - 2006]
(b) Only ii and iii
(d) Only i and iii

(@) Only i and ii
(c) Only iii and iv

27. Consider the following statements with

regard to the bandwidth of a closed-loop

system:

()In  systems where the low frequency

magnitude is 0 dB on the Bode diagram, the

bandwidth is measured at the-3 dB frequency.

(ii)The bandwidth of the closed loop control

system is a measurement of the range of fidelity

of response of the system.

(iii)The speed of response to a step input is

proportional to the bandwidth.

(iv)The system with the larger bandwidth

provides slower step response and lower fidelity

ramp response.

Which of the statements given are correct ?
[EE ESE - 2005]

(b) i, ii and iv

(@) i, ii and iii
(c) i, iii and iv
28. The unit impulse response of a system
having transfer function K/(s + o) is shown
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Unit impulse Respopnse

0.63K
0.37K

t

[EC ESE - 2003]
(b) 1ty
(d) 1/t,

@t
©t;

29. Which one of the following effects in the

system is NOT caused by negative feedback ?
[EE ESE - 2003]

() Reduction in gain

(i) Increase in bandwidth

(c) Increase in distortion

(d) Reduction in output impedance

30. The mechanical system shown below has its
poles(s) at
X
K
\

i il
[EC ESE - 2002]
(b) -D/K
(d) O, -K/D

(a) -K/D
(c) -DK

31. Consider the following amplifier with —ve
feedback:
R

AA
W

<

<

+10 +10

+10 []

IR,

o)
O/

|
] B |
L

If the closed loop gain of the above amplifier is
+100, the value B will be

[EC ESE - 2002]
(b) +9 x 10°°
(d) +1.1x 107

(a) -9 x 107
(c)-11x10°

32. Consider the following signal-loop feedback
structure illustrating the return difference:

The return difference for A is
[EC ESE - 2002]

(a) 1AB (b) 1+AB
AB AB
> 1+AB \ 1-AB
33. Match  List-l _ (Property) with List-I

(Specification) and select the correct answer:
List-1
A. Relative stability
B. Speed of response
C. Accuracy
D. Sensitivity
List-11
(i) Rise time
(i) Velocity error constant
(iii) Return difference
(iv) M-peak
[EE ESE - 2002]

Codes:
(@) A-iv, B-iii, C-ii, D-i
(b) A-ii, B-i, C-iv, D-iii
(c) A-iv, B-i, C-ii, D-iii
(d) A-ii, B-iii, C-iv, D-i
34. Which  of the following are the
characteristics of closed loop systems ?
(i)It does not compensate for disturbances.
(ii)1t reduces the sensitivity of plant — parameter
variations.
(iii)It does not involve output measurements.
(iv)It has the ability to control the system
transient response.
Select the correct answer using the codes given
below:

[EE ESE - 2002]
(b) ii and iv
(d) ii and iii

(@) iandiv
(c) i and iii

35. In the feedback system C(s), R(s) and D(s)
are the system output, input and disturbance,
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Assertion (A): For system
C(S){R(s)+ D(S)}+ 1+ G(s)

R(s)D(s) 1+G(s)H(s)
Reason (R): Transfer function of a system is
defined as the ratio of output Laplace transform
and input Laplace transform setting other inputs
and the initial conditions to zero.

[EE ESE - 2002]

(a)Both A and R are true and R is the correct
explanation of A
(b)Both A and R are true but R is NOT the
correct explanation of A
(c)Ais true but R is false
(d)Ais false but R is true

36. Consider the mechanical system shown in
the given figure. If the system is set into motion
by unit impulse force, the equation of the
resulting oscillation will be

—> X(1)

1 —WW—

OI0)

[EC ESE - 2001]
(b) x(t) = \/2sint
(d) x(t) = sin /2t

(@) x(t) =sint
(c) x(t) = 1/2 sin 2t

37. Open loop transfer function of a system
having one zero with a positive real value is
called:

[EC ESE - 2001]
(a) Zero phase function
(b) Negative phase function
(c) Positive phase function
(d) Non-minimum phase function

38. Consider the following operations in respect
of a Wheatstone bridge:
(Key “Ky” is used for the supply battery and
Key “Ky” is used for the galvanometer)
1. Open K, 2. Close K,
3. Close K, 4. Open K,
The correct sequence of these operations is:

[EC ESE - 1999]
(b)3,1,2,4
(d)3,2,4,1
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SOLUTIONS

Sol.l. (c)

A system with negative damping coefficient is
dynamically unstable. So, the system response
will be oscillations with increasing magnitude.

Sol.2.  (b)
Dominant Pole Concept

jo

Region of Region of

insigficant dominant

pole pole o
<—D—> ‘

The pole which are nearer to jo axis is
dominant pole and the pole which are away
from the jo axis is known as insignificant pole.
The distance D between dominant pole and
insignificant pole is 5 to 10 times of the
magnitude of dominant pole or pair of complex
dominant pole.

(@)

Sol4. (c)
Closed loop system has feedback to account
environment changes and became stable.

Sol.3.

Sol.5. (%)
Sol.6. (d)
Sol.7. (c)

x[n] = " i(n)
x(2) = Z[o".u(n)] = ﬁ
(d)

(©)

Sol.8.

Sol.9.

1
Vos) _ sc _ 1
Vis) 4,1 14sRC
sC
Sol.10. (b)
o AR l b
V, 1Cs |v,
e, T O
ﬁ_ 1/Cs 1
V, R+i RCs+1
Cs
Sol.11. (d)

The transfer function of a Zero Order Hold
(ZOH).

Sol.12. (d)

While deriving the transfer function of a linear
element only initial conditions are assumed to
be zero, whereas it is independent of loading
condition.

Sol.13. (a)
Higher the bandwidth means lower
selectivity and hence higher the noise.

the

Sol.14. (c)

Statement 4 is correct because sensitivity of
close loop negative feedback control system is
less than sensitivity of open loop control
system.

Sol.15. (d)
Closed — loop transfer function
M(s) = G(s) 1

1+G(S)H(s) s*+4s+5

Closed — loop poles = —2++/4-5
=-2+j1
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Sol.16. (d)

By comparing displacement with charge, we
came to know that it is force voltage analogy,
mass is analogous to inductor, damper to
register, spring to capacitor and displacement to
charge.

Sol.17. (d)

D’Alembert’s principle for the translational
mechanical system is as follows:

The aldebraic sum of the externally applied
forces on a given body and the force resisting
the motion of the body in a given direction is
zero.

Sol.18. (b)

C PA +PA, +PA,

R A

_ 5x4+2x4+3x4
1-{-5x4x2-2x4x2-3x4x2}
C 40

=>—=—
R 81

Hence, option (b) is correct

Sol.19. (a)
rR—(X) —>C
[A 1
L]

GlGZ
1+G,G,(1+H,)
Hence, option (a) is correct.

Transfer function =

S0l.20. (b)

C(s) PA+PA, G+H,
R(s) A 1-(-GH,)
Hence, option (b) is correct.

Sol.21. (a)

O 0
u(t) y(®

PA,

Transfer function=

_ Glez
1-{-G,H,+G,H,}

Hence, option (a) is correct

Sol.22. (a)
Number of teeth is proportional to the radius
rl 0 Nl
LN,
Distance travelled on the surface of the gear is
the same for both
6, =r,0, :>rr_l=e_l
Work done by one gear is equal to the other
T.0,=T,0, :in

T2 e1
Combining,
L 6 N 1 o
T 0 N, oo
Torque on one gear can be transferred to other
gear similar to transformer’s transferred
impedance with ration Ni/N,.
Hence option (a) is correct.

@,

Sol.23. (b)
TE=Yo _ Rl __RCs
Vi R, 1 L+RCs
Cs
Sol.24. (b)

Branch made by R; and R, provide negative
feedback in wein bridge oscillator.

Sol.25. (a)
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BW, =030 _
Risetime

Sol.26. (d)

Sol.27. (a)

Speed of response is proportional to the
bandwidth of the system. Higher the bandwidth
faster the response.

Sol.28. (d)
G(s) = C(s) _ K
R(S) s+a

= C(s) K since R(s) =1
S+

o
= c(t) = Ke™
Time constant T = 1/a
Time constant is the time at which
c(t) =Ke?=0.37K

So,t=t,= l:a:i
a t,
Sol.29. (c)
Sol.30. (a)
F.B.D. of point A:
K=(x-y) S
K
A Ao Y
D
Dd
Ddy
so, K(X—y)= ——
x=y)=—

Taking Laplace transform

K{X(s) — Y(s)} = DsY(s)

= (Ds + K) y(s) = KX(5)
Y(s) K

= =
<9 pferk)
D

. K
Thus the pole of the systemisat s = o

Sol.31. (b)
Open loop gain, A = 10°

3
A =100 orLﬂOO
1+AB 1+1000dB
1+1000B=10=B=+9x 1073

Sol.32. (b)
Sol.33. (c)
Sol.34. (b)

Sol.35. (a)
Transfer function is defined for linear systems,
S0 superposition principle is applicable.

Sol.36. (a)
Force equation is

2

%ZXH d—X+ kx=F

dt dt
Taking Laplace transform
(Ms? + fs + k) x (s) = F(s)
Given:
M=1,k=1F@5)=1
Let f =0 (Assume)
= (P+1)x(s)=1

= X(s) =

S +1
= X(t) =sint

Sol.37. (d)

(i) When transfer function has at least one pole
or zero in the RHS of s-plane, it is called non-
minimum phase transfer function.

(if) When transfer function has no pole or zero
in the RHS of s-plane. It is called minimum
phase transfer function.

Sol.38. (d)
The steps in the operation of a Wheatstone
bridge are as follows:
(i) Close K,

(iii) Open Kq4

(ii) Close K
(iv) Open Ky,
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CHAPTER -3
BLOCK DIAGRAM ALGEBRA

3.1 BLOCK DIAGRAM

It is a pictorial representation of function performed by each component and of flow of signals.
Such a diagram depicts the inter-relationship that exists among various components differing from
a purely abstract mathematical model. The block diagram has the advantage of indicating more
realistically the signal flows of actual system.

3.2 ELEMENT OF BLOCK DIAGRAM

Transfer
Inpute——— Function |———e Output
G(s)

This represents the elements of a block diagram. The arrow heads pointing towards the block
diagram indicate the input and the arrowheads leaving the block represent output. Such arrows are
represented to as signal.

E(s)
R(s) G(s) *C(s)

BO) 1)

Open Loop Transfer Function

1. Open Loop Transfer Function
B(s) = C(s) H(s)

B(s) _

HQ_G®H®

2. Feed Forward Transfer Function
@ = G(s)

E(s)

If H(s) = 0 then

G(s) =G(s) H(s) .. H(s) =1

3. Closed Loop Transfer Function
C(s) = G(s) E(s)

E(s) = R(s) - B(s)

E(s) = R(s) = H(s) C(s)

Ci _ G

R(s)  1+G(s)H(s)

4. Branch Point
A branch point is a point from which the signal from the block goes concurrently to other block or

summing points.
ECG PUBLICATIONS 33
A unit of ENGINEERS CAREER GROUP




LINEAR CONTROL SYSTEM | GATE-2019

ao—(% }—.E(S) a-b
b

Summing point

R(s) Sugmitng% E(s) () Branch point‘c(s)
H(s)

General Block Diagram

3.3 BLOCK DIAGRAM REDUCTION

Some of the important rules for block diagram reduction are given below:

1. The block diagram shown below relates the output and input as per the transfer function
relations given below;

G(s)=% or C(s) = R(s). G(s)

Where G(s) is known as the transfer function of the system.

R(s) G(s) C(s)

2. Take off point
Application of one input source to two or more systems is represented by a take off point as shown
at point A in the below figure.

R(s) —%" G,6) co)

GZ(S) Cz(s)

3. Blocks in cascade
When several blocks are connected in cascade, the overall equivalent transfer function is
determined below.

RE) 6 22 5l 6 =0y 69 |—scp)
G0 6,92 g,
R(s) C.(s)
C(s
) =G,(s)
C,(s)

Multiplying above three equations, the equivalent transfer function is

R(s)—{ Gi(8)G,(5)G(s) —>C(s)
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Ce) _
RO G, ()G, (5) G5 (9)

4. Summing Point
Summing point represents summation of two or more signal entering in a system. The output of a

summing point being the algebraic sum.
X(s)

+

0 +® C) = R(©) + X(9) + Y(9)

Y(s)

5. Consecutive summing points can be interchanged, as this interchange does not alter the

output signal
R(s) ? R(S) + X(8) ? R(s) + X(s) —Y(s)

X(s) Y(s)
0) ? R(s) -~ Y(6) %% R(S) -~ Y(5) + X(5)
Y(s) X(s)

6. Blocks in Parallel
When one or more blocks are connected in parallel, the overall equivalent transfer function is
determined below

G,(s)

RE) G,6) ® o

Gy(s)

C(s) = R(8) Ga(S) + R(s) G2 () + R(S) G4(s)
Or C(s) R(s) [G1(s) + G2 (s) + Gs(s) ]
Therefore, the overall equivalent transfer function is,

CE) _
@_[GI(SHGZ(SHGg(S)]
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7. Shifting of a take off point from a position before a block to a position after the block is
shown below

=]
e}
X

X 1G,

8. Shifting of a take off point from a position after a block to a position before the block is
shown below

XG;

9. Shifting of a summing point from a position before a block to a position after the block is

shown

X,

10. Shifting of a summing point from a position after a block to a position before the block is
shown below

X—> G,

Example 1. Reduce the block diagram to its canonical form and obtain C(s) / R(s).
Solution.

Shifting take off point towards right as shown, we get

Now eliminating feedback path H;

R(s) G, G, G, G, —>C(s)
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GG, |

R(S) G1 >

GZGS
1+G, +G3H,

C(s)

X 1/G,

R} \® 66,6 GG.*G
1+G,GH, G,

I |
L]

R(s)

G,G,G,G,G, +G,G,G,G;
@+ G,+ G3H,)G,

1+ 1./ Gi8.6,6,6, +G,G,G,G,
2 (L+G,G;H,)G,

}

—>C(s)

Ce) _

GlGZG3[G3G4+ GS]

After simplification,

R(G) 1+G,G,H,G, +G,G,G,H,[G,G,+G,]

Example 2. Obtain the expression for C; and C, for the given multiple input multiple output

M

system.

Solution.

Consider R; is acting and R, is suppressed.
R,
R,

[o][e] [2] [2]

)
&
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\Cz

[ 1
T Q——1c]

T s R, LGGG, —>c,
LT\
[ ] -

[ L= B
G, |
L=

E N

& _G2G1G3 _ _G1Gzea . &_ G1G2G3

R, 1+(1-GG,G,G,) 1-GG,G,G, R, 1-GG,G,G,
For Ci/R,, Ry=0and C, is suppressed

] |' G, |' c.
[ G | I
I 4 I k _
[c, |
i/ I 3 I
[ 1
—Q——{E
&_ G,G,G, GGG,
7 R, [+G,]-[G,G,G,] 1-G,G,G,G,
For C,/R,, Ry =0and C; is suppressed
_
Rzﬁ@ G3 Cz
[6]€ —
4 \ _
]
R, é JI G, LI
C, G, G,

"R, 1+G,[-G,G,G,] 1-G,G,G,G,

3.4 SIGNAL FLOW GRAPH METHOD
A signal flow graph may be defined as a graphical means of portraying the input — output
relationships between the variables of a set of linear algebraic equations.

3.4.1 Basic Properties of Signal Flow Graphs

1. A signal flow graphs applies only to linear systems.
2. The equations based on which a signal flow graph is drawn must be algebraic equations in the

form of effects as functions of causes:
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3. Nodes are used to represent variable. Normally, the nodes are arranged from left to right,
following a successor of causes and effects through the system.
4. Signals travel along branches only in the direction described by the arrows of the branches.

3.4.2 Definitions for Signal Flow Graphs
1. Input Node (Source)
An input node is a node that has only outgoing branches.

2. Output Node (Sink)

An output node is a node which has only incoming branches. For feedback output node is
extended by a unity gain signal.

3. Path

A path is any collection of a continuous succession of branches traversed in the same direction.

4. Forward Path
A forward path is a path that starts at an input node and ends at an output node and along which no
node is traversed more than once.

5. Loop
A loop is path that originates and terminates on the same node and along which no other node is
encountered more than once.

6. Path Gain
The product of the branch gains encountered in traversing a path is called the path given.

7. Forward Path Gain
Forward path gain is defined as the path gain of a forward path.

8. Loop gain
Loop gain is defined as the path gain of a loop.

3.4.3 Mason Gain Formula
The general gain formula is
N
TF= Z—PKAK
A
N = total number of forward paths
Py = gain of the k™ forward path
A =1 - (sum of all individual loop gains) + (sum of gain products of all possible combinations of
two non — touching loops) — (sum of the gain products of all possible combinations of three non —
touching loops) + ....
A = the A for the part of the signal flow graph which is non — touching with the k™ forward path.

3.4.4 Signal Flow Graphical (SFG)

D
S

Y o——>——eoY,

Where y; is input and y, is output.
aj, is gain of system.
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a32
alZ
y10—)—1y2 lya
a32 a43
mm
Y2 aza
Y, =a,Y; T85,Ya5:Y; =85y, Ta,5Y,

1. Signal flow graph is only applicable to linear system
2. Equation for which an SFG is drawn must be algebraic in form of cause and effect relationship.

3. Node used to represent variables. Normally nodes are arranged from left to right succession of
cause and effect relationship. Where input node is source which is a node that has only outgoing

branches and output node is sink which is only incoming branches.
Y,

Y2 = ay: + ay:

Yo E”

>
a, Y. Ghg

&,

Modification in SFG so that y, operates as output node and y; also as shown below.
Y,

°Y:

X Erroneous way to make y, as input
Because Y, = appy1 + apyr tap Y3+ Y, X
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1. Loop
A loop is a path that originates and terminate on the same node and along which no other node is

encountered more than once.
a32 343
yzya y3 Ya

Loop 1 Loop 2
a32 a43
344
Y, Ye
yA
Loop 3 Loop 4

1. Value of variable represented by a node is equal to sum of the entire signal entering the node.
2. Value of variable represented by a node is transmitted through all the branches leaving the

nodes.
a
\ atb+c /
- Y,

: Y2 Y,

C
Parallel Branches Connected

3.4.5 Simple Transfer Function between two nodes can be added as

G(s)
Uis)e—— G(s) ——eY(s) u@s)e ®Y(s)
G,(s)
G1(S) j
u(s) §—~ Y(s) U(s) A y Y(s)
G,(s)
Gy(s)

Example 3. Using mason’s gain formula, find the gain of the following system is figure below:
Solution.
The forward path gains are
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R(s)o

P1 = G1G,Gs,

Pz = G4G5G5

P3 = G1G;Ge,

Ps= G4G863

Ps = G4Gg (—H2) GG,

Ps =G1G7 (—H1) GgGs

The feedback loop gains are,

L; = -GsH; L, = -G;H, L3 =+ G;H; GgH,

The two non — touching loops are L;L,

Lle =+ GsHleHz

SA=1-[L+ L+ Ls] + Ly L]

For P4, Ly is non — touching

A1—1L1:1+G5H1

For P,, L, is non — touching

Azzl—l_z:l‘l'GgHz

For P; to Pg all loops are touching to all forward paths,

A3:A4:A5:A6:1

D PA PA +PA, +PA, +PA +PA,
A A

G1G2Gs (1 + GsHy) + G4GsGe (L + GoHy) +

G,G,G, +G,G,G, -G,G,G,G,H, —-G,G,G,G,H,
1+G.H, +G,H, -G,HH,H, +G,G.HH,

- Gain =

Gain =

Example 4. For the signal flow graph given below, find the transfer function.
Forward Paths P; = G;G,G3

P, = Gy

LoopsL; = - G, H;
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Lo = -G GsH;

Ls = G1G H,

A= 1-(Li+ Ly +Ly)

=1 +G2H1+GzG3H2—G1G2H3
'.'T:X:P1A1+P2A2

X A

X A
WherEAlzl,A2:l+G2 H1+GzG3 H2—GzG3 H2—G1G2 H3

Example 5. For the signal flow graph given below, find the transfer function.

T abc
1— (ad+ bc+ cf) + (adcf)

Example 6. For the signal flow graph given below, find the transfer function.

P1 = GG, Gs

P, = GGy

Li = -GGy H;

L, = -G;1G,Gs

L = -G, G3H;

Ly = —G4H;

Ls = -G, Gy
A:].—(L1+L2+L3+L4+L5)
A]_:Az:l

Example 7. For the signal flow graph given below, find the transfer function.
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PlzGleGg, L1: _Hl

P2 :G4 L2 = —H2
L3 = —G3H4

L4 = —Gz G3 H3

N; = HiH;

N, = Hy x (Hy G3)

A =1-(L1+ L+ Ls+ Ly + (Ng+ Ny
Alzl
Ap=1+H; + H, + HH,

Example 8. Draw the signal flow graph for the following equations. Y, is the input node and ys is
the output node and find the transfer function.

Yo = 2Y1 T anys Y3 = Y2 + g3 Ys
Ya = QuYs t A3aYs T AuYs Ys = 8 Y2 t A Ys
P = a1 ay3 834 45
3'32 aaa aM
o, G, G, s
yl aza aM yA y5

P2 =a4 a5

Ps=ay

Ly =ay as

L, = a3 a3

Ls=au

N1 = a3 a3 Aus

A=1-(Li+L+L3)+N;

A]_:l; Azzl—l_l

Ag =A

_ PA +PA, +PA,
A

S TF

ECG PUBLICATIONS a4
A unit of ENGINEERS CAREER GROUP



BLOCK DIAGRAM ALGEBRA

| GATE-2019

(0]
ASSIGNMENT

1. Determine C/R from the system shown in

figure below:

Rt | G + + c
/ L N
L™
(a) & (b) G]-
1-G,H, + G,H, 1-GH,
© —2%% (4 None
1-G,H, G,H,

2. Find the transfer C/R for the system shown in
figure below in which k is a constant.

(@)

a (s+a)(s*+s+0.1k)
(B)
(s+a)(s“+s+0.1Kk)
k
(s+a)(s*+s—0.1k)

(©)

(d) None of these

3. Determine C/R for the system given in figure
below. Then put G; = G; G, H,. Now the new

transfer function will be:
IC

G,

M) G,
+
N\ H,

—/

G

802 +C.C, ) 82 +C.C,
1+G,H, 1-G,H,
(c) G1Gs (d) GG,

4.The signal flow graph of figure shown below
has forward paths and
feedback loops.

X
(Input)

oY
(Output)

(b) (4, 5)
(d) @3, 3)

(@) (4.4)
(©) (4.3)

5. The signal flow graph of the system is shown

in the given figure. The transfer function —[C)ES;
S

of the system is
D(s)

-1
1 G1(S) Gz(s) 1

G,(5)G,(s)
1+ G, (S)H(s)
G,(5)G,(s)

1-G,(5) G, () H(s)
G,(s)

1+G,(s) G, (s)H(s)
_Gz(s)

1-G,(s)G,(s)H(s)

C(s)

(@)

(b)

(©)

(d)

6. In the signal flow graph of figure y/x equal.
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N 2 .
\QJ

(@3 (b) 5/2

(©2 (d) None

7. Signal flow graph is used to find:
(a) Stability of the system

(b) Controllability of the system

(c) Poles of the system

(d) Transfer function of the system
(e) All of above

8. Match List-1 (SFG) with List-1l (Transfer
function) and select the correct answer using the
codes given below the lists:

List-1 List-11
A. y () P
L\ o
B. 14 9 (i) Q
\\\_/ﬁ/ 1-PQ
C. o m (iii) PQ
1-PQ
D. P Q (iv) | PQ
\E/ =R

9. With a negative feedback, the system gain
and stability:

(a) Decrease, increase

(b) Increase, decrease

(c) Increase, increase

(d) Decrease, decrease

10. A positive feedback signal improves the
performance of automatic control system.

(a) False

(b) True

(c) Can’t be determined

(d) Data insufficient

C(s)

11 The transfer function of a system in

regenerative feedback is given by

+G(S)H(s) 1+G(s)H(s)
. @ SOHE
—G(s)H(s) 1-G(s)

12. The total gain % of the system shown
S

below is given by
o]
L]

(@) G1 G, G3 + G4
(€) (G1G,—G3) Gy

C(s)

@
(0) GG, +G3+ Gy
(d) Gy G, G4+ Gs

I__I
lil

13. The given block diagram is equivalent to

R(s) m Y

[

14. Two equivalent block diagrams are shown
below G, is equal to
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E
(a) 1/G (b) G
©1 (d) None

15. Feedback control system is basically.
(a) High pas filter (b) Band pass filter
(c) Low pass filter (d) Band stop filter

16. The block diagram shown in figure (a) and
(b) are equivalent if ‘x” in figure (b) is equal to:

RE) =2 c)
Figure (A)
1
RG) w1 = 0— oo
Figure (B)
(a) 1 (b) 2
(c)s+1 (dys+2

17. For the signal flow graph shown in figure
below, the overall transfer function of the

system will be:
Qs 20

G
a) G b
(@) ()1+|_|2
G G
@t @ 7
+H,+H, 1+H,+H,

18. The signal-flow graph shown in figure
below has:

(@) Three forward paths and two non-touching
loops

(b) Three forward paths and three loops

(c) Two forward paths and two non-touching
loops

(d) Two forward paths and three loops

C(s) _ a(s+cy)

= in state
R(s) Dby(s+d,)

19. The represents of

diagram will be:

D,
i
b, S! B,
(a) 1
o/
1
a!)
b, s D,
(b) © *
\C;J
1
8
© o b, s' C
-D,
(d) None

20. The closed-loop system shown in the figure
is subjected to a disturbance N(s). the transfer

function & is

—~~
w | »n
~—~—

N(s)

I+

RO »Q—e0f>co
[Ho)]

G,(5) +G,(s)
1+G,(s) G, (s)H(s)
G,(s)
1+G,(S)H(s)
G,(s)
1+G,(s)H(s)

(@)

(b)

(©)
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G, ()

(d)1+G1@)Gz®)H@)

21. A signal flow graph is shown in the
following figure: Consider the following
statements regarding the signal flow graph:

1. There are three forward paths.

2. There are three individual loops.
3. There are two non-touching loops.
Of these statements

(@) 1, 2 and 3 are correct

(b) 1 and 2 are correct

(c) 2 and 3 are correct

(d) 1 and 3 are correct

22. For the signal flow diagram shown in the
given, the transmittance between x, and X, is
t

>

e h

@ U, by U, e
1-st 1-fg 1-fg 1-st
efh rsu rst rsu
) —+— d) —+——
© 1-ru 1-eh @ l1-eh 1-st

23. Signal flow graph is used to find.
(a) Stability of the system.

(b) Controllability of the system.

(c) Transfer function of the system
(d) Poles of the system.

24. For the system. shown in fig. the transfer

C
function ﬂ is equal to :
R(s)

-»@}—qi)

10
s +11s+10
10
s°+2s+10

R(s)

C(s)

10

s® +5+10
10

s* +9s+10

(@) (b)

(©) (d)
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SOLUTIONS J

Sol. 1.
The signal flow graph (SFG) is
G,

R 1 G, 1

H,

The two forward path gains are
P,=G;and P, =G,

The two feedback loop gains are

Ll = G]_H]_ and L2 = GzHl

There are no non-touching loops
A=1- G]_Hl— G2H1

Al =1land AZ =1

C PA+PA, G, +G,

R A 1-G,H, -G,H,

Sol. 2.

The signal flow graph is Forward path,
R

1 1/s K l
o *C

2 —0.1

(55 s
s+a)\s s(s+a)

The two feedback loop gains are

L, =-sandL, U
S

There are no non touching loops.
0.1k s®+s+0.1k
s S

A=1+s+

Al =1
C _PA ks

R A s(s+a)(s’+5+0.1k)
B k
(s+a) (s*+s+0.1K)

Sol. 3.
The signal flow graph is

Forward path are:

P,=G;Gyand P, = G,G3
Individual loop is,

L1 :—G2H2

A=1+ Gsz

Ai=land A, =1

C PA+PA, GG, +G,G,
R A 1+G,H,
G3 = G1G;H;

C| GG,+G,GG,H,

R|"  1+G,H,
Do GlGZ(l+GZH2)
© (1+G,H,)

=G,G,

Sol. 4.

The forward paths are:

P,=afik P;=abchk
P,=aehk P,=afghk

So, total number of forward path = 4
Individual loops are:

L1 =cd

Lz = |J

Ls = ghj

So, total number of individual loops = 3.

Sol. 5.
To find €6) put another input R(s) =0
D(s)

Forward path, P; = —G,(s)
Individual path,

Ly =—Ga(s) Ga(s) H(s)

A =1+ Gy(s) Gafs) H(s)

C(S) _ PlAl _ _Gz(s)
DS) A 1+G,(5)G,(s)H(s)
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Sol. 6.

Forward path, P;=5x2=10
Li=—2x2=-4
A=1+4=5A=1

y PA 10
X A 5

Sol. 7. (e)

Sol.8. (¥)
A-ii, B-iv, C-i, D-iii
A _TF

1-PQ
Mason Gain Formula
TE = AP

A

Px = No. if forward path in case (A)
P.=Q
A=1-[L4]=1-PQ

A =1
Zz Q
" 1-PQ
B. Similarly using Mason Gain
PQ .

T.F. :W, P, = Forward Path = PQ

A=1-[L]=1-P°
C. Similarly using Mason Gain

P
TF :1—; P, = Forward path = P

A=1-[,]=1-Q

D. Similary using Mason Gain
P
"~ 1-PQ

P, = Forward path = PQ
A=1-[L]=1-PQ

Sol.9. (a)
A
A — OL
' 1+AB
AcL < AoL

Sol. 10. (c)

Sol. 11.

The transfer function O] of a system in
R(s)

regenerative feedback = &
1-G@©)|-1(s)

Sol. 12.

Gl and G2 are series cascade andG3is in
parallel with negative sign, then the reduced
block diagram will be

R(s) >1(G,G, - Gy) C(S)

& = (6162_63)64
R(s)

Sol. 13.
It is the rule to move take-off point before a
block.

Sol. 14. (a)

y=XG + X,

y=(x+X;G1)G = Gy + G1G,,
G;=1/G

Sol. 15.
Feedback control system is basically low-pass
filter.

Sol. 16.
In figure
(@) C) _s+2 and in figure
R(s) s+1
(b)ﬁziﬂ_

R(s) s+1
X g 8*2
s+1 s+1
X _SH2 40X S+2
s+1 s+1 s+1 s+1

Both are equivalent so,

Sol. 17.

Forward path, P, = G

L1 = *Hl I—Z = *Hz

Non-touching loop = (—H,) (-H2) = H; H;
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A=1+H;+H;+H;Hy=(1+Hy) (1+H))
Alzl
_C_ G

R (1+H,)A+H,)

Sol.18.

Forward paths are:
P,=abdel
P,=aghlkl
P;=abdflkl
Li=cdeandL,=hij
L; = fiked

Sol.19.
From options we can easily solve the problem
1

Forward paths are:

p=20 p =8 % |hdividual loop,
b, b, s
d

L-o

A=1+%A =14, =1
S

ao( ﬁj
C(s) PA +PA, b, s ) _a,(s+c)

R(s) B A (1+(j1J P by(s+d,)
s
Sol. 20.
ing £6) B
To find NGS) put R(s)=0

~

G,(s)

G.,(s) C(s)

] Q2

1 HO) |

Forward path gain = G,(s)
Feedback path gain = —G(s) H(s)

CE) _ G,(s)

NG)  1+G,(5) G, () HE)

Sol. 21. (d)

Sol. 22. (a)
X, PA+PA,

X A

1

Pi=rsu, A;=1-—fg
P,=efh, Ay=1—-st, A=1-fg-st+ fgst
X, _ rsu(l-fg) +efh(1—st)

X, 1—fg—st+fgst

_rsu(1—fg) +efh(1—st)

(1—-fg) (1—st)

X, _ rsu N efh
X, 1-st 1-fg
Sol. 23. (c)

Signal flow graph is used to find the transfer
function of the system.

Sol. 24. (b)

By using Mason’s gain formula
10

Y(s) s(s+1)

R() , ( 10 _ 10s
s(s+1) s(s-1)

Y 10

R(s) s?+11s+10
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(D)

— (| GATE QUESTIONSJ —_—

1. Let a causal LTI system be characterized by
the following differential equation, with initial
rest condition
d’y _dy dx(t)
e +7 o +10y(t) =4x(t) +5 ot
Where, x(t) and y(t) are the input and output
respectively. The impulse response of the
system is (u(t) is the unit step function)
[GATE - 2017]
(@) 2 u(t) — 7 u(t)
(b) —2e % u(t) + 7e > u(t)
(c) 7e ?u(t) — 2e”> u(t)
(d) —7e 2 u(t) + 2e " u(t)

2. In the system whose signal flow graph is
shown in the figure. Uy(s) and U,(s) are inputs.

The transfer function ﬂ is
U,(s
R U,
-1
| . m + . ;
mw 1s k11 1k
-k,
[GATE - 2017]
k
(a) 2—1
JLs® +JRs+Kkk,
(b) 4

JLs® —JRs -k K,
k,—U,(R+sL)

JLs* +(JR-U,L)s+kk, —U,R
k,—U,(SL-R)

JLs® —(JR+U,L)s—k.k, + U,R

(©)

(d)

3. For the system shown in the figure, Y(s)/X(s)

I +
0 +?7—»((3)

[GATE - 2017]

G(s):ZI

X(s)

4. The overall closed loop transfer function
C(s)

represented ion the figure, will be

R(s)
R(s)—+>®—§®_ G.(s) + G, }>ce)
]
[GATE - 2017]
(@) (G4(8) + G, (5))Gs (5)
1+(Gy(8) + G, (8))(H,(s) + G, (s))
(b) (G,(5)+G;(9)

1+(G,(9H,(6) + G,(5) G, ()
(Gy(5) -G, (5)H,(9)

1+(G, () + G, () (H,(5) + G,5))
G,(5)G, ()H, ()

1+ G, (9)H,(5) + G, (9)G,(9)

(©)

(d)

5. Match the inferences X, Y, and Z, about a

system, to the corresponding properties of the

elements of first column in Routh’s Table of the

system characteristic equation.

X: The system is stable

Y: The system is unstable

Z: The test breaks down

P: When all elements are positive

Q: When any on element is zero

R:When there is a change in sign of coefficients
[GATE - 2016]

(@) X—>P, Y—>Q, Z>R

(b) X—>Q,Y—>P, Z>R

() X—>R, Y—>Q, Z-P

(d) X—P, Y>R, Z-Q

6. The block diagram of a feedback control
system is shown in the figure. The overall
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+
X |Gz

SO —[G | Y

[GATE - 2016]

GG,
G=
@ 1+ G H,
(b) G :L
1+G,G, +GH,
© =i
1+G,G,H,
@) 6=t
1+G,G, +G,G,H,
7. By performing cascading and/or

summing/differencing operations using transfer
function blocks G4(s) and G,(s), one CANNOT
realize a transfer function of the form
[GATE - 2015]
(@) G1(5)Ga(s)
) =
2(s)

(c) G, (S)[ +G (S)]

G, (s)
d) G -G
(d) (s)[ 5.0 2(5))

8. For the signal flow graph shown in the figure,

CO) ;6

the value of ——
R(s )

R(s)o
7H1 7H2
[GATE - 2015]
a G,G,G,G,
1-G,G,H, -G,G,H, -G,G,;H, +G,G,G,G,H,H,
b) G,G,G,G,

1+G,G,H, +G,G,H, + G,G,H, + G,G,G,G,H,H,

(©) =
1+G,G,H, +G,G,H, + G,G,H, + G,6,6,G,H,H,

(d) .
1-G,G,H, -G,G,H, —-G,G,H, +G,G,G,G,H,H,

9. Consider the following block diagram in
the figure

R_(S) + . + . C(S)
[ I

[GATE - 2014]

The transfer function @ is
R(s)

GG,
Q) ——— b) GG, +G; +1
()1+Gle (b) G1G, + Gy
(€) GG, + G, + 1 (d)L

N § 1+G,G,
10. For the following system,
X',(s)
+

X1(S)4;ﬁ)—»sfl —3(O—| + Y(s)

When X;(s) = 0, the transfer function ;ﬂ is
S
2
[GATE - 2014]
S+1
b -
(®) s+1

s+2 s+1
(© (d)

S(s+1) s(s+2)

11. A system with the open loop transfer
function

K
G(s) = 2
S(s+2)(s°+2s+2)
is connected in a negative feedback

configuration with a feedback gain of unity. For
the closed loop system to be marginally stable,
the value of K is .

[GATE - 2014]
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12. The signal flow graph for a system is given
Y(s)

below. The transfer function ——= for this
system is
1
U)o —% m oY(s)
4
2
[GATE - 2013]
s+1 s+1
) —————— b) —
(@ 552 + 65 + 2 (b) s* +65+2
s+1 1
C) 5V——— d ——
© s*+4s+2 @ 552 + 65 + 2

13. The transfer function Y(s)/R(s) of the
system shown is

), t 1
RO—>O s YO
+
1
S 2
[GATE - 2010]
1
a)0 b) —
(@) (b) ol
2 2
c) — d) —
© s+1 @ s+3

14. For the block diagram shown, the transfer
C(s)

function

[GATE - 2004]
2 +s5+1
SZ

is equal to

s?+1

2 (b)

S

(@)

s?+s+1 1
d
@ s*+s+1

(©)

15. Consider the signal flow graph shown in

. X
figure. The gain —2 is
xl
a x, b §3C )’(\Ad X1

M > o
e f g
[GATE - 2004]

él

1—(be+cf+dg)

(@) abcd
bed
(b) 1—9
— (be+cf+dg)
abcd
(©)

1— (be+cf+dg) + bedg
1— (be+cf-+dg) + bedg
abcd

(d)

16. The block diagram of a control system is
shown in fig. The transfer function G(s) =
Y (s)/U(s) of the system is

9

| L]
Intef;rrator ez‘ Intez)rrator Y(s)
B -
[GATE - 2003]
(@) ! ()
18(1+§)[1+§j 27(1+§j(1+3j
6 9 6 9
1
(c) (d) 1

i)
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SOLUTIONS J

Sol. 1.(b)
Taking the laplace transform

F Y(s) _ 55+4
X(s) s®+7s+10
_ 55+4 _ -2 N 7
(s+2)(s+5) s+2 s+5
IR =L [TF] = —2e % u(t) + 7e > u(t)

Sol. 2.(d)

4[1_1_‘”} =/(-tan" o—tan' w)
1+ jo

At ® =0, = 0° (Maximum)

At ® = oo, ¢ =-180° (Minimum)

Sol. 3.(1)
Y(s) 2+1_1
X(6) 1+2

Sol. 4.(a)
cts)
R(s)

R(S) —>C(s)

Ce) _

G3(G1 + Gz)
R(S) - [1_(_H1(G1 + Gz) _Ga(Gl + Gz))]
G;(G, £G,)

14 H,(G, +G,) + G, (G, 1G,)
_ G,(Gy+G,)
1+ (G, +G,)1+1+G,)

Sol. 5.(d)
X-P, Y-R, Z-Q

P Stable
+
+
QI+ Roath away
breaks
¥
% iUnstabIe
+
Sol. 6.(b)
From block diagram
Y(S) — G(S) ) GlGZ
X(s) 1+G,H, +G,G,
Sol. 7.(b)
G,(s)
G,(s)
Sol. 8. (b)
PO) _ 5B
R(s) & A

Pk = Gain of forward path, P, = G1G,G3G,

Dk = 1 (sum of all individual loop gain not
touching to k™ forward parts
Loop1=L,=-G;G,H; Non Touching
loops+ ......

L, = - G,G3H3 bLilg
= G162G3G4H1H2_ L3 =- G3G4H2
Ces) _ G,G,G,G,(1-0)

R(s) - 1-(-G,G,H, =G,G,H,-G,G,H,) +G,G,G,G,HH,

G,G,G,G,

=
1+ G,G,H, +G,G,H, +G,G,H, +G,G,G,G,H,H,

Sol. 9.(c)

By drawing the signal flow graph for the given

block diagram

1 G, G,

R(s)~—>—@—>—~1 C(s)
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Number of parallel paths are three
Gains P1G1G,, P, = Gz, P3 =1
By mason’s gain formula,

c6) P, +P, +P,
R(s)
= Gle + G2 +1
Sol. 10. (d)
If X4(s) =0
MO ; The block diagram becomes
X,(9)
X,(5) V\_ E Y(s)
(s+1)
1 1
Y(s) _ s _ S
X,(8) .1 s (s+2)/s+l
s 9s+1)
4 (s+1)
s(s+2)
Sol. 11. (5)
k
G(s) = >
S(s+2)(s"+2s+2)
Closed loop T.F.= 66
1+G(s)
K
_ S(s+2)(s*+25+2)
- K
S(s+2)(s°+2s+2)
Closed loop = S S
s(s+2)(s°+2s5+2)+K

Characteristic equation
S(s+2)(s°+25+2)+K=0
(s*+2s) (S°+2s+2)+K=0
S*+4s° + 45 +4s+ K =0
Routh array

st i} 6 k
5 4 4 0
s’ 5 K 0

. 20+ 4K
S

s K
For marginally stable
20—4k=0or k=5

Sol. 12. (a)

For the given SFG. We have two forward paths
Pia = (1)(s (s (1) =5

P = (s H(D(L) =5

Since, all the loops are touching to both the
paths Py, and Py, so,

Akl = Akz =1

Now, we have A = 1 — (sum of individual loops)
+ (sum of product of nontouching loops)

Here, the loops are

Li=(-4)(1)=-4

Lo=(-4)(s") =4s"

Ls=(2)E)(E ) =-25"

Ls=(-2)(s () =-2s"

As all the loop Ly, Ly, L3 and L, are touching to
each other so,

A=1—-(Li+Lo+Ls+Ly)
=1-(-44s*-2s%-2s7)

=5+6s " +2s7
From Mason’s gain formulae
Y(s) X PA, s? s+1

Ui) A 5+65'+257 55 +65+2

Sol. 13. (b)
From the given block diagram
E
R—>(Z) © 3 STll Y(s)
1 +
St 2 H(s)
1
H(s) = Y (s) - E(s)-—
s+1
E(s) = R(s) - H(s) = R(s) - Y(s) + =)
(s+1)

E(s) {1+i} =R(s)-Y(s)
s+1
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SE(s) _R(S)-y(s) ) Given block diagrarln_|
(s+1) 9]
Y- @)
From (1) and 2) sY(s) = R(s) - Y(s) e
(s+1) Y(s) = R(s)
Transfer function % :s_-1+1
Sol. 14. (b)

Block diagram of the system is given as
1
R(S)? I:R( )+R(s)i|

R(s)T % % —>®—)C(s)

R(s) TR(S)

From the figure we can see that

C(s) = [R(s) +R(s)} +R(s)

G — =
C(s) = R(s){ +i+1} 2 1+(1j12 s+12
s
C(s) _1+s+s Further reducing the block diagram
R(s) s’
Sol. 15. (c)
Mason Gain formula, T(s) = M
. _ 2G,G,
In Given SFG there is only one forward path Y(5)=m
2

and 3 possible loop. p;=abed; A;=1
A =1 — (sum of individual loops) — (sum of two @ )( j ( 1 j
s+3

non touching loops) s+12
=1- (L + L+ L)+ (LiLy)
Non touching loop are L; and L; where 1+(2)( +3j(s+12j(g)
L]_ Lz = bedg
Thus CR R4, - : T2 :
R(s)  1— (be+ cf + dg)+ bedg (5+3)(s+12)+18  s* +155+54

B abcd = 2 = 1

1 (be-+ cf + dg) + bedg (s+9)(s+6) 27[“;)(“2)
Sol. 16. (b)
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(0]
- || ESE OBJ QUESTIONS J —

1. The closed-loop transfer function of

€6
R(s)

the system represented by the block diagram in
the figure is

K(s +1)
RE)—> 3672) C(s)
1 +
s+1 _
[EE ESE - 2018]
1 1
a) —— b) —
@ (s+1)? (®) s+1
(c)s+1 (d)1
2. Consider the following statements for signal
flow graph.
1. It represents linear as well as non-linear
systems.

2. It is not unique for a given system

Which of the above statements is/are correct?
[EE ESE - 2018]

(b) 2 only

(d) Neither 1 nor 2

(@) Lonly
(c) Both 1 and 2

3. In Force-Voltage Analogy

[EC ESE - 2016]
(a)Force is analogous to current
(b)Mass is analogous to capacitance
(c)Velocity is analogous to current
(d)Displacement is analogous to magnetic flux
linkage

4. In position control systems, the Tacho-
generator feedback is used to

[EC ESE - 2016]
(@)Increase the effective damping in the system
(b)Decrease the effective damping in the system
(c)Decrease the steady state error
(d)Increase the steady state error

5. The transfer function C/R of the system
shown in the figure is

[EE ESE - 2015]

GG,
1+GjH; +G,H,
G,H,G,H,

(@)

(b)

(1+GyH, )(1+ G, +Hy)
GG,
1-G; -G, +G;G,HH,
GG,
1+G,G; +G,H, +G,G,HH,

(©)

(d)

6. Statement (I): Servo motors have small
diameter and large axial length.
Statement (I1): Servo motors must have low
inertia and high starting torque.

[EE ESE - 2014]
(a)Both Statement (1) and Statement (II) are
individually true and Statement (II) is the
correct explanation of Statement (1).
(b)Both Statement (1) and Statement (II) are
individually true but Statement (Il) is not the
correct explanation of Statement (1).
(c)Statement (I) is true but Statement (lI) is
false.
(d)Statement (1) is false but Statement (II) is
true.

7. With negative feedback, the system stability
and system gain respectively

[EE ESE - 2014]
(a) Increase and increases
(b) Increases and decreases
(c) Decreases and increases
(d) Decreases and decreases
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8. A second order system is described by the

2
ax + 53—): +7x =7y The frequency

equation
dt?

and damping ratio respectively are

[EC ESE - 2013]
(@) 1 rad/sec and 5
(b) 5 rad/sec and 7

(c) 1 rad/sec and J7
(d) </7 rad/sec and 0.94

9. The sensitivity of an overall transfer function
M(s) of a closed — loop control system with
respect to the forward path transfer function
G(s) is:

[EE ESE - 2012]

G

® roh ®) T7eh
1 1

© 1-6H @ T en

10. Match List-l and List-1l and select the
correct answer using the code given below the
lists:
List-1
A. Mass
B. Damper
C. Spring
D. Force
List-11
(i) Capacitor
(ii) Voltage
(iii) Resistor
(iv) Inductor
[EE ESE - 2011]
Codes:
(@) A-ii, B-i, C-iii, D-iv
(b) A-iv, B-i, C-iii, D-ii
(c) A-ii, B-iii, C-i, D-iv
(d) A-iv, B-iii, C-i, D-ii

11. For the mechanical system with mass and
viscous_friction components, shown in figure,

Xo8) o
X,(5)

[EE ESE - 2011]
BZ
MS+B, +B,
-
Ms+(B,+B,)
B
Ms+B, +B,
(d) None of these

(@)

(b)

12. Which of the following is the response of a
spring-mass damper with under-damping?

[EC ESE - 2010]

y(®)

@ o

(b) o

y(®)

© T

yol

d o

y(®)

13. For what value of K, are the two block
diagrams as shown below equivalent?

| st2 RS T k B edsc
R(s) | S+1] C(s) s+1 %_) ©)
[EE ESE - 2009]
(a) 1 (b) 2
©(+1) (d)(s+2)
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14. Which one of the following is the correct
free body diagram for the physical system as
shown in the figure below?

(/I SSYA Q)
Vi) VL)
k, K,
| f, M, F(t M,
1 1]
_§—|\f2 |_>

Zero friction

y1(t) and y,(t) are displacements
vy (t) and v,(t) are velocities

>0

[EE ESE - 2009]

>y

K.y, €<— —>K,(Y, Y )—>]

@ y M, (YY) M, F)
flyl < —> fz(Yz' ylH

> >V

K.y, €— —> K (Y,-y,)—>

(b) y M, (Y12 M, .
f1y1 < %fz(y{ ygﬁ
k1 1€ qkz Yo )

(© Y m, [y L sr
.y, < —> (Y, y)—>
k1 1& ékz 27 Y1

(@) T, [y e
f1Y1 < éfz(}’z' )ﬂ)q

15. The below shown feedback control system
has to be reduced to equivalent unity feedback
system. Which of the following is equivalent?

—>C

[EE ESE - 2009]

(2) R—>[36] —>C
(b) F—>| = GiH |—>¢
(C) R——>j é G/H —>C

(@ R E)—Lenl>c

16. Which one of the following block diagrams
is equivalent to the below shown block

diagram?
rR—>{ G | (% SE
C
[EE ESE - 2009]
(a) R % [ |—¢
C
(o) F—X)——[c =

1/G C

17. A mechanical system is as shown in the
figure below. The system is set into motion by
applying a unit impulse force 3(t). Assuming
that the system is initially at rest and ignoring
friction, what is the displacement x(t) of mass?

—>X(t)
dH)——> m Ak
o O
[EE ESE - 2009]
1
a) ——exp(-m.t
(@ x p(=m.t)
(b) Lsin(t)
\/mk

(©)

J;_ksin(\E.tJ
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1 k
d) —|.—.
@ [ ]

18. Which one of the following is the transfer

Y(s)

function ——= for the block diagram given

below?

Y(s)

[EE ESE - 2007]

GZLGZ

(@)

1+H,G,G, +H,G,
GG,
1+H,G,G, +H,G,
H16162
1-H,G,G, +H,G,
HlGlGZ
1-H,G,G, +H,G,
HlGlGZ
1+H,G,G, -H,G,

(b)

(©

(d)

19. The block diagram for a particular control
system is shown in the below figure. What is
the transfer function C(s)/R(s) for this system?

R(s) 7 Z CGs)
[ b | 2 |
[EE ESE - 2007]
s+a s+a
a) — b) —
® s-b (b) s+b
s4B s-a
C) —~—— d) —
© S50 @ o

20. The signal flow graph shown below has M
number of forward paths and P number of
individual loops. What are their values?

[EE ESE - 2006]
(b)yM=6andP =3
(d)M=6andP=2

@M=4andP =2
(c)M=4andP =3

21. For the feedback system shown in the figure
below, which one of the following expresses the
input output relation C/R of the overall system?

{H]
=
| |
[EE ESE - 2006]
G G
S A b0) —————
1-FG +GH 1+FG -GH
FG GH
©) — d) ——
1+FGH 1-FGH

22. Consider the following statements with
respect to feedback control systems:
1. Accuracy cannot be obtained by adjusting
loop gain.
2. Feedback decreases overall gain.
3. Introduction of noise due to sensor reduces
overall accuracy.
4. Introduction of feedback may lead to the
possibility of instability of closed loop system.
Which of the statements given above are
correct?

[EC ESE - 2006]
(b) Only 1, 2 and 4
(d) Only 2, 3 and 4

(@1,2,3and 4
(c)Only 1 and 3

23. Match List-l1 (Original Diagram) with List-
Il (Equivalent Diagram) and select the correct
answer using the code given below the Lists:
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List-1 List-11
X G
ek
X Xz 2
o o R
+ %
: 1
X, Gl
X X X,
C. S iil. —>{G @)X
X, X

X, 1
3

[EE ESE - 2005]
Codes:
(@) A-iii, B-i, C-iv, D-ii
(b) A-ii, B-iv, C-i, D-iii
(c) A-iii, B-iv, C-i, D-ii
(d) A-ii, B-i, C-iv, D-iii

24. The maximum temperature rise of a
transformer is 50°C. It attains a temperature
31.6°C in 1/2 hour. What its thermal time
constant?

[EE ESE - 2005]
(b) 1/2 hours
(d) 1/4 hours

(a) 2 hours
(c) 1 hours

25. What is the overall transfer function of the
block diagram given below?

[EE ESE - 2005]

@ 8iC: .Gy (o) &:C:+C:6:
1+GzH1 1+ GsH1
() GG, +G,G, (@) S+ G:Cs
1+ G2G3Hl

26. Consider the following three cases of block
diagram algebra A, B and C.

0%¢ -SEH®-]
Block diagram A

x(%)—»e =

Y
Z&——

Block diagram B

Y Y
Block diagram C
Which of the above relations are correct?
[EE ESE - 2004]
(b) Band C
(d A, BandC

(@ Aand B
(c)Aand C

27. Consider the following three block diagram
A, B and C shown below:

=
w*

Block diagram A

[1] i

R,R,C,s+ R, +R,

R,C,s+1

Block diagram C

Which one of the following statements is
correct in respect of the above blocks diagrams?
[EE ESE - 2004]

(b) Only A and C are equivalent
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(c) Only B and C are equivalent
(d) A, B and C are equivalent

28. The signal flow graph for a certain feedback
control system is given below:

a, a
° a, a, 3, a,
X, Xz X, X, Xs
35
&

Now consider the following set of equations for
the nodes:
(1) X2 = arXg + agXs
(if) X3 = apX, + agXy
(i) X4 = azXs + asXy
(IV) X5 = agX4 + 26Xy
Which of the above equations are correct?
[EE ESE - 2004]
(b) i, iii and iv
(d) i, ii and iv

(@) i, ii and iii

29. Consider the following mechanical system
shown in the diagram:

vil i R v,
—ww
(@ i C’T‘) L, 2R, E L, =
I L, i, L,
> oo™
Ac,
RZ
® v@®
TCu Ry TC2
L,
00
v, g
b
(©) '('D =c, 3R ?LQ ==C,

C, C,

IL
E It
R,

(@ $ |
\Y L, §E . c
T

Which one of the following circuits shows the
correct force-current analogous electrical circuit
for the mechanical diagram shown above?

pe)

30. Consider the following diagram:
B1

NA
For the multiple gear system shown above,
which one of the following gives the equivalent
inertia referred to shaft 1?

[EE ESE - 2004]

2 2
N, N
@ J,+J, Ny +3,) 2
N, N,N,
N, Y’ NN, )
(b) 3 +3,| =2 | +3,| ==
Nl N1N3
N, Y NN, )
©) I+, | =] +J 12
1 2 3
N, N,N,
N, Y NN, )
) J,+J,| =% +J 12
1 2 3
1 N3N4
C(s)

31. The overall gain

) of the block diagram

shown below is

[EE ESE - 2003]

GG,
1-G,G,H,H,

(@)
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G,G,
1-G,H, -G,G,H,
GIGZ
1-G,H, +G,G,H,H,
GlGZ
1-G,G,H, -G,G,H,

(b)

(©)

(d)

32. The gain C(s)/R(s) of the signal flow graph
shown below is

L T & !

O
R(s) G,

C(s)

[EE ESE - 2003]
G,G, +G,G,
1+G,G,H, +G,G,H, +G,
G,G, +G,G,
1+G,G,H, +G,G,H, -G,
G,G,+G,G,
1+G,G;H, +G,G;H, +G,
G,G, +G,G,
1+G,G,H, +G,G,H, + G,

(@)

(b)

(©)

(d)

33. Match List- | (Block Diagram) with List- Il
(Transformed Block Diagram) and select the
correct answer.
List-1

A c i.

Y

Y

List-11
R

S
G

Y

“5[G e

(@]
Pl
o]

O
0
&
b

(@]

[EE ESE - 2003]

Codes:

(@) A-iii, B-iv, C-ii, D-i
(b) A-iv, B-iii, C-i, D-ii
(c) A-iii, B-iv, C-i, D-ii
(d) A-iv, B-iii, C-ii, D-i

34. Which one of the following statements is
NOT correct?

[EE ESE - 2003]
(a)The action of bellows in pneumatic control
system is similar to that of a spring.
(b)The flapper valve converts large changes in
the position of the flapper into small changes in
the black pressure.
(c)The common name of pneumatic amplifier is
pneumatic relay.
(d)The transfer function of a pneumatic actuator

is of the form ————
Ms® +fs+K

35. A seismic transducer using a spring- mass-
damper system as shown below will have an
output displacement of zero when the input x; is

$

K
PlT

(a) Constant displacement
(b) Constant velocity

(c) Constant acceleration
(d) Sinusoidal displacement

X,

[EE ESE - 2003]

36. Assertion (A): A linear, negative feedback
control system is invariable stable if its open
loop configuration is stable.
Reason (R): The negative feedback reduces the
overall gain of the system.

[EC ESE - 2003]
(a)Both A and R are true and r is the correct
explanation of A
(b)Both A and R are true but R is NOT the
correct explanation of A
(c)Ais true but R is false
(d)Ais false but R is true.
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37. Assertion (A): in a shunt regulator, the
control element is connected in shunt with the
load to achieve constant output voltage.
Reason (R): The impedance of the control
element varies to keep the total current flowing
through the load and the control element
constant.

[EC ESE - 2003]
(a)Both A and R are true and r is the correct
explanation of A
(b)Both A and R are true but R is NOT the
correct explanation of A
(c)Ais true but R is false
(d)Ais false but R is true.

38. Which one of the following statements is
INCORRECT with reference to pneumatic
system?

[EE ESE - 2002]
(a)Operating pressure is low compared to
hydraulic system
(b)Leaks can create problems as well as fire
hazards
(c)They are insensitive to temperature changes
(d)High compressibility of air results in longer
time delays

39. The number of forward paths and the
number of non-touching loop pairs for the
signal flow graph given in the figure below are,

respectively.
b

C g
(e} 3 $ O
(3
h
[EE ESE - 2002]
@13 (b) 3,2
©)3,1 (d) 2,4

40. Match List-1 (Physical action or activity)
with List-1l (Category of system) and select the
correct answer:

List-1

A. Human respiration system

B. Pointing of an object with a finger

C. Amandriving a car

D. A thermostatically controlled room heater

List-11
(i) Man-made control system
(if) Natural including biological control system
(iif) Control system whose components are both
man — made and natural
[EE ESE - 2001]
Codes:
(@) A-ii, B-ii, C-iii, D-i
(b) A-iii, B-i, C-ii, D-i
(c) A-iii, B-ii, C-ii, D-iii
(d) A-ii, B-i, C-iii, D-iii

41. Consider the following block diagrams:

C
i) R(s)+ X ()
iy RO ’I‘ C(s)
o R +<
(i) -® o
S
R(s)
(i) o‘ &6

Which one of these block diagrams can be

reduced to transfer function ( ) L’>
R() 1-GG,
[EE ESE - 2001]
(@) i and iii (b) ii and iv
(c)iandiv (d) ii and iii

42. For the signal flow diagram shown in the
given figure, the transmittance between x, and

X; IS
t
X, I f(\ uoox
S
& t h
i
[EC ESE - 2001]
rsu efh rsu efh
@ ——+—— ()— —
1+st 1-fg 1-fg 1-st
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efh rsu rst rsu
© ——+ (d) t—
1-ru 1-eh 1-eh 1-st
43. Consider the following system:
K 1—->X
1. ‘ 5 M H>
i
R L

ﬂ_)f

B
3. }_]
. <
4.1 3SR C
° 7

Which of these systems can be modeled by the
differential equation.

VO 0, By = x0?

2 dt? dt
[EC ESE - 1999]
(@land?2 (b) Land 3
(c)2and 4 (d1,2and 4
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(0]
SOLUTIONS

K(s +1)
s'(s+2)

C(s)

1 +
s+1 _

q(s)

P(s) P(s)

q(s) _{C(s) S+J and C(s) = oA
Hence q(s) =0
So
P(s) = R(s)

P(s)
C(s) = i1
Cs) 1

R(s) s+1

Sol. 2. (b)

Signal flow graph is valid only for LTI system
and SISO system and signal flow graph is not
unique for any electric N/w it depend upon
solution of variable.

Sol. 3. (c)
As per theory of analogy velocity is analogous
to current.

Sol. 4. (a)
Tacho generator (or) derivative controller
mainly used to increase system damping
K,
E-!new = E.»old = D2 .
Kp = tachometer constant

Sol.5. (d)

R—>()

= —>

c_ G,G,
R (1+G,H,)1+G,H,)

_ GlGZ

" 1+G,H, +G,H, +G,G,H,H,

Sol. 6. (a)

Sol. 7. (b)

With negative feedback, the system stability
will increase. In open loop system.

NOR ey

The gain of the system is G(s).
Where as in closed loop system.

C(s)

The
G(s)H(s)

1+G(s)H(s)

hence it is divided by 1 + G(s)H(s), in closed

loop system with negative feedback gain

decreases.

of the

closed

loop gain systems

Sol. 8. (a)
(d)
G(s) G
1+G(s)H(s) 1+GH
oM
M _G oM
"G MM
G
Differentiating equation (i) w.r.t. G
oM 1+GH-GH 1
G (1+GH)  (1+GH)?

Sol. 9.
M(s) =

()

sV ...(ii)
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Equation (ii) becomes

M G 1 1
Sg = = =
G (1+GH)* 1+GH

1+GH
Sol. 10. (d)
Voltage analogy Current analogy
Force Voltage Current
Mass  Inductor Capacitor
Spring 1/C /L
Damper R 1/R
Hence, option (d) is correct.
Sol. 11. (c)
Dynamic equation,

2

M dx, +B o, +B E(xo—xi) =0

d2 2 dt

MXo(s)s” + B2Xo(S)s + B1(Xo(S) — Xi ()) s =0
Xo(8) B;s 3 B,

X,(s) Ms®+(B,+B,)s Ms+B, +B,

Sol. 12. (d)
Sol. 13. (a)
Cs) _ k. k+s+l
R(s) s+1 s+1
Comparing with @=£
R(s) s+1

k=1
Sol. 14. (a)
Sol. 15. (d)
o—e(c)

1+GH

Which is satisfied by (d) option
o
H [1+GH 1+GH

Sol. 16. (b)
E=RG-C
Which is satisfied by (b) option.

Sol. 17. (c)

md?x(t)
dt?
Taking laplace transform

1 = ms?X(s) + K[X(s)]

1
S X(S) =
© ms? +k

1
m{sﬁk}

m
! sin 5t
x/mK m

Sol. 18. (a)
Making signal flow graph

8(t) =

+k x(0)

X(s) =

X(t) =

G,
X(s) & N O
H,
_Hz
> 62 —
X(s) [ NS
H,
ylsi|_ G,G,
X|S| 1_(G2H1_GleH2)

pet GlGZ
1-G,H, +G,G,H,

Sol. 19. (b)

Only one loop and two path so using Mason’s

gain formulae
a

C(s) 1+s™a _1+§_s+a
= —= =
R(s) 1-(-bs™) 1+9 s+b

s
Sol. 20. (b)
Sol. 21. (a)
Solving positive feedback
-G
1-GF

Now solving negative feedback path
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TR=—r—7"—"7—
1-GF+GH

Sol. 22. (d)

Sol. 23. (a)

Sol. 24. (b)
316=(1-e")=1= %hour

Sol. 25. (a)
T(s) = (G,+G,) G, _ G,G, +G,G,
1+G,H, 1+G,H,

Sol. 26. (b)

Sol. 27. (d)

Block diagram ‘B’ can be obtained from ‘A’
and ‘C’ can be obtained from ‘B’.

Sol. 28. (d)

Sol. 29. (c)

Sol. 30. (a)

Sol. 31. (c)

Making signal flow graph

1 2

R(S)—@—)C(S)

-H,H,
. Cs) _ G,G,
R(S) 1_(GzH2_G162H1H2)

_ G,G,
1-G,H, +G,G,H,H,

Sol. 32. (b)
p= G]_Gz; P2 = Gng; Al = Az =1
L1 =-G1GsHy; Ly = Gy; Ly = —G3GoH;

T(S) — PlAl + PZAZ
1-(L,+L,+L,)

3 G,G, +G,G,
1+G,G,H, +G,G,H, -G,

Sol. 33. (c)

Sol. 34. (b)

Pneumatic Flapper valve converts small
changes in the position of the flapper into large
changes in the back pressure.

Sol. 35. (a, b)
Sol. 36. (b)
Sol. 37. (c)
Sol. 38. (b)

Sol. 39. (c)

Forward path = adfl, aefl, ahl

Non touching loop pairs = (fg and b) one pair
only

Sol. 40. (a)
Sol. 41. (b)

Sol. 42. (a)

X, PA +PA,

X, A

Py=rsu, Ay =1-1g

P,=efh, A, =1-st,A=1-fg—st+fgst
X, _ rsu(l—-fg)+efh(l—st)

X, 1-fg—st+fgst

_ rsu(1—fg) +efh(1—st)

~ (-fg)d-st)

X, _rsu_efh
X, 1l-st 1-fg
Sol. 43. (a)

This is a second order differential equation
which means that there must be present all the
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three components in the system, i.e. either R, L

and C or K, B and M.

3 X

Kx €¢—

Bdx ¢
dt

>t

Free body diagram of M in Fig. 1

In Figure 1,
2
fokx - omdx
dt dt
Or

2
MIX L B kot ()
dt dt
In figure 2,
V() =Ri+ 9, 9
dt ¢
Or
Ld’g _~dg q D

Both the equations are symmetric to the given

equation.
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CHAPTER -4

TIME RESPONSE ANALYSIS OF CONTROL SYSTEM

4.1 INTRODUCTION

4.1.1 Types of System
(No. of open loop poles of the system at origin)
Example.

(i) G(s) = , No pole at origin. So it is type 0.

_ K
s+ (s+2)

. K
(i) G(s) =m,

K
(iii) G(s)=m,

Order is the highest coefficient of s in the denominator of closed loop transfer function.

1 pole at origin. So type 1.

2 poles at origin. So type 2

Example. Consider a unity feedback system whose open loop transfer function is

G(s) = .. What is the type and order of the system?
(s+1)(s+2)

Solution.
The closed loop transfer function is
K

T 43542
So itis a type 0 and order 2 system.

4.2 ERROR ANALYSIS

4.2.1 Steady State Error

A desirable feature of a control system is the faithful following of its input by the output.
However, if the actual output of a control system during steady state deviates from the reference
input (i.e. desired output, the system is said to possess a steady state error.

As the steady state performance of a control system is assessed by the magnitude of the steady
state error possessed by the system and the system input specified as either step or ramp or
parabolic.

E@)

R(s) G(s) C(s)

B(s)

H(s)

The magnitude of the steady state error in a closed-loop control system depends on its open-loop
transfer function, i.e. G(s) H(s) of the system. The classification of open loop transfer function of a
control system is explained below:

GH is loop transfer function

G is open loop transfer function
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E(s) = R(s) — B(s) ...(10)
B(s) = H(s) C(s) ...(ii)
C(s) = G(s) E(s) ...(iii)

From (i), (ii) and (iii)
E(s) = R(s) — H(s) G (s) E(s)

1
E(S) = m R(S)

(a) Type “0’: If there are no poles at origin, this is type ‘0’ system
(1) unit step input

R(s):%

E(s) = _r
S+SG(s) H(s)
e,, = lim(SE(s))

1
ZS{S+SG(S)H(S)}

- (GEOHE) -
+lim

s—=0

1
1+ Kp

Where K, = lim(G(s) H(s)) position error constant

Whatever may be the system, for the step input we have exp.
o — 1
ss
1+K,

Case-I. For Type ‘0’
e, = constant
Case-Il. For Type ‘1’
Kp = ©

1
€ = Toc” 0
Case-I11. For Type 2’
Kp = ©

1

:1+oo

eSS

AR aF S TEES——————————————
For the same type of input. As the system type increases the steady state error

decreases.
Il Ramp input, r(t) = tu(t)
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E(s) = ;
 S2+S2G(s)H(s)

e :Iim(SE(s)):s{ N }: >+ -1
50 S +S GB)H(S)| s0S+SG(S)H(s) SI;to SG(s)H(s)

1
€ ="~
K

\

Where K, is velocity error constant
K, = Lt0 SG(s)H(s)

Case-1. Type 0’
K, = LtOSG(s) H(s) =0
SRy 1 0

K

Case-11. Type “1”
Ky = Lt0 (SG(s) H(s)) =constant

Here s is in denominator of G(s) H(s)

1
g, =——=constant

SS
v

Case-I11. Type 2°
K, = LtO (SG(S)H(s)) =

Here s? is in denominator of G(s) H(s)
8 =0’
As the unit input changes from unit step to ramp and ramp to parabola the steady
state error increases for the same type.
t2
111 parabolic input, r(t) = =

R(s):s—l3

1
T S +S°G(S)H(s)

1
e. = LtSE(S) =—————
S 550 © S* +S°G(s) H(s)

E@s)

1
e =
X 0+IingSzG(s)H(s)

K, = IirrJSZG(s) H(s)
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(@) Type-0
K,=0

(b) Type-1
K4 =0

(c) Type-2
K. is constant
€, IS constant

Unit Step Remp Parabola
1
Type-0 14K, o0 )
Type-1 0 1
ype- KV 0
Type-2 0 0 L
yp K,
K, =limG(s)H(s) Ky = LESG(S)H(S) IingSZG(s) H(s)
S—> S S
Example 2. A unity feedback control system has G(s)=220&. Find the static error
s°(s+2)(s+4)
constant and steady state error if the i/p is :- r(t)= (40t + 20t + 5t°) 4(t).
Solution.
Position error constant, K, = LtsG(s)zzszoﬁ =
S°(s+2)(s+4)

Acc. Error constant, K, Lt s*> G(5)
_s?20(s+) 20 c
s2(s+2)(s+4) 2x4
40 20 5x2
—t—
1+Kp K, K
[due to 3 basic inputs]
40 20 5x2

® w o 25

Now e, =

S

4

Example 3. A system has position error constant, K, = 3, Find the steady state error if the i/p is
8tu(t) [i.e. unit ramp input]

Solution.

K, is defined for type-0 system. So for the type-0 system, K, =0
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1
ey =——=
I<V
Example 4. For the system represented by the following block diagram, find steady state error.
C(s) K(s+1) (s+3)
R(s) s*+5s®+5s" +Ks+K
Solution.
So it is a type o system & for type 0 system, K is defined
K, = Lt G(s)
s—0
1 1
P1+K, 143

=3=e€ ——i
4

4.3 SECOND ORDER CONTROL SYSTEM
C(s) K
R(s)

. 1 K

S“+-s+—

T T
T is Time constant
K is gain
Characteristic equation
S +-S+—=

T T

O

K
R C D s(t+1)

Compare with s? + 2£@,s + @2 = 0

‘”‘\F eo L
n_T ' me

4.3.1 Consider the following cases of g(Damping Ratio)
(i) When g =0, the o/p response to a unit step input is:
i.e the output response is not damped but oscillatory in nature with frequency of o, rad/sec. Where

oy 1S undamped natural frequency.

(if) When & = 1, the output response is critically damped and exhibits no overshoots.
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C(t)

l /
(iif) When € > 1, the output response is over damped i.e. the response takes longer time to reach
its final value.

t

c®

0 t

(iv) When g < 1, it is an under damped system i.e damped sinusoidal. Where slope of sinusoidal is

exponential decreasing.
C(t)

1/\/\/
\V V

0 t

4.4 TIME RESPONSE SPECIFICATION

4.4.1 Definition of Transient Response Specification

In specifying the transient — response characteristics of a second order control system for e =1to a
unit — step input, it is common to specify the following;

1. Delay time , t4

2. Rise time t,

3. Peak time , t,

4. Maximum overshoot, M,

5. Settling time, t;

These specifications are defined in what follows and are shown graphically in fig.

1. Delay Time (tg)
The delay time is the time required for the response to reach half the final value of very first time.
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o) Allowable tolerance
I \ J, l 0.0¢
1 or

0.5

>,
t

Second order system

2. Rise Time (t,)

The rise time is the time required for the response to rise from 10% to 90%, 5% to 95%, or 0% to
100% rise time is normally used.

3. Peak Time (t,)

The peak time is the time required for the response to reach the first peak of the overshoot.

4. Maximum (Percent) Overshoot (M)

The maximum overshoot is the maximum peak value of the response curve measured from unity.
If the final steady state value of the response differs from unity, then it is common to use the

c(t,) —c(e)
c

(e0)

maximum percent overshoot. It is defined by Maximum percent overshoot = x100%.
The amount of the maximum (percent) overshoot directly indicates the relative stability of the
system.

5. Settling Time (t;)

The settling time is the time required for the response curve to reach and stay within a range about
the final value of size specified by absolute percentage of the final value (usually 2% or 5%). The
settling time is related to the largest time constant of the control system. Which percentage error
criterion to use may be determined from the objectives of the system design in equation.

The time - domain specification just given are quite important since most control systems are time
- domain systems that is, they must exhibit acceptable time responses. (This means that the control
system must be modified until the transient response is satisfactory). Note that if we specify the
values of ty, t,, t, ,t; and My, then the shape of the response curve is virtually determined. This may
be seen clearly from figure.

Note that not all these specifications necessarily apply to any given case. For example, for an over
damped system, the terms peak time and maximum, overshoot do not apply. (for systems that
yield steady-state errors for step inputs, this error must be kept within a specified percentage level.
Detailed discussions of steady — state errors are there in sections to follow).

4.4.2 Second Order Systems And Transient Response Specifications
1. The Rise Time

t = b ort,:n_d)
™, \/l—gz Wy
Where oy is damped natural frequency in rad/sec.

o N1-g® = @y

...(0)
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Where ¢ = tanl(—“lgczj

(Where ¢ is in radians)

2. Maximum Overshoot M, and Peak Time t,

t

s
. ort,=—

o 1-C o,

C(t)max is determined by putting t = t, in the time response expression. Therefore finally we get
,HC

M, =e‘/17 orc(t)=1- ¢

N

—Co,t
sin (o4 t+¢)

__&n
%M, =e ' x100

=

The instant which first undershoot occurs can be determined by putting n = 2 in
equation (i)
graph relating M, and & is plotted as

N

100%

%M,

0
i.e. as Mp increase, ¢ decreases.

3 The Settling Time (t;)

For an under damped system the magnitude of the oscillations present in the output time response
decay exponentially with a time constant 1/ ®,. The time needed to settle down aforesaid
oscillations with 2% of the desired value of the output is known as setting time and denoted as ts.
The settling time for a second order control system is approximately four times the time constant

of the system, hence, t, . N

Co,
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=

=

On 5% basis, the settling time for second order control system is approximately three
times the time constant, i.e.

i 3

©Eo,

An exponentially decaying function will come to its 5% value in 3 times constant (e~

s = g% = ¢3 = 0.5) or 2% value in 4 times constant (¢* = 0.2)

4.5 AFEW COMMENTS ON TRANSIENT — RESPONSE SPECIFICATIONS

Except for certain applications where oscillations cannot be tolerated, it is desirable that the
transient response be sufficiently fast and be sufficiently damped. Thus, for a desirable transient
response of a second — order system, the damping ratio must be between 0.4 and 0.8 small values
of §(& < 0.4) yield excessive overshoot in the transient response, and a system with a large value
of (& > 0.8) responds sluggishly.

We shall see later that the maximum overshoot and the rise time conflict with each other. In other
words, both the maximum overshoot and the rise time cannot be made smaller simultaneously. If
one of them is made smaller, the other necessarily becomes larger.

Example 1. A unity feedback system is characterized by an open loop transfer function,

K
G(s) = . Determine K such that ¢ = 0.5. Find t;, tp, Mp
s(s+10)
Solution.
C(s) G(s) B K

R(s) 1+G(s)H(s) s*+10s+K
Comparing this characteristic equation with s? + 2Ew,s+w,>
We get : 2&w, = 10
C(s) 100
" R(s) s®+10s+100
= W, = 10rad/sec

4 T
t, =——=0.8sec,t, — —— =0.362sec
Ew, " w, - &2
K = w,” =100
M, =g <<
p

_ e%).5n/\ﬁ70.52 16.3%

4.6 SOME PRACTICAL SECOND ORDER SYSTEMS

4.6.1 RLC Series Circuit

R 1
Characteristic equation s* +—s+-—=0
L LC
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Compare with standard Equation
SP+2Ems+ 0 =0

1
®, =———= [Undamped natural frequency]
JLC
_R |C
L

Where, ¢ is the damping ratio.

1. For Under Damped System
0<¢l

BF<1

2\L

R < 2\/E
C

2. Critically Damped (For Critically Damped System, &= 1)

R F _1

2\L

R

=2

R

L3
C

3. Over Damped (£> 1)
R > ZJE
C

4. For Undamped System (&= 0)
R=0

4.6.2 RLC Parallel Circuit
Characteristic equation

1 1
S +—s+—=0

RC LC
Compare with s* + 2& wns + @y° = 0
o — 1

" JLc

1 JL

““Rr\c

1. For Under Damped System

l><\F<1
2 \C
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R>1 L

2\C

2. Critically Damped
1L

2\C

3. Over Damped

R<l L

2\C

4.6.3 Translatory System
LIPS
M M

Where M is mass

k is spring constant

f is damping coefficient

Compare with s? + 2£w,s + m,2 = 0

\/?
O, =.]—,
M
SO Ry
2Mo, 2MVk 7 20kM

4.6.4 Rotational System
e+5 s K g
J

Where J is Moment of Inertia
Replace M by J

K
0, =.,]—
J

f
éz_
2JkJ
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(9]
ASSIGNMENT

1. Consider the response of the system shown
in figure below:

R(s)—>

G(s)

—>Y(S)

. . 4
For an unit step input when G(s)=—— the
S+5

steady-state error will be
(@) 0.4 unit
(c) 0.5 unit

(b) 0.2 unit
(d) 1.0 unit

2. Consider the following statement:

1.For the positive value of feedback the time
constant of closed loop system is less than the
time constant of open loop system.

2.Less time constant means response is faster.
Therefore feedback improves the time response
of the system.

Which of these statements are correct?
(@) Only 1 (b) Only 2
(c) Both 1 and 2 (d) None
3. A second order system has a transfer
25
function given by G(s)=————. If the
g y GO s’ +8s+25

system initially at rest is subjected to a unit step
input at t = 0, the second peak in the response
will occur at:

o 21
a) —sec. b) —sec
@ 5 (b) 3

(©) gsec (d) = sec.

4. The block diagram of feedback system is
shown in figure (a). Find the minimum value of
G for which the step response of the system
would exhibit an overshoot as shown in figure

(b).

T G
Input—_) sm >Output
£>0
(")
V(1)
éT TANVARVAN
AV AV VA
A
0 3/7 T
(B)
()9 (b) 2.25
(c) 5.25 (d) 6.25

5. For G equal to twice this minimum value,
find the time period ‘t’ indicated in figure (b).

(a) 1.56 sec. (b) 1.96 sec.
(c) 1.45 sec. (d) 2.96 sec.
6. Match List-1 with List-1l and select the

correct answer using the code given below the
lists:
List-1
A. Overdamped
B. Underdamped
C. Critical damped
D. Undamped
List -11
c

(i)

C(H

(N VERVARVARY,

ECG PUBLICATIONS
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C

1

(iii)

(iv)

Codes:

(@) A-i, B-ii, C-iii, D-iv
(b) A-iii, B-ii, C-i, D-iv
(c) A-i, B-iv, C-iii, D-ii
(d) A-iii, B-iv, C-i, D-iii

7. The roots of the characteristics equal of the
second order system in which real part and
imaginary part represents.

(a) Damped frequency and damping

(b) Damping and damped frequency

(c) Natural frequency and damping ratio

(d) Damping ratio and natural frequency

8. Consider the following statements:

1. The delay time (ty) is the time required for
the response to reach 50% of the final value in
first time.

2. The rise time (ty) is the time required for the
response to rise from 10% to 90% of its final
value for under damped systems.

3. The rise time (t7) is the time required for the
response to rise from 0 to 100% for under
damped system

Which of these statements are correct?

(@) 1,2 and 3 only (b) 2 and 2 only

(c) Land 3 only (d) 2 and 3 only

9. The unit impulse response of a system is h(t)
=e? t>0.

For this system, the steady-state value of the
output for unit step input is equal to

(@) 0.6 (b) 0.7

(©1 (d)0.5

10. The unit step response of a system starting
from rest is given by C(t) 1 —e * fort >0

The transfer function of the system is

3 3

@ s(s+3) (®) s+3
3s 1

© 523 (d) T

11. A control system has input r(t) and output
c(t). if the input is first passed through a block
whose transfer function is e and then applied
to the system, the modified output will be
@ct-2)ut-2) (b) c(t—2) u(t)
(c)c®) u(t—2) (d) None

12. The impulse response of the system is c(t)=
—te”'+ 2¢™, its open loop transfer function will be

(@) 2s+1 (b) 2s+1
(s+1)?° s
25+1 2s+1

(©) — (d)

S s+1

13. The unit step response of the system is c(t)
=1—10e". Its transfer function will be

10 1-9s
a) — b) ——
(@) s+1 (b) s+1
1+9s 1
c d —
© s+1 @ s+1

14. A ramp input applied to an unity feedback
system results in 4% steady state error. The type
number and zero frequency gain of the system
are respectively

1
(@ 1and > (b) 1 and 25

1
c) 0 and 25 d)0Oand —
© (d) 25

15. A parabolic input applied to an unity
feedback system result in 5% steady state error.
The type of number and zero frequency gain of
the system are respectively|.

(@) 1and 20 (b) 2 and 20

1 1
c)2and — d)1land —
© 20 (d) 20
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16. Consider the following  statements
regarding time constant of the system:

1.Time constant of a system is related to the
speed of the response.

2.Smaller the time constant slower is the system
response.

3.It is define as time taken by the system
response to reach 98% of the final value.

Which of these statements are correct?

(@ Only 1 (b) 1 and 3 only

(c) 2 and 3 only (d)1,2and 3

17. Find the initial value and final values of the

following function
12(s+1

F(S) = #

S(s+2)°(s+3)

@1,0

(€)1

(b) 0,
(do,1

18. A unity feedback system is characterized
k

s(s+10)

Determine the gain k so that the system will
have a damping ratio of 0.5

(@) 10 (c) 50

(c) 100 (d) None

by open loop transfer function G(s) =

19. Also find peak overshoot and time to peak
overshoot for a unit step input.

(a) 0.326 sec, 16.3% (b) 16.3%, 0.326 sec
(c) 16.3%, 32.6 sec (d) None

20. The following transfer function of a unity
feedback type 1, second order system has a pole
at —2. The nature of gain ‘k’ is so adjusted that
damping ratio is 0.4.
@25

(c) 6.25

(b) 62.5
(d) None

21. The above equation is subjected to input
r(t) = 1 + 4t. Find the steady state error.

(a)
(©0

(b) 3.125
(d) 1.28

22. Consider the system with the transfer
1

s+ (s+2)

The magnitude and angle of the transfer
function for o = 1.

(@) 3.16 and 75°
(c) 31.6 and 71.6°

function P(s) =

(b) 0.316 and 71.6°
(d) None

23. The transfer function of a system whose
input and output are related by the following
differential equation?

2

d—2/+3d—y+2y:u+d—u

dt dt dt

(Ignoring terms due to initial condition).
s+1 s°+35+2

) 5—— b) —————

@ s°+35+2 (®) s+1
s+1

C) — d) None

© s’ +5s+2 @)

24. A particular system containing a time delay
has the differential equation

%y(t)+y(t):u(t—T). Find the transfer

function of this system (Ignoring term due to
initial condition).

1 1
a) — b) —
® s+1 (b) S+2
e—sT e—sT
d
© s+1 @ S+2

25. For the network shown in figure below v(t)
is the input and i(t) is the output. The transfer
function I(s) / V(s) of the network is

R

L
——MWW———55560
m —

V(1)

LCs* +RCs+1 C

by —————f
® Cs (b) LCs? +RCs+1
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C Cs

c) —————— d ———
© RC+LCs+1 @ LCs® +RCs+1

26. In a circuit the current i(t) has the Laplace

transform  1(s) :M. The final value of
(s+12)

i(f) is

(@) 0.25 (b) 2.5

()3 (d) Infinity

27. If the unit step response of a system is a
unit impulse function, then the transfer function
of such a system will be

1
(@1 (b) =
S
1
(€S (C) ey
S
28. The unit-impulse response of unity-

feedback control system is given by the open-
loop transfer function is equal to

2s+1 S+2
@ e O oy
© 232+1 @ s+21

S S

29. For a second order system, damping ratio
() is 0 < & < 1, then the roots of the
characteristic polynomial are:

() Real but not equal

(b) Real and equal

(c) Complex conjugates

(d) Imaginary

30. Backlash in a stable control system may
cause

(a) Underdamping

(b) Overdamping

(c) High level oscillations

(d) Low level oscillation

31. Which one of the following is the correct
statement about a stable system?
poles in the right half of s-plane

zeroes in the right half of s-plane

poles in the left half of s-plane and zeros in the
right half of s-plane

no poles or zeroes in the right half of s-plane or
on the jo-axis excluding the origin.

32. The transfer function H(s) of a system is
given by H(s):ﬁz ZS+2 . Given that
X() s +s+4

under steady-state condition, the sinusoidal
input and output are respectively X(t) = cos2t
and y(t) = cos(2t + 6). Then the angle 6 will be
(a) 45° (@) Zero

(b) —45° (d) -90°

33. The forward path transfer function of a
unity feedback system is
G(s) = <

(s+a)

The system has 10% overshoot and velocity
error constant k, = 100. The value of k is

(a) 237 x 10° (b) 144
(c) 14.4 x 10° (d) 237
34. The value of a is

(a) 23.7 x 10° (b) 237
(c) 14.4 x 10° (d) 144

35. A system has kp = 4, the steady state error
for input of 10 u(t) and 10t u(t) are respectively
@) 2, (b) 0.4,

(c)0.4,0 (d)2,0

36. In second order control system the value of
the resonant peak will be unity when the
damping ratio has a value of

(a) Zero (b) Unit
1
¢) —= V2
(©) N (d)
37. Octave frequency range is specified by
(8) 22 = (b) 22 =10
('01 0)1
) L2-8 (d) None
W,
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38. A decade frequency range in given by b
1

equal to
(a) 2 (b) 4
(c)8 (d) 10

39. The steady state error of a type 1 second
order system to unit ramp input is

@28 o (b) 2=
mﬂ
(c) 4 (d) None of these
,

n

40. The response C(t) of a system is given by

the differential equation

d’C(t) 4dC(t)

—+—
dt? dt

(a) Undamped

(b) Underdamped

(c) Critically damped

(d) Oscillatory

+5C(1) =0 is

41. If two identical first order low-pass filters
are cascaded non-interactively, then the unit
step response of the composite filter will be

(@) Critically damped

(b) Underdamped

(c) Overdamped

(d) Oscillatory

42. A step input is applied to a system will the

—S

transfer function G(s)=1 € . The output
+0.5s

response will be
Cc(®)

C()

(b)
T
(o)
(c)
T
c)
(d)
T

43. If a second order system has poles ate —1 +
j, then step response of the system will exhibit a
peak value at

(@) 4.5s (b)35s
(c)3.14s (d1s
44. The dynamic equation of a second-order
. .d’y dy

systemis 2—-+4—+8y =8

y a e

oy 10
Input s'+4s’+3s+1 Output
(7]

The damping coefficient is
(@0.1 (b) 0.25
(c)0.5 (d) 1.0

45. Match List-1 with List-1l and select the
correct answer using the codes given below the
lists:
List-1 (Transfer function)

1

A —M
(s+ ) (s+B)
B Lt
(s—a)(s—B)
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c. N
(s—a+jp)(s—a—jp)
D. 1
(s+a+jp)(s+o—jB)

List-11 (Transient Function)

() t
(i) /\ t
Vou
(iii) | t
(iv) /\ t
v

Assume a.>0,3>0
Codes:

(@) A-i, B-iii, C-ii, D-iv
(b) A-iii, B-i, C-ii, D-iv
(c) A-iii, B-iv, C-ii, D-i
(d) A-iv, B-ii, C-i, D-iii

46. For a unity feedback system, the open-loop
transfer function is

16(s+2
GO) = ()
s°(s+1) (s+4)
What is the steady-state error if the input is r(t)
= (2 +3t+ 4 u(t) ?
(a)0
(c)4

(b) 1
(d)5

47. A casual system having the transfer

1
function H(S):—2 is excited with 10u(t).
S+

The time at which the output reaches 99% of its
steady state value is
(@) 2.7 sec
(c) 2.3 sec

(b) 2.5 sec
(d) 2.1 sec

48. The open-loop transfer function G(s) of a

The

unity feedback control system is L .

s(s+1)
system is subjected to an input r(t) = sin t. The
steady state error will be
(a) Zero

(©) \Esin (1—%)

(b) 1
. T
(d) \Esm(h Z)

49. Which one of the following is the response
y(t) of a casual LTI system described by

HE) = (s+1)

S°+25+2

For a given input x(t) = e u(t) ?
(@)Y(t) = e "sin tu(t)

(b) Y(t) = e sin(t —1) u(t -1)
© Y(t) = sin(t-1) u (t-1)

(d) Y(t) = e cost u(t)

50. The unit step response of a particular
control system is given by c(t) = 1 — 10e™. then
its transfer function is

10 e
@5 ®): =

1-9s 1-9s
© 57 @) Ssr1)

51. Assuming unit ramp input, match List-I
(system type) with List-1l (Steady state error)
and select the correct answer using the codes
given below lists:

List-1 List-11
A0 () K
B.1 (i) o
C.2 (i) 0
D.3 (iv) K
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Ces)

S
G()Il

R(s) @
T

Codes:
(@) A-ii, B-iv, C-iii, D-i
(b) A-i, B-ii, C-iii, D-iv
(c) A-ii, B-i, C-iv, D-iii
(d) A-i, B-ii, C-iv, D-iii
52. Match List-l (System G(s)) with List-1I
(Nature of response) and select the correct
answer using the code given below the Lists:
List-1
A 40

s +12s+400
B. - 900

s +90s+900
c - 225
s° +30s+ 225
625

" §° 4625
List-11
(i) Undamped
(ii) Critically damped
(iif) Underdamped
(iv) Overdamped
Codes:
(@) A-iii, B-i, C-ii, D-iv
(b) A-ii, B-iv, C-iii, D-i
(c) A-iii, B-iv, C-ii, D-i
(d) A-ii, B-i, C-iii, D-iv

53. The unit step response of a second order
systemis=1—e>—5te™

Consider the following statements:

The undamped natural frequency.is 5 rad/s

The damping ratio is 1

The impulse response is 25t e

Which of the statements given above are

correct?

(@) Only 1 and 2
(c)Only 1and 3

(b) Only 2 and 3
(d)1,2and 3

54. The steady state error due to a ramp input
for a type two system is equal to

(a) Zero

(b) Infinite

(c) Constant

(d) Data is insufficient

55. Given the transfer function,
121
G(S) =——-——= of a system. Which of
s°+13.2s+121

the following characteristics does it have ?
(a) Overdamped and setting time 1.1s

(b) Underdamped and settling time 0.6s

(c) Critically damped and setting time 0.8s
(d) Underdamped and setting time 0.707 s.

56. The impulse response of an initially relaxed

linear system is e u(t). to produce a response
—2t

of te™ u(t). the input must be equal to

(a) 2e—t u(t) (b) %e’z‘u(t)

(c) e—2t u(t) (d) e—tu(t)

57. Consider a system with the transfer
k S+6 . .

function G(s)=—; i . Its damping ratio

ks +s+6

will be 0.5 when the value of k is

(a) 2/6 (b) 3

(c) 1/6 (d) 6

58. The unit impulse response of a system is
given by c(t) = 0.5 e "2 its transfer function is

1

@ s+2) ®) 1+ 29)
2

© @r2s) @) sr2)

59. Which one of the following is the steady
state error of a step input applied to a unity
feedback system will the open loop transfer
function

10
GB)=———-7

©) s2 +14s+50
(@) e =0 (b) e = 0.83
(C)es=1 (d)eg =

60. The steady state error of a stable type 0
unity feedback system for a unit step function is
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1
1+ K,

(@0 (b)

(©) ©

P

61. What is the steady state error for a unity

feedback control system having G(s) = !
s(s+1)

due to unit ramp input?

(@1 (b) 0.5

(c) 0.25 (d) V0.5

62. If the closed-loop transfer functions T(s) of

a unity negative feedback system is given by
T =— nj\n_ls+an

s"+a,s" "+ +a,,5+a,

Then the steady state error for a unity ramp

input is

@ 0) -
© - ai - (d) zero

n

63. If the characteristic equation of a closed-
loop system is s* + 2s + 2 = 0, then the system is
(a) Overdamped

(b) Critically damped

(c) Underdamped

(d) Undamped

64. The OPEN-loop DC gain of a unity
negative feedback system with closed-loop

. S
transfer Function —;

— s
$°+7s+13

4 N
OFp O
(c)4 (d) 13
65. Consider a system with the transfer
function

S+6

G(s) =———— . Its damping ratio will be

©) Ks? +5+6 "
0.5 when the value of K is
(a) 2/6 (b) 3
(c) 1/6 (d) 6

66. The transfer function Y(s)/U(s) of a system
described by the state equations x(t) = — 2u(t)
and y(t) = 0.5x(t) is
(@) 0.5/(s — 2)
() 0.5/(s + 2)

(b) /(s - 2)
(d) /(s +2)

67. The transfer function of a system is
G(s):i
(s+1) (s+100)

the system the approximate setting time for 2%
criterion is
(a) 100 sec
(c) 1sec

for a unit-step input to

(b) 4 sec
(d) 0.01 sec

68. If the system, initially at rest, is subjected
to a unit step input at t = 0, the second peak in
the response will occur at.

(@) = sec. (b) n/3sec.
(c) 2n/3sec. (d) n/2sec.
ANSWER KEY

1.|b |2 |c|3|d|4|d]|5|b |6 |a|7|b|8]|c|9|d]|10|b
11| a (12 ¢ |13,/ b | 14| b | 15| b |16.] a | 17| d | 18./ ¢ [ 19| b | 20.[ c
21| d |22/ b | 23| a |24 ¢ | 25| d |26 b |27 c |28 ¢ |29.| ¢ |30.d
31| d |32 c 33| c 34| d |35 a |36|]c |37 a|38]|d|39 b |40|b
41 a |42 d |43.| c |44.| c | 45| b |46, b | 47.| c | 48| a | 49| a |50.|c
51| a |52.| c |53.|d |54 a |55 b |56.l c |57.| c |58] b |59.] b |60.bhb
61| a |62 d |63.| c | 64| b |65] c |66.l d |67.|] b |68| a
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SOLUTIONS

Sol. 1.
4 1
YE)=CEXRE)= g = s(si 5)

~.y(t) = response during the transient period

steady-state response = Y(t)|i_., = Y() = 0.8

. stead-state error = e = Lt sE(s) =1.0—0.8f
s—0

=0.2 unit

Sol. 3.
R(s) :1
S
C(s) =R(s) . G(s) = 2
' s(s*+8s+25)

Compare equation (i) with

S+2E s+ 0y =0

2Emy=8and w, = «/ﬁ=5rad/sec
3n

mnafl—éz

..Required time = (3w because of

second peak)

Sol. 4.
Closed loop transfer function:
C(s) G

R(s) s*+35+G
Characteristic equation s* + 3s + G = 0
Compare with 52 + 2Ewps + ©3=0

28, =3 and o, -G

For minimum value of G ‘€’ should be 0.6.
~2x06+G=3
G=6.25
= 3—7-[ =mSec
5#1—(0.8)2
Sol. 5.
G’=2G=2x%x6.25=125

o, =/G" =125 =3.53rad/sec fg

2tm, =3
20, 2x3.53
@, = 01— =3.53{1- (0.424)?
=3.197 rad.
0) e E
L
= E = 2n =1.96 sec.
o, 3.197
Sol. 7.

Characteristics equation of 2" order system is
s*+ 28w, s+; =0
The root of the equation are

Sy = <&y + jooy «/1—&2

and S, = —En — jo, |J1-E7
Real part of the roots (+ &w,) represents

damping and imaginary part (mnaﬁ—gz)

represents the damped frequency (wq), oOr
conditional frequency

Sol.8.

Rise time (t,): It is the time required for the
response to rise 10% to 90% of its final value
for over damped system and O to 100% for
under damped system.

Sol. 9.
h(t)=e?®
1
s(s+2)
1

. Output C(s) = H(s).R(s) = s(5+2)

H(s) = s+i2 and R(s) =

Steady-state value,

Lts; 1 =05

50 ' S(s+2)

e, = Lt0 sC(s) =
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Sol. 10.
c()y=1-¢*
1 1

S s+3 s(s+3)

3 and R(s):%

C(s) 3

- Transfer function H(s) = —=~=—

Sol. 11.

R(s)

R(s) s+3

F(s) C(s)

[ Fe) I c(9) = R F)(“)

Llc(s)e®=c(t-2)u(t—2)
Using above formula,
Llc@s).e®=c(t-2)u(t—2)

Sol. 12.
We know that,

L [Impulse response] = Transfer function

C6)
R(s)

C(t) = _

2s+1

1

=— 4+ =
(s+1? s+1
_2s+1

G(s)

(s+1)?

2

+_
s+1

=closed loop T.F.

1+G(s)H(s)

(s+1)?

G(s)  2s+1
1+G(s) (s+1)?

G(s)
U

Open loopT.F.

Sol. 13.

HE) =2

R(s)

2S5+1
2

1 10
H(S)S S+10 1-9s
1/s (s+1)
Sol. 14.

If ramp input is applied and steady-state error
(ess) is the finite then the type of = system is 1.

and e 74
g
100 k
k=25

Sol. 15.
If parabolic input applied and steady-state error
is finite then the type of system is 2.

and e, =—

5 , therefore: k = 20
100 k

Above problem can be solve with the help of
table:

Step Ramp | Parabolic

input | input | input

Type-0 A " 00

1+Kk
Type-1 0 A @
k
Type-2 0 0 A
k
Sol. 16.

Time constant is defined as time taken by the
system response to reach 63% of the final value.
Smaller the time constant faster is the system
response and larger its value, slower is the
response.

Sol. 17.
F(s) = 12(s+1)

S(s+2)? (s+3)
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12(1+1)
S

Initial value = Lim 7 2 3 =0
” 53[1+2+j(1+)
s° s s
123(1+1j
=Lim 2 S 3 =0
(1++ j(l )
s° s s
And Find value
12
= Lims.F(s) = Lim 12(s+1) =
s s> (s+2)% (s+3) 4x3
Sol. 18.
The characteristics equation is 1 + G(s) H(s) =0
1+ K =
s(s+10)

Compare with standard second order transfer
function.

2Ew, = 10
mn:E: 10 =10 and o, =k
28 2x05
K =10 = 100
Sol.19.
M, =6 o 95T 1630
efl-8  |1-(0.5)
T T
T. = = =0.326sec
T o1-8 10\1-(05)
Sol. 20.
G(s) = K
s(s+2)

The characteristic equation,
1+G(s)H(s) =0

s+2s+k=0

25wy = 2

0, = =25 and o =k
2x0.4

k=(2.5)%=6.25

Sol. 21.

G(s) = k 625
S(s+2) s(s+2)

rit)=1+4t
k

eSS =
1+ kp

4
+_
k

K, _leG(s) Lim 6.25 =
s0 §(S+2)

K, —L|mSG(s) Lm%:%
90542 2

S S B
1+o 3.125
Sol. 22.
) 1 .
Pjw)=————————— (Put,s=
1= iw@rjay T 710
N 1

fore =1, |P()|=—=—==0.316

€ |P@)| A
ZP(j)=—tan* (1) —tan* (0.5)
=_45° - 26.6°
=71.6°
Sol. 23.

Taking Laplace transform of the equation:
S?Y(s) + 3sY(s) + 2 Y(s) = u(s) + s u(s)
Y(s) s+l

u@) s*+3s+2
. Transfer function Y(S)

u(s)

s+1
s*+35+2

Sol. 24.

The Laplace transform of the differential
equation:

SY(s) + Y(s) = e T u(s)

Y@ _e”

u(s) s+1

Sol. 25.

ECG PUBLICATIONS
A unit of ENGINEERS CAREER GROUP



TIME RESPONSE ANALYSIS OF CONTROL SYSTEM

| GATE-2019

R Ls

WM ——— 55—

R

V(s)

—1/Cs

Now apply KVL,
V(s) = (R +Ls +ij1(s)
Cs
V(s) RCs+LCs®+1
I(s) Cs

I(s) Cs
V(s) LCs®’+RCs+1

Sol. 26.
Find value in s-domain
Lt 3(s+10)  3x10 _

= 25
550 (s+12) 12

Sol. 27.
R(s) 1/s

Sol. 28.

Closed loop transfer function =

response]
=L[-te'+2¢ef
-1 2 2s+1
T (s+D)? s+l (s+1)?
G(s) _25+1
" 1+G(S)H(s)  (s+1)?
" G(s) _ 2s+1
1+G(s) (s+1)°
G@)[s?+1+25—25—1]=25+1
G(s) X 2s+1

S2

openloop transfer
function

Sol. 30.

L [impulse

In a servo system, the gear backlash may cause

sustained oscillations or

chattering

phenomenon, and the system may even turn

unstable for large backlash.

Sol. 32.

Hio) = a2 2+]o
(o) +jo+d - +jo+4

w=2

HEp =222
2j

H(2j) =tan™ (1) —tan™" (c0)

= 45° - 90° = —45°

Y(t) = cos(2t — 45°)

Sol. 33.

Velocity error constant, k, = 100 i.e. finite so.

This indicate type-1 system
n=1

. G(s)= K

s(s+a)

K, = Lt sG(s) :E
s—0 a

. K 100ma-K
a 100

For 10% overshoot,

e—-ng

- =06

.. Transfer function

_ G(s) Kl

C1+4G(s) s+as+k
Compare with standard equation,
28w, =aand o, = \/E

2tk =a

2x6xk k.
10 100

120k =k

K?- 14400k =0

K = 14400

0.1=

Sol.35.
For 10 u(t) i.e. (step input)
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10 10 T T
eSS = :—:2 = = 1 =T1Sec
1+ kp 5 \E\/ _E \Exi
and for 10t u(t), i.e. (ramp input) 2 2
eSS =00
so the system is type 0. Sol. 44. (¢)
LAy, dy
Sol. 40. 2 thg oy =8
In s-domain the equation becomes: 8
S, +4,+5=0 y(s):z—
Compare this equation with standard equation, 25" +4s+8
we get, oy =2,
o, =\Eand2><§xoon=4 ZE,,(Dn:Z
E=—— =089 &= E
xf
& = 0.89 which is less than 1. So the response of | — 2 :l:
the system is underdamped. 2x2 2
Sol. 41. Sol. 45. (b)
. 1
Let the first order system =——. Sol. 46. (b)
p» . S+5 Steady state error due to 3 basic inputs is:
If two identical first order L.P.F. are cascaded 1 1 1
then, e, = +—t+—
1 1 1+Kp Kv Ka
(5+5)° s2+10s+25 Sol, 47.(0)
Characteristics equation = s? + 10s + 25 N\ R() =10u(t)
=5and2><é’;><con=10 C(s) 10 10
_ &— _ R(s) s(s+2)| R(s)=
2><5
= i = l. So the composite filter will be| C(s)=
critically damped. S 25
10 1 1
C(s) = =5 -————
Sol. 43. (¢) ©) s(s+2) [S s+2j
CGs) _ 1 Ct)=5(1—e?) )
R(s) (s+1+]))(s+1-)) Steady state value iswhent=si.e.5
-t ___ 1 9 5o50-e?)
(s+D)°+1 s"+2s+2 100
o, =2, 20 =2 e _ 1 40
1 100 100
== t=23
T
t = w Sol. 48. (a)
P 1-¢
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Steady state error e, =Lim——— SR()
=0 1+ G(S)

1

R(s) = 7

1

S 2
e = |_|ms—+1
s—0 1

s(s+1)
2
e, = Lim—, s°(s+1)
0 (s*+1){s(s+1) +1}
eSS = O

Sol. 49. (a)

1
X(E)= s+1
Y(s) = X(s) H (s)
1 (s+) 1
(s+1)° {(s+l)2 +1} (s+1)% +1

= y)=e'sintu(t)

Sol. 50. (c)
10

R(s):— C(s):———
s s+1
_1-9s
_s(s+1)
_1-9s
s+l

_ s+1-10s
s(s+1)

T(s) = %

Sol. 51. (a)
Table for steady error

Unit
Ramp

Unit

Tvoe Unit
yp Parabola

step

1
1+ Kp

Type 0

a0 e}

0 = o0

Type 1

Type2 |0 0

where
K, = I;ir(p G(s) H(s)

K, = LirpsG(s) H(s)
K, = LirpszG(s) H(s)

Sol. 52. (¢)
S%+12s+400=0
= &= Lz 12 < 1= underdamped
2400 40
S%+90s + 900 =0
Lo 90 900 90
2./900 T 2x30

S% +30s + 225 0

o Ee 30
25

2x15
= critically damped
S?+625=0

= &= 0= undamped

Sol. 53. (d)

L

s s+5 (s+5)°

(s+5)2—(s+5)s 5 25
s(s+5)° s(s+5)
25
cC)=—————
©) s(s*+10s+ 25)
R(s):l
s
G(s) = C(s) - 25
R(s) s“+10s+25
o, =J25=w, =5rad/s
10
= =1
S 2x5

Impulse response = %(1—e‘5‘—5te‘5‘)

=5 5+ 25t =25 te™

Sol. 54. (a)

Sol. 55. (b)

Characteristic equation:
S?+13.2s+121

Comparing it with s* + 2Ew,s + W,
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w, =+/121 =11rad/sec
2ew, = 13.2

Since § < 1, so the system is under damped and

setting time,
2

T =—"-= =0.6sec
Eo, 0.6x11

Sol. 56. (c)
C(t) = te ' u(t)

1
Oy
1
C(5+2)

. C6) _
. R(s)_G(S)
R(s)=@= ! i
G(s) (s+2)
1

542
sor) =etu(t)

G(s)

x(5+2)

Sol. 57. (c)

G(s)=k 2s+6 6= k(s;rG)6

S"+S+ P24+>42
k k

Comparing it with s> + 250’ + o’

2w, =1:>2><0.5><\/§:£
k k K

6 1 1
>-—=—=k==
k k 6
Sol. 58. (b)
Cs = 0.5

@;5

&R(S) =1[r(t) =s(t)]

o SO _ 05 1
R(s) (S+lj 1+2s
2
Sol.59. (b)

Since it is a step input. So position error

constant k; is defined for it.
ek, =lt—2 -1

s-08° +145s+50 5
.. steady state error

1

Sol. 60. (b)

Sol. 61. (a)

For a unit ramp i/p, velocity error constant is

defined i.e. Ky

K, = SI;'%SG(S)

B S

~s505(1+5)

... steady state error,

e -1 _
® kv

1

Sol. 62. (d)

For type 2, Ramp input
K, = IsirrgsG(s)

Ky =
ess=i=o.
K

v
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Sol. 63. (¢)
s+ 28w, +@; =0
1

2w, =2,E=—
O)I'I

®, =2
1

N7
Sol. 64. (b)
CLTF

& <1 (under damped)

__ G
"~ 1+G(S)H(s)
. s+4
2475413
1+G(s)H(s) _s*+7s+13
G(s)  s+4
H(s) = 1 for unity feedback.
1 s°+7s+13
G(s)  s+4
1  s°+65+9
G(s)  s+4
s+4

..G(s)—m
ForD.C.s=0

.. Open Loop Gain, G(s) :g.

Sol. 65. (c)
S+6

K(szs+6j
K K

Comparing with s* +2E0, + o’

f

6 1
= —=—

K K2
Kol

6

Sol. 66. (d)
X() = —2 x () + 2u(t) ...(0)
y(t) = 0.5 x(t) ... (ii)

From (i), Taking Laplace transform of (i)
sX(s) = — 2X(s) + 2U(s)
X(s)[2 + 2] = 2U(s)

2U(s)
= X(s) —(s+ 2
Taking Laplace transform of (ii)
Y(s) =0.5X (s)
Y(s) = 0.5%2U(s)

S+2

YO 1

“U(s) 2

Sol. 67. (b)

GGs) 100
(s+1) (s+100)
Taking dominant pole consideration, s = —100
pole is not taken.
- G(s) :@
s+1
Now it is 1% order system
t,= 4T = 4x 1 = 4s.

Sol. 68. (a)
Compare given transfer function.
With 2" order equation.
on,=5,4=0.8
o, =m,1-&, =3
For 2" peak is

3n 3n

=—=7

(t) ===

o, 3
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(@)
- || GATE QUESTIONS | —

1. A discrete-time all-pass system has two of
its poles at 0.25.20° and 2.230°. Which one of
the following statements about the system is
TRUE?

[GATE - 2018]
(a) It has two more poles at 0.5.230° and 4.20°
(b) It is stable only when the impulse response
is two-sided.
(c) It has constant phase response over all
frequencies.
(d) It has constant phase response over the
entire z-plane.

2. Which of the following systems has
maximum peak overshoot due to a unit step
input?

[GATE - 2017]

@ 100 (b) 100
s? +10s+100 s +155+160
100 100
) —— d ——
© s +55+100 @ s? +20s +100

3. What a unit ramp input is applied to the
unity feedback system having closed loop
transfer function
C(s) Ks+b
R(s) s*+as+b
steady error will be

,(@>0,b>0,K>0), the

[GATE - 2017]

(@0 (b) a/b
a+K a-K
c) — dy ——
(© b (d) b
4. A unity feedback control system is

characterized by the open loop transfer function

2(s+1)
c6) $®+ks® +2s+1
The value of k for which the system oscillates at
2 rad/s is
[GATE - 2017]

5. The open loop transfer function
G(s) = (s+1)
sP(s+2)(s+3)
Where p is an integer, is connected in unity
feedback configuration as shown in the figure.

_?rQ Gs)
[

|

:

Given that the steady state error is zero for unit
step input and is 6 for unit ramp input, the value
of the parameter p is .

[GATE - 2017]

6. The block diagram of a closed - loop control
system.is shown in the figure. The values of k
and k, are such that the system has a damping
ration of 0.8 and an undamped natural
frequency o, of 4 rad/s respectively. The value
of k, will be

[GATE - 2017]

C(s)

™) k

R(s)
S(S+1)

©

II (1+k,s) II

real

7. A second-order the
following properties:
(a) The damping ratio {= 0.5 and Undamped
natural frequency w, = 10 rad/s,
(b) The steady state value of the output, to a unit
step input, is 1.02.
The transfer function of the system is

[GATE - 2016]

system has

1.02 102
Q) ——mM by ——
® s? +55+100 (b) % +10s +100
100 102
) —— d ——
© s? +10s+100 @ s +55+100

ECG PUBLICATIONS
A unit of ENGINEERS CAREER GROUP



TIME RESPONSE ANALYSIS OF CONTROL SYSTEM

| GATE-2019

8. Consider a linear time-invariant system with

1
transfer function H(s) = —
1+s

If the input is cos(t) and the steady state output
is Acos(t +a), then the value of A is

[GATE - 2016]

9. Consider a causal LTI system characterized

dy(®)

by differential equation ot +%y(t) = 3X(t).

The response of the system to the input x(t) =

t
X(t) = 3e 2 u(t), where u(t) denotes the unit step

function, is
[GATE - 2016]

@ 9 “u(d)

(5) 9% u

(© 967%U(t) —66% u(t)
(d) 54e’éu(t) —54 e’% u(t)

10. For the unity feedback control system
shown in the figure, the open-loop transfer
function G(s) is given as

2
G(s) =
©) s(s+1)
The steady state error eg due to a unit step input
is
x0—( ) s[ 6 Sy(0)

[GATE - 2016]

@o (b) 0.5

(c)1.0 (d)

11. The natural frequency of an undamped
second — order system is 40 rad/s. If the system
is damped with a damping ratio 0.3, the damped
natural frequency in radius is __

[GATE - 2014]

12. The steady state error of the system shown
in the figure for a unit step inputis .

R(s) + EG) [ 1 C(t)
r(t) OT e(t) K= 2

c(t)

[GATE - 2014]

13. For the second order closed — loop system
shown in the figure, the natural frequency (in
rad/s) is

4 Y(s)

+
UG —> s(s+ 4)

[GATE - 2014]
(b) 4
(a1

(a) 16
(c)2

14. The forward path transfer function of a
unity negative feedback system is given by

(s+2)(s-1

The value of K which will place both the poles
of the closed — loop system at the same location
is

[GATE - 2014]

15. For the following feedback system
(s+1)(s+2)

the step response is required to be less than 2
seconds.

I [ |

. The 2% settling time of

Which one of the following compensators C(s)
achieves this

1
@ 3(@}

(c) 2(s+4)

[GATE - 2014]
(b) 5[¥+1j

d) 4 (ﬂj

s+3
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16. The input —3e?u(t) , where u(t) is the unit
step function, is applied to a system with

. s=-2 -
transfer function —3 If the initial value of the
S+

output is -2, then the value of the output at
steady state is .
[GATE - 2014]

17. Assuming zero initial condition, the
response y(t) of the system given below to a
unit step input u(t) is

1

U(s) —~ >Y(s)
[GATE - 2013]
(@ u(®) (b) tu(t)
(© gll(t) (d) e7u(t)

18. The open - loop transfer function of a dc
os 10
V,(s) 1+10s
connected in feedback as shown below, the
approximate value of K, that will reduce the
time constant of the closed loop system by one
hundred times as compared to that of the open -

loop system is

motor hen

is given as

[GATE - 2013]
(@)1 (b) 5
(c) 10 (d) 100
19. The feedback system shown below
oscillates at 2rad/s when
K(s+1)
s+as’+2s+1 ()

(@ K=2anda=0.75
(b)) K=3anda=0.75
(c)K=4anda=05

[GATE - 2012]

(dK=2anda=0.5

20. The steady state error of a unity feedback
linear system for a unit step input is 0.1. The
steady state error of the same system, for a pulse
input r(t) having a magnitude of 10 and a

duration of one second, as shown in the figure .
r

10

1s

[GATE - 2011]
(b) 0.1
(d) 10

@~0
(1

21. A two loop position control system is
shown below

The gain K of the Tacho — generator influences
mainly the

[GATE - 2011]
(a) Peak overshoot
(b) Natural frequency of oscillation
(c)Phase shift of the closed loop transfer
function at very low frequencies (v—0)
(d) Phase shift of the closed loop transfer
function at very high frequencies (o — )

22. A system with transfer  function
&zi has an output y(t) :cos[Zt—Ej
X(s) s+p 3

for the input signal x(t) = pcos(Zt—g). Then,
the system parameter p is

(@) \3
()1

[GATE - 2010]
(b) 2//3
(d) J/3/2

23. A unity negative feedback closed loop
system has a plant with the transfer function
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1
GB)=———
©) s 4+25+2

feed forward path. For a unit set input, the
transfer function of the controller that gives
minimum steady state error is

and a controller G¢(s) in the

[GATE - 2010]
s+l
T 542
(0 6,69 -12
s+1
(s+1) (s+4)

(s+2)(s+3)

G.(8)

(€) G.(s5)=

(d) G,(s) :l+§+3s

24. The unit - step response of a unity feedback
system with open loop transfer function G(s) =
K/((s+1)(s+2)) is shown in the figure. The value
of K is

1

0.75

05 [/

0.25

0 1 2 3 4
Time(s)
[GATE - 2009]

(@ 0.5 (b) 2
(c) 4 (d)6

25. A function y(t) satisfies the following
differential equation:
dy(t)

e +Yy() =5(t)

Where 3(t) is the delta function. Assuming zero
initial condition, and denoting the unit step
function by u(t), y(t) can be of the form

[GATE - 2008]
(a) €' (b) e’
(c) e'u(t) (d) e™u()

26. The transfer function of a
invariant system is given as

1
G(s)=>——
©) s*+35+2

linear time

The steady state value of the output of the
system for a unit impulse input applied at time
instant t = 1 will be

[GATE - 2008]
(b) 0.5
(d)2

@o
(©1

27. The transfer function of a system is given
100

as 5————

s°+20s+100
The system is

[GATE - 2008]

(a) An over damped system
(b) An under damped system
(c) A critically damped system
(d) An unstable system

28. Group I lists a set of four transfer functions.
Group 1l gives a list of possible step response
y(t). Match the step responses with the
corresponding transfer functions.
[GATE - 2008]
Group-I
-_
s°+25
36
Q= 205236
R ZZL
S°+25+36
3 49
s +7s+49

Group-I11
y(®

(i)
y(t)

(ii) *
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y(®)

1
(iii)

y(®)

iv) T :
t

Codes:

(@) P-iii, Q-i, R-iv, S-ii
(b) P-iii, Q-ii, R-iv, S-i
(c) P-ii, Q-i, R-iv, S-ii
(d) P-3, Q-4, R-i, S-ii

29. A certain system has transfer function

s+8
GBS)=5"
©) s’ +as—4
Where o is a parameter. Consider the standard
negative unity feedback configuration as shown

below.

—()

25 —>

Which of the following statements is true?
[GATE - 2008]

(@) The closed loop systems is never stable for

any value of a.

(b) For some positive value of a, the closed

loop system is stable, but not for all positive

values.

(c) For all positive values of a, the closed loop

system is stable.

(d) The closed loop system stable for all values

of a, both positive and negative.

30. The number of open right half plane of

10 .
G6) $° +25* +35° +652 +55+3 'S
[GATE - 2008]
(b)1
(d)3

@0
(c)2

31. The magnitude of frequency responses of
an underdamped second order system is 5 at 0

10

~—at5\2 rad/sec. The
3

transfer function of the system is

[GATE - 2008]

rad/sec and peaks to

500 375
) ———m8 —— b) ——
@ s? +10s+100 (b) s> +55+75
720 1125
¢) ———M — ) & S
© s* +12s5+144 @ s® + 255+ 225

32. If the loop gain K of a negative feedback
system having a loop transfer function
K(s+3)/(s+8)? is to be adjusted to induced a
sustained oscillation then

[GATE - 2007]
(@) The frequency of this oscillation must be

4f3rad /s

(b) The frequency of the oscillation must be 4
rad/s

(c) The frequency of this oscillation must be 4
or 4\/§ rad/s

(d) Such a K does not exist

Common Data for Q. 33 & Q.34

R—L—C circuit shown in fig.
R=100) L=1mH

e, =—=C=10uF

33. For a step — input e, the overshoot in the
output e, will be

[GATE - 2007]
(@) 0, since the system is not under damped

(b) 5%

(c) 16%

(d) 48%

34. If the closed — loop transfer function of a

control system is given as T(S) =L
(s+2)(s+3)

then it is
[GATE - 2007]
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(a) An unstable system

(b) An uncontrollable system

(¢) A minimum phase system

(d) A non — minimum phase system

35. The transfer function of a plant is
T(s):+.
(s+5)(s°+s+1)

The second order approximation of T(s) using
dominant pole concept is
[GATE - 2007]

1 5
@ ———— 0) ————
(s+5)(s+1) (s+5)(s+1)
5 1
c d
© s?+s5+1 @ s +s5+1
36. Consider two transfer function
1 S
G,(S)=———andG,s=———. The
:(©) s> +as+b Z ?tas+b

3-dB bandwidths of their frequency responses
are respectively.

(a) \fa? —4b,\a® +4b
(b) N2 +4b,\a? —4b
(c) Va?—4b,a>—4b
(d) VaZ +4b,a% +4b

37. A system with zero initial conditions has
the closed loop transfer function

5
T8)=——"7-—75—"—.
© (s+5)(s*+s+1)
The system output is zero at the frequency
[GATE - 2005]
(b) 1 rad/sec
(d) 4 rad/sec

[GATE - 2006]

(@) 0.5 rad/sec
(c) 2 rad/sec

38. When subject to a unit step input, the
closed loop control system shown in the figure
will have a steady state error of

R(s) ? I 3 Jé sz Yes)
[GATE - 2005]

(8) ~1.0 (b)-0.5

(©) 0 (d) 05

39. In the derivation of expression for peak
percent overshoot

—TE&

M, =
o exp[ e

Which one of the following conditions is NOT
required?

J x100%

[GATE - 2005]
(a) System is linear and time invariant
(b) The system transfer function has a pair of
complex conjugate poles and no zeroes.
(c) There is no transportation delay in the
system.
(d) The system has zero initial conditions.

40. A ramp input applied to an unity feedback
system results in 5% steady state error. The type
number and zero frequency gain of the system
are respectively

[GATE - 2005]

(@) 1and 20 (b) 0 and 20

1 1
0 and — d) land—
© 20 (d) 0

41. For the equation , s> — 45> + s+ 6 =0 the

number of roots in the left half of s plane will be
[GATE - 2004]

(b) One

(d) Three

(a) Zero
(c) Two

42. The block diagram of a closed loop control
system is given by figure. The values of K and
P such that the system has a damping ratio of
0.7 and an undamped natural frequency , of 5
rad/sec, are respectively equal to

ECG PUBLICATIONS

A unit of ENGINEERS CAREER GROUP 103



LINEAR CONTROL SYSTEM

| GATE-2019

[GATE - 2004]
(b) 20 and 0.2
(d) 25and 0.2

(@) 20 and 0.3
(c) 25and 0.3

43. The unit impulse response of a second
order underdamped system starting from rest is
given by c(t) = 12.5e * sin8t, t > 0. The steady —
state value of the unit step response of the
system is equal to

[GATE - 2004]
(b) 0.25
(dy1.0

() 0
(c)0.5

44, In the system shown in figure, the input x(t)
= sin t. In the steady — state, the response y(t)
will be

_S_
s+l

X(t)

y(®)

[GATE - 2004]
@) %sin (t—45°) (b) %sin (t+45°)

(c) sin(t—45°) (d) sin(t + 45°)
45. A causal system having the transfer
function H(s) = 1/(s+2) is excited with 10u(t).
The time at which the output reaches 99% of its
steady state value is

[GATE - 2004]
(b) 2.5 sec
(d) 2.1 sec

(@) 2.7 sec
(c) 2.3 sec

46. A control system is defined by the
following mathematical relationship
2

d—§+6d—x+5x —12(1-¢?)

dt dt
[GATE - 2003]

The response of the system ast — o is
@x=6 (b) x=2
(c)x=24 (d)yx=-2

47. A control system with certain excitation is
governed by the following mathematical

equation
2
d2< ld—erix:loJrSe*“+2e‘St
dt 2dt 18

The natural time constant of the response of the
system are

[GATE - 2003]
(a) 2 sec and 5 sec
(b) 3 sec and 6 sec
(c) 4 sec and 5 sec
(d) 1/3 sec and 1/6 sec

48. The block diagram shown in figure gives a
unit feedback closed loop control system. The
steady state error in the response of the above
system to unit step input is

3 15
s+l ]s+l

y(t)

u(t)

[GATE- 2003]

(a) 25% (b) 0.75%

(c) 6% (d) 33%

49. A second order system has the transfer
. C(s) 4

function ——= =

R(s) s’+4s+4
With r(t) as the unit-step function, the response

c(t) of the system is represented by
[GATE - 2003]

Step response

—_
— 01 N
—
—
—
I————
—
m——
—

(@)

Amplitude
o
Q1

=

]
f———]
"]
f——— |
I
f——m]
——"1

0 5 10 15 20 25
Time (sec)
Step response

(b)

0.5

Amplitude

0 5 10
Time (sec)
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Step response
1.5 PP

. //\
0 2 4 6
Time (sec)

(©)

Amplitude

Step response

e

0.5

(d)

Amplitude

0 2 4 6
Time (sec)

50. Consider a system with transfer function

S+6
GB)=———
©) ks? +5

. Its damping ratio will be 0.5
+6

when the value of k is
[GATE - 2002]
2
@ 5 (b)3
1
(©) 5 (d)6

51. The characteristic polynomial of a system
is q(s) =2s° +s*+ 45> + 257 + 25 +1
The system is

[GATE - 2002]
(b) Marginally stable
(d) Oscillatory

(a) Stable
(c) Unstable

52. The transfer function of a system is
G(s) = 100
(s+1) (s+100)

the system the approximate settling time for 2%
criterion is

. For a unit — step input to

[GATE - 2002]
(b) 4 sec
(d) 0.01 sec

(a) 100 sec
(c) 1 sec

53. If the characteristic equation of a closed —
loop system is s* + 2s + 2 = 0, then the system is

[GATE - 2001]
(b) Critically damped
(d) Undamped

(a) Over damped
(c) Under damped

54. The open - loop DC gain of a unity
negative feedback system with closed — loop

4 S+4
transfer function ——— is
S°+7s+13
[GATE - 2001]
4 4
a) — b) —
< ®) 3
(c)4 (d) 13
55. An amplifier with resistive negative

feedback has two left half plane poles in its

open - loop transfer function. The amplifier
[GATE - 2000]

(a) Will always be unstable at high frequency

(b) Will be stable for all frequency

(c) May be unstable, depending on the feedback

factor

(d) Will oscillate at low frequency.
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SOLUTIONS

Sol.1. (b)

.
p
p
\30°

¢

Re
0.25
€«——Unit circle

The ROC should include unit circle to make the
system stable. From the given pole pattern it is
clear that, to make the system stable, the ROC
should be two-sided and hence the impulse
response of the system should be also two-
sided.

Sol.2. (c)

100
a A,
@ s? +10s+100

®, :10,E_,:£=0.5
20

n

100
s* +155+160

o, :10,§:£:0.75
20

n

(b)

100
s +55+100

, =1o,<:=2i=o.25

(©

n

This has maximum peak over shoot.
100
d——o—
@ s® +20s+100
2

o, =10, =
\ 5 20,

1

Sol.3. (d)

ks+b
oLTE= _CLTF _ s®+as+b
1-CLTF 1— ks+b
s’ +as+b
ks+b
Ge)=5—"—
s“+(a—k)s
b
k,= It sG(s)=——
v s—0 () a_k
Error = i:ﬂ
Kk, b
Sol.4. (0.75)
2(s+1)

G(s)=

P iks?+25+1
Given @ = 2 rad/sec
CE=S+kS*+45S+3=0

s 1 4
s K 3

g 4k -3
k

s’ 3

-3

For marginal stable =0

= K:§:O.75
4

Sol.5. (1)

To get steady state error zero for unit step input
and 6 for unit ramp input, the type of the system
is one.

Sol.6. (0.3375)

C(s) k
R(s)  s(s+1)
1+k@+Kk,s)
s(s+1)
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Cs) k

R(s) s®+s+kks+k

By comparing with standard second order
system

k=w=16

(1 + Kkkp) = 2E 0,

1+16(ky) =2 (0.8)4

k, = 0.3375

Sol.7. (b)
102

Th=g —
s°+10s+100
on =10 rad/s, £=0.5

DC gain = 102 =1.02
100

Sol.8. (0.707)
1 1
= =—=0.707
jo+1) \/E
S0l.9. (d)
Y
-Wz_iﬂz_EI
X(s) g1
6
3
X(S):—l
S+=
3
Yo -8

1 1 1
S+g S+§ [s+6)[s+6j
Y(t) = L [Y(s)]=54 e’% u(t)-54 e% u(t)

Sol.10. (a)

Given G(s) = s(52+1)

Type -1 System, to the unit step input the e, =0

JH(s)=1

Sol.11. (38.15)
Given o, = 40r/sec o,
£=0.3

01 = 0 1=, = 401 (0.3)’

wq = 38.15 r/sec

Sol.12. (0.5)
. 4 2
Given G(s)=——;H(s)=——
©) S+2 () s+4
For unit step input,
ky = limg(s)
K, = lim ij[i
20 s+1/\s+4
k=1
Steady state error egg =
1+kp
1 1
Bgg = ——€4, =— = 0.50
BT ® 2
Sol.13. (c)
Y(s) 4

Transfer function

U(s) T 14514
If we compare with standard 2™ order system

transfer function

WZ

S+ 28w, s+w;

w2 =4=w, = 2rad/sec
Sol.14. (2.25)
. K
Given G(§)=————
©) (s+1)(s-1)
H(s) =1

Characteristic equation: 1 + G(s)H(s) =0
1+ K 0
(s+2)(s-1)

Thepolesares;, = -1+ /%_ 4K

If %— K = 0then both poles of the closed loop

system at the same location
So,

K= g:>2.25
4

Sol.15. (c)
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By observing the option, if we place other
options, characteristic equation will have 3"
order one, where we can describe the settling
time .

If C(s) = 2(s+4) is considered

The characteristic equation, is
s?+3s+2+25+8=0

= +55+10=0

Standard character equation

§%+ 2E @S + 2 = 0

o’ = 10w, = 2.5

Given,

2% settling time,

i<2:<§Wn>2

n

Sol.16. (0)
Exp-1.
X(s) S+3

= SY () +3Y(s) =S x (5) —2X (5)

Due to initial condition, we can write above
equation as

Sy(s) — y(0) + 3y(s) = sx(s) —X(0")—2x(s)

y(0) =2, x(0") = 0 [x(t) = 3e?u(t)]

_Sy(s) + 2 + 3y(8) = (5-2) [‘—32]

(s+3)y(s) = -3-2= y(s) = %
= y(t) = -5eu(t)
y(o0) (steady state) = 0

Exp-I1.
s—2, 2t
H(s) =——; X(t) =-3e"" .u(t)
S+3
-3 -3
LX) =——=Y() =——
©) §s-2 ©) S+3

; . =33
y(t) |al t=x :>y(°o) = Islﬂ(} Sy(S) -3 Lﬁga
Y(m)=0

Sol.17. (b)
The Laplace transform of unit step function is

1
U(s)=—
(s) >
So, the O/P of the system is given as
1)1 1
worl2[2-2
s)\s) s
For zero initial condition, we check

d
um:%

= U(s) = SY(s) - y(0)
U@ = s[sizj—ym)

1
or U(s) =5 (y(0) =0)
Hence, the output is correct which is
1
Y(S): -
s

Its inverse Laplace transform is given by
Y(t) = tu(t)

Sol.18. (c)
Given, open loop transfer function
G(s) = 10K, _ Kall
1+10s S+
10

By taking inverse Laplace transform, we have

4

Comparing with standard form of transfer
function, Ae™”" , we get the open loop time
constant.
T0| =10
Now, we obtain the closed
function for the given system as

loop transfer

H(s) = Gs) _ 10K,
1+G(s) 1+10s+10K,
— Ka
s+(Ka+1j
10

By taking inverse laplace transform, we get

1
ht) = k, . i)
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So, the time constant of closed loop system is

obtained as
TO| = 1 1
K, +-—
10
1 .
Or, T, = P (approximately)

a

Now, given that k, reduces open loop time

constant by a factor of 100. i.e.,

_ Tol
100
1 10
or, — =
K, 100
or, k, =10
Sol.19. (a)
K(s+1)
Y(s)=——[R(s)-Y(s
©) s3+a52+2s+1[ ©)=YE)]
K(s+1)
YO)|l1l+ —————
( ){ s® +as’ +25+1}
K(s+1) R(s)

S ras’ +2s+1

Y(s) [$* + as® + s(2+ k) + (1 + k) =K(s+1)R(s)

Transfer function,

Y(s) K(s+1)
H(S) = R = 3 2
(s) s’ +as"+s(2+k)+(@+k)
Routh Table:
s’ 1 2+K
s A 1+K
' | a@+K)-(1+K) 0
a
For oscillation,
a(2+K)-11+K) 0
a
K+1
a=
K+2

Auxiliary equation
A(s)=as’+ (k+1) =0
s il

a

2 -k+1
T a
—-k+1
s = ko) (k+2) =—(k+2)
s=jvk+2
jo=jvk+2

ow=+k+2=2 (Oscillation frequency)
K=2
and a:ﬂ=§:0.75

2+2 4

Sol.20. (a)

We know that steady state error is given by
SR (s

egg = lim ( )

5014+ G(5)

Where R(s) — input

G(s) — open loop transfer function

For unit step input

R(s)=1
S
H
S —
So e, =lim S _o.
>0 1+ G(S)
1+ G(0) =10

G(0)=9
Given input r(t) = 10[p(t) — p(t -1)]

or R(s):lo{l—les}:lo{l_es}
S S

S
So steady state error

(1-e7)
sx10 a0
e, =lim s _ld-e)
=20 1+G(S) 1+9
Sol.21. (a)

The system may be reduced as shown below

1
s(s+1+K)

R(s) —+> Y(s)
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1
Y(s)  s(s+1+K) 1
NONEN 1 s +s(1+K)+1
s(s+1+K)

This is a second order system transfer function,

characteristic equation is
S+s(1+K)+1=0
Comparing with standard form
s +2m s+ =0

We get E_}:#

Peak overshoot

_ amENI-E
Mp =e

So the Peak overshoot is effected by k.

Sol.22. (b)
Transfer function is given as
H(S) — E — L
X(s) s+p
jo

jo+p
Amplitude Response

(O]

R

H(ow) =

Phase Response 0, (o) =90° —tan™ [9

3

Input x(t) = pcos(Zt—gj

Output y(t) = H (jo)|x(t-6}) = cos (Zt—g)

[H(jo) |- p = ———
o +p

1_ 2 , (o= 2 rad/sec)

P Jarp®
Or4p’=4+p*=3p’=4
orp=2/3
Alternative

=T _tant (9
p

N——

,_,
D
=)
iR
7\
o |8
~— DN
1]
N a
|
o3
1]
wla

%

N o|e
Il
—
QD
>
N\

— =43, (0 =2 rad/sec)
p

Orp:2/J§

Sol.23. (d)
Steady state error is given as

o _ SR(s)
® 501+G(s)G,(5)

R(S) = 1

> (unit step unit)

egg =limMm————
11 G(5)G, (5)

=lim———
s—>01+ 2GC(S)
S +2s+2
ess Will be minimum if Iirroch(s) is maximum
In option (d)

limG,(s) = Iim1+g+3s =00
s—0 s—0 S

1 -
So, e, :ISLng;:O (minimum)

Sol.24. (d)

From the figure we can see that steady state
error for given system is

e, =1-0.75=0.25

Steady state error for unity feedback system is
given by

e. =lim SR(5)
® 0 14+G(S)
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=lim

)
S —
S
s—0 K
+ - @ @ OO0
s+ (s+2)
1 2

1. K 2+K
2

T R(s) = %(unit stepinput)

2
2+K
2+05+0.25K

1.5

K=——=6
0.25

=0.25

So, e, =

Sol.25. (d)
Given differential equation for the function

dy(t)
—=+y(t) =5(t

ot y(t) =5(t)
Taking Laplace on both the sides we have,
sY(s)+Y(s)
(s+1)Y(s)=1

1

Y(s)=—

©) s+1
Taking inverse Laplace of Y(s)
Y(t)=e'ut),t>0
Sol.26. (a)
Given transfer function

1

G(s)=———
©) s°+3s+2
Input  r(t) =d(t-1)
R(s) = L[8(t-1)] =¢®
Output is given by
e—s
s +35+2
Steady state value of output
: Se
lim————=
s-08°+35+42

Y(s) = R(s) G(s) =

—S

limy(t) = lim Y(s) =
toy s—

Sol.27. (¢)
Given transfer function is

100
HE)=———F———
©) s? +20s+100

Characteristic equation of the system is given
by

S%+20s + 100 =0
o =100 = w, =10rad / sec

2Em, =20
ore=—20 _
2x10
(£ = 1) so system is critically damped.
Sol.28. (d)
25 28w, =0,
§8 425 £=0— Graph 3
Undamped
62 2&wn = 20,
T 2120s+62 | E>1> Graph 4
Overdamped
62 28w, = 12,
R=m =1 Graph 1
Critically
72 28w, =7,
:m E<l— Graph 2
underdamped
Sol.29. (c)

The characteristic equation of closed loop
transfer function is
1+G(s)H(s) =0

2s+8 _0
S°+os—4
Ors’+os—4+s+8=0
Ors’+(a+1)s+4=0
This will be stable if (o +1) > 0 — o > —1. Thus
system is stable for all positive value of a.

1+

Sol.30. (c)

The characteristic equation is
1+G(s)=0
Ors®+2s*+3s° +65° + 55 +3=0

Substituting s :l we have
z

322 +524 +628+322+22+1=0

The routh table is shown below. As thee are two
sign change in first column, there are two RHS
poles.

2 13 |6 |2
2 /5 [3 |1
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2 |21 |7
5 |5

Z |4 |3
3

z 7
4

2 |1

Sol.31. (a)
For underdamped second order system the
transfer function is

Ko?
$*+250, S+ 0’
It peaks at resonant frequency. Therefore
Resonant frequency o, = o, y/1—2&2
And peak at this frequency

5

TN

We have o, = 542, and u, =

T(s) =

10

3

. Only options
(a) satisfy these values.

1
o =10&==
h g >

Where o, =10 1—2&) =52

5

ot t
2\ 4

And p, = =% Hence satisfied.

Sol.32. (b)
Characteristic equation for the given system

K(s+3)

(s+8)?

(s +8)? + K(s +3) =0

s?+ (16 + K)s + (64 + 3K) =0

by applying Routh’s criteria.
2

1+

s 1 64+3K
st 16 + K 0
s? 64 + 3K

For system to be oscillatory
16+K=0=>K=-16

Auxiliary equation A(s) = s* + (64 + 3K) = 0
=% +64+3x(-16) =0

s°+64-48=0

$?=-16 = jo = 4j

® = 4 rad/sec

Sol.33. (¢)
System response of the given circuit can be

obtained as
&)
H(s) = &) _ Cs -
() (R + Ls+)

Cs

P

H(S): 2 =
LCs* +RCs+1 52+Bs+i
L LC
Characteristic equation is given by
2+Rgy g
L Lc
1
Here natural frequency o, = —
quency o, c
R
280, =—,
éwn L
. . R R |C
Damping ratio =—«/LC=— =
ynd s 2L 2\/:
10 [1x10°
== — =0.5 (under damped)
2 V10x10

So peak overshoot is given by
% peak overshoot

7x0.5
— I 2
Lixmo e 057 100 16%
= e -€

Sol.34. (d)

In a minimum phase system, all the poles as
well as zeros are on the left half of the s-plane.
In given system as there is right half zero (s =
5), the system is a non-minimum phase system.

Sol.35. (d)

1
We have T(s)=

(s+5)(s” +s+1)
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5

5(1+S)(sz+s+1)
5
In given transfer function denominator is

(5+5){(s+0.5)2+ﬂ. We can see easily that

pole at s= —O.Sijg is dominant then pole at

s = -5. Thus we have approximated it.
Sol.36. (d)

Sol.37. (c)
Closed loop transfer function of the given
system is,

2
TE) __s+4
(s+D) (s+4)
(joa)2 +4
(jo+1)(jo+4)
If system output is zero

L |[4—o |
T — =
TGl |(jo+1)(jo+4)]
4-@*=0

w’=4
= o = 2 rad/sec

T(w)=

Sol.38. (c)
In the given block diagram

E(s) | é RS)
R(s) -+ 3/s + — Y (s
? | S+2
Y(s)
Steady state error is given as
gg = IingsE(s)
E(s) =R(s) - Y(s)

Y(s) can be written as
Y(s) = {{R(s) _Y(S)}g‘ R(s)}i
S+

2
2 6
()L(s+2) s+2} UL(HZ)}

6 625
(){ S5+ 2)} R(S)L(HZJ
(6—2s)
(s +25+6)

(6—25)
(s> +25+6)

s® +4s
=R()| ———
()LZ+25+6}

. . 1
For unit step input R(s) = S

Y(8)=R(s)

So, E(s) =R(s)— R(s)

Steady state error e = IingsE(s)
S—>

egs = lim

s—0

Sol.39. (c)

The peak percent overshoot is determined for
LTI second order closed loop system with zero
initial condition. It’s transfer function is

2

@,

WG
§* + 20,5+’
Transfer function has a pair of complex
conjugate poles and zeroes.
Sol.40. (a)
For ramp input we have R(s)=i2
S

Now e = IirrgsE(s)

im0 i
0 1+G(s) s995+5G(s)

1
Oreg= ISLnJSG( )

=5%= i Finite
20

But k, :i =1imsG(s) =20
ess s—0

k, is finite for type 1 system having ramp input.

Sol.41. (b)

Given characteristic equation
-4 +s+6=0
Applying Routh’s method,
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s 1 1
s 4 6
1
s —4-6_,. |0
—4
s? 6

Three are two sign changes in the first column,
so no. of right half poles is 2.

No. of roots in left half of s-plane

=(3-2)=1

Sol.42. (d)
For the given system, characteristic equation
can be written as,

K
s(s+2)
s(s+2) +K(1+sP)=0
$+5(2+KP)+K=0
From the equation
o, =~/K =5rad /sec (given)

1+

(L+sP)=0

SO0, K=25

and 28w, =2 +KP
2x0.7x5=2+25P
Or P=0.2

So K=25P=0.2
Sol.43. (d)

Unit-impulse response of the system is given as,
c(t) = 12.5e ®sin 8t, t>0
So transfer function of the system.
12.5x8
HE) =L|cO)]=—F—=
(s+6)°+(8)
100

s® +125+100

Steady state value of output for unit step input.
!im y(t) = Iing y(s) = IirrolsH(s) R(s)

100 1

:Iims[z— -=10
>0 | §°4+125+100 |s

H(s) =

Sol.44. (a)
System response is

HS) =251 Ho)=

jo

jo+1

Amplitude response | H(jw) = ®
o+l
Given input frequency o = 1 rad/sec
. 1 1
So [H(jw) |, rad/sec — i~

| (J )|u)_l d/: \m \E
Phase response
() = 90° — tan ()

On(®)|o=1 = 90° — tan* (1) = 45°
So the output of the system is
. 1%

t) 5 Hjw) | x(t—0,) = —=sin (t—t—45°
y()IG)I(h)ﬁ( )
Sol.45. (c)

We have r(t) = 10u(t)
Or R(s):E
S
Now H(s) :L
S+2
1 10 10

CO=HORO= 562

or C(s) = e il
S Ss+2
c(t)=5[1 - e?]
The steady state value of c(t) is 5. It will reach
99% of steady state value reaches at t, where

5[1-e%]=099 x5

or 1-e=0.99

e?=01

or -2t=in0.1 or t=23sec
Sol.46. (c)

Given system equation is

dx odx

o GE+ 5x =12(1-e™")

Taking Laplace transform on both side
S2X(5)+65X(5)+5X(s)=12 [E - L}

S s+2
$2X(s)+65X(5)5

’ _ 2
(s + 6s +5) X(s) = 12L(S+2)}

System transfer function is
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X(s) = 24

s(s+2) (s+5)+(s+1)
Response of the system as t — oo is given by
!imf (t)= IingsF(s) (Final value theorem)

. 24 24
=lim = =24
50| 5(s+2)(s+5)(s+1) | 2x5
Sol.47. (b)
Given equation
2
d—Z(+£d—x+ix =10+5e " +2e™
de®= 2dt 18
Taking Laplace on both sides we have
2 1 1 1 10 5 2
S X(s)+§sx(s)+ﬁx(s)+ﬁx(s) =?+m+E
1 1
S+ =s+—) X(s
(" 25+ X0)

_10(s+4) (s+5) +5s(s+5) + 2s(s+4)

- s(s+4) (s+5)

System response is,

X(s) = 10(s+4) (s+5) +5s(s+5) +2s(s+4)

s(s+4)(s+5) [sz + %s + 118j

_ 10(s+4)(s+5) +5s(s+5) + 2s(s + 4)

1 1
s(s+ 4)(s+5)(s+3)(s+6)

We know that for a system having many poles,
nearness of the poles towards imaginary axis in
s-plane dominates the nature of time response.
So here time constant given by two poles which
are nearest to imaginary axis. Poles nearest to
imaginary axis.

. T, = 3sec
So, time constants
T, =6sec

Sol.48. (a)
Steady state error for a system is given by

SR(s)
e, =lim————>—
5014 G(S)H(S)

1
Where input R(s) ==
s

3 \( 15
) :(s+15j(§)

H(s) = 1 (unity feedback)

{:)

(unit step)

St Sim L%
(s+15) (s+1)
15 15
T15+45 60
15

%e,, = — x100 = 25%
60

Sol.49. (b)

The characteristics equation is
s+4s+4=0

Comparing with

s?+ 280 + 0,2 =0

We get 26, = 4 and w2 = 4

Thus & =1 Critically damped
Y 4,

Ew, 1x2
Sol.50. (c)
The characteristics equation is
Ks?+s+6=0
or 21 1s:8 g

K K

comparing with s? + 2Ewmys + wﬁ =0 we get

we get 2&, ~ 1 and o’ _8
K K

or zxo.sx\Eszi

Given £=0.5
or

1 1
E:—2:> K=-—
K K 6
Sol.51. (b)

Routh table is shown below. Here all element in
3" row are zero, so system is marginal stable.
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S 2 2
st 1
S 0 0
S2
S1
50
Sol.52. (¢)
The characteristics equation is
$+25+2=0

Comparing s> + 2&w, + ®,> = 0 we get
2tm, =2and o’ =2

=12

and &zi

NA

Since & < 1 thus system is under damped.

Sol.53. (b)

The characteristics equation is
(s+1) (s+100)=0
s?+101s+100=0
Comparing with

s?+ 28, + @, = 0 we get
2¢, =101 and w7 =100
Thus

101
=— Overdamped
g 20 p

For overdamped system settling time can be
determined by the dominate pole of the closed
loop system. In given system dominant pole
consideration is at s = —1. Thus

l:1andT:i:4sec
T T

Sol.54. (b)
For unity negative feedback system the closed
loop transfer function is

G(s) = s+4
1+G(s) s*+7s+13
G(s) » OL Gain

1+G(s) s*+7s+13
Or+()=++

CLTF=

G(s) S+4
or 1 _52+7s+13_ S +65+9
G(s) s+4 s+4
S+4
Or G(§)=———
© s> +65+9

For DC gain's = 0, thus
Thus G(0) :%

Sol.55. (b)

It is stable at all frequencies because for
resistive network feedback factor is always less
than unity. Hence overall gain decreases.
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ESE OBJ QUESTIONS | —

1. The steady state error for a Type 0 system for
unit — step input is 0.2. In a certain instance, this
error possibility was removed by insertion of a
unity gain block. Thereafter, a unit ramp was
applied. The nature of the block and new steady
— state error in this changed configuration will,
respectively, be

[EE ESE - 2018]
(a) Integrator; 0.25
(b) Differentiator; 0.25
(c) Integrator; 0.20
(d) Differentiator; 0.20

2. For a closed loop system shown in the figure,
what is the settling time for £2% settling of the
steady state condition, assuming unit-step

input?
+ 25
R() % ) Cs)
[EE ESE - 2018]
(@) 0.33s (b) 1.33s
(c) 2.33s (d) 3.33s

3. A unity feedback system is shown in the
figure. What is the magnitude of K so that the
system is under — damped ?

R(s)—> & co)
. s(s +a)
[EE ESE - 2018]

2

(@)K=0 (b) K = ""I
a’ a’

c) K<— d K>—
(©) 2 (d) 2

4. Settling time is the time required for the
system ‘response to settle within a certain
percentage of

[EE ESE - 2018]
(a) Maximum value
(b) Final value
(c) Input amplitude value

(d) Transient error value

5. In a unity feedback control system, the open
— loop transfer function is

K(s+2
GO == 2( )
s°(s® +75+12)
Then the error constants K, K, and K,

respectively, are
[EE ESE - 2018]

(@) o0, o and % (b) 0,0and %

© %,o afid 0 () %,ooandoo

6. Consider the stability of the system shown in
the figure when analyzed with a positive real
value of gain K in

1. open — loop configuration

2. closed — loop configuration

RE) +<% K(s +1)

s'(s+2)
Which of the following statements is correct?
[EE ESE - 2018]

C(s)

(a) Both 1 and 2 are stable

(b) 1 is stable and 2 is unstable
(c) 1 is unstable and 2 is stable
(d) Both 1 and 2 are unstable

7. What is the effect on the natural frequency

(w,) and damping factor (8) in the control

systems when derivative compensation is used?
[EE ESE - 2017]

() w, increases and & decreases

(b) w, remains unchanged and & increases

(c) o, remains unchanged and & decreases

(d) o, decreases and & increases

8. Consider the following statements:

For a type — 1 and a unity feedback system,
having unity gain in the forward parth
1.Positional error constant K, is equal to zero
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2.acceleration error constant K, is equal to zero
3.Steady state error ey per unit — step
displacement intpu is equal to 1
Which of the above statements are correct?

[EC ESE - 2017]
(b) 1 and 2 Only
(d) 1 and 3 only

(@1,2and 3
(c)2and 3

9. The largest error between reference input and
output during the transient period is called:

[EC ESE - 2017]
(a) Peak error
(b) Transient overshoot
(c) Peak overshoot
(d) Transient deviation

10. If the characteristic equation of a closed-
loop system is 2s° + 6s + 6 = 0, then the system
is

[EC ESE - 2017]
(b) Critically damped
(d) Undamped

(a) Overdamped
(c) Underdamped

11. What is the time required to reach 2% of
steady — state value, for the closed-loop transfer

function ; when the input is
(s+10)(s+100)
u(t)?
[EC ESE - 2017]
(@) 20s (b) 2s
(c) 0.2s (d) 0.02s

10
S(s+5)
H(s) = K. What is the value of K for which the

steady state error for unit-step input is less than
5%7?

12. A control system has G(s) = and

[EC ESE - 2017]
(b) 0.927
(d) 1.050

(2) 0.913
(c) 0.953

13. A system has a transfer function

C(s) 4

R(s) s’ +16s+4
For a unit-step response and 2% tolerance band,
the settling time will be

[EE ESE - 2016]

(a) 5 seconds
(c) 3 seconds

(b) 4 seconds
(d) 2 seconds

14. The open-loop transfer function of a unity

feedback system is

For a dampin
s(s+4) R
factor of 0.5, the value of the gain K must be set
to
[EE ESE - 2016]
(b) 2
(d) 16

@1
(c)4

15. For a unity feedback control system the
forward path transfer function is given by

40
G(s) = 3
S(s+2) (s°+2s+30)
The steady-state error of the system for the
2
input —is
P 2
[EE ESE - 2016]
(80 (b)
(c) 20t (d) 30t?

16. Consider the following statements;
1. Adding a zero to the G(s) H(s) tends to push
root locus to the left.
2. Adding a pole to the G(s) H(s) tends to push
root locus to the right.
3. Complementary root locus (CRL) refers to
root loci with positive K.
4. Adding a zero to the forward path transfer
function reduces the maximum overshoot of the
system.
Which of the above statement are correct?

[EE ESE - 2016]
(b) 3 and 4 only
(d)1,23and 4

(@) 1, 2 and 3 only
(c) 1,2 and 4 only

17. For a critically damped system, the closed-
loop poles are

[EE ESE - 2016]
(@) Purely imaginary
(b) Real, equal and negative
(c) Complex conjugate with negative real part
(d) Real, unequal and negative
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18. A second-order position control system has
an open-loop transfer function.
G(s) = 57.3K
s(s+10)
What value of K will result in a steady-state

error of 1°, when the input shaft rotates at 10
r.p.m.?

[EE ESE-2016]
(b) 10.47
(d) 0.523

(a) 21.74
(c) 5.23

19. Statement (1): In type-0 and type-I systems,
stable operation is possible if gain is suitably
reduced.
Statement (11): Any one of the compensators
lag, lead, lag-lead may be used to improve the
performance.

[EE ESE - 2016]
(a) Both Statement (1) and Statement (Il) are
individually true and statement (1) is the correct
explanation of Statement ().
(b) Both Statement (I) and Statement (1) are
individually true but Statement (Il) is not the
correct explanation of Statement (1)
(c) Statement (1) is true but Statement (II) is
false
(d) Statement (I) is false but Statement (1) is
true.

20. The transfer function i will have
25+1

[EC ESE - 2016]
(a) DC gain 1 and high frequency gain 1
(b) DC gain 0 and high frequency gain o
(c) DC gain 1 and high frequency gain 0
(d) DC gain 0 and high frequency gain 1

21. The closed-loop transfer function of a

certain  control  system is given by
C 100 L
—(8) = 5——=——==. Then the settling time for
R s°+10s+100

a 2% tolerance band is given by

[EC ESE - 2016]
(b)1.2s
(d)y2.1s

(@ 0.8s
(c)15s

22. The unit step input response of a certain
control system is given by c(t) = 1 + 0.2 e ®* —

1.2 '™ Then the undamped natural frequency
®p and damping ratio & are, respectively.

[EC ESE - 2016]
(b) 33.5and 1.27
(d) 33.5 and 1.43

(@) 24.5and 1.27
(c) 24.5and 1.43

23. For a unity feedback control system having
25

S(s+6)’
what is the time t, at which of the step input
response occurs?

an open-loop transfer function G(s) =

[EC ESE - 2016]
(0) 2.75 s
(d) 1.57 s

(@) 0.52s
(c)0.79 s

24. The closed-loop transfer function of a unity

feedback control system is,
C@s) _ @

R(s) ap’ +28w, +
constant of the system is

The velocity error

[EC ESE - 2016]

® ®
@ - (b) =
28 g
20 3o
© — (d) —+
g 28
25. A proportional controller with transfer

function, K is used with a first-order system

K
1+S7)’
in unity feedback structure. For step inputs, an
increase in K, will

having its transfer function as G.(s) =

[EC ESE - 2016]
(@) Increase the time constant and decrease the
steady state error
(b) Decrease the time constant and decrease the
steady state error.
(c) Decrease the time constant and increase the
steady state error.
(d) Increase the time constant and increase the
steady state error.

26. For a second-order differential equation, if
the damping ratio &, is unity, then
[EC ESE - 2016]
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(@)The poles are
conjugate

(b)The poles are in the right half of s-plane
(c)The poles are equal, negative and real
(d)Both the poles are unequal, negative and real.

imaginary and complex

27. When the unit impulse response of a second
order system is %e““sin 0.6t, the natural

frequency and damping ratio of the system are
respectively.

[EC ESE - 2015]
(b) 0.64 rad/s and 0.8
(d) 0.64 rad/s and 1

(@) 1rad/sand 0.8
(c) 1rad/sand 1

28. Given
G(s)=

that the transfer  function

SarsT) the type and order of this
system are respectively.

[EC ESE - 2015]
(b) 2 and 2
(d)3and 3

(@5and 2
(c)2and 3

29. The closed loop transfer function of a unity
100

negative feedback system is ———————. It
s +8s+100

open loop transfer function is
[EC ESE - 2015]

100 1
a) —— b
® 5+8 (b) 52 +8s
100 100
c d
()52—85 ()sz+85

30. The roots of the characteristic equation 1 +
G(s) H(s) = 0 are the same as the

[EC ESE - 2015]
(a) Poles of the closed loop transfer function
(b) Poles of the open loop transfer function
(c) Zeros of the closed loop transfer function
(d) Zeros of the open loop transfer function

31. The derivative of a parabolic function
becomes

[EE ESE - 2015]
(@) A unit-impulse function
(b) A ramp function

(c) A gate function
(d) A triangular function

32. A unit impulse function is defined as

(i) A pulse of area 1

(if) A pulse compressed along horizontal axis
and stretched along vertical axis keeping the
area unity

... du
(iii) pm
(iv)8(t)=0,#0
Which of the above statements are correct?
[EE ESE - 2015]

(b) i, iii and iv only
(d) i, ii, iii and iv

(i) i,jii and iii only

33. Phase lead compensation

[EE ESE - 2015]
(@)Increase bandwidth and increases steady —
state error.
(b)Decreases bandwidth and decreases steady
state error
(c)Will not affect bandwidth but decreases
steady — state error
(d)Increases bandwidth but will not affect

S | steady — state error.

34. In time domain specification, decay ratio is
the ratio of the

[EE ESE - 2015]
(a) Amplitude of the first peak and the steady —
state value
(b) Amplitudes of the first two successive peaks
(c) Peak value to the steady-state value
(d) None of the above

35. Consider the time response of a second —

order system with damping coefficient less than

1 to a unit step input:

(i) It is overdamped.

(ii) It is a periodic function.

(iif) Time duration between any two consecutive

values of 1 is the same.

Which of the above statements is/are correct?
[EE ESE - 2015]

(b) i only

(d) iii only

(@i, iiand iii
(c) ii only
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36. A sensor requires 30 s to indicate 90% of
the response to a step input. If the sensor is a
first — order system, the time constant is
[given, loge(0.1) =-2.3]

[EE ESE - 2015]
(b) 13s
(d)28s

(@ 15s
(c)21s

37. Consider the following input and system
types:

Input Type System Type
Unit step Type 0’
Unit ramp Type ‘1°
Unit parabolic | Type 2’

Which of the following statements are correct ?
(i)Unit step input is acceptable to all the three
types of system.
(i1)Type ‘0’ system cannot accept unit parabolic
input.
(iii)Unit ramp input is acceptable to Type 2’
system only.

[EE ESE - 2015]
(b) i and iii only
(d) i, ii and iii

(@) iand ii only
(c) ii and iii only

38. The characteristic equation of a closed loop
system is s° + 4s + 16 = 0. The natural
frequency of oscillation and damping constant
respectively are

[EE ESE - 2015]

(@) 2rad/s and%
S

B

(b) 2/3rad/sand

(c) 4rad/s and %
A

2

39. A quiescent linear time — invariant system
subjected to a unit step input u(t) has the
@would be
R(s)

(d) 4rad/s and

response c(t) = te* t>0. Then

Linear time
u(t)——> invariant —>c(t)
system
[EE ESE - 2015]
1 1
(a) (b) —
s(s+1) s+1
1
c d) None of above
(© 1) (d)

40. The unit impulse response of a system is
given as c(t) = — 4e ' + 6e 2. The step response
of the same system for t > 0 is equal to

[EE ESE - 2014]
(b) 3¢+ 4e'+1
(d)3e?+4et+1

(@) 3e*—4et+1
(c)-3e?—4et-1

41. A unity feedback second order control
system is. characterized by the open loop
transfer function

(5) — L
s(Js+ B)
J = moment of inertia, B = damping constant
and K = system gain.
The transient response specification which is
not affected by system gain variation is
[EE ESE - 2014]
(a) Peak overshoot
(b) Rise time
(c) Settling time
(d) Time to peak overshoot

42. Statement (1): Transfer function approach
is inadequate, when time domain in solution is
required.
Statement (I1): All initial conditions of the
system are neglected in derivation of transfer
function.

[EE ESE - 2014]
(a) Both Statement (1) and Statement (Il) are
individually true and Statement (1) is the
correct explanation of Statement (1).
(b) Both Statement (I) and Statement (II) are
individually true but Statement (II) is not the
correct explanation of Statement (1).

ECG PUBLICATIONS

A unit of ENGINEERS CAREER GROUP 121



LINEAR CONTROL SYSTEM

| GATE-2019

(c) Statement (1) is true but Statement (II) is
false.
(d) Statement (I) is false but Statement (II) is
true.

43. For a unit step input, a system with forward
. 20
path transfer function G(S):S—Zand feedback

path transfer function H(s) = (s + 5) has a steady
— state output of

[EE ESE - 2014]
(b) 0.5
(d)o0.2

(a) 2
(©1
44, Consider the open — loop transfer function :
5(s+1

GOHE) =5——"—= (5+1)
s°(s+5)(s+12)
The steady state error due to ramp input is

[EE ESE - 2014]
(b)5
(d) o

@~0
(c) 12

45. The position and velocity error coefficient
for the system of transfer function,

6 - 50

———————— are respectively.
(1+0.1s) (1+25)

[EE ESE - 2014]
(b) Zero and infinity
(d) 50 and infinity

(a) Zero and zero
(c) 50 and zero

46. The overall transfer function of a second
order control system is given by,

Cs) 2
R(s) s°+3s+2
The time response of this system, when
subjected to a unit step response is

[EE ESE - 2014]
(by1+e?+2e"
(d1+e?

(@)1—e®+2e"
(c)1-2et+e?®

47. For a unity feedback control with

G(s) = 2 , the damping ratio is
S(s+3)
[EE ESE - 2014]
(@) 0.5 (b) 1

(c) 0.707 (d) 0.33

48. The dominant poles of a servo — system are
located at s = (-2 + j2). The damping ratio of the
system is

[EE ESE - 2014]
(b) 0.8
(d) 0.6

@1
(c) 0.707

49. What damping ratio is equal to zero, the
damping frequency of a system is

[EC ESE - 2014]
(a) Equal to natural frequency
(b) Zero
(c) More than natural frequency
(d) Less than

50. A unity feedback system has
G(s) =M. What is the value of K
(s+14)(s+18)

to yield 10% error in steady state?
[EC ESE - 2014]

(a) 672 (b) 189

(c) 100 (d)21

51. A unity feedback system has an open-loop

transfer function G(s)= K
s(s+10)

If the damping ratio is 0.5, then what is the
value of K?

[EC ESE - 2014]
(b) 100
(d) 10

(a) 150
(c) 50

52. The loop transfer function of a system is
K
s(s+1)(s+5)

inducing sustained of K for this objective?

[EC ESE - 2014]
(@) 15 (b) 25
(c) 30 (d) 45

53. Derivative feedback is employed in the
control system shown in the figure, to improve
damping. It the required damping factor of the
system is 0.5, the value of Ky must be adjusted
to

The loop gain K is adjusted for
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1 C(s)
S(1+4s)

P-D

[EC ESE - 2013]
(@) 4 (b) 19
(c) 0.25 (d)6

54, The transfer function,

G(s) = 100
s°+10s+100
the system will settle in approximately

[EC ESE - 2013]
(b) 1 sec
(d)1.5

of s system is

. The unit step response of

(@) 2 sec
(c) 0.8 sec

55. The open-loop transfer function of a unity

feedback control system is G(s) =

1 > The
(s+2)
closed loop transfer function poles are located
at:

[EC ESE - 2013]
(b) -2, -1
(d)-2 £j1

@ -2,-2
(c) -2, +2

56. Which has one of the following transfer
functions the greatest overshoot?
[EC ESE - 2013]
16
Q) 5——— by ——
@ s°+25+9 (®) s’ +25+16
25 36
C) ———— d) V—
© s? +25+25 @ s +25+36

57. If the overshoot of the unit-step response of
a second of a second order system is 30%, then
the time all which peak overshoot occurs
(assuming w, =10 rad/sec):

[EC ESE - 2013]
(b) 0.363 sec
(d) 0.633 sec

(a) 0.36 sec
(c) 0.336 sec

58. A first order linear system is initially
relaxed for a unit step signal u(t), the response is
V(t) = (1 —e™), for t > 0. If a signal 3u(t) + 3(t)
is applied to the same system, the response is

[EE ESE - 2013]
(b) (3—3e ) u(t)
(d) (3 +3e*)u(t)

(a) (3-6e) u(t)
(©) 3 u(t)

59. Unit impulse response of a given system is
C(t) = —4e™' + 6e 2. The step response for t>0 is
[EE ESE - 2013]
(b) 3e*+ 4et+ 1
(d)3e?+4et+1

(@) 3e?—4e'+1
(c)-3e?—4et+1

60. The working of a PMMC (Permanent
magnet moving coil) meter is described by a
second order differential equation
2

J d—e + D@ +S0=T

dt? dt
Where,
J is Moment of inertia of the system
D is Damping coefficient
S is Spring constant
0 is Angular deflection and
T is Activating torque
Assuming D = 0, an undamped natural angular
frequency is

S
(@) \E

1
(© %

[EE ESE - 2013]
1
(b) \E
1
d) —
(d) S

61. A unit impulse response of a second order

1 .
system s ge‘o's sin(0.6t). Then  natural
frequency and damping ratio of the system are
respectively.

[EE ESE - 2013]
(b) 1and 0.8

(d)2and 0.3

(@ 1and 0.6
(c)2and 0.4

62. For a critically damped second order
system, if gain constant (K) is increased, the
system behavior

[EE ESE - 2013]
(a) Becomes oscillatory
(b) Becomes under damped
(c) Becomes over damped
(d) Shows no change
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63. The transfer function of a system is

1+sT
The input to this system is the ramp function,
tu(t). The output would track this system with
an error given by
[EE ESE - 2013]

T
(@) Zero (b) >

©T (d) T?

64. Damping ratio & and peak overhsoot M, are
measures of

[EE ESE - 2013]
(a) Relative stability
(b) Absolute stability
(c) Speed of response
(d) Steady state error

65. A forcing function (t* — 2t) u(t — 1) is
applied to a linear system. The £ - transform

of the forcing function is
[EE ESE - 2013]

2_ 2
3se,ZS 0) (1 s Jes
s s

B [2—352 Jes
s

66. A second order system is described by
2
2 d—zl + 4ﬂ +8y =8x
dt dt
The damping ratio of the system is
[EE ESE - 2013]
(b) 0.25
(d) 0.5

(@)

1 1
(C) ~et - - eizs
S S

(@0.1
(c) 0.333

67. The transfer function of the network shown
below is

[EE ESE - 2013]

1 1

Q) — b) —————

(@) S°T? +2sT+1 ( )52T2+35T+1
1

¢) ———— d ———

© S*T2 +sT+1 @ 2T +1

68. A transfer function has its zero in the right
half of the s-plate. The function

[EE ESE - 2013]
(@) Is positive real
(b) Is minimum phase
(c) Will give stable impulse response
(d) Is non- minimum phase

69. An open loop T.F. of a unity feedback
system is given by

1
G(s) = ———G(s)
(s+2)
The closed loop transfer function, will have
poles at
[EE ESE - 2013]

(@-2-2 (b) -2, -1
(C) _21 +j1_2_j (d) _21 2
70. A unity feedback control system has
K
Gy =——
Y’ s?(s+sT)

The order and type of the closed- loop system
will be

[EE ESE - 2012]
(b) 2and 3
(d)y3and 3

(@3and1
(c)3and?2

71. The open-loop transfer function of a control
system is 1—01 The steady-state error due to
S+

unit step input signal when operated as a unity
feedback system is

[EE ESE - 2012]
(b)0

(d) e

(a) 10

1
C p—
(© a1
72. The impulse response of a linear system is

e”'m t>0. The corresponding transfer function is
[EE ESE - 2012]
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1 1

@ s(s+1) (®) s+1
1 S

(©) S (d) e

73. A unity feedback system has a forward path
transfer function

G(s) = L
s(s+8)

Where K is the gain of the system. The value of
K, for making this system critically damped,
should be

[EE ESE - 2012]
()8
(d) 32

(a) 4
(c) 16

74. Match List-l (Conditions) with List-ll
(Damping constant &) and select the correct
answer using the code given below the lists:
List-1
A. Undamped
B. Underdamped
C. Critically damped
D. Overdamped
List - 11
(i) 0.5
(i) 2.0
(ii)) 0.0
(iv) 1.0
[EE ESE-2012]
Codes:
(@) A-iii, B-iv, C-i, D-ii
(b) A- ii, B-iv, C-i, D-iii
(c) A-iii, B-i, C-iv, D-ii
(d) A-ii, B-i, C-iv, D-iii

75. Match List-l and List-1l and select the
correct answer using the code given below the
lists:

List-1

A.s%+18s + 64

B.s*+25

C.s° +12s+36

D. s’+ 8s + 25

List-11

(i) Underdamped

(ii) Critically damped
(iii) Undamped
(iv) Overdamped
[EE ESE - 2012]
Codes:
(@) A-i, B-ii, C-iii, D-iv
(b) A-iv, B-ii, C-iii, D-i
(c) A-iii, B-i, C-iv, D-ii
(d) A-ii, B-i, C-iv, D=iii
76. A system has the following transfer
function:
1

GE) s?+0.1s+1
If step input is applied to this system, then its
setting time with 5% tolerance band will be

[EE ESE - 2012]
(b) 40 sec
(d) 10 sec

(a) 60 sec
(c) 20 sec

77. A second-order control system exhibits
100% overshoot. Its damping coefficient is

[EE ESE - 2012]
(b) Less than 1
(d) Equal to 1

(a) Greater than 1
(c) Equal to O

78. By using feedback in control system, the
sensitivity to parameter variation is improved.
This is achieved at rate the cost of

[EE ESE - 2012]
(a) Stability
(b) Loss of system gain
(c) Transient response
(d) Reliability

79. The characteristic equation of a particular
system is given by s> + 2s? + 6s + 12 = 0. The
damping ratio & will be

[EC ESE - 2012]
(h)0<s6<1
d)s>1

@d=0
(c)6=1

80. A third system is approximated to an
equivalent second order system. The rise time of
this approximated system will be

[EC ESE - 2012]
(a)Same as the original system for any input
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(b)Smaller than the original system for any
input
(c)Larger than the original system for any input
(d)Smaller or larger depending on the type of
input.

81. The effect of integral controller on the
steady state error (es) and the relative stability
(Rs) of the system are

[EC ESE - 2012]
(a) Both are increased
(b) e is increased but Ry is reduced
(c) e is reduced but Ry is increased
(d) Both are reduced

82. For a second order dynamic system, if the
damping ratio is 1 then the poles are

[EC ESE - 2012]
(a) Imaginary and complex conjugate
(b) In the right-half of s*plane
(c) Equal, negative and real
(d) Negative and real

83.In a

4
66 = s(s+3)

loop system will be of type

feedback control  system, if

and H(s):l, then the closed-
s

[EC ESE - 2012]
(b) 2
(d) 0

(a) 3
(©1

84. The following quantities give a measure of
the transient characteristics of a control system,
when subjected to unit step excitation:
1. Maximum overshoot.
2. Maximum undershoot
3. Overall gain
4. Delay time
5. Rise time
6. Fall time

[EC ESE - 2012]
(b) 2,4 and 5
(d)1,4and5

(@ 1,3and 5
(c)2,4and 6

85. The time taken for the output to settle within
+2% of step input for the control system

represented b isgiven b
P y s? +55+ 25 J y
[EC ESE - 2012]
(b) 1.6 s

(d) 0.4 s

@12s
(c)2.0s

86. The type of system which is used for
determination of static error. constants is
determined from the number of

[EC ESE - 2012]

(a)Zeros at origin for open loop transfer
function
(b)Poles at origin for open loop transfer
function.
(c)Zeros at origin for closed loop transfer
function.
(d)Poles at origin for closed loop transfer
function.

87. Given a unity feedback system with

K
CE)= s(s+ 6)

ratio of 0.75 is

, the value of K for damping

[EC ESE - 2011]
(b) 4
(d) 64

(a)1
(c) 16

88. Consider a second order all-pole function
model, if the desired settling time (5%) is 0.60
sec and the desired damping ratio 0.707, where
should the poles be located in s-plane?

[EC ESE - 2011]

(b) 5+j5
(d) -4 +j7

(a) -5+ ja2
) —4+ 52

89. Given the differential equation model of a
physical system, determine the time constant of

the system 402—):+ 2x =f(t)
[EC ESE - 2011]

(b) 20
(d)4

(a) 10
(c) 1/10
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90. The block diagram of a closed-loop control
system is given in figure. What is the type of
this system?

+

O

R(s)

3
(*+2s+2)

[EC ESE - 2011]
(b) One
(d) Three

(@) Zero
(c) Two

91. What is the unit impulse response of the
system shown in figure for t > 0?

1 1
e C(S)

[EC ESE - 2011]
(by1-e*
(d) —e*

R(s)—>|

(@1+et
(c)e'

92. What is the steady-state value of the unit-
step response of a closed-loop control system
shown in figure?

RO->0O—>{10} [ ]

C(s)

[1]
[EC ESE - 2011]
(a) 05 (b) 0
(©) 2 (d) o0

93. Match List-l with List-1I and select the
correct answer using the code given below the
lists:

List-1 List-11

jo

y

jo

jo

jo

[EE ESE - 2011]
Codes:
(@) A-iii, B-i, C-iv, D-ii
(b) A-ii, B-i, C-iv, D-iii
(c) A-iii, B-iv, C-i, D-ii
(d) A-ii, B-iv, C-i, D-iii

94. For the response show below, the correct
root locations in the s — plane is

N IVANVANIPAN
J

jo

[EE ESE - 2011]

(b) —e—e—t——0c
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jo

©

(d)

0<t<1
X

95. Match List-1 with List-1l and select the
correct answer using the code given below the

List-1

A. Two imaginary roots

B. Two complex roots in RHS of s-plane
C. A single root on negative real axis

D. a single root at the origin

List-11

lists:
List-1 List-11
J'UT P
- wawAll
A R B ¥ G| t
AVATN R
jo .
() iv.
B. R-%QvaL il * ——>>c h N
. [EE ESE - 2011]
o Codes:
cly (a) A-iv, B-i, C-iii, D-ii
___________ - . | (b) A-ii, B-i, C-iii, D-iv
c > 1(c) A-iv, B-iii, C-i, D-ii
! (d) A-ii, B-iii, C-i, D-iv
0 97. Assertion (A): Process industry
- applications should ideally be tuned for critical
i, —— 1 5 |damping.
D x Reason (R): Critically damped response has no
oscillations in the output.

[EE ESE - 2011]
Codes:
(@) A-iv, B-i, C-ii, D-iii
(b) A-ii