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CHAPTER 1 
FUNDAMENTAL OF CONTROL SYSTEM 
Introduction: 
A control system is defined as a system of devices that manages, commands, 
directs, or regulates the behaviour of other devices or systems to achieve a desired 
result. In other words,a control system can be simplified as a system, which 
controls other systems.  

Examples of control systems in your day-to-day life include an air conditioner, a 
refrigerator, an air conditioner, a bathroom toilet tank, an automatic iron, and 
many processes within a car – such as cruise control. 

In industrial settings, we find control systems in the quality control of products, 
weapons system, transportation systems, power systems, space technology, 
robotics, and much more. 

Requirements of a Good Control System 
Accuracy: Accuracy is the measurement tolerance of the instrument and defines 
the limits of the errors made when the instrument is used in normal operating 
conditions. 
Sensitivity: The parameters of a control system are always changing with the 
change in surrounding conditions, internal disturbance, or any other parameters. 
This change can be expressed in terms of sensitivity.  
Noise: An undesired input signal is known as noise. A good control system should 
be able to reduce the noise effect for better performance. 
Stability: It is an important characteristic of the control system. For the bounded 
input signal, the output must be bounded and if the input is zero then the output 
must be zero then such a control system is said to be a stable system. 
Bandwidth: An operating frequency range decides the bandwidth of the control 
system. Bandwidth should be as large as possible for the frequency response of a 
good control system. 
Speed: It is the time taken by the control system to achieve its stable output. A 
good control system possesses high speed. The transient period for such a system 
is very small. 
Oscillation: A small number of oscillations or constant oscillations of output tends 
to indicate the system to be stable. 
 
1.1. CLASSIFICATION OF CONTROL SYSTEMS 
There are various types of control systems, but all of them are created to control 
outputs. The system used for controlling the position, velocity, acceleration, 
temperature, pressure, voltage, and current, etc. are examples of control systems. 

https://www.electrical4u.com/types-of-systems-linear-and-non-linear-system/


Let us take an example of the simple temperature controller of the room, to clear 
the concept. Suppose there is a simple heating element, which is heated up as long 
as the electric power supply is switched on. As long as the power supply switch of 
the heater is on the temperature of the room rises and after achieving the desired 
temperature of the room, the power supply is switched off. Again due to ambient 
temperature, the room temperature falls, and then manually the heater element 
is switched on to achieve the desired room temperature again. In this way, one can 
manually control the room temperature at the desired level. This is an example of 
a manual control system. 

This system can further be improved by using a timer switching arrangement of the 
power supply where the supply to the heating element is switched on and off in a 
predetermined interval to achieve the desired temperature level of the room. 

There is another improved way of controlling the temperature of the room. Here 
one sensor measures the difference between the actual temperature and desired 
temperature. 
If there are any differences between them, the heating element functions to reduce 
the difference and when the difference becomes lower than a predetermined level, 
the heating elements stop functioning. 

Both forms of the system are automatic control system. In the former one, the 
input of the system is entirely independent of the output of the system, is referred 
to as an open-loop control system. 
                But in the latter case, the heating elements of the system function, 
depending upon the difference between, actual temperature and desired 
temperature. This difference is called the error of the system, this type of control 
system is referred to as a closed-loop control system. 
 
Hence, there are two main types of control systems. They are as follow 

1. Open-loop control systems 
2. Closed-loop control systems 

 

1.2. Open loop system & Closed loop system and its comparison 
Open Loop Control System 
A control system in which the control action is totally independent of the output of 
the system then it is called an open-loop control system. A manual control system 
is also an open-loop control system. 
Practical Examples of Open Loop Control Systems 
Examples of open-loop control systems in daily life include: 

https://www.electrical4u.com/sensor-types-of-sensor/


1. Electric Hand Drier – Hot air (output) comes out as long as you keep your 
hand under the machine, irrespective of how much your hand is dried. 

2. Automatic Washing Machine – This machine runs according to the pre-set 
time irrespective of washing is completed or not. 

3. Bread Toaster – This machine runs as per adjusted time irrespective of 
toasting is completed or not. 

4. Automatic Tea/Coffee Maker – These machines also function for pre-
adjusted time only. 

5. Timer Based Clothes Drier – This machine dries wet clothes for pre-adjusted 
time, it does not matter how much the clothes are dried. 

6. Light Switch – Lamps glow whenever the light switch is on irrespective of 
light is required or not. 

7. Volume on Stereo System – Volume is adjusted manually irrespective of 
output volume level. 

Closed Loop Control System 
Control systems in which the output has an effect on the input quantity in such a 
manner that the input quantity will adjust itself based on the output generated is 
called a closed-loop control system. 
 
 
An open-loop control system can be converted into a closed loop control system 
by providing feedback. This feedback automatically makes suitable changes in the 
output due to external disturbance. 
 

          

 
Practical Examples of Closed Loop Control System 

1. Automatic Electric Iron – Heating elements are controlled by the output 
temperature of the iron. 

2. Servo Voltage Stabilizer – Voltage controller operates depending upon the 
output voltage of the system. 

3. Water Level Controller – Input water is controlled by the water level of the 
reservoir. 

https://www.electrical4u.com/voltage-or-electric-potential-difference/


4. Missile Launched and Auto Tracked by Radar – The direction of the missile is 
controlled by comparing the target and position of the missile. 

5. An Air Conditioner – An air conditioner functions depending upon the 
temperature of the room. 

6. Cooling System in Car – It operates depending upon the temperature which 
it controls. 

Open Loop vs Closed Loop Control Systems 

Sr. No. Open Loop Control System Closed Loop Control System 

1 The feedback element is absent. The feedback element is always present. 

2 An error detector is not present. An error detector is always present. 

3 It is a stable one. It may become unstable. 

4 Easy to construct. Complicated construction. 

5 It is economical. It is costly. 

6 Having a small bandwidth. Having a large bandwidth. 

7 It is inaccurate. It is accurate. 

8 Less maintenance. More maintenance. 

 
1.3. FEEDBACK LOOP IN A CLOSED LOOP CONTROL SYSTEM 
Feedback is a common and powerful tool when designing a control system. The 
feedback loop is the tool that takes the system output into consideration and 
enables the system to adjust its performance to meet the desired result of the 
system. 
In any control system, the output is affected due to a change in environmental 
conditions or any kind of disturbance. So one signal is taken from the output and is 
fed back to the input. 

This signal is compared with a reference input and the error signal is generated. 
This error signal is applied to the controller and the output is corrected. Such a 
system is called a feedback system. The figure below shows the block diagram of a 
feedback system. 



 

 
 

When the feedback signal is positive then the system called a positive feedback 
system. i.e the error signal is the addition of a reference input signal and a feedback 
signal. When the feedback signal is negative then the system is called a negative 
feedback system. i.e. the error signal is given by the difference between the 
reference input signal and the feedback signal. 

Effect of Feedback in a Control System 
The following labels apply to the figure below: 
R = Input signal 
E = Error signal 
G = Forward path gain 
H = Feedback 
C = Output signal 
B = Feedback signal 

 

Feedback has the following effects on a control system: 

1. The error between system input and system output is reduced. 
2. System gain is reduced by a factor 1/(1±GH). 
3. Improved insensitivity (i.e. less reactive to change). 
4. Stability is improved. 

 



1.4. STANDARD TEST SIGNALS 

Unit Step Function 

Unit step function is denoted by u(t).  

 

Unit Impulse Function 

Impulse function is denoted by δ(t).  

 

Ramp Signal 

Ramp signal is denoted by r(t). 

 

Area under unit ramp is unity. 



Parabolic Signal 

 
 

1.5. SERVOMECHANISMS  AND REGULATORS 

Process control systems meet three main needs:  

(1) Minimizing and regulating the influence of external disturbances,  

(2) Guaranteeing a stable process, and 

(3) Optimizing process performance. 

 There are two categories of control systems: servomechanisms and regulators. 
Servomechanisms change an output variable; regulators hold an output variable 
constant even if the input variable changes.  

  Servomechanism, automatic device used to correct the performance of a 
mechanism by means of an error-sensing feedback. The term servomechanism 
properly applies only to systems in which the feedback and error-correction 
signals control mechanical position or one of its derivatives such as velocity or 
acceleration. Servomechanisms were first used in gun laying (aiming) and in fire-
control and marine-navigation equipment. Today, applications of 
servomechanisms include their use in automatic machine tools, satellite-tracking 
antennas, celestial-tracking systems on telescopes, automatic navigation systems, 
and antiaircraft-gun control systems.  

  Regulator in automatic control system is a device which has the function of 
maintaining a designated characteristic. It performs the activity of managing or 
maintaining a range of values in a machine. The measurable property of a device is 
managed closely by specified conditions or an advance set value; or it can be a 
variable according to a predetermined arrangement scheme. It can be used 
generally to connote any set of various controls or devices for regulating or 
controlling items or objects. 

Examples are a voltage regulator , a pressure regulator. Regulators can be designed 
to control anything from gases or fluids, to light or electricity.  

https://www.britannica.com/technology/control-system
https://en.wikipedia.org/wiki/Voltage_regulator
https://en.wikipedia.org/wiki/Pressure_regulator


SHORT QUESTIONS 
Q1. What is control system? 

Ans : A control system is defined as a system of devices that manages, 
commands, directs, or regulates the behaviour of other devices or systems to 
achieve a desired result. In other words,a control system can be simplified as a 
system, which controls other systems.  

Q 2. How many types of Control system? 
Ans : Hence, there are two main types of control systems. They are as follow 

1. Open-loop control systems 
2. Closed-loop control systems 

 
Q 3. What do you mean by closed loop control system ? 
Ans : Control systems in which the output has an effect on the input quantity in 
such a manner that the input quantity will adjust itself based on the output 
generated is called a closed-loop control system. 
 
Q 4. What is the need of feedback system in control system ? 
Ans : Feedback is a common and powerful tool when designing a control system. 
The feedback loop is the tool that takes the system output into consideration 
and enables the system to adjust its performance to meet the desired result of 
the system. 
LONG QUESTIONS 

Q 1. What are the difference between open and closed loop control system? 

Q 2. What are the effect of feedback control system? 

Q 3. What is the Need of servomechanism and regulators? 

 

(For long question answer refer the theory) 

 
 
 
 
 
 



CHAPTER 2 
 TRANSFER FUNCTION 
 
2.1. TRANSFER FUNCTION OF A SYSTEM 
        A transfer function represents the relationship between the output signal of a 
control system and the input signal, for all possible input values. A block diagram is 
a visualization of the control system which uses blocks to represent the transfer 
function, and arrows which represent the various input and output signals. 
  

                                   
 
In a Laplace Transform, if the input is represented by R(s) and the output is 
represented by C(s), then the transfer function will be: 
 

 
 
Procedure for determining the transfer function of a control system are as follows: 

1. We form the equations for the system. 
2. Now we take Laplace transform of the system equations, assuming initial 

conditions as zero. 
3. Specify system output and input. 
4. Lastly we take the ratio of the Laplace transform of the output and the 

Laplace transform of the input which is the required transfer function. 
 

 IMPULSE  RESPONSE : 

The unit impulse signal is defined as 

 

 
Laplace transform of unit impulse function is 1. 

 
Now if input signal is unit impulse signal then, 

https://www.electrical4u.com/control-system-closed-loop-open-loop-control-system/
https://www.electrical4u.com/laplace-transformation/


 
The output function is same as its transfer function. 

 

2.2. THE PROPERTIES OF TRANSFER FUNCTION : 

The ratio of Laplace transform of output to Laplace transform of input assuming all 
initial conditions to be zero. 

The transfer function of a system is the Laplace transform of its impulse response 
under assumption of zero initial conditions. 

Replacing ‘s’ variable with linear operation   in transfer function of a system, 
the differential equation of the system can be obtained. 

The transfer function of a system does not depend on the inputs to the system. 

The system poles and zeros can be determined from its transfer function. 

 ADVANTAGES& DISADVANTAGES OF TRANSFER FUNCTION 

Advantages of Transfer function 
1. If transfer function of a system is known, the response of the system to any input 

can be determined very easily. 

2. A transfer function is a mathematical model and it gives the gain of the system. 

3. Since it involves the Laplace transform, the terms are simple algebraic 
expressions and no differential terms are present. 

4. Poles and zeroes of a system can be determined from the knowledge of 
the transfer function of the system. 

 Disadvantages of Transfer function 

1. Transfer function does not take into account the initial conditions. 

2. The transfer function can be defined for linear systems only. 

3. No inferences can be drawn about the physical structure of the system. 



2.3. POLES AND ZEROS OF TRANSFER FUNCTION 

Generally, a function can be represented to its polynomial form. For example, 

 
 

Now similarly transfer function of a control system can also be represented as 

 

 

Where K is known as the gain factor of the transfer function. 

Now in the above function if s = z1, or s = z2, or s = z3,….s = zn, the value of transfer 

function becomes zero. 

 These z1, z2, z3,….zn, are roots of the numerator polynomial. As for these roots the 

numerator polynomial, the transfer function becomes zero, these roots are called 

zeros of the transfer function. 

 

Now, if s = p1, or s = p2, or s = p3,….s = pm, the value of transfer function becomes 

infinite. Thus the roots of denominator are called the poles of the function. 

Now let us rewrite the transfer function in its polynomial form. 

 

 

 

 

2.4. REPRESENTATION OF POLES & ZERO ON THE S-PLANE : 

The transfer function of the system, G(s) = I(s)/V(s), the ratio of output to input. 
1) Let us explain the concept of poles and zeros of transfer function through an 
example. 



 

 
 

Here, the zeros of the function are, -1, -2 and the poles of the functions are -3, -4, 
-5, -2 + 4j, -2 – 4j. 

Here n = 2 and m = 5, as n < m and m – n = 3, the function will have 3 zeros at s → 
∞. The poles and zeros are plotted in the figure below

 
2) Let us take another example of transfer function of control system 

 
 

Solution: 
In the above transfer function, if the value of numerator is zero, then 

 
These are the location of zeros of the function. 
Similarly, in the above transfer function, if the value of denominator is zero, then 

 
These are the location of poles of the function. 



 
As the number of zeros should be equal to number of poles, the remaining three 
zeros are located at s →∞. 

2.5. SIMPLE PROBLEMS OF TRANSFER FUNCTION OF NETWORK 

Example 1 : 

 The poles and zeros are plotted on the is plain as shown below 

 
Find the transfer function. 
Solution 
Here, the poles are s = – 3, – 1, 0. 
Therefore, denominator of the function would be, 

 
the zeros are, -4, – 2. 



Therefore, numerator of the function would be, 

 
Therefore, transfer function would be, 

 
Where, K is the gain factor of the control system. 
 
Example 2 : 
              Find the gain factor K of a transfer function whose value is 2 at s = 2 and 
the transfer function is given as 

 
Solution 
Now, as per condition of the problem, 

 
 
Example 3: 
                    Find the transfer function of the following network. 

 
Solution 
From the circuit we get, 

 
Now applying Laplace transformation at both sides we get, 

 
As the applied voltage is cause and the corresponding charging current is the 
effect, the applied voltage can be considered as input and charging current can be 
considered as output. 

 
 

 

https://www.electrical4u.com/control-system-closed-loop-open-loop-control-system/
https://www.electrical4u.com/laplace-transformation/
https://www.electrical4u.com/voltage-or-electric-potential-difference/
https://www.electrical4u.com/electric-current-and-theory-of-electricity/


SHORT QUESTIONS WITH ANSWER 

Q 1. Define transfer function. 

Ans :  In a Laplace Transform, if the input is represented by R(s) and the output 
is represented by C(s), then the transfer function will be: 
 

 
 
Q 2. What do you mean by Zeros of a transfer function? 
Ans:  The roots of transfer function  for which  transfer function becomes zero, 
these roots are called zeros of the transfer function. 
 
Q 3. What do you mean by Poles of a transfer function ? 
 Ans: The roots of transfer function  for which  transfer function becomes 

infinite, these roots are called Poles of the transfer function. 

Q 4. How roots determine stability of a system ? 

Ans : Stable System: If all the roots of the characteristic equation lie on the right 

half of the 'S' plane then the system is said to be a stable system. 

Marginally Stable System: If all the roots of the system lie on the imaginary axis 

of the 'S' plane then the system is said to be marginally stable. 

LONG QUESTIONS 

Q.1. What are the advantages& disadvantages of transfer function ? 

Q 2. What are the the properties of transfer function ? 

Q 3. Find the transfer function of the following network. 

 

 

 

 

 

https://www.electrical4u.com/laplace-transformation/


CHAPTER 3  

CONTROL SYSTEM COMPONENTS &  MATHEMATICAL  MODELLING 

OF PHYSICAL SYSTEM 

 
3.1. COMPONENTS OF CONTROL SYSTEM 

 A feedback control system consists of five basic components: 

 (1) Input, 

 (2) Process Being Controlled, 

 (3) Output, 

 (4) Sensing Elements, And  

 (5) Controller And Actuating Devices.  

 

 

 

Feedback element- it is used to feedback the output signal to the error detector 

for comparison with the input 

Controller-it consists of error detector and control logic element. 

 

 



3.2. POTENTIOMETER, SYNCHROS, DIODE MODULATOR & 
DEMODULATOR  

Potentiometer 

                      A potentiometer (also known as a pot or potentiometer) is defined 

as a 3 terminal variable resistor in which the resistance is manually varied to 

control the flow of electric current.  

It acts as an adjustable voltage divider. 

It is a passive electronic component.  

Potentiometers work by varying the position of a sliding contact across a 

uniform resistance. In a potentiometer, the entire input voltage is applied 

across the whole length of the resistor, and the output voltage is the voltage 

drop between the fixed and sliding contact as shown below. 

Synchro 

         The Synchro is a type of transducer which transforms the angular position 
of the shaft into an electric signal. It is used as an error detector and as a rotary 
position sensor. The error occurs in the system because of the misalignment of 
the shaft. The transmitter and the control transformer are the two main parts 
of the synchro. 

 The synchro system is of two types. They are 

1. Control Type Synchro. 

2. Torque Transmission Type Synchro. 

         Torque Transmission Type Synchro. 

This type of synchro has small output torque, and hence they are used for 
running the very light load like a pointer. The control type Synchro is used for 
driving the large loads. 

         Control Type Synchro System 

The controls synchro is used for error detection in positional control systems. 
Their systems consist two units. They are 

1. Synchro Transmitter 

2. Synchro receiver 

https://www.electrical4u.com/variable-resistors/
https://www.electrical4u.com/what-is-electrical-resistance/
https://www.electrical4u.com/electric-current-and-theory-of-electricity/
https://www.electrical4u.com/voltage-divider/
https://www.electrical4u.com/active-and-passive-elements-of-electrical-circuit/
https://www.electrical4u.com/voltage-or-electric-potential-difference/
https://www.electrical4u.com/what-is-resistor/
https://circuitglobe.com/what-is-a-transformer.html


 

***DIODE MODULATOR 

***DEMODULATOR 

 

3.3. DC MOTORS & AC SERVOMOTORS 

Mathematical model of Armature controlled DC motor : 

The physical model of an armature controlled DC servo motor is given in 

 

The armature winding has a resistance Ra and inductance La. 

  

The field is produced either by a permanent magnet or the field winding 
is separately excited and supplied with constant voltage so that the field 
current If is a constant. 

  

When the armature is supplied with a DC voltage of e a volts, the armature 
rotates and produces a back e.m.f Eb. 

  

The armature current Ia depends on the difference of Eb and En. The 
armature has a permanent of inertia J, frictional coefficient B0 

  

The angular displacement of the motor is ϴ.  

The torque produced by the motor is given by 

 

Where KT is the motor torque constant. 



The back emf is proportional to the speed of the motor and hence 

  

 

 

The block diagram representation of the armature controlled DC servo motor is 
developed in Steps 



 

Usually the inductance of the armature winding is small and hence neglected 

 

 
 

 

 

 

 

 

 



Field Controlled DC Motor 

 

 

 

 

 

 

 

 

 

 

 



AC Servo Motor 

 



 

 



 

3.4. MODELLING OF ELECTRICAL SYSTEM  

 
In this circuit, the current ‘i’ is the response due to applied voltage (V) as cause. 
Hence the voltage and current of the circuit can be considered as input and output 
of the system respectively. 
From the circuit, we get, 

 

Now applying Laplace Transform, we get, 

 
 

https://www.electrical4u.com/voltage-or-electric-potential-difference/
https://www.electrical4u.com/electric-current-and-theory-of-electricity/


Problem: 

Find the transfer function of the following network. 

 
Solution 
From the circuit we get, 

 
Now applying Laplace transformation at both sides we get, 

 

 

 
As the applied voltage is cause and the corresponding charging current is the 
effect, the applied voltage can be considered as input and charging current can be 
considered as output. 

 

 
 

 

SHORT QUESTIONS 

Q 1. What do you mean by Synchro and its type? 

Ans : The Synchro is a type of transducer which transforms the angular position 
of the shaft into an electric signal. It is used as an error detector and as a rotary 
position sensor. The error occurs in the system because of the misalignment of 
the shaft. The transmitter and the control transformer are the two main parts 
of the synchro. 

 The synchro system is of two types. They are 

1. Control Type Synchro. 

2. Torque Transmission Type Synchro. 

https://www.electrical4u.com/laplace-transformation/
https://www.electrical4u.com/voltage-or-electric-potential-difference/
https://www.electrical4u.com/electric-current-and-theory-of-electricity/
https://circuitglobe.com/what-is-a-transformer.html


 

Q 2. What do you mean by Potentiometer? 

Ans: A potentiometer (also known as a pot or potentiometer) is defined as a 3 

terminal variable resistor in which the resistance is manually varied to control 

the flow of electric current.  

It acts as an adjustable voltage divider. 

It is a passive electronic component.  

 

Q 3. Find the transfer function of  a RC series circuit with DC supply 

Ans : 

 

 

 

LONG QUESTIONS 

Q1. Find the transfer function of an armature control DC motor? 

Q 2. State the different components of Control system? 

Q2. Find the transfer function of an armature control AC servo motor? 

 
 
 
 
 
 
 
 
 
 

https://www.electrical4u.com/variable-resistors/
https://www.electrical4u.com/what-is-electrical-resistance/
https://www.electrical4u.com/electric-current-and-theory-of-electricity/
https://www.electrical4u.com/voltage-divider/
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CHAPTER 4 
BLOCK DIAGRAM & SIGNAL FLOW GRAPHS (SFG) 
4.1. DEFINITION OF BASIC ELEMENTS OF A BLOCK DIAGRAM 

 

 

 

 



 

 



4.2. CANONICAL FORM OF CLOSED LOOP SYSTEMS 

 

       A block diagram is a diagram of a system in which the principal parts or 
functions are represented by blocks connected by lines that show the 
relationships of the blocks. They are used in electronic design,  electrical circuit 
software design, and process flow diagrams. 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Diagram
https://en.wikipedia.org/wiki/System
https://en.wikipedia.org/wiki/Electronic_design
https://en.wikipedia.org/wiki/Software_design
https://en.wikipedia.org/wiki/Process_flow_diagram


4.3.RULES FOR BLOCK DIAGRAM REDUCTION 

 

 



 

 

 



 

 

 

 

 



4.4. PROCEDURE FOR OF REDUCTION OF BLOCK DIAGRAM 

 

 

 

 



 

 

 

4.5. SIMPLE PROBLEM FOR EQUIVALENT TRANSFER FUNCTION 

 

 

 



 

 

 

4.6. BASIC DEFINITION IN SFG & PROPERTIES 

Signal Flow Graph  

             A graphical method of representing the control system using the linear 
algebraic equations is known as the signal flow graph. It is abbreviated as SFG. 
This graph basically signifies how the signal flows in a system. 

Terms used in Signal Flow Graph 

1. Node: The small points or circles in the signal flow graph are called nodes 
and these are used to show the variables of the system. Each node 
corresponds to an individual variable. In the figure given below x1 to x8 are 
nodes. 

2. Input node or source: The one having branches with only outgoing signal is 
known as the input node or source. For the below shown SFG, x1 is the source. 

3. Output node or sink: A node that only contains branches with entering 
signal is known as a sink or output node. Both input and output nodes act as 

https://electronicscoach.com/control-system.html


dependent variables. Here, x8 is the sink.

 

4. Mixed node: It is also known as chain node and consists of branches having 
both entering as well as leaving signals. For this SFG, x2 to x7 are mixed nodes. 

5. Branch: The lines in the SFG that join one node to the other is known as a 
branch. It shows the relationship existing between various nodes. 

6. Transmittance: The transfer function or gain between two nodes is said to 
be the transmittance of the SFG. Its value can be either real or complex. These 
are from ‘a’ to ‘j’ here. 

7. Forward path: A path proceeding from input to output is known as forward 
path. Here one of the paths is x6 – x7 – x8. 

8. Feedback loop: A loop which is formed through a path starting from a 
specific node and ending on the same node after travelling to at least one node 
of the graph is known as a feedback loop. It is to be noted that in the feedback 
loop, no node should be traced twice. Here the loop is x2 to x6 then back to x2. 

9. Self-loop: A self-loop is the one which has only a single node. The paths in 
such loops are never defined by a forward path or feedback loop as these 
never trace any other node of the graph. Here it is formed at node x5 having 
gain f. 

10. Path gain: When the signal flows in a forward path then the product of 
gains of each branch gives the overall path gain. For above-given graph, i*j is 
path gain for forward path, x6 to x8. 



11. Loop gain: The product of individual gains of the branches that are in the 
form of loop is said to be the overall loop gain. For the loop forming between 
x3 and x4 the gain is c*d. 

12. Non-touching loops: When two or more loops do not share common nodes 
then such loops are called non-touching loops. For this SFG, the two non-
touching loops are x2-x6-x2 and x3-x4-x3. 

PROPERTIES OF SIGNAL FLOW GRAPH 

1. The signal from a node to other flows through the branch in the direction 
of arrowhead. 

2. The graphical method is valid only for linear time-invariant systems. 

3. The signal flowing through a branch is multiplied by the gain or 
transmittance of that branch. This product is equivalent to the node 
where that branch is terminating. 

4. Another crucial property of SFG is that, at any particular node, the value 
of the variable will be the algebraic summation of the signals coming to 
that node. 

5. The value that a node represents is not affected by the number of 
outgoing branches from that node. 

6. The signal flow graph never uniquely denotes a system as for a system 
multiple graphs can be formed by writing the equations differently. 

variables complete the signal flow graph. 

4.7. MASON’S GAIN FORMULA 

          Let us now discuss the Mason’s Gain Formula. Suppose there are ‘N’ forward 
paths in a signal flow graph. The gain between the input and the output nodes of a 
signal flow graph is nothing but the transfer function of the system. It can be 
calculated by using Mason’s gain formula. 

Mason’s gain formula is 

 

Where, 

 C(s) is the output node 

 R(s) is the input node 



 T is the transfer function or gain between R(s)R(s) and C(s)C(s) 

 Pi is the ith forward path gain 

Δ=1−(sum of all individual loop gains) + (sum of gain products of all possible two 

non-touching loops)+(sum of gain products of all possible two non-touching loops) 

− (sum of gain products of all possible three non-touching loops)+... 

Δ1 is obtained from Δ by removing the loops which are touching the ith forward path. 

4.8. STEPS FOR SOLVING SIGNAL FLOW GRAPH 

 

 

Path 

It is a traversal of branches from one node to any other node in the direction of branch 
arrows. It should not traverse any node more than once. 

Examples − y2→y3→y4→y5y2→y3→y4→y5 and y5→y3→y2y5→y3→y2 

Forward Path 

The path that exists from the input node to the output node is known as forward path. 

Examples − y1→y2→y3→y4→y5→y6y1→y2→y3→y4→y5→y6 and y1→y2→y3

→y5→y6y1→y2→y3→y5→y6. 

Forward Path Gain 

It is obtained by calculating the product of all branch gains of the forward path. 



Examples − abcdeabcde is the forward path gain 

of y1→y2→y3→y4→y5→y6y1→y2→y3→y4→y5→y6 and abge is the forward 

path gain of y1→y2→y3→y5→y6y1→y2→y3→y5→y6. 

Loop 

The path that starts from one node and ends at the same node is known as loop. 
Hence, it is a closed path. 

Examples − y2→y3→y2y2→y3→y2 and y3→y5→y3y3→y5→y3. 

Loop Gain 

It is obtained by calculating the product of all branch gains of a loop. 

Examples − bjbj is the loop gain of y2→y3→y2y2→y3→y2 and ghgh is the loop 

gain of y3→y5→y3y3→y5→y3. 

Non-touching Loops 

These are the loops, which should not have any common node. 

Examples − The loops, y2→y3→y2y2→y3→y2 and y4→y5→y4y4→y5→y4 are 

non-touching. 

Let us consider the same signal flow graph for finding transfer function 

 

 Number of forward paths, N = 2. 

 First forward path is - y1→y2→y3→y4→y5→y6y1→y2→y3→y4→y5→y6. 

 First forward path gain, p1=abcdep1=abcde. 

 Second forward path is - y1→y2→y3→y5→y6y1→y2→y3→y5→y6. 

 Second forward path gain, p2=abgep2=abge. 



 Number of individual loops, L = 5. 

 Loops are 

- y2→y3→y2y2→y3→y2, y3→y5→y3y3→y5→y3, y3→y4→y5→y3y3→y4

→y5→y3, y4→y5→y4y4→y5→y4 and y5→y5y5→y5. 

 Loop gains are 

- l1=bjl1=bj, l2=ghl2=gh, l3=cdhl3=cdh, l4=dil4=di and l5=fl5=f. 

 Number of two non-touching loops = 2. 

 First non-touching loops pair is 

- y2→y3→y2y2→y3→y2, y4→y5→y4y4→y5→y4. 

 Gain product of first non-touching loops pair, l1l4=bjdil1l4=bjdi 

 Second non-touching loops pair is - y2→y3→y2y2→y3→y2, y5→y5y5→y5. 

 Gain product of second non-touching loops pair is - l1l5=bjfl1l5=bjf 

Higher number of (more than two) non-touching loops are not present in this signal 
flow graph. 

We know, 

Δ=1−(sumofallindividualloopgains)Δ=1−(sumofallindividualloopgains) 

+(sumofgainproductsofallpossibletwonontouchingloops)+(sumofgainproducts

ofallpossibletwonontouchingloops) 

−(sumofgainproductsofallpossiblethreenontouchingloops)+...−(sumofgainproducts

ofallpossiblethreenontouchingloops)+... 

Substitute the values in the above equation, 

Δ=1−(bj+gh+cdh+di+f)+(bjdi+bjf)−(0)  

⇒Δ=1−(bj+gh+cdh+di+f)+bjdi+bjf 

⇒Δ=1−(bj+gh+cdh+di+f)+bjdi+bjf 

There is no loop which is non-touching to the first forward path. 

So, Δ1=1  similarly, Δ2=1.  

Since, no loop which is non-touching to the second forward path. 

Substitute, N = 2 in Mason’s gain formula 
 

T=C(s)/R(s)=[P1Δ1+P2Δ2]  / Δ 

Substitute all the necessary values in the above equation. 

T=C(s) / R(s) = (abcde) / [1+(abge)11−(bj+gh+cdh+di+f)+bjdi+bjf] 

⇒T=C(s) / R(s) = (abcde)+(abge) / [1−(bj+gh+cdh+di+f)+bjdi+bjf] 

 Therefore, the transfer function is - 

T=C(s) / R(s) = (abcde)+(abge) / [1−(bj+gh+cdh+di+f)+bjdi+bjf] 

 



4.9. SIMPLE PROBLEMS IN SIGNAL FLOW GRAPH FOR NETWORK  

 

 

 

 

 

 



SHORT QUESTIONS 

Q1. What do you mean by summing point in feedback control system ? 

Ans : The summing point is represented with a circle having cross (X) inside it. 

It has two or more inputs and single output. It produces the algebraic sum of 

the inputs. It also performs the summation or subtraction or combination 

of summation and subtraction of the inputs based on the polarity of the inputs. 

Q2. What do you mean by block diagram ? 

Ans :        A block diagram is a diagram of a system in which the principal parts 

or functions are represented by blocks connected by lines that show the 

relationships of the blocks 

Q3. What do you mean by takeoff point in feedback control system ? 

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. 

Q4. What is signal Flow Graph ? 

Ans:  A graphical method of representing the control system using the linear 
algebraic equations is known as the signal flow graph. It is abbreviated as SFG. 
This graph basically signifies how the signal flows in a system. 

 

LONG QUESTIONS 

Q1. State the rules for block diagram reduction ? 

Q2. Write down the procedure for of reduction of block diagram. 

Q3.write down the steps for solving signal flow graph . 

Q4. Write down the steps for Finding transfer function of a system through 

mason’s gain formula. 
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CHAPTER 5 
TIME DOMAIN ANALYSIS OF CONTROL SYSTEMS 

          We can analyse the response of the control systems in both the time domain 

and the frequency domain. We will discuss frequency response analysis of control 

systems in later chapters. Let us now discuss about the time response analysis of 

control systems. 

5.1. DEFINITION OF TIME, STABILITY, STEADY-STATE RESPONSE, ACCURACY, 

TRANSIENT ACCURACY, IN-SENSITIVITY AND ROBUSTNESS.  

DEFINATION OF TIME  

             Time is the indefinite continued progress of existence and events that 
occur in an apparently irreversible succession from the past, through the 
present, into the future. 
 
DEFINATION OF STABILITY 

             The property of a body that causes it when disturbed from a condition 
of equilibrium or steady motion to develop forces or moments that restore the 
original condition. 

 DEFINATION OF STEADY STATE RESPONSE 

              The part of the time response that remains even after the transient 
response has zero value for large values of ‘t’ is known as steady state response. 
This means, the transient response will be zero even during the steady state. 

DEFINATION OF ACCURACY 

              In a set of measurements, accuracy is closeness of the measurements 
to a specific value, while precision is the closeness of the measurements to each 
other. 

DEFINATION OF ACCURACY 

              Transient analysis calculates a circuit's response over a period of 
time defined by the user. The accuracy of the transient analysis is dependent 
on the size of internal time steps, which together make up the complete 
simulation time known as the Run to time or Stop time. 

 

 



ROBUSTNESS 

             Robustness is the property of being strong and healthy in constitution. 
When it is transposed into a system, it refers to the ability of tolerating 
perturbations that might affect the system’s functional body. 

5.2. SYSTEM TIME RESPONSE 

If the output of control system for an input varies with respect to time, then it is called 

the time response of the control system. The time response consists of two parts. 

 Transient response 

 Steady state response 

The response of control system in time domain is shown in the following figure. 

 

Here, both the transient and the steady states are indicated in the figure. The 

responses corresponding to these states are known as transient and steady state 

responses. 

 

 

 

 

Mathematically, we can write the time response c(t) as 

C(t)=Ctr(t)+Css(t) 



Where, 

 Ctr(t) is the transient response 

 Css(t) is the steady state response 

TRANSIENT RESPONSE 

After applying input to the control system, output takes certain time to reach 
steady state. So, the output will be in transient state till it goes to a steady state. 
Therefore, the response of the control system during the transient state is 
known as transient response. 

The transient response will be zero for large values of ‘t’. Ideally, this value of 
‘t’ is infinity and practically, it is five times constant. 

STEADY STATE RESPONSE 
The part of the time response that remains even after the transient response 

has zero value for large values of ‘t’ is known as steady state response. This 

means, the transient response will be zero even during the steady state. 

Example 

Let us find the transient and steady state terms of the time response of the 

control system C(t)=10+5e-t 

Here, the second term 5e-t will be zero as t denotes infinity. So, this is 

the transient term. And the first term 10 remains even as t approaches infinity. 

So, this is the steady state term. 

 
 
 
 
 
 

 

 

 

 



5.3. ANALYSIS OF STEADY STATE ERROR 

 

 
 



 

 

 



 
 
 

 

 

 

 

 

 

 



5.4. TYPES OF INPUT & STEADY STATE ERROR 

(STEP ,RAMP, PARABOLIC) 

The standard test signals are impulse, step, ramp and parabolic. These signals are used to 
know the performance of the control systems using time response of the output. 

Unit Impulse Signal 

A unit impulse signal, δ(t) is defined as 

        δ(t)=0 for t≠0 

and ∫δ(t) dt =1 

 

Unit Step Signal 

A unit step signal, u(t) is defined as 

u(t)=1;  t ≥ 0 

                                                         =0;  t < 0 

 

So, the unit step signal exists for all positive values of ‘t’ including zero. And its 
value is one during this interval. The value of the unit step signal is zero for all 
negative values of ‘t’. 



 

Unit Ramp Signal 

A unit ramp signal, r(t) is defined as 

  r(t)=t ; t ≥ 0  

       =0; t < 0 

We can write unit ramp signal, r(t) in terms of unit step signal, u(t) as 
r(t)=t . u(t) 

 

          So, the unit ramp signal exists for all positive values of ‘t’ including zero. 
And its value increases linearly with respect to ‘t’ during this interval. The value 
of unit ramp signal is zero for all negative values of ‘t’. 

Unit Parabolic Signal 

A unit parabolic signal, p(t) is defined as, 

p(t)= t2/2 ; t ≥ 0 

=0; t < 0 

 



                     So, the unit parabolic signal exists for all the positive values 

of ‘t’ including zero. And its value increases non-linearly with respect to ‘t’ 

during this interval. The value of the unit parabolic signal is zero for all the 

negative values of ‘t’. 

5.5. PARAMETERS OF FIRST ORDER SYSTEM & SECOND-ORDER SYSTEMS 

TIME RESPONSE OF 1ST ORDER SYSTEM 

Consider the following block diagram of the closed loop control system. Here, an open 
loop transfer function, 1sT1sT is connected with a unity negative feedback. 

 

 
 
 
 
 
 



 

 
 
 
 

 
 



 
 

 



 
SECOND ORDER SYSTEM 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



5.6. DERIVATION OF TIME RESPONSE SPECIFICATION  

(DELAY TIME, RISE TIME, PEAK TIME, SETTING TIME, PEAK OVER SHOOT) 

 

 



 

 



PEAK TIME: 

 

 
 



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 

 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 



 

 

 
 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



SHORT QUESTIONS WITH ANSWER 
Q1.What is peak time ? 
Ans- If the signal is over damped, then rise time is counted as the time required 
by the response to rise from 10% to 90% of its final value. Peak time (tp) is 
simply the time required by response to reach its first peak i.e. the peak of first 
cycle of oscillation, or first overshoot. 
 
 Q2. What is settling time? 
Ans- In control theory the settling time of a dynamical system such as an 
amplifier or other output device is the time elapsed from the application of an 
ideal instantaneous step input to the time at which the amplifier output has 
entered and remained within a specified error band. 
 
 Q3. What is time response ? 
Ans- If the output of control system for an input varies with respect to time, 
then it is called the time response of the control system. The time 
response consists of two parts. Transient response. Steady state response. 
 
Q4. What is rise time in control system ? 
Ans - Rise time (tr) is the time required to reach at final value by a under 
damped time response signal during its first cycle of oscillation. If the signal is 
over damped, then rise time is counted as the time required by the response 
to rise from 10% to 90% of its final value. 
 
 LONG QUESTIONS: 
Q1. Derivation of time response specification for delay time, rise time, peak 

time, setting time, peak over shoot of a second order system. 

Q2.What are the different type of input and derive steady state error for step, 

ramp and parabolic input. 

 

 
 

 

 

 

 

 



CHAPTER-6 

FEEDBACKCHARACTERISTICS OF CONTROL SYSTEMS 
6.1. EFFECT OF PARAMTER VARIATION IN OLCS & CLCS 
 

 

 
 
 
 



6.2 INTRODUCTION TO BASIC CONTROL ACTION & BASIC MODES OF 
FEEDBACK CONTROL: PROPORTIONAL, INTEGRAL AND DERIVATIVE  
& 
6.5 Realization of Controllers (P, PI,PD,PID) with OpAmp 
 

 
 
The proportional controller is used to change the transient response as per the 
requirement 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
 
 



 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 



Realization of Controllers (P, PI,PD,PID) with OPAMP 

 

 
 

6.3. EFFECT OF FEEDBACK ON OVERALL GAIN, STABILITY 

Effect of feedback on overall Gain: 

 From figure it is seen that the transfer function is given by the equation: 

                            = G/(1- GH)  

Hence the feedback reduces the overall gain of the system by a fator of (1-GH).  

The quantities G and H are function of frequency and can be adjusted to make 

the denominator greater than unity. 

 Hence the gain increases for a particular frequency range and decreases for 

another frequency range.  

 



 Sensitivity is the extent to which the system responds to changes in parameters 
like gain,impedance,etc.  
Sensitivity is also said to be the ratio of the extent of change of one of the above 
mentioned parameter to a small change of the determining parameters. 
 For example, if M= transfer function 
                             K= Determining Parameter Then the sensitivity (S) is given by: 
                             S= Percentage change in M/ Percentage change in K Following  
                                   are the effect of feedback on Sensitivity. 
 Feedback may reduce sensitivity with respect to certain parameters. Feedback 
doesnot affect variations of elements in the feedback path.  
 
Feedback reduces the sensitivity of the system based on variation of parameter 
in the forward path of the loop.  
Larger the loop gain GH, more effective is the feedback in reducing sensitivity. 
Effect of Feedback on Bandwidth In electronic frequency depent circuits, 
bandwidth is an important characteristic.  
 
Bandwidth is the parameter that measure the ability of the system to reproduce 
its input signal with high quality and least noise. It is to be noted that the 
bandwidth increases with feedback. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 SHORT QUESTIONS WITH ANSWER 

Q1. What are the different controllers? 

Ans-  Proportional, Derivative, Integral and Combination of 

Proportional and integral controllers (PI Controller) Proportional and 

derivative controllers (PD Controller) Proportional integral 

derivative control (PID Controller). 

 

Q2.What is Proportional control system ? 

Ans- Proportional control, in engineering and process control, is a type of linear 

feedback control system in which a correction is applied to the controlled 

variable which is proportional to the difference between the desired value 

(setpoint, SP) and the measured value (process variable). 

 

Q3. What happens when a derivative controller applied to a Control system ? 

Ans- When derivative control is applied, the controller senses the rate of 

change of the error signal and contributes a component of the output signal 

that is proportional to a derivative of the error signal. 

 

LONG QUESTIONS 
Q1.What is the effect of feedback on overall gain and stability? 

Q2. State different type of controller with block diagram and represent them 

mathematically. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

CHAPTER-7 

(STABILITY CONCEPT, & ROOT LOCUS METHOD 
7.1. EFFECT OF LOCATION OF POLES ON STABILITY 

A system is said to be stable, if its output is under control. Otherwise, it is said to be 
unstable. A stable system produces a bounded output for a given bounded input. 

The following figure shows the response of a stable system. 

 

This is the response of first order control system for unit step input. This response 
has the values between 0 and 1. So, it is bounded output. We know that the unit step 
signal has the value of one for all positive values of t including zero. So, it is bounded 
input. Therefore, the first order control system is stable since both the input and the 
output are bounded. 

Types of Systems based on Stability 

We can classify the systems based on stability as follows. 

 Absolutely stable system 

 Conditionally stable system 

 Marginally stable system 

Absolutely Stable System 

If the system is stable for all the range of system component values, then it is known 
as the absolutely stable system. The open loop control system is absolutely stable 
if all the poles of the open loop transfer function present in left half of ‘s’ plane. 
Similarly, the closed loop control system is absolutely stable if all the poles of the 
closed loop transfer function present in the left half of the ‘s’ plane. 

Conditionally Stable System 



If the system is stable for a certain range of system component values, then it is 
known as conditionally stable system. 

Marginally Stable System 

If the system is stable by producing an output signal with constant amplitude and 
constant frequency of oscillations for bounded input, then it is known as marginally 
stable system. The open loop control system is marginally stable if any two poles of 
the open loop transfer function is present on the imaginary axis. Similarly, the closed 
loop control system is marginally stable if any two poles of the closed loop transfer 
function is present on the imaginary axis 

7.2. ROUTH-HURWITZ STABILITY CRITERION 

Routh-Hurwitz stability criterion is having one necessary condition and one sufficient 
condition for stability. If any control system doesn’t satisfy the necessary condition, 
then we can say that the control system is unstable. But, if the control system satisfies 
the necessary condition, then it may or may not be stable. So, the sufficient condition 
is helpful for knowing whether the control system is stable or not. 

Necessary Condition for Routh-Hurwitz Stability 

The necessary condition is that the coefficients of the characteristic polynomial should 
be positive. This implies that all the roots of the characteristic equation should have 
negative real parts. 

Consider the characteristic equation of the order ‘n’ is - 

Note that, there should not be any term missing in the nth order characteristic 
equation. This means that the nth order characteristic equation should not have any 
coefficient that is of zero value. 

Sufficient Condition for Routh-Hurwitz Stability 

The sufficient condition is that all the elements of the first column of the Routh array 
should have the same sign. This means that all the elements of the first column of 
the Routh array should be either positive or negative. 

Routh Array Method 

If all the roots of the characteristic equation exist to the left half of the ‘s’ plane, then 
the control system is stable. If at least one root of the characteristic equation exists 
to the right half of the ‘s’ plane, then the control system is unstable. So, we have to 
find the roots of the characteristic equation to know whether the control system is 
stable or unstable. But, it is difficult to find the roots of the characteristic equation as 
order increases. 

So, to overcome this problem there we have the Routh array method. 

 

 



In this method, there is no need to calculate the roots of the characteristic equation. 
First formulate the Routh table and find the number of the sign changes in the first 
column of the Routh table. The number of sign changes in the first column of the 
Routh table gives the number of roots of characteristic equation that exist in the right 
half of the ‘s’ plane and the control system is unstable. 

Follow this procedure for forming the Routh table. 

 Fill the first two rows of the Routh array with the coefficients of the characteristic 
polynomial as mentioned in the table below. Start with the coefficient of Sn and 
continue up to the coefficient of S0 

 . 
 Fill the remaining rows of the Routh array with the elements as mentioned in 

the table below. Continue this process till you get the first column element 

of row S0 is an.  

 Here, an is the coefficient of S0 in the characteristic polynomial. 

The following table shows the Routh array of the nth order characteristic polynomial. 

 

 



 

 



 

 

 

 

 

 

 

 

 

 

 



 

 

 

 



 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 



7.3. STEPS FOR ROOT LOCUS METHOD 

The root locus is a graphical representation in s-domain and it is symmetrical about the real 
axis. Because the open loop poles and zeros exist in the s-domain having the values either as 
real or as complex conjugate pairs. In this chapter, let us discuss how to construct (draw) the 
root locus. 

 

 

 

 

 

 

 

 



 

 



7.4. ROOT LOCUS METHOD OF DESIGN 

 

 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 
 
 
 
 
 



SHORT QUESTIONS WITH ANSWER  
 

Q1. What do you mean Root locus ? 
Ans : The root locus is a graphical representation in s-domain and it is 
symmetrical about the real axis. Because the open loop poles and zeros exist in 
the s-domain having the values either as real or as complex conjugate pairs. In 
this chapter, let us discuss how to construct (draw) the root locus. 
 
 Q2.  What is Routh–Hurwitz stability criterion ? 
Ans : In control system theory, the Routh–Hurwitz stability criterion is a 
mathematical test that is a necessary and sufficient condition for 
the stability of a linear time invariant (LTI) control system.  
 
Q3.Wht is the need of root locus ini control system ? 
Ans : In control theory and stability theory, root locus analysis is a graphical 
method for examining how the roots of a system change with variation of a 
certain system parameter, commonly a gain within a feedback system. 
 

LONG QUESTIONS 
 
Q1. Write down the rules for constructing a root locus ? 
 
Q2. What is Routh–Hurwitz stability criterion, explain with 7th order 
characteristic equation? 
 
Q3. What happens if first element or any row of Routh–Hurwitz table become 
zero? 
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CHAPTER-8 

FREQUENCY-RESPONSE ANALYSIS&BODE PLOT 
8.1. FREQUENCY RESPONSE, RELATIONSHIP BETWEEN TIME & FREQUENCY 

RESPONSE 

 



 

 



 
8.2. METHODS OF FREQUENCY RESPONSE 

 1.Polar Plot 

  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 ∞. 

2.Bode Plot 

      A Bode plot is a graph of the frequency response of a system. It is usually a 

combination of a Bode magnitude plot, expressing the magnitude (usually in decibels) 

of the frequency response, and a Bode phase plot, expressing the phase shift. 

  

 

 

 

 

 

 

 

 

 

 

 

 



8.3. POLAR PLOTS & STEPS FOR POLAR PLOT 

 

 

 

 

 

 

 



 

 



 



 

 

 

 

 

 

 

 

 

 

 



8.4. BODES PLOT & STEPS FOR BODE PLOTS 

 

 



 



 

 

 

 

 

 



 

 

 



8.5. STABILITY IN FREQUENCY DOMAIN, GAIN MARGIN& PHASE MARGIN 

 

 



 

 

 

 

 

 

 



8.6. NYQUIST PLOTS & NYQUISTSTABILITY CRITERION 

      Nyquist plots are the continuation of polar plots for finding the stability of the closed loop 

control systems by varying ω from −∞ to ∞. That means, Nyquist plots are used to draw the 

complete frequency response of the open loop transfer function. 

 



 

 

 

 

 



 

 

 

 



 

 

SHORT QUESTIONS WITH ANSWER 

Q1.What do you mean by Polar Plot ? 

Ans: 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 infinite 

Q2. What do you mean by Bode Plot ? 

Ans:  A Bode plot is a graph of the frequency response of a system. It is usually a 
combination of a Bode magnitude plot, expressing the magnitude (usually in 
decibels) of the frequency response, and a Bode phase plot, expressing the phase 
shift. 

Q3. What do you mean by Nyquist stability criterion ? 

Ans : Nyquist stability criterion states the number of encirclements about the critical 
point (1+j0) must be equal to the poles of characteristic equation, which is nothing 
but the poles of the open loop transfer function in the right half of the 's' plane. 

LONG QUESTIONS 

Q1. State the rules for plotting a polar plot? 

Q2. Write down the procedure to draw a bode plot ? 

Q3. What is the need of a Nyquist plot , Explain with a suitable example ? 

 

 

 

 

 

 
 



CHAPTER-9 

STATE VARIABLE ANALYSIS 
9.1. CONCEPTS OF STATE, STATE VARIABLE 

State Variable 

        A state variable is one of the set of variables that are used to describe the 

mathematical "state" of a dynamical system. Intuitively, the state of a system 

describes enough about the system to determine its future behaviour in the absence 

of any external forces affecting the system. Models that consist of coupled first-

order differential equations are said to be in state-variable form 

 In mechanical systems, the position coordinates and velocities of mechanical 

parts are typical state variables; knowing these, it is possible to determine the 

future state of the objects in the system. 

 In thermodynamics, a state variable is an independent variable of a state 

function like internal energy, enthalpy, and entropy. Examples 

include temperature, pressure, and volume. Heat and work are not state 

functions, but process functions. 

 In electronic/electrical circuits, the voltages of the nodes and 

the currents through components in the circuit are usually the state variables. In 

any electrical circuit, the number of state variables are equal to the number of 

storage elements, which are inductors and capacitors. The state variable for an 

inductor is the current through the inductor, while that for a capacitor is the 

voltage across the capacitor. 
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9.2. STATE MODELS FOR LINEAR CONTINUOUS TIME FUNCTIONS(SIMPLE) 

 
 
 

 
 
 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



SHORT QUESTIONS WITH ANSWER 
 
Q1. What do you mean by state variable? 
Ans : A state variable is one of the set of variables that are used to describe the 
mathematical "state" of a dynamical system. Intuitively, the state of a system 
describes enough about the system to determine its future behaviour in the 
absence of any external forces affecting the system. Models that consist of 
coupled first-order differential equations are said to be in state-variable form. 
 
Q2. How the state variable electrical circuit is represented? 

Ans:In electronic/electrical circuits, the voltages of the nodes and 

the currents through components in the circuit are usually the state variables. 

In any electrical circuit, the number of state variables are equal to the number 

of storage elements, which are inductors and capacitors. The state variable for 

an inductor is the current through the inductor, while that for a capacitor is the 

voltage across the capacitor. 

Q3. Write down the state space representation of a LTI system ? 

      Ans: The state space model of Linear Time-Invariant (LTI) system can be  

              represented as, 

              X˙=AX(t)+BU(t) 
              Y=CX(t)+DU(t) 

LONG QUESTION 

Q1. Derive the state space representation of a series RLC circuit. 
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