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Transfer function

LTI system
input

x(t)

output

y(t)

Definition: The transfer function of a linear time-invariant 

system is defined as the ratio of the Laplace transform of the 

output variable to the Laplace transform of the input variable 

when all initial conditions are zero.

( )
( )

( )

Y s
G s

X s




Transfer function
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By definition, the transfer function is 
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Consider the linear time-invariant system described by the 

following differential equation:



Transfer function

The advantage of transfer function: It represents system 

dynamics by algebraic equations and clearly shows the 

input-output relationship:

Y(s)=G(s)X(s)

G(s)
input

x(t)

output

y(t)



Example. Spring-mass-damper system:

Wall 

friction, 

b

r(t) Force

y

k

Let the input be the force r(t) and 

the output be the displacement y(t) 

of the mass. Find its transfer 

function. 

Solution: The system differential 

equation is
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From which we obtain its transfer function
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Transfer function

Transfer function helps us to check:

 The stability of the system.

 Time domain and frequency domain characteristics of 

the system. 

 Response of the system for any given input.



Transfer function

Comments on transfer function:

 Is limited to LTI systems. 

 Is an operator to relate the output variable to the input 

variable of a linear differential equation.

 Is a property of a system itself, independent of the magnitude 

and nature of the input or driving function.

 Does not provide any information concerning the physical    

structure of the system. That is, the transfer functions of many 

physically different systems can be identical.  



Transfer Function of Physical Systems   
(Electrical Systems)



Electrical Components 



Transfer Function of RLC Circuit



Transfer Function of RLC Circuit



Transfer Function of Electrical Circuits



TRANSFER FUNCTION OF TRANSLATIONAL 

MECHANICAL SYSTEMS

Part-I



Transfer Function of Translational

Mechanical Systems



Transfer Function of Translational

Mechanical Systems



Transfer Function of Translational

Mechanical Systems



Transfer Function of Translational

Mechanical Systems



TRANSFER FUNCTION OF ROTATIONAL 

MECHANICAL SYSTEMS

Part-II



Transfer Function of Rotational

Mechanical Systems



System Modelling Diagrams



Building Blocks



Building Blocks



Building Blocks



Series and Parallel Structure



Series and Parallel Structure



Series and Parallel Structure



Negative Feedback and Unity 

Feedback



Negative Feedback and Unity 

Feedback



Negative Feedback and Unity 

Feedback



Negative Feedback and Unity 

Feedback



Block Diagram Reduction &Transformation



Block Diagram Reduction &Transformation



Block Diagram Reduction &Transformation

Reduce the following block diagram to find Y(S) / R(S):



Block Diagram Reduction &Transformation



Block Diagram Reduction &Transformation



Block Diagram Reduction &Transformation



Block Diagram Reduction &Transformation



Block Diagram Reduction &Transformation

Reduce the following block diagram to find Y(S) / R(S):



Block Diagram Reduction &Transformation



Block Diagram Reduction &Transformation



Block Diagram Reduction &Transformation



Block Diagram Reduction &Transformation

Reduce the following block diagram to find Y(S) / R(S):



Block Diagram Reduction &Transformation



Block Diagram Reduction &Transformation



Block Diagram Reduction &Transformation



Multiple Input System

Determine the output C due to inputs R and U using the Superposition 

Method. 



Multiple Input System 



Multiple Input System. 



Determine the output C due to inputs R, U1, and U2 using the 

Superposition Method. 

Multiple Input System 



Multiple Input System 



Multiple Input System



Stability of Control System

 Roots of the denominator polynomial of a 

transfer function are called ‘poles’.

 And the roots of numerator polynomials of a 

transfer function are called ‘zeros’.
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Stability of Control System

• Poles of the system are represented by ‘x’ and
zeros of the system are represented by ‘o’.

• System order is always equal to number of
poles of the transfer function.

• Following transfer function represents nth

order plant.
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Stability of Control System

• Poles are also defined as “it is the frequency at which
the system becomes infinite”. Hence the name pole,
where the field is infinite.

• And zero “is the frequency at which the system
becomes 0. ”
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Stability of Control System

 Consider the Transfer function calculated in previous

slides.

 The only pole of the system is
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Stability of Control System

 Consider the following transfer functions.

• Determine

• Whether the transfer function is proper or improper

• Poles of the system

• zeros of the system

• Order of the system
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Stability of Control System

• The poles and zeros of the system are plotted in the s-

plane to check the system's stability.
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Stability of Control System

 If all the poles of the system lie in left half plane the

system is said to be Stable.

 If any of the poles lie in the right half plane, the system is

said to be unstable.

 If pole(s) lie on the imaginary axis, the system is said to

be marginally stable.
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Stability of Control System

• For example

• Then the only pole of the system lie at
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Stability of Control System

 Consider the following transfer functions.
• Determine whether the transfer function is proper or improper

• Calculate the Poles and zeros of the system

• Determine the order of the system

• Draw the pole-zero map

• Determine the Stability of the system
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Stability of Control System

 The system is said to be stable if for any bounded input,

the output of the system is also bounded (BIBO).

 Thu, for any bounded input, the output either remains

constant or decreasese with time.
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Stability of Control System

 If for any bounded input, the output is not bounded, the

system is said to be unstable.
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Stability of Control System

• For example
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Stability of Control System

• For example
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Stability of Control System

• For example
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Stability of Control System

• Whenever one or more poles are in RHP, the
solution of the dynamic equations contains
increasing exponential terms.

• Such as .

• This makes the system's response unbounded,
and therefore, the overall response of the
system is unstable.
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