
Definition: 

 

A transfer function (TF) is a mathematical representation of the relationship between the input and 

output of a system in the frequency domain. 

It describes the system's behavior by relating the Laplace transform of the output to the Laplace 

transform of the input. 

Advantages of Transfer Functions: 

 

Simplification: TFs simplify complex systems into a single mathematical representation. 

Frequency-domain Analysis: TFs allow for analysis of system behavior in the frequency domain, 

revealing frequency response characteristics. 

System Design: TFs aid in system design, allowing engineers to predict and optimize the system's 

performance. 

Stability Analysis: TFs help assess the stability of a system by analyzing the poles of the transfer 

function. 

Disadvantages of Transfer Functions: 

 

Limited to Linear Time-Invariant Systems: TFs are applicable only to linear time-invariant (LTI) 

systems, which may not accurately model certain nonlinear or time-varying systems. 

Limited Information: TFs provide limited information about the physical structure of a system, such 

as the interconnections and physical parameters. 

Procedure for Deriving Transfer Functions: 

 

Define the Input and Output Variables: Identify the input and output variables of the system under 

consideration. 

Formulate Differential Equations: Establish the differential equations governing the system's 

behavior using fundamental laws and principles (e.g., Kirchhoff's laws for electrical circuits). 

Apply Laplace Transform: Apply the Laplace transform to the differential equations to convert them 

from the time domain to the frequency domain. 

Solve for Transfer Function: Manipulate the transformed equations to obtain the transfer function 

by expressing the output variable in terms of the input variable. 



Simplify and Normalize: Simplify the transfer function and normalize it to a standard form if 

necessary. 

Terminology Associated with Transfer Functions: 

 

Numerator and Denominator: The transfer function is typically expressed as a ratio of polynomials, 

where the numerator represents the output Laplace transform, and the denominator represents the 

input Laplace transform. 

Poles and Zeros: Poles are the values of s for which the transfer function becomes infinite, while 

zeros are the values of s that make the transfer function zero. 

Order: The order of a transfer function is the highest power of the Laplace variable s in the 

denominator polynomial. 

Frequency Response: The frequency response of a system describes how the system behaves at 

different frequencies and is obtained by substituting complex frequencies into the transfer function. 

Bode Plot: A graphical representation of the frequency response of a system, showing the 

magnitude and phase response as a function of frequency. 


