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MODULE-1 
 

Syllabus: 

 Introduction to Control Systems:  

 Types of Control Systems 

 Effect of Feedback Systems  

 Differential equation of Physical Systems   

 Mechanical Systems,  

 Electrical Systems, and  

 Analogous Systems.  
 

 
 
 
 



 



 



 



 



 





 



 



 





 



 





 



 



 



 



 



 









 



 



 





 



 



 



 



 



 



 



 













 







 





 



 



 



 



 



 



 



 



 



 

 

 



 

 

 
 

Module no 1  
Questions 

 
 

 

 
Q-1: Explain  with  examples open  loop  and  closed  loop  control  systems. List 

merits  and demerits of both.                                            Jun. 2014, 10 Marks 
 

Q - 2 : Compare open  loop and  closed  loop control  systems and  give one 
practical example of each.                                                  Jun. 2013, 6 Marks 

 

Q-3: Compare linear and non-linear control  systems.          Dec. 2012, 4 Marks 
 

Q-4: Define control system. Draw the basic block diagram of a control  loop  
giving  all the relevant details.                                           Dec. 2012, 4 Marks 

 

Q-5: Derive the electrical  analogous quantities for the mechanical quantities 
using  force- voltage  analogy.                                                                                 
Dec. 2010, 5 Marks 

 

Q-6: Derive the mathematical model for an armature controlled DC motor. 
                                                                                                                                                        Dec. 2010, 5 

Marks 
 

Q-7: For what  purpose feedback is used in control  system?  Mention the effects 
of feedback on (i) stability (ii) overall  gain (iii) disturbance and (iv) 
sensitivity of control  systems. 

                                                                                                                                                                    Jul. 2005, 
10 Marks 

 

Q-8: For the system shown in Figure.1 write mechanical network and obtain its 
mathematical mod                                                            Jul. 2013, 6 Marks 
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Q-9: For the system shown
ical model  and electrical  analogous
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Q-10: Draw  the  electrical 
mance  equations for Figure.
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Q-11: For the rotational system
Write the differential equations.
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Q-12: For the mechanical system
 
(i) Draw  the free-body diagram 
describing behaviour of the system.

(ii) Draw the electrical network based
equations. 

(iii)  Draw the electrical network 
electrical  equations. 
 

Q-13: For the mechanical system
 
(i) Draw  the free-body diagram 
describing behaviour of the system.

(ii) Draw the electrical network
electrical  equations. 

(iii)  Draw the electrical network
electrical  equations.

shown in Figure.2 write its mechanical network
analogous based  on force-current analogy.     
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Figure 3:  . 

system shown in Figure.4.  (i) Draw  the mechanical
equations. (iii) Obtain torque to voltage analog
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Figure 4: 

system shown in Figure.5. 

 and  mechanical network. Write the diffe
system. 

based on force-voltage analogy and write 

 based on force-current analogy and write 

system shown in Figure.6. 

 and  mechanical network. Write the diffe
system. 

network based on force-voltage analogy and

network based on force-current analogy and

network and obtain mathemat- 
.      Jul. 2013, 8 Marks 
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Figure 5:   Mechanical system:  ui  is force (N), yi  is displacement (m), mi  is mass  (Kg), ki is spring 
constant (N/m), bi is viscous  friction coefficient (N-s/m). 
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Figure 6:   Mechanical system:  ui  is force (N), yi  is displacement (m), mi  is mass  (Kg), ki is spring 
constant (N/m), bi is viscous  friction coefficient (N-s/m). 
 
 
Q-14: For the mechanical system shown in Figure.7. 
 

(i) Draw  the free-body diagram and  mechanical network. Write the differential equa- tions 
describing behaviour of the system. 
 

(ii) Draw the electrical network based on force-voltage analogy and write the analogous electrical  
equations. 
 

(iii)  Draw the electrical network based on force-current analogy and write the analogous electrical  
equations. 
 

Q-15: For the mechanical system shown in Figure.8. 
 

(i) Draw  the free-body diagram and  mechanical network. Write the differential equa- tions 
describing behaviour of the system. 
 

(ii) Draw the electrical network based on force-voltage analogy and write the analogous electrical  
equations.
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Figure 7:   Mechanical system:   f (t) is
constant (N/m), bi is viscous  friction 
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Figure 8:   Mechanical system:   f (t) is
constant (N/m), bi is viscous  friction 
 
 
(iii)  Draw the electrical network based

equations. 
 
Q-16: For the mechanical system shown
 
(i) Draw  the free-body diagram and 

describing behaviour of the system.

(ii) Draw the electrical network based
equations. 

(iii)  Draw the electrical network based
equations. 

 
Q-17: For the mechanical system shown
 
(i) Draw  the free-body diagram and 

describing behaviour of the system.

(ii) Draw the electrical network based
equations. 

(iii)  Draw the electrical network based
equations.
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based on force-current analogy and write the

shown in Figure.9. 

and  mechanical network. Write the differ
system. 

based on force-voltage analogy and write the

based on force-current analogy and write the

shown in Figure.10. 
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Figure 9:   Mechanical system:   f (t) is
constant (N/m), bi is viscous  friction 
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Figure 10:  Mechanical system:  f (t) is
constant (N/m), bi is viscous  friction 
 
 
Q-18: For the mechanical system shown
 

(i) Draw  the free-body diagram
describing behaviour of the system.

(ii) Draw  the electrical  network
electrical  equations. 

(iii)  Draw  the electrical  network
electrical  equations. 

 
Q-19: For the mechanical system shown
 

(i) Draw  the free-body diagram 
describing behaviour of the system.

(ii) Draw  the electrical  network 
electrical  equations. 

(iii)  Draw  the electrical  network
electrical  equations.

b

  y2 
 

M2 

2                                                      
y1               k1                        

M1 
                                                                                         
                                                                                        b1 

                                                                                               

                                                                                         b2 

is force (N), yi is displacement (m), mi is mass
 coefficient (N-s/m). 

                           f (t )              k2 
2 

 
 

                   M2 
2 
 
             k1                 b1 
 
 

                 M1 
 
y1 
 
 
is force (N), yi is displacement (m), mi is mass

 coefficient (N-s/m). 

shown in Figure.11. 

diagram and  mechanical network. Write the dif
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network based  on torque-voltage analogy and  write 

network based  on torque-current analogy and  write 

shown in Figure.12. 

 and  mechanical network. Write the diffe
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 based  on torque-voltage analogy and  write 

network based  on torque-current analogy and  write 
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Figure 11:    Mechanical system:   T is
(Kgm2), ki is torsional spring constant
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Figure 12:    Mechanical system:   T is
(Kgm2), ki is torsional spring constant
 
 

Q-20: Figure.13  shows  a motor-load
n = N1 /N2. The motor  torque is 
 

(i) Draw  the free-body diagram 
describing behaviour of the system.

 

(ii) Draw  the electrical  network 
electrical  equations. 

 

(iii)  Draw  the electrical  network
electrical  equations. 

 
Q-21: Figure.14  shows  the diagram

are modeled as linear  springs
 
(i) Draw  the free-body diagram 

describing behaviour of the system.
 

(ii) Draw  the electrical  network 
electrical  equations. 

 

(iii)  Draw  the electrical  network
electrical  equations. 

 
Q-22: For the mechanical system
 
(i) Draw  the free-body diagram 

describing behaviour of the system.
 

(ii) Draw  the electrical  network 
electrical  equations. 

 

(iii)  Draw  the electrical  network
electrical  equations.
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network based  on torque-current analogy and  write 

system shown in Figure.15. 
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moment of inertia  (Kgm2), ki is
coefficient (Nm-s/rad). 
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Q:23. For the mechanicrrl system shorrn in Fig.Ql(b) the analogotts clectrical netu'ork bascd 
onF-V analogy. 

 

 
 
Q:24. For the mechanical system shown in Fig.Ql(b): 
 i) Draw the mechanical network. 
 ii) Obtain equations of motion. 
 iii) Draw an electrical network based on force current analogy. 
 

 

 
 

Q:25. Write the differential eil\iailons fbr the mechanical s)steni shoun in Fig.QI(b) and ohtain 

F-V and F-l analogous e lectrica i networks. (05 Nlarks)l 
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 Transfer  functions  

 Block diagrams and  

 signal flow graphs 

 Block diagram algebra and  

 Signal Flow graphs. 
 
 
 
 
 
 
 
 



 



 



 



 



 



 



 



 





 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 

  
 

 



 

  
 

 
 
 

Module no 2 Questions 
 

 
Q2-1: Define transfer function and what are its properties.                  Jun. 2013, 5 Marks 
 
Q2-2: Illustrate how to perform the following, in connection with  block diagram 
reduction rules: 
 
(i) Shifting a take-off point  after a summing point. 

(ii) Shifting a take-off point  before a summing point.                            Dec. 2012, 4 Marks 
 
Q2-3: The performance equations of a controlled system  are given  by the following set 
of linear  algebraic equations:                                                                Dec. 2012, 8 Marks 
 

E1 (s) = R(s) − H3 (s)C(s); 

E2 (s) = E1 (s) − H1 (s)E4 (s); 

E3 (s) = G1 (s)E2 (s) − H2 (s)C(s); 

E4 (s) = G2 (s)E3 (s); 

C(s) = G3 (s)E4 (s);  

(i) Draw  the block diagram. 

(ii) Find the overall  transfer function 
 C(s) 

using  block diagram reduction technique 
                                                                    R(s) 

 

Q2-4: For  the  system represented by  the  following equations, find  the  transfer 
function 

X(s) 
by signal flow graph, technique                                                      Dec. 2014, 10 Marks 

U(s) 
 
x = x1 + α3 u 

ẋ 1 = −β1 x1 + x2 + α2 u ẋ 2 = −β2 x1 + α1 u. 

 
Q2-5: Obtain  the transfer function of field controlled servo motors.            Jun. 2013, 8 Marks 
 
Q2-6: Obtain the transfer function of an armature controlled dc servo motor. Jun. 2009, 6 Marks 
 
Q2-7: Define the transfer function. Explain Mason’s gain formula for determining the trans- 

fer function from signal flow graphs.                                              Dec. 2010, 6 Marks 
 
Q2-8: Explain briefly the following terms:                                                        Jul. 2009, 8 Marks 
(i)   Forward path.      (ii)   Path gain.      (iii)  Loop gain.      (iv)   Canonical form. 
 
Q2-9: Draw  the signal  flow graph for the system of equation given  below  and  obtain  the 

overall transfer function 
X6 (s) 

using  MGF                                             Jul. 2007, 12 Marks 
                                                     X1 (s) 

 

X2 = G1 X1 − H1 X2 − H2 X3 − H6 X6 

X3 = G1 X1 + G2 X2 − H3 X3 

X4 = G2 X2 + G3 X3 − H4 X5 

X5 = G4 X4 − H5 X6 

X6 = G5 X5 
 

 
 



 

  
 

Q2-10: For a negative feedback control  system, starting from fundamentals, show  that  the 
closed loop transfer function M(s) is given by                                           Jan. 2007, 8 Marks 

 
     Ng Dh                                                       M(s) = , 
Dg Dh + Ng N

where G(s) =N/Dg 
                                

forward path  gain

H(s) = 
Nh 

             Dh 

 
feedback gain

 
Q2-11: Define the term “transfer function”. The unit step response of single loop, unity  feed- 

back control  system is given by, 
 

c(t) = 1 − 1.25e−2t + 0.25e−10t
 

 
Determine its closed loop and open  loop transfer functions.                Jul. 2006, 08 Marks 

 
Q2-12: Define the term “transfer function”. The unit step response of single loop, unity  feed- 

back control  system is given by, 

c(t) = 1 − 3e−2t + 2e−3t
 

 
Determine its closed loop and open  loop transfer functions.               Jan. 2006, 06 Marks 

 
Q2-13: Obtain  a block diagram representation and  evaluate the transfer function of an ar- 

mature controlled dc motor.                                                                         Jan. 2006, 08 Marks 
 
Q2-14: Illustrate how to perform the following in connection with block diagram reduction 

techniques: Jul. 2005, 10 Marks 
 

(i) moving a summing point  ahead of a block and behind a block. 

(ii) moving a take off point  ahead of a block and behind a block. 

(iii)  Transforming a non unity  feedback to a unity  feedback. 
 

Q2-15: Consider the  system shown in 1.  An armature-controlled dc servomotor drives  a 
load consisting of the moment of inertia  JL and load torque TL . Field current i f  is constant. 
The torque developed by the motor  is Tm . The moment of inertia  of the motor  rotor  is Jm . 
The viscous  friction  coefficient  of motor  is Bm .  The angular displacements of the motor

 

rotor  and  the load  element are θm and  θL , respectively. The gear ratio  is n = 
N1   = 
N2 

θL . 
θm

 

Draw  a block diagram and obtain  the transfer functions 
ΘL (s) 
Ea (s) 

 

and 
ΘL (s) 

. 
TL (s) 
 
 
 
 
 
 



 
 
 
 
 
 

ia                 
 

i
ea                                                                                         e f            L f 

 
Figure 1:  Armatu

 
 
Q2-16: Consider the system shown

consisting of the moment of inertia 
The torque developed by the motor 
The viscous  friction  coefficient 

 

rotor  and  the load  element are
 

Draw  a block diagram and obtain 

 
 
 
 
                                           i f      

ia                        e f             

 
Figure 2:  Field

 
 
Q2-17: Consider the  system shown

load with  torque TL . The torque
the motor  rotor is Jm . The viscous 

the motor  rotor  is ω. Obtain  the
V (s) 
 

Q2-18: Consider the  system shown
load consisting of the moment 
The torque developed by the motor 
The viscous  friction  coefficient 

N

a                  Ra     La 

i f 
a                                                                       N1Jm 

Tm
θm 

Bm                          θL 
JL 

TL 
N2

Armature-controlled dc servomotor system. 

system shown in 2.  An field-controlled dc servomotor
inertia  JL and load torque TL . Armature current

motor  is Tm . The moment of inertia  of the motor 
ficient  of motor  is Bm .  The angular displacements

e θm and  θL , respectively. The gear ratio  is 

obtain  the transfer functions 
ΘL (s) 
E f (s) 

 

and 
ΘL (s)
TL (s)

 R f 

Ra      La 
 
 

N1
f              L f Jm 

Tm
θm 

Bm                           θL 
JL 

 

TL 
2

Field-controlled dc servomotor system. 

shown in 3.  An armature-controlled dc servomotor
que developed by the motor  is Tm . The moment

viscous  friction coefficient of motor  is Bm . The angular

the transfer functions 
 ω(s) 

and 
 ω(s) 

.
TL (s)

shown in 4.  An armature-controlled dc servomotor
 of inertia  JL and load torque TL . Field current
motor  is Tm . The moment of inertia  of the motor 

ficient  of motor  is Bm .  The angular displacements

servomotor drives  a load 
ent ia is constant. 
motor  rotor  is Jm . 

displacements of the motor

 n = 
N1   = 
N2 

θL . 
θm

 
. 

servomotor drives  a 
moment of inertia  of 

angular speed  of 

servomotor drives  a 
ent i f  is constant. 
motor  rotor  is Jm . 

displacements of the motor
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Figure 3:  Block diagram of an armature-controlled dc servomotor system. 
 
 

rotor  and the load element are θm and  θL , respectively. Draw a block diagram and obtain
 

the transfer functions 
ΘL (s) 
Ea (s) 

 

and 
ΘL (s) 

. 
TL (s)
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Figure 4:  Armature-controlled dc servomotor system. 
 
 
Q2-19: Consider the system shown in 5.  An field-controlled dc servomotor drives  a load 

consisting of the moment of inertia  JL and load torque TL . Armature current ia is constant. 
The torque developed by the motor  is Tm . The moment of inertia  of the motor  rotor  is Jm . 
The viscous  friction  coefficient  of motor  is Bm .  The angular displacements of the motor

 

rotor  and  the load  element are θm and  θL , respectively. The gear ratio  is n = 
N1   = 
N2 

θL . 
θm

 

Draw  a block diagram and obtain  the transfer functions 
ΘL (s) 
E f (s) 

 

and 
ΘL (s) 

. 
TL (s)
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Figure 5:  Field-controlled dc servomotor system.



 
 
 
 

Q2-20: Find the transfer function

For a simplified analysis, assume

current i produces a force Fc =
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Figure
 
 
Q2-21: Write  the  dynamic equations

Figure. 7, also determine 
 V1 (s)

 
nique. 

E1 (s)

R
 
 

e1                    
 

 
 
 

 
 
Q2-22: Write  the  dynamic equations

Figure. 8, also determine 
 V1 (s)

 
nique. 

Vs (s)
 
 

R
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function 
X(s) 
E(s) 

 

for the electro-mechanical system shown
 

                                                       d
assume that  the  coil has  a back  emf eb  = Kb 

= K f i on the mass  M. 

                                                                                                                                                   2 
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R                     L          i 

e                      C 

M 
 
 
 
 
 
 
 

Coil

Figure 6:  Electro-mechanical system. 

equations and  draw a block  diagram for the  cir
) 

, 
 V2 (s) 

, 
 V1 (s) 

and 
 V2 (s) 

by block diagram 
) E1 (s) E2 (s) E2 (s)

R1                  R2                  R3 

1                     v1     C1         v2     C2         e2 

Figure 7: 

 
 
y(t )

equations and  draw a block  diagram for the  ci
) 

, 
 V2 (s) 

, 
 V1 (s) 

and 
 V2 (s) 

by block diagram 
) 

R1 

Vs (s) 
 
 

v1 

Is (s) 
 
 
L 

iL 

Is (s) 
 
 
v2

s                                C1                   C2 R2          is

Figure 8:

shown in Figure.6. 

dx
 dt  

and  the  coil 

rcuit  shown in 

 reduction tech-

circuit  shown in 

 reduction tech-



 

  
 

 
 
 
Q2-23: Write the dynamic equations for the notch circuit shown in Figure. 9 and determine 

Eo (s) 
.  Also draw a block diagram and determine 

 Eo (s) 
by block diagram reduction tech-

Ei (s)
 
nique. 

Ei (s)
 
 

C1                      C2 
 

R1                         R2 
ei                            R3     C3                eo 

 

 
 
 

Figure 9: 
 
 
Q2-24: An equivalent circuit of an electronic  amplifier is shown in Figure.10.  Determine its

transfer function 
 Vout (s) 

. Take v 
Vin (s)              Gk

 

 

= vG 

 

− vK

 
 

          Rp 

µ vGK                        Cp 
 
 
 

                     ein 

G     K 
 

 

Rg            Rk 

Rl     
eout

 
 
 

Figure 10: 
 

Q2-25: Using  block  diagram reduction techniques, determine transfer functions 

system shown in Figure.11. 

C 
of the 

R

 
 

H1                                                        G5 

 
R         C 

G1                                               G3                   G4                                    G6 
 
 

H2 

G2 
 

 
Figure 11:



 

  
 

 
 

Q2-26: Using  block  diagram reduction techniques, determine transfer functions 

system shown in Figure.12. 

C 
of the 

R

 
 
 

H3 

H1 
 

R                                                                                                                    C 
G1                                             G3                   G4                                    G6 

 
 

H2 

G2 
 

 
Figure 12: 

 

Q2-27: Using  block  diagram reduction techniques, determine transfer functions 

system shown in Figure.13. 

C 
of the 

R

 

 

G4 
 

 

R                                                                                                       C 
                                                  G1                                    G2                   G3 
 

 
                                                                                            H2 

H1 
 
 
 

Figure 13: 
 
 

Q2-28: Using  block diagram reduction techniques, determine transfer functions 
 

C1 ,  and   
C2  of the system shown in Figure.14. 

C1 , 
R1 

C2 , 
R1

R2               R2 

                                                                                                                                                                    C
Q2-29: Using  block  diagram reduction techniques, determine transfer functions ,  and 

R1
 C  

of the system shown in Figure.15. 
R2 

 
Q2-30: For the signal flow graph shown in Figure 16 obtain  transfer function 

 
 
Q2-31: For the signal flow graph shown in Figure 17 obtain  transfer function 

 
 
 
C(s) 

. 
R(s) 
 

C(s) 
. 

R(s)
 

 
Q2-32: For the signal flow graph shown in Figure 18 obtain  transfer functions 

 

C1 (s) 
and   

C2 (s) 
. 

 

C1 (s) 
, 

R1 (s) 

 

C2 (s) 
, 

R1 (s)

R2 (s) R2 (s)



 

  

G               G               G

 
 
 
 
 

R1                                                                                                                     C1 
1                       2                       3 

 
 

               H2 
 
 

               H1 
 

           R2                                                                                                                          C2 
              G4                   G5                   G6 

 

 
 
 

Figure 14: 
 

               H3                                          
R2 

 

            R1                                                                                                                                                       C 
                           G1                                  G2                                                           G3 

 
 
                                                                                                                              H2 
 

                H1 
 

 
Figure 15: 

 
 
Q2-33: Block diagram of a controlled system is shown in Figure 12 

 (i) Draw  a equivalent signal flow graph. 

(ii) Find the overall  transfer function 
 C(s) 

using  Mason’s gain formula. 
                                                              R(s) 

 

 
 



 

  
 

Figure 16: 

 
                  Figure 17: 

 
 
 

 
 

                Figure 18: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
‘ 
 
 
 



MODULE-3 
 

Syllabus: Time Response of feedback control systems: Standard test signals, Unit step response 
of First and Second order Systems. Time response specifications, Time response specifications 
of second order systems, steady state errors and error constants. Introduction to PI, PD and PID 
Controllers (excluding design). 
 
Study Material Referred: 
 

 Modern Control engineering-K Ogata.
 Control Systems Engineering- J.Nagarath and M.Gopal.
 Automatic Control Systems-Benjamin C. Kuo.
 Linear Control Systems –B S Manke.
 Control Systems- Anand Kumar.

 VTU Previous year Question papers (2010-2016).
 Problems and solution of controls systems -AK Jairath.

 
 



CONTENTS 
 

S
L.
N
O 

TOPICS PAGE 
NO 

1 Time Response of feedback control systems  

2 Standard test signals  

3 Unit step response of First order Systems.  

4 Unit step response of Second order Systems.  

5 Time response specifications of second order systems,  

6 Steady state errors and error constants.  

7 Problems to be solves in class on Time Response.  

8 Solved Problems on Time Response.  

9 Practice Problems on Time Response.  

10 Assignment Problems on Time Response. 
 

To be submitted before 2ND Module Test 

 

11 Introduction to PI, PD and PID Controller.  

12 Theory Questions.  

 
Note: 1) Assignment Carries 05 Marks (To be submitted before 2ND test). 
 



 



 



 



 



 



 



 



 



v 





 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



0ol 



 



 



 



 



 



v 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 


