Signals

and Systems




T Birkhduser



K. Deergha Rao

Signals and Systems

) Birkhauser



K. Deergha Rao

Department of Electronics and Communication Engineering
Vasavi College of Engineering (Affiliated to Osmania University)
Hyderabad, Telangana, India

ISBN 978-3-319-68674-5 ISBN 978-3-319-68675-2  (eBook)
https://doi.org/10.1007/978-3-319-68675-2

Library of Congress Control Number: 2017958547
Mathematics Subject Classification (2010): 94A12; 94A05; 93C55; 93C20; 35Q93

© Springer International Publishing AG, part of Springer Nature 2018

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part
of the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations,
recitation, broadcasting, reproduction on microfilms or in any other physical way, and transmission or
information storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar
methodology now known or hereafter developed.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this
publication does not imply, even in the absence of a specific statement, that such names arc exempt
from the relevant protective laws and regulations and therefore free for general use.

The publisher, the authors and the editors are safe to assume that the advice and information in this book
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the
editors give a warranty, express or implied, with respect to the material contained herein or for any errors
or omissions that may have been made. The publisher remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Printed on acid-free paper
This book is published under the imprint Birkhéiuser, www.birkhauser-science.com by the registered

company Springer International Publishing AG part of Springer Nature.
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland



AT A
fUqer =9
T A

My Parents Dalamma and Boddu,
My Beloved Wife Sarojini,

and

My Mentor Prof. M.N.S. Swamy




Preface

The signals and systems course is not only an important clement for undergraduate
electrical engineering students but the fundamentals and techniques of the subject
are essential in all the disciplines of engineering. Signals and systems analysis has a
long history, with its techniques and fundamentals found in broad areas of applica-
tions. The signals and systems is continuously evolving and developing in response
to new problems, such as the development of integrated circuits technology and its
applications.

In this book, many illustrative examples are included in each chapter for easy
understanding of the fundamentals and methodologies of signals and systems. An
attractive feature of this book is the inclusion of MATLAB-based examples with
codes to encourage readers to implement excrcises on their personal computers in
order to become confident with the fundamentals and to gain more insight into
signals and systems. In addition to the problems that require analytical solutions,
MATLAB exercises are introduced to the reader at the end of some chapters.

This book is divided into 8 chapters. Chapter 1 presents an introduction to signals
and systems with basic classification of signals, elementary operations on signals,
and some real-world examples of signals and systems. Chapter 2 gives time-domain
analysis of continuous time signals and systems, and state-space representation of
continuous-time LTI systems. Fourier analysis of continuous-time signals and sys-
tems is covered in Chapter 3. Chapter 4 deals with the Laplace transform and
analysis of continuous-time signals and systems, and solution of state-space equa-
tions of continuous-time LTI systems using Laplace transform. Ideal continuous-
time (analog) filters, practical analog filter approximations and design methodolo-
gies, and design of special class filters based on pole-zero placement are discussed in
Chapter 5. Chapter 6 discusses the time-domain representation of discrete-time
signals and systems, linear time-invariant (LTI) discrete-time systems and their
properties, characterization of discrete-time systems, and state-space representation
of discrete-time LTI systems. Representation of discrete-time signals and systems in
frequency domain, representation of sampling in frequency domain, reconstruction
of a band-limited signal from its samples, and sampling of discrete-time signals are
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detailed in Chapter 7. Chapter 8 describes the z-transform and analysis of LTI
discrete-time systems, the solution of state-space equations of discrete-time LTI
systems using z-transform, and transformations between the continuous-time sys-
tems and discrete-time systems.

The salient features of this book are as follows:

* Provides introductory and comprehensive exposure to all aspects of signal and
systems with clarity and in an easy way to understand.

» Provides an integrated treatment of continuous-time signals and systems and
discrete-time signals and systems.

» Several fully worked numerical examples are provided to help students under-
stand the fundamentals of signals and systems.

e PC-based MATLAB m-files for the illustrative examples are included in
this book.

This book is written at introductory level for undergraduate classes in electrical
engineering and applied sciences that are the prerequisite for upper level courses,
such as communication systems, digital signal processing, and control systems.

Hyderabad, India K. Deergha Rao
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