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PREFACE

The main objective of this book is to explore the basic concepts of signals and systems in a simple 
and easy-to-understand manner.

This text on signals and systems has been crafted and designed to meet students’ requirements. 
Considering the highly mathematical nature of this subject, more emphasis has been given on 
the problem-solving methodology. Considerable effort has been made to elucidate mathematical 
derivations in a step-by-step manner. Exercise problems with varied difficulty levels are given 
in the text to help students get an intuitive grasp on the subject.

This book with its lucid writing style and germane pedagogical features will prove to be a 
master text for engineering students and practitioners.

Salient Features
•	 Proof of important concepts and theorems are clearly highlighted by shaded boxes
•	 Wherever required, problems are solved in multiple methods
•	 Additional explanations for solutions and proofs are provided in separate boxes
•	 Different types of fonts are used for text, proof and solved problems for better clarity
•	 Keywords are highlighted by bold, italic fonts
•	 Easy, concise and accurate study material
•	 Extremely precise edition where concepts are reinforced by pedagogy
•	 Demonstration of multiple techniques in problem solving, additional explanations and proofs 

highlighted
•	 Ample figures and examples to enhance students’ understanding
•	 Practice through MCQ’s

Pedagogy
•	 Solved Numerical Examples: 44 + 46 + 35 + 38 + 59 = 222 (excluding a, b, c, d,…)
•	 Short-Answer Questions: 27 + 32 + 18 + 20 + 35 = 132
•	 Figures: 58 + 33 + 18 + 13 + 22 = 144 (numbered figures excluding figures in problems and QA)
•	 Exercise Numerical Problems: 21 + 21 + 22 + 12 + 20 = 96 (exercise problems excluding  

a, b, c, d,…)
•	 Review Questions: 40 + 35 + 18 + 15 + 32 = 140
•	 MCQs: 35 + 48 + 13 + 18 + 18 = 132
•	 Fill in the blanks and True/False: 55 + 46 + 21 + 20 + 31 = 173
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Organization
In this book, the concepts of signals and systems are organized in five chapters. Each chapter 
provides the foundations and practical implications of their own topic with large number of solved 
numerical examples and illustrative figures for better understanding. The important concepts are 
summarized at the end of each chapter which can help in quick reference. Another significant 
aspect of this book is that, it contains MATLAB based computer exercises for each chapter with 
complete explanation, which will be of great assistance to both instructor and student.

Chapter 1 starts with a general introduction about various types of signals, systems and their 
importance in real life. Basic definitions of signals, their mathematical representation, significance of 
their frequency domain analysis and usage of MATLAB in this course are presented in brief manner.

Chapter 1 explores various standard continuous time and discrete time signals, classifications 
of continuous time and discrete time signals and possible mathematical operations on signals such 
as amplitude and time scaling, folding, time shifting, addition, multiplication, etc. The concept of 
generation of discrete time signals is also presented in this chapter. The classification and properties of 
continuous time and discrete time systems are also presented in chapter 1 with appropriate examples.

Chapter 2 deals with analysis of continuous time signals using Fourier series, Fourier transform 
and Laplace transform. Chapter 2 starts with Fourier analysis of continuous time signals which forms 
the basics for frequency domain analysis. Fourier series in both trigonometric and exponential forms, 
Fourier coefficients of various signals with symmetry, properties of Fourier series, frequency spectrum 
using Fourier series and Gibbs phenomenon have been discussed. Then the Chapter 2 explains the 
development of Fourier transform from Fourier series, Fourier transform of some standard signals, 
various properties of Fourier transform and frequency spectrum via Fourier transform. The proof of 
properties of Fourier transform of continuous time signal are also presented with clear steps.

Also, Chapter 2 discusses about analysis of continuous time signals using Laplace transform. The 
properties of Laplace transform and proof with clear steps are presented. The rational functions of ‘s’ 
and their representation in terms of poles and zeros, region of convergence of Laplace transform and 
its properties are presented in a crisp and clear manner. Further, chapter 2 discusses about the inverse 
Laplace transform using partial fraction method and convolution theorem. The relation between Fourier 
transform and Laplace transform of continuous time signals is also discussed in chapter 2.

Chapter 3 deals with analysis of Linear Time Invariant (LTI) continuous time systems in time 
domain, frequency domain and s-domain. The differential equation governing the LTI continuous 
time system in time domain and their direct solutions in time domain are discussed with examples. 
The time domain convolution operation that can be used to find the response of LTI system from its 
impulse response is explained with clear numerical examples. Another important thing in chapter 3 is 
that the graphical convolution operation of continuous time signals is discussed by clearly separating 
the shift index and time index that will aid in clear understanding.

Also, the Chapter 3 deals with detailed analysis of continuous time systems in s-domain 
using Laplace transform. The transfer function in s-domain, impulse response, response for 
specific inputs, convolution and deconvolution operations using Laplace transform are presented 
with appropriate numerical examples. The stability of the LTI systems in s-domain via Laplace 
transform is dealt clearly.

In addition, the Chapter 3 deals with analysis of continuous time systems in frequency domain 
using Fourier transform. The transfer function of continuous time system in frequency domain, 
impulse response, response for specific inputs and convolution using Fourier transform are 
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presented with appropriate numerical examples. The computation of frequency response of 
continuous time LTI systems using Fourier transform is also explained.

The standard realization structures for the continuous time systems characterized by differential 
equations are also presented in chapter 3.

Chapter 4 deals with analysis of discrete time signals using discrete time fourier transform 
(DTFT) and Z-transform. Chapter 4 starts with Fourier transform analysis of discrete time signals 
which forms the basics for frequency domain analysis. The frequency spectrum, various properties 
of Fourier transform and Fourier transform of some standard signals are presented. The proof 
of properties of DTFT are presented with clear steps. The concept of sampling and aliasing in 
frequency spectrum are also discussed.

Also, Chapter 4 discusses about analysis of discrete time signals using Z-transform. The 
properties of Z-transform and proof with clear steps are presented. The rational functions of ‘z’ 
and their representation in terms of poles and zeros, region of convergence of Z-transform and its 
properties are presented in detail with appropriate examples. Further, chapter 4 discusses about the 
various methods of inverse Z-transform. The relation between Fourier transform and Z-transform 
of discrete time signals is also discussed in chapter 4.

Chapter 5 deals with analysis of discrete time systems in time domain, frequency domain and 
z-domain. The difference equation governing the LTI discrete time system in time domain and their 
direct solutions in time domain are discussed with examples. The time domain discrete convolution 
operation that can be used to find the response of LTI discrete time system from its impulse response is 
explained with clear numerical examples. The graphical convolution operation of discrete time signals 
is illustrated with figures for each step that will aid in clear understanding.

Also, Chapter 5 deals with analysis of discrete time systems in frequency domain using Fourier 
transform. The transfer function of discrete time system in frequency domain, impulse response, 
response for specific inputs and convolution using Fourier transform are presented with appropriate 
numerical examples The computation of frequency response of discrete time LTI systems using 
Fourier transform is also explained with examples.

In addition, Chapter 5 deals with detailed analysis of discrete time systems in z-domain using 
Z-transform. The transfer function in z-domain, impulse response, response for specific inputs, 
convolution and deconvolution operations using Z-transform are presented with appropriate 
numerical examples. The stability of the LTI systems in z-domain via Z-transform is dealt clearly.

Also, Chapter 5 focuses on structures for realization of discrete time systems with special 
attention to IIR and FIR systems.

A Nagoor Kani
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LIST OF SYMBOLS  
AND ABBREVIATIONS

Symbols

ao, an, bn	 Fourier coefficients of trignometric 
form of Fourier series of x(t)

B	 Bandwidth in Hz
cn	 Fourier coefficients of exponential 

form of Fourier series of x(t)
E	 Energy of a signal
f	 Frequency of discrete time signal in 

Hz/sample	
F	 Frequency of continuous time signal 

in Hz
Fo	 Fundamental frequency of continuous 

time signal in Hz	
Fm	 Maximum frequency of continuous 

time signal	
Fs	 Sampling frequency of continuous 

time signal in Hz
H	 System operator	
j	 Complex operator, 1−
L	 Inductance
nΩo	 Harmonic angular frequency, where 

n = 1,2,3,...
P	 Power of a signal
p	 Pole
R	 Resistor
s	 Complex frequency (s = σ + jΩ)
t	 Time in seconds
T	 Time period in seconds	
W	 Phase factor or twiddle factor
z	 Complex variable (z = u + jv)
z	 Unit advance operator or zero	
z–1	 Unit delay operator

Ω	 Angular frequency of continuous time 
signal in rad/sec	

Ωo	 Fundamental angular frequency	
Ωmax	 Maximum angular frequency in rad/

sec
ω	 Angular frequency of discrete time 

signal
ωk	 Sampling frequency point
σ	 Neper frequency (Real part of s)
*	 Convolution operator	

	 Integration operator

dt
d 	 Differentiation operator

Standard/Input/Output Signals

h(n)	 Impulse response of discrete time 
system

h(t)	 Impulse response of continuous time 
system

sgn(t)	 Signum signal
sinc (t)	 Sinc signal
u(n)	 Discrete time unit step signal
u(t)	 Continuous time unit step signal
x(n)	 Discrete time signal
x(n)	 Input of discrete time system
xo(n)	 Odd part of discrete time signal 

x(n)	
xe(n)	 Even part of discrete time signal x(n)
x(n–m)	 Delayed or linearly shifted x(n) by m 

units
x(t)	 Continuous time signal or Input of 

continuous time system
xo(t)	 Odd part of continuous time signal 

x(t)
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xe(t)	 Even part of continuous time signal 
x(t)	

x(t–m)	 Delayed or linearly shifted x(t) by m 
units

y(n)	 Output/Response of discrete time 
system

yzs(n)	 Zero state response of discrete time 
system

yzi(n)	 Zero input response of discrete time 
time system

y(t)	 Output /Response of continuous time 
system

yzs(t)	 Zero state response of continuous 
time system

yzi(t)	 Zero input response of continuous 
time system

δ(t)	 Continuous time impulse signal
δ(n)	 Discrete time impulse signal
Π(t)	 Unit pulse signal

Transform Operators and Functions

F	 Fourier transform
F–1	 Inverse Fourier transform
H(s)	 Laplace transform of h(t)

L	 Laplace transform
L–1	 Inverse Laplace transform
X(ejω)	 Discrete time fourier transform of 

x(n)
Xr(e

jω)	 Real part of X(ejω)
Xi(e

jω)	 Imaginary part of X(ejω)
X(jΩ)	 Fourier transform of x(t)
X(s)	 Laplace transform of x(t)
X(z)	 Z-transform of x(n)
Z	 Z-transform
Z–1	 Inverse Z-transform

Abbreviations

BIBO	 Bounded Input Bounded Output
CT	 Continuous Time
CTFS	 Continuous Time Fourier Series
CTFT	 Continuous Time Fourier Transform
DT	 Discrete Time
DTFT	 Discrete Time Fourier Transform
FIR	 Finite Impulse Response
IIR	 Infinite Impulse Response
LHP	 Left Half Plane
LTI	 Linear Time Invariant
RHP	 Right Half Plane
ROC	 Region of Convergence
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