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Preface

With the presentation at an infroductory level, this book contains a comprehensive
treatment of contiriuous-time and discrete-time signals and systems, with demos on the
textbook website, data downloaded from the Web, and illustrations of numerous MAT-
- LAB® commands for the solution of a wide range of problems arising in engineering
and in other fields such as financial data analysis. The third edition is a major revision
of the previous edition in that the degree of mathematical comiplexity has been re-
duced, practical applications involving downloaded data and other illustrations have
been added, and the material has been reorganized in a significant way so that the flex-
ibility in using the book in a one-quarter or one-semester course should be greatly en-
hanced. Highlights of the revised content of the third edition include the following:

L

2.

4.

The presentation has been simplified by deletion or rewrite of various mathe-
matical parts of the previous edition, and by inclusion of new illustrations that
should give additional insight into the meaning and significance of the mathe-
matical formulations covered in the text. Summaries have been added at the end
of the chapters to highlight the material covered in the chapters.

The core of the new edition consists of Chapters 1-7, most of which an instructor
should be. able to cover in a one-quarter course. For a one-semester course, an in-
structor should be able to cover the material in Chapters 1-7 and then select ma-
terial on filtering, controls, and/or the state representation that can be found in
Chapters 8-11.

The new edition contains practical applications that use actual data downloaded
from the Web. It is shown how the data can be downloaded and then imported into
MATLARB for analysis by techniques covered in the text. The focus is on the prob-
lem of data analysis in the presence of noise, which often arises in engineering, busi-
ness and finance, and other fields. Details are given on the analysis of stock price
data with the objective of determining if the trend in the stock price is up or down.
The new edition contains a major enhancement of the MATLAB component.
In particular, the MATLAB Symbolic Math Toolbox that is available in the Stu-
dent Version (7.0.1) of MATLAB is used throughout the text to complement
and simplify various computational aspects of the theory and examples given in
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the book. Many examples are given that illustrate how this tool can be used to
solve differential equations and to evaluate integrals for computing system
responses and Fourier and Laplace transforms and inverse transforms, including
inverse z-transforms. Simulink is also used to build system models and simulate
system behavior.

5. The textbook website (http:/users.ece.gatech.edu/~bonnie/book3) developed by
Bonnie Heck has been updated with the inclusion of additional worked problems,
all the data files and M-files for the third edition, and other new materials. Also on
the website are the online demos previously mentioned and a tutorial on MATLAB.

6. The material on control systems has been enhanced and includes the addition of the
description of a digital control lab project based on a LEGO® MINDSTORMS® kit.
The lab project provides students with a “hands-on” experience in designing and
implementing digital controllers for a dc motor.

The background required for reading the book consists of the usual .freshman/
sophomore courses in calculus and elementary differential equations. It is also helpful, but
not necessary, to have had some exposure to physics. The book is also intended to be used
for self-study Both authors have been teaching the material in the book to electrical engi-
neering juniors for many years, and Bonnie Heck has been actively involved in the use of
the Web for enhancing education in the fields of signals, systems, and controls.

A$ noted, key features of the text include the use of online demos on the text-
book website and the downloading of data from the Web in order to carry out data
analysis. In many of the demos, students may change various values to see what results.
For example, the frequencies making up a signal can be changed with the resulting ef-
fect on the signal displayed, and the parameters of a system’s frequency response func-
tion (or transfer function) can be changed with the effect on system performance
displayed. In some of the demos, the students can hear the sounds that correspond to
the signals being considered. There is also a demo on a mass-spring-damper system
that provides an animation of the output response resulting from the application of
various inputs. Via this demo, students can actually see the characteristics of the re-
. sponse to an impulsive input, step input, and sinusoidal input. The reference to a demo
in the text is given by an icon in the left-hand margin, as illustrated here.

Another key feature of the book is the use of MATLAB (Version 7.0) to generate
computer implementations of the techniques for signal and system analysis and design
covered in this work. Along with the online demos, the MATLAB implementations pro-
vide the reader with the opportunity to verify that the theory does work and allow the
reader to experiment with the application of the techniques studied. Use of the various
MATLAB commands is illustrated in numerous examples throughout the text. This in-
cludes a discussion in Chapter 1 on the use of MATLAB to plot signals and on how data
can be downloaded from the Web and imported into MATLAB. A large number of the
homework problems also involve MATLAB. All of the MATLAB programs and M-files
that are used in the examples are available from the website that accompanies the text.
The M-files in Chapters 1-9 require either the Student Version of MATLAB, version 7.0
or the full version of MATLAB version 7.0 along with the’Control System Toolbox ver-
sion 6.1, the Signal Processing Toolbox version 6.2, and -Simulink version 6.1. Chapter 10
requires the Signal Processing Toolbox for digital filter design.



The book includes a wide range of examples and problems on different areas in
engineering, including electrical circuits, mechanical systems, and electromechanical
devices (such as a dc motor). Examples are also given on data analysis, with part of the
emphasis on the filtering or smoothing of noisy data (such as stock price data) for the
purpose of revealing the trend of the data. It is also shown how the dominant cyclic
components can be determined and extracted from time series data by use of the dis-
crete Fourier transform (DFT). Other features of the book are a parallel treatment of
continuous-time and discrete-time signals and systems, and three chapters on feedback
control, digital filtering, and the state representation that prepare students for senior
electives in these topics.

The book begins with the time-domain aspects of signals and systems in Chapters
1 and 2. These include the basic properties of signals and systems, the discrete-time con-
volution model, the input/output difference equation model, the input/output differen-
tial equation model, and the continuous-time convolution model. Chapter 3 begins the
treatment of signals and systems from the frequency-domain standpoint. Starting with
signals that are a sum of sinusoids, the presentation then goes into the Fourier series

_representation of periodic signals and on to the Fourier transform of nonperiodic sig-
nals. The use of the Fourier transform in the study of signal modulation is also consid-
ered in Chapter 3. Chapter 4 deals with the Fourier analysis of discrete-time signals with
the focus on the discrete-time Fourier transform (DTFT) and the discrete Fourier trans-
form (DFT). The DFT is used to determine the dominant sinusoidal components of a
discrete-time signal in the presence of noise, with applications given in terms of data
downloaded from the Web. Then in Chapter 5, the Fourier theory is applied to the study
of both continuous-time and discrete-time systems. Applications to ideal analog filter-
ing, sampling, signal reconstruction, and digital filtering are pursued in Chapter 5.

After the Fourier theory, the study of the Laplace transform begins in Chapter 6
with the definition and properties of the Laplace transform and the transfer function
representation of linear time-invariant continuous-time systems. In Chapter 7, the z-
transform is introduced, and the transfer function representation of linear time-invariant
discrete-time systems is pursued. This leads to the notion of the frequency response func-
tion, which is first considered in Chapter 5. In Chapter 8, the analysis of linear time-
invariant continuous-time systems is carried out by the use of the transfer function
representation. The transfer function framework is then applied to the problem of control
in Chapter 9; and in Chapter 10, the Laplace and z-transform frameworks are applied
to the design of digital filters and controllers. In Chapter 11, the fundamentals of the
state description of linear time-invariant continuous-time and discrete-time systems
are presented.

As noted, the book can be used in a one-quarter or one-semester course in signals
and systems, with Chapters 1-7 (or parts of these chapters) covered in a one-quarter
course and parts of Chapters 1-11 covered in a one-semester course. By selecting appro-
priate sections and chapters from the book, an instructor could cover the continuous-time
case in one course and the discrete-time case in a second course.

The authors wish to thank the faculty who have used the previous editions of the
book in a course, and the students who have taken a course with the book designated as
the course text, for their numerous helpful comments. We also appreciate the written com-
ments made by the following reviewers: Professor Charles W. Brice, University of South
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Carolina; Professor Ravi Warrier, Kettering University; Professor Jeffrey G. Andrews,
University of Texas at Austin; Professor Stanley Lawrence Marple, Jr., Oregon State Uni-
versity; and Professor Uvais Qidwai, Tulane University.

We would also like to thank Tom Robbins (formerly Editor at Prentice Hall) for
his comments on the previous editions of the book, Prentice Hall Editor Michael
McDonald for his suggestions regarding the third edition, and Alice Dworkin and Scott
Disanno of Prentice Hall for their efforts regarding editorial aspects-and production of
the third edition. Thanks go to Courtney Esposito at The Mathworks for providing us
with information on the latest versions of the MATLAB and Simulink software pro-

“grams. Bonnie Heck wishes to thank her former students John Finney and James
Moan, who wrote preliminary versions of the MATLAB tutorial that is available on
the website; and Darren Garner, James Ho, Jason Meeks, Johnny Wang, and Brian Wilson
for their efforts in generating the demos that are on the website.

EDWARD W. KAMEN
BONNIE S. HECk



PROPERTIES OF THE FOURIER TRANSFORM

Property

“ Transform Pair/Property

Linearity

Right or left shift in time
Time scaling
Time reversal

Multiplication by a power of t

Multiplication by a complex exponential

Multiplication by sin wot
Multiplication by cos wot

Differentiation in the time domain

Integration

Convolution in the time domain

Multiplication in the time domain

Parseval’s theorem

Special case of Parseval’s theorem

Duality

t"x(t) & " d

ax(t) + bv(t) & aX(w) + bV(w)

x(t — ¢) & X(w)e e

1 fw .
x(at) (—);X(;) a>0

x(—t) © X(—w) = X(w)

n

dw"X(w) n=12...

x(De’ & X(w — wy) o, real
x(f) sin wyt & % [(X(w + wg) — X(@ — wy)]
x(1) cos wyt <> 3[X(w + wg) + X(w — wy)]

n

%x([) o (o) X(w) n=12,...

f x(A) dA H]Lw X(w) + 2X(0)d(w)
x(t) * v(t) & X(w)V(w)

x(tv(t) & %t X(w) * V(w)
I =[x
] x(O)v(t) dt = EJ: X(w)V(w) dw

r () dt = El_z;j_i |X(w)P? do

—ec

X(t) & 2nx(-w)




COMMON FOURIER TRANSFORM PAIRS

1, —»<t<»e2ni(w)

1
—0. + —_—
0.5 u(t)(—)jw

1
5(w) + —
u(t) & mo(w) o
ity 1
8(t — ¢) & e7¢, ¢ any real number

—bt,
e u(t) & -
® jo + b’

b>0
e/ & 2n8(w — ,), w, any real number

() & Tsinc -
pr 2.7[

. Tt
7 sinc 2T— & 27p (w)

[Sporeso
(]S

cos wyt ¢» T[0(w + wy) + dw — wy)]
cos (wyt + 0) & wle (0w + wy) + e0(w — wy)]
sin wyt © jafd(w + wg) — 6w — wy)]

sin (wgt + 0) & jale 5w + w,) — e%6(w — v,))




COMMON LAPLACE TRANSFORM PAIRS

1
u(t) <——>;

el

[ —e

u(ty —u(t —c) c>0

N!
7. N=123,...

tNu(t) & o

o) e 1
5([ -, ¢>0
1
~bt -
e"'u(t) T b real or complex

N!
t’\'e"”u(I)MW~ N=123,...

s
cos wHu(t) > 5
(cos wu(t) & =~

(sin wo)u(t) & sz_j-u—a?
§2 + 2w?
5(s* + 40?)
20?
s(s? + 4w?)
s+ b
(s + b)* + &?

(cos® wtu(t) &
(sin? wHu(t) &
(e cos whu(t) &

s S
(e sin whu(t) & s+ b)Y + ot

2 —
2ws
(5* + w?)?

(s + b)z - o?
(s + b)* + w?P?
2w(s + b)

[(s + b)* + w*?

(t cos whu(t) &
(tsin wu(t) &
(te™ cos w)u(t) &

(te™ sin whu(t) &




PROPERTIES OF THE LAPLACE TRANSFORM

Property Transform Pair/Property
Linearity ax(f) + bv(t) & aX(s) + bV(s)
Right shift in time x(t —u(t —c)ee®X(s), ¢>0
Time scaling x(at) & % X (g) a>0
dN
Multiplication by a power of ¢ tNx(f) o (- I)N;i? X(s), N=1,2,...

Multtiplication by an exponentia]v e“x(t) & X(s — a), areal or complex
Multiplication by sin wt x(1) sin wt (—)% [X(s + jw) — X(s — jw)]
Multiplication by cos wt x(t) cos wt <> % [X(s + jw) + X(s — jw)]

Differentiation in the time domain x(f) & sX(s) — x(0)

Second derivative #(f) & s2X(s) — sx(0) ~ %(0)
nth derivative ¥M(E) & sVX(s) — sNx(0) — sN¥2(0) — -+ - —sxMD(0) — XM D(0)
! 1
Integration J(; x(A) dA & 3 X(s)
Conyolution x(2) * v(t) & X(s)V(s)
Initial-value theorem x(0) = 31_1;2 sX(s)

%(0) = slg?o [2X(s) — sx(0)]
¥™(0) = lim [s"*1X(s) — s"x(0) — s"14(0) — -+ — sxV"1(0)]

Final-value theorem If lim x(r) exists, then lim x(¢) = lirr(} sX(s)
—>® t—> S
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