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Preface

MATLAB® (short for MATrix LABoratory) is a special-purpose computer program optimized to perform engineering and scientific calculations. It started life
as a program designed to perform matrix mathematics, but over the years it has
grown into a flexible computing system capable of solving essentially any technical problem.
The MATLAB program implements the MATLAB language and provides a
very extensive library of pre-defined functions to make technical programming
tasks easier and more efficient. This extremely wide variety of functions makes it
much easier to solve technical problems in MATLAB than in other languages
such as Java, Fortran, or C⫹⫹. This book introduces the MATLAB language, and
shows how to use it to solve typical technical problems.
This book seeks to simultaneously teach MATLAB as a technical programming language and also to introduce the student to many of the practical functions
that make solving problems in MATLAB so much easier than in other languages.
The book provides a complete introduction to the fundamentals of good procedural programming, developing good design habits that will serve a student well
in any other language that he or she may pick up later. There is a very strong
emphasis on proper program design and structure. A standard program design
process is introduced at the beginning of Chapter 4 and then followed regularly
throughout the remainder of the text.
In addition, the book uses the programming topics and examples as a jumping
off point for exploring the rich set of highly optimized application functions that are
built directly into MATLAB. For example, in Chapter 4 we present a programming
example that finds the roots of a quadratic equation. This serves as a jumping off
point for exploring the MATLAB function roots, which can efficiently find the
xv
Copyright 2012 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). Editorial review has
deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.

xvi | Preface
roots of polynomials of any order. In Chapter 5, we present a programming example that calculates the mean and standard deviation of a data set. This serves as a
jumping off point for exploring the MATLAB functions mean, median, and std.
There is also a programming example showing how to do a least-squares fit to a
straight-line. This serves as a jumping off point for exploring MATLAB curve fitting functions such as polyfit, polyval, spline, and ppval. There are similar ties to MATLAB applications in many other chapters as well. In all cases, there
are end of chapter exercises to reinforce the applications lessons learned in that
chapter.
In addition, Chapter 11 is devoted totally to practical MATLAB applications, including solving systems of simultaneous equations, numerical differentiation, numerical integration (quadrature), and solving ordinary differential
equations.
This book makes no pretense at being a complete description of all of
MATLAB’s hundreds of functions. Instead, it teaches the student how to use
MATLAB as a language to solve problems, and how to locate any desired function
with MATLAB’s extensive on-line help facilities. It highlights quite a few of the
key engineering applications, but there are far more good ones built into the language than can be covered in any course of reasonable length. With the skills
developed here, students will be able to continue discovering features on their own.

The Advantages of MATLAB for Problem Solving
MATLAB has many advantages compared to conventional computer languages
for technical problem solving. Among them are:
1. Ease of Use. MATLAB is very easy to use. The program can be used as
a scratch pad to evaluate expressions typed at the command line, or it can
be used to execute large pre-written programs. Programs may be easily
written and modified with the built-in integrated development environment, and debugged with the MATLAB debugger. Because the language
is so easy to use, it is ideal for educational use, and for the rapid prototyping of new programs.
Many program development tools are provided to make the program
easy to use. They include an integrated editor / debugger, on-line documentation and manuals, a workspace browser, and extensive demos.
2. Platform Independence. MATLAB is supported on many different computer systems, providing a large measure of platform independence. At
the time of this writing, the language is supported on Windows
XP/Vista/7, Linux, Unix, and the Macintosh. Programs written on any
platform will run on all of the other platforms, and data files written on
any platform may be read transparently on any other platform. As a result,
programs written in MATLAB can migrate to new platforms when the
needs of the user change.
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3. Pre-defined Functions. MATLAB comes complete with an extensive
library of pre-defined functions that provide tested and pre-packaged
solutions to many basic technical tasks. For example, suppose that you are
writing a program that must calculate the statistics associated with an
input data set. In most languages, you would need to write your own subroutines or functions to implement calculations such as the arithmetic
mean, standard deviation, median, etc. These and hundreds of other functions are built right into the MATLAB language, making your job much
easier.
The built-in functions can solve an astonishing range of problems,
such as solving systems of simultaneous equations, sorting, plotting, finding roots of equations, numerical integration, curve fitting, solving ordinary and partial differential equations, and much, much more.
In addition to the large library of functions built into the basic MATLAB language, there are many special-purpose toolboxes available to help
solve complex problems in specific areas. For example, a user can buy
standard toolboxes to solve problems in Signal Processing, Control
Systems, Communications, Image Processing, and Neural Networks,
among many others.
4. Device-Independent Plotting. Unlike other computer languages, MATLAB has many integral plotting and imaging commands. The plots and
images can be displayed on any graphical output device supported by
the computer on which MATLAB is running. This capability makes
MATLAB an outstanding tool for visualizing technical data. Plotting is
introduced in Chapter 2, and covered extensively in Chapters 3 and 8.
Advanced features such as animations and movies are covered in
Chapter 10.
5. Graphical User Interface. MATLAB includes tools that allow a program to interactively construct a Graphical User Interface (GUI) for his
or her program. With this capability, the programmer can design sophisticated data analysis programs that can be operated by relatively-inexperienced users.

Features of this Book
Many features of this book are designed to emphasize the proper way to write
reliable MATLAB programs. These features should serve a student well as he or
she is first learning MATLAB, and should also be useful to the practitioner on the
job. They include:
1. Emphasis on Top-Down Design Methodology. The book introduces a
top-down design methodology in Chapter 4, and then uses it consistently
throughout the rest of the book. This methodology encourages a student
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to think about the proper design of a program before beginning to code. It
emphasizes the importance of clearly defining the problem to be solved
and the required inputs and outputs before any other work is begun. Once
the problem is properly defined, it teaches the student to employ stepwise
refinement to break the task down into successively smaller sub-tasks,
and to implement the subtasks as separate subroutines or functions.
Finally, it teaches the importance of testing at all stages of the process,
both unit testing of the component routines and exhaustive testing of the
final product.
The formal design process taught by the book may be summarized as follows:
1. Clearly state the problem that you are trying to solve.
2. Define the inputs required by the program and the outputs to be produced
by the program.
3. Describe the algorithm that you intend to implement in the program. This
step involves top-down design and stepwise decomposition, using
pseudocode or flow charts.
4. Turn the algorithm into MATLAB statements.
5. Test the MATLAB program. This step includes unit testing of specific
functions, and also exhaustive testing of the final program with many different data sets.
2. Emphasis on Functions. The book emphasizes the use of functions to
logically decompose tasks into smaller subtasks. It teaches the advantages
of functions for data hiding. It also emphasizes the importance of unit
testing functions before they are combined into the final program. In addition, the book teaches about the common mistakes made with functions,
and how to avoid them.
3. Emphasis on MATLAB Tools. The book teaches the proper use of
MATLAB’s built-in tools to make programming and debugging easier.
The tools covered include the Editor / Debugger, Workspace Browser,
Help Browser, and GUI design tools.
4. Emphasis on MATLAB applications. The book teaches how to harness
the power of MATLAB’s rich set of functions to solve a wide variety of
practical engineering problems. This introduction to MATLAB functions
is spread throughout the book, and is generally tied to the topics and
examples being discussed in a particular chapter.
5. Good Programming Practice Boxes. These boxes highlight good programming practices when they are introduced for the convenience of the
student. In addition, the good programming practices introduced in a
chapter are summarized at the end of the chapter. An example Good
Programming Practice Box is shown below.
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Good Programming Practice:
Always indent the body of an if construct by 2 or more spaces to improve the
readability of the code.

6. Programming Pitfalls Boxes
These boxes highlight common errors so that they can be avoided. An
example Programming Pitfalls Box is shown below.

 Programming Pitfalls:
Make sure that your variable names are unique in the first 63 characters. Otherwise,
MATLAB will not be able to tell the difference between them.

Pedagogical Features
This book includes several features designed to aid student comprehension. A
total of 13 quizzes appear scattered throughout the chapters, with answers to all
questions included in Appendix D. These quizzes can serve as a useful self-test of
comprehension. In addition, there are approximately 215 end-of-chapter exercises. Answers to all exercises are included in the Instructor’s Manual. Good programming practices are highlighted in all chapters with special Good
Programming Practice boxes, and common errors are highlighted in
Programming Pitfalls boxes. End of chapter materials include Summaries of
Good Programming Practice and Summaries of MATLAB Commands and
Functions.
The book is accompanied by an Instructor’s Manual, containing the solutions
to all end-of-chapter exercises. The IM, PowerPoint slides of all figures and tables
in the book and the source code for all examples in the book is available from the
book’s Web site, and the source code for all solutions in the Instructor’s Manual
is available separately to instructors.
To access additional course materials [including CourseMate], please visit
www.cengagebrain.com. At the cengagebrain.com home page, search for the
ISBN of your title (from the back cover of your book) using the search box at the
top of the page. This will take you to the product page where these resources can
be found.
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A Thank You to the Reviewers
I would like to offer a special thank you to the book’s reviewers. Their invaluable
suggestions have made this a significantly better book, and they certainly deserve
thanks for the time they devoted to reviewing drafts of the text. The reviewers who
were willing to be named are:
Steven A. Peralta, University of New Mexico
Jeffrey Ringenberg, University of Michigan
Lizzie Santiago, West Virginia University
John R. White, University of Massachusetts, Lowell

A Final Note to the User
No matter how hard I try to proofread a document like this book, it is inevitable
that some typographical errors will slip through and appear in print. If you should
spot any such errors, please drop me a note via the publisher, and I will do my
best to get them eliminated from subsequent printings and editions. Thank you
very much for your help in this matter.
I will maintain a complete list of errata and corrections at the book’s World
Wide Web site, which is http://www.cengage.com/engineering. Please check that
site for any updates and/or corrections.

STEPHEN J. CHAPMAN
Melbourne, Australia
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1

Introduction
to MATLAB

MATLAB (short for MATrix LABoratory) is a special-purpose computer program
optimized to perform engineering and scientific calculations. It started life as a
program designed to perform matrix mathematics, but over the years, it has
grown into a flexible computing system capable of solving essentially any technical problem.
The MATLAB program implements the MATLAB programming language and
provides an extensive library of predefined functions to make technical programming tasks easier and more efficient.This book introduces the MATLAB language as it is implemented in MATLAB Version 7.9 and shows how to use it to
solve typical technical problems.
MATLAB is a huge program, with an incredibly rich variety of functions. Even
the basic version of MATLAB without any toolkits is much richer than other
technical programming languages. There are more than 1000 functions in the
basic MATLAB product alone, and the toolkits extend this capability with many
more functions in various specialties. Furthermore, these functions often solve
very complex problems (solving differential equations, inverting matrices, and so
forth) in a single step, saving large amounts of time. Doing the same thing in
another computer language usually involves writing complex programs yourself
or buying a third-party software package (such as IMSL or the NAG software
libraries) that contains the functions.
The built-in MATLAB functions are almost always better than anything that
an individual engineer could write on his or her own, because many people have
worked on them and they have been tested against many different data sets.
These functions are also robust, producing sensible results for wide ranges of
input data and gracefully handling error conditions.
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