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III/IV B.Tech (Supplementary) DEGREE EXAMINATION 

October,2020 Common to ECE & EIE 
Fifth Semester Linear Control Systems 
Time: Three Hours Maximum : 60 Marks 

Answer Question No.1 compulsorily.  (1X12 = 12 Marks) 

Answer ONE question from each unit.                                         (4X12=48 Marks) 
1  Answer all questions                                                                                                                          (1X12=12 

Marks) 
 a) What is the effect of feedback on sensitivity.  
 b) What is meant by takeoff point or branch point?  
 c) What does the time constant of a system indicate.  
 d) Define steady state error.  
 e) The closed loop transfer function of second order system is ܥ(ܵ)

ܴ(ܵ)
= 10

ܵ2+6ܵ+10
. What is the 

type  of damping in the system. 

 

 f) Draw the appropriate polar plot for a Type 0 second order system.  
 g) Give the advantages and limitations of Nyquist stability criterion.  
 h) Define gain crossover frequency.  
 i) When do you say that a system is completely state controllable.  
 j) What are the drawbacks of transfer function?  
 k) What does a gain margin close to unity or phase margin close to zero indicate?  
 l) Explain peak overshoot.  

UNIT I 
2 a) With the help of suitable examples differentiate between                                          

        (i) Open and closed loop systems (ii) Linear and Non linear systems 
6M 

 b) Discuss the mathematical modeling of fundamental components of mechanical 
translational system. 

 
6M 

(OR) 
3 a) Write the differential equations 

governing the behavior of the 
mechanical system shown in fig  below 
and obtain Y2(s)/F(s). Also obtain an 
analogous electrical circuit based on 
force – current analogy 

 

 
 
 
 
 
 
 
 
 
 
 
12M 

UNIT II 

4 a) Damping factor and natural frequency of the second order  system are 0.12 and 84.2 
rad/sec respectively. 
Determine the rise time, peak time, maximum peak overshoot and sttling time.      

 
6M 

 

 

 

 b) Determine the stability of the closed loop system whose open loop transfer is 
ହ(ଶ௦ାଵ)

௦(௦ାଵ)(ଵାଷ௦)(ଵା଴.ହ௦)
  using Routh-Hurwitz criterion.  



 

(OR) 
P.T.O. 
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5 a) Define the steady state error and error constants of different types of inputs.  6M 
 b) Find KP, Kv, Ka and steady state error for a system with open loop transfer function as      

(ݏ)ܪ(ݏ)ܩ = (3+ݏ)(2+ݏ)10
(4+ݏ)(5+ݏ)(1+ݏ)ݏ

.  
 
 
6M 

UNIT III 
6 a) Given the open loop transfer function (ݏ)ܩ = 5

(ݏ3+1)(2ݏ+ݏ1+2)
. Sketch the Nyquist plot and  

investigate the open loop and closed loop systems stability.   

 
 
6M 

 b) Explain how phase margin and gain margin are obtained from polar plot. 6M 
(OR) 

7 a) A unity feedback control system has (ݏ)ܩ = ݇
(10+ݏ)(4+ݏ)ݏ

. Draw the bode plot. Find  ‘K’ when  

phase margin =300.  

 
 
12M 

UNIT IV 
8 a) A unity feedback system has an open loop transfer function  (ݏ)ܩ = ݇

(10+ݏ3+2ݏ)ݏ
 make a rough 

sketch of root locus plot by determine the following  (i) Centroid, number and angle of  
symptotes  (ii) angle of departure of root loci from the poles, (iii) Break away points if any, (iv) 
points of intersection with  jω axis and  (v) maximum value of k for stability.     

 
 
 
 
12M 

(OR) 
9 a)  Determine the state transition matrix for the system   ܺ̇ =     where ,ܺܣ

          A=൥
−2 0 1
0 −1 1
2 0 −1

൩ 

 
 
6M 

 b) Determine the state model of the system characterized by the differential equation  
          (S4+2S2+8S3+4S+3)Y(s)=10U(s).   

 
6M 

 

  



1  Answer all questions                                                                                                         (1X12=12 Marks) 
 a) What is the effect of feedback on sensitivity. 

Ans: we got the sensitivity of the overall gain of closed loop control system as the 
reciprocal of (1+GH). So, Sensitivity may increase or decrease depending on the 
value of (1+GH).If the value of (1+GH) is less than 1, then sensitivity increases. In 
this case, 'GH' value is negative because the gain of feedback path is negative.If 
the value of (1+GH) is greater than 1, then sensitivity decreases. In this case, 'GH' 
value is positive because the gain of feedback path is positive. 
 
In general, 'G' and 'H' are functions of frequency. So, feedback will increase the 
sensitivity of the system gain in one frequency range and decrease in the other 
frequency range. Therefore, we have to choose the values of 'GH' in such a way 
that the system is insensitive or less sensitive to parameter variations. 
 

 b) What is meant by takeoff point or branch point? 
Ans:The take-off point is a point from which the same input signal can be passed 
through more than one branch. That means with the help of take-off point, we 
can apply the same input to one or more blocks, summing points. 

 c) What does the time constant of a system indicate. 
Ans:Time Constant is the “how fast” variable. It describes the speed with which 
the measured Process Variable (PV) responds to changes in the Controller Output 
(CO). 
 

 d) Define steady state error. 
Ans: 
Steady-state error is defined as the difference between the input (command) and the 
output of a system in the limit as time goes to infinity (i.e. when the response has 
reached steady state). The steady-state error will depend on the type of input (step, ramp, 
etc.) as well as the system type (0, I, or II). 

 e) The closed loop transfer function of second order system is ܥ(ܵ)
ܴ(ܵ)

= 10
ܵ2+6ܵ+10

. What 

is the type  of damping in the system. 
Ans: 
2δωn=6 
ωn=3.16 

δ=0.949 
Since δ<1 it is under damped system. 
 

 f) Draw the appropriate polar plot for a Type 0 second order system. 

Ans:   

 

 g) Give the advantages and limitations of Nyquist stability criterion. 
Ans: 
Following are some of the advantages of nyquist plot 
 In practice most of the real systems experience delay such systems will have 

loop transfer functions involving exponentials. Such systems cannot be treated 
with Routh Hurwitz criterion and are difficult to treat with Root-Locus method. 
The stability of such systems can be estimated using Nyquist plot. 

 The nyquist plot is easy to obtain especially with the aid of computer. 
 Nyquist plot in addition to providing absolute stability, also gives information 

on relative stability of stable systems and degree of instability of unstable 
system. 

 It also gives information on the frequency characteristics such as peak resonant 
amplitude, peak resonant frequency, bandwidth, gain margin, phase margin 
e.t.c 

The Nyquist plot has some limitations : 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
1.The frequency is not clearly shown on the plot and it is not possible to 
determine, for a specific point, the frequency used to the record that point; 
 
2.The ohmic and polarization resistances can be directly determined from the plot 
but the electrode capacitance can be only calculated if the frequency information is 
known. 
3.If there are high and low impedance components in the circuit, the larger 
impedance controls plot scaling and distinguishing the low impedance semicircle 
would probably be impossible. 

 
 

 h) Define gain crossover frequency. 
Ans: 
The frequency at which the Nyquist plot is having the magnitude of one is known as the gain cross over frequency. It is 
denoted by ωgc. 

 
 i) When do you say that a system is completely state controllable. 

Ans: 
Controllability: In order to be able to do whatever we want with the given dynamic system  
under control input, the system must be controllable. 
 

 j) What are the drawbacks of transfer function? 
Ans: 

 
 
 
 

 k) What does a gain margin close to unity or phase margin close to zero indicate? 
Ans: 
A gain margin close to unity or phase margin close to zero indicates the system is highly 
oscillatory. In the oscillating system, the force acts in an opposite direction to the 
displacement of the particle from the equilibrium point. This force tends to change with 
time or it can be constant 
 

 l) Explain peak overshoot. 
Ans: 
Peak Overshoot 
Peak overshoot Mp is defined as the deviation of the response at peak time from the final 
value of response. It is also called the maximum overshoot. 
 
Mathematically, we can write it as 
 
Mp=c(tp)−c(∞) 



UNIT-I 

2.(a). 

Comparison open loop system and closed loop system  -                                                                               6M 

Open loop system  Closed loop system  

Output measurement is not  required for 
operation of the system.  

Output measurement is  necessary.  

Highly affected by non-linearities  Reduced effect of non-linearities.  
Highly sensitive to the disturbances and 
environmental changes  

Less sensitive to disturbances and  
environmental changes.  

Feedback element and error  detector are 
absent  

Feedback element and error  detector are 
absent  

Generally stable in nature  Stability is the major consideration while 
designing.  

Linear control system 
The system is said to be linear, if it satisfies the following two properties: 
• Additivity property that is for any x and y belonging to the domain of the function f, we have 
F(x+y) = f(x) +f(y) 
• Homogeneous property that is for any x belonging to the domain of the function f and for any scalar constant   
We have 
F(αx) = α f(x) 
These two properties together constitute a principle of superposition. 
A system is said to be non linear .if it does not satisfy the principle of super position . 

• Most of the systems are non-linear in nature because of different non-linearities such as saturation, friction, 
dead zone etc. present in the system.  

2.(b). 
Electrical analogous elements-       2M 
Explanation-                                       4M 

 



 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 



 

(OR) 

3.(a) 

Free body diagram-                          2M 
Transfer function-                             4M 
Analogous circuit and equations-  6M 

 

 



 

 

 



UNIT-II 

4.(a). 
Rise time & peak time               -------3 M 
Peak over shoot & settling time ----- 3M 
Ans: 

Damping factor =0.12  

Natural frequency=84.2 rad/sec 

 

Rise time= 0.0188 sec 

Peak time=0.037 sec 

Maximum peak  over shoot=2 

Settling time= 0.39 sec 

4.(b). 
Charester stic equation -2M 
Routh Array                      -4M 
Characteristic equation of the given system is  

1.5s4+5s3+4.5s2+11s+5=0 

Routh array 

S4     1.5      4.5      5  

S3     5          11      0 

S2    1.2       5    

S1     9.833     0  

S0      5 

The given system is a stable system. 
(OR) 

5.(a). 
Definitions of steady state error constants       -3M 
Steady state error for various input signals ---- 3M 
 

 



 

5.(b). 
Kp & Kv -----                          --3M 
Ka & steady state error  ----- 3M 

 



 

UNIT-III 

6.(a). 
Nyquist plot procedure-----3M 
Nyquist plot                    ------3M 

 

 

 



 

6.(b). 
Rules for drawing polar plot   ----- 3M 
Gain margin & Phase margin    ----3M 
The Polar plot is a plot, which can be drawn between the magnitude and the phase angle of G(jω)H(jω) by varying ω 
from zero to ∞. The polar graph sheet is shown in the following figure. 

This graph sheet consists of concentric circles and radial lines. The concentric circles and the radial lines represent the 
magnitudes and phase angles respectively. These angles are represented by positive values in anti-clock wise 
direction. Similarly, we can represent angles with negative values in clockwise direction. For example, the angle 2700 
in anti-clock wise direction is equal to the angle −900 in clockwise direcƟon. 
Rules for Drawing Polar Plots 
Follow these rules for plotting the polar plots. 
Substitute, s=jω in the open loop transfer function. 
Write the expressions for magnitude and the phase of G(jω)H(jω). 
Find the starting magnitude and the phase of G(jω)H(jω) by substituting ω=0. So, the polar plot starts with this 
magnitude and the phase angle. 
Find the ending magnitude and the phase of G(jω)H(jω) by substituƟng ω=∞. So, the polar plot ends with this 
magnitude and the phase angle. 
Check whether the polar plot intersects the real axis, by making the imaginary term of G(jω)H(jω) equal to zero and 
find the value(s) of ω. 
Check whether the polar plot intersects the imaginary axis, by making real term of G(jω)H(jω) equal to zero and find 
the value(s) of ω. 
For drawing polar plot more clearly, find the magnitude and phase of G(jω)H(jω) by considering the other value(s) of 
ω. 
Gain Cross over Frequency 
The frequency at which the Nyquist plot is having the magnitude of one is known as the gain cross over frequency. It is 
denoted by ωgc. 
The stability of the control system based on the relation between phase cross over frequency and gain cross over 
frequency is listed below. 
If the phase cross over frequency ωpc is greater than the gain cross over frequency ωgc, then the control system is 
stable. 
If the phase cross over frequency ωpc is equal to the gain cross over frequency ωgc, then the control system is 
marginally stable. 
If phase cross over frequency ωpc is less than gain cross over frequency ωgc, then the control system is unstable. 
Gain Margin 
The gain margin GM is equal to the reciprocal of the magnitude of the Nyquist plot at the phase cross over frequency. 
GM=1/Mpc 
Where, Mpc is the magnitude in normal scale at the phase cross over frequency. 
Phase Margin 
The phase margin PM is equal to the sum of 1800 and the phase angle at the gain cross over frequency. 
PM=1800+ϕgc 
Where, ϕgc is the phase angle at the gain cross over frequency. 
The stability of the control system based on the relation between the gain margin and the phase margin is listed 
below. 
If the gain margin GM is greater than one and the phase margin PM is positive, then the control system is stable. 
 

 

 

 

 

 

 

 

 



(OR) 
7.(a). 
Bode plot procedure        -------6M 
Determination of  K  value   ---3M 
Bode plot -----                             3M 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 



 

                                                                                                                             
UNIT-IV 

8.(a). 
Centroid , Angle of asymptodes                 ------3M 
Point of intersection with imaginary axis -----6M 
Graph                                                              ------  3M 
                                                                                                                                                                           12M 

 

 

 



 

 



 

 (OR) 

9.(a). 
Inverse of (SI-A)                     ------- 3M 
Inverse Lapalace transform -------3M 
(sI-A)-1= 

 

L-1(SI-A)-1= 

 

1/3 H(t) e(-3t)                                  0            1/3H(t)(1/3)e-3t 

-e(-t)+2/3H(t)+1/3e(-3t)                  e-t          -e(-t)+2/3 H(t)+1/3e(-3t)                                    

2/3 H(t)-2/3e(-3t)                                          0           2/3 H(t)+1/3e(-3t) 

 

 

 



9.(b). 
State variables    -----3M 
State Model       ------3M  

 


