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_Preface (Readme)

This is the first time I have written a book for John Wiley & Sons, although it is a revision
of an old edition. In 2000 Simon and Schuster was sold to Pearson, and the U.S. Justice De-
partment stipulated the condition of merger was to divest a list of titles of Simon and Schus-
ter. Apparently, Automatic Control Systems, Tth Edition, was among the titles. Maybe there
are experts at the Justice Department who understood control systems. So, this is a brief his-
tory on how Automatic Control Systems, after being with Simon Schuster for nearly 40 years
suddenly ended up as a book at John Wiley & Sons. However, we couldn’t be happier as
Wiley authors, and the forced transition has turned out to be a blessing.

In order to bring on new ideas and current material the 8th Edition has brought on a
new coauthor, Professor Farid Golnaraghi from the University of Waterloo Ontario, Canada.

What we attempted to do for the revision is to make the book more streamlined while
retaining the essential material. We have added more computer-aided tools for students
and teachers. The prepublication manuscript has been reviewed by many professors, and
most of the relevant suggestions have been adopted.

In the 8th Edition, the following material has been moved into appendices on the
CD-ROM. These are

Appendix A: Complex Variable Theory

Appendix B: Differential and Difference Equations
Appendix C: Elementary Matrix Theory and Algebra
Appendix D: Laplace Transform Table

Appendix E: Operational Amplifier

Appendix F: Properties and Construction of the Root Loci
Appendix G: Frequency-Domain Plots

Appendix H: General Nyquist Criterion

Appendix I: Discrete-Data Control Systems

Appendix J: z-Transform Table

Appendix K: ACSYS 2002: Description of the Software
Answers to Selected Problems

In addition, the CD-ROM contains the MATLAB™ files for ACSYS, which are software
tools for solving control-system problems, and Powerpoint files for the illustrations in the
text. We have pulled all the material on discrete-data control systems in each chapter and
placed it in Appendix L.

The following paragraphs are aimed at three groups: professors who have adopted the
book or who we hope will select it as their text; practicing engineers looking for answers
to solve their day-to-day design problems; and finally, students who are going to live with
the book because it has been assigned for the control-systems course they are taking.

To the Professor: The material assembled in this book is an outgrowth of senior-level
control-system courses taught by the authors at their universities throughout their teach-
ing career. The first seven editions have been adopted by hundreds of universities in the
United States and around the world, and have been translated into at least six languages.

™MATLAB is a registered trademark of MathWorks Inc.
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Practically all the design topics presented in the 7th Edition have been retained. One of
the significant changes is that the subject of discrete-data control systems is now in
Appendix I on the CD-ROM. We would prefer to teach discrete-data systems as exten-
sions of their analog counterparts. However, realistically, it would be difficult to cover
both analog and discrete control systems in a one-semester course.

The software added to this edition is very different from the software accompanying
any other control book. Here, through extensive use of MATLAB GUI programming, we
have created software that is easy to use. As a result, students will need to focus only on
learning control problems, not programming! We also have added two very new applica-
tions: SIMLab and Virtual Lab, where students work on realistic problems and conduct speed
and position control labs in software environment. In SIMLab, students have access to the
system parameters and can alter them (as in any simulation). In Virtual Lab, we have in-
troduced a black-box approach, where the students have no access to the plant parameters
and have to use some sort of system identification technique to find them. Through Virtual
Lab we have essentially provided students with a realistic online lab with all the problems
they would encounter in a real speed- or position-control lab, for example, amplifier satu-
ration, noise, and nonlinearity. We welcome your ideas for the future editions of this book.

Finally, a sample section-by-section a one-semester course is given in the Instructor’s
Manual, which is available from the publisher to qualified instructors. The Manual also
contains detailed solutions to all the problems in the book.

To Practicing Engineers: This book was written with the readers in mind and is very
suitable for self-study. Our objective was to treat subjects clearly and thoroughly. The
book does not use the theorem~proof-Q.E.D. style and is without heavy mathematics. The
authors have consulted extensively for wide sectors of the industry for many years, and
have participated in solving numerous control-systems problems, from aerospace systems
to industrial controls, automotive controls, and control of computer peripherals. Although
it is difficult to adopt all the details and realism of practical problems in a textbook at this
level, some examples and problems reflect simplified versions of real-life systems.

To Students: You have had it now that you have signed up for this course and your pro-
fessor has assigned this book! You had no say about the choice, although you can form and
express your opinion on the book after reading it. Worse yet, one of the reasons that your
professor made the selection is because he or she intends to make you work hard. But please
don’t misunderstand us: what we really mean is that although this is an easy book to study
(in our opinion), it is a no-nonsense book. It doesn’t have cartoons or nice-looking photo-
graphs to amuse you. From here on, it is all business and hard work. You should have had
the prerequisites on subjects found in a typical linear-systems course, such as how to solve
linear ordinary differential equations, Laplace transform and appplications, and time-response
and frequency-domain analysis of linear systems. In this book you will not find too much
new mathematics to which you have not been exposed before. What is interesting and chal-
lenging is that you are going to learn how to apply some of the mathematics that you have
acquired during the last two or three years of study in college. In case you need to review
some of the mathematical foundations, you can find them in the appendices on the CD-ROM
that accompanies this text. The CD-ROM also contains lots of other goodies, including the
ACSYS software, which is GUI software that uses MATLAB-based programs for solving
linear control systems problems. You will also find the Simulink-based SimLab and Virtual
Lab, which will help you to gain understanding of real-world control systems.

This book has numerous illustrative examples. Some of these are deliberately simple for
the purpose of illustrating new ideas and subject matter. Some examples are more elaborate,
in order to bring the practical world closer to you. Furthermore, the objective of this book is
to present a complex subject in a clear and thorough way. One of the important learning
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strategies for you as a student is not to rely strictly on the textbook assigned. When studying
a certain subject, go to the library and check out a few similar texts to see how other authors
treat the same subject. You may gain new perspectives on the subject and discover that one
author may treat the material with more care and thoroughness than the others. Do not be
distracted by written-down coverage with oversimplified examples. The minute you step into
the real world, you will face the design of control systems with nonlinearities and/or time-
varying elements as well as orders that can boggle your mind. It may be discouraging to tell
you now that strictly linear and first-order systems do not exist in the real world.

Some advanced engineering students in college do not believe that the material they
learn in the classroom is ever going to be applied directly in industry. Some of our stu-
dents come back from field and interview trips totally surprised to find that the material
they learned in courses on control systems is actually being used in industry today. They
are surprised to find that this book is also a popular reference for practicing engineers.
Unfortunately, these fact-finding, eye-opening, and self-motivating trips usually occur near
the end of their college days, which is often too late for students to get motivated.

There are many learning aids available to you: The MATLAB-based ACSYS software
will assist you in solving all kinds of control-systems problems. The SIMLab and Virtual
Lab software can be used for simulation of virtual experimental systems. These are all found
on the CD-ROM accompanying this text. In addition, the Review Questions and Summary
at the end of each chapter should all be useful to you. You should also visit the Web site
dedicated to the book, where you will find the errata and other supplemental material.

We hope that you will enjoy this book. It will represent another major textbook acquisition
(investment) in your college career. Our advice to you is not to sell it back to the bookstore
at the end of the semester. If you do so, but find out later in your professional career that you
need to refer to a control systems book, you will have to buy it back at a higher price again.

An Important Note Regarding the ACSYS Software: At the time of publication of
this book, there is an issue of compatibility between MATLAB version 6.0 (R12), the
student version of MATLAB (R12) and MATLAB version 6.1 (R12.1), and Windows XP.
Upon our request Mathworks Inc. issued the following statement:

“The Student Version of MATLAB 6.0 (R12) is not officially supported under Windows
XP. For more information on the system requirements for the Student Version of MAT-
LAB 6.0 (R12), please see the following URL:

http://www.mathworks.com/products/studentversion/sys_req.shtml

Currently, there are no plans to officially support the Student Version of MATLAB 6.0
(12) on Windows XP, though our development staff may readdress support for Windows
XP on the Student Version in the future.”

Further in a statement in the following URL they suggest:

http://www.mathworks.com/support/solutions/data/30479.shtml

“MATLAB 6.1 (R12.1) was released before Windows XP was finalized and thus was not val-
idated under Windows XP. Windows XP will be officially supported in our next release of
MATLAB. The system requirements for MATLAB 6.1 (R12.1) can be found at the follow-
ing URL:

http://www.mathworks.com/products/system.shtml/Windows

In the minimal testing that we have done, we have experienced some incompatibilities
with MATLAB 6.1 (R12.1) and Windows XP. There are two possible workarounds that
you can do to address these issues:

1. You can use Windows XP in the “Windows Classic Style” mode and/or

2. You can download a new file, hg.dil ...
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PLEASE NOTE: The new hg.dll file is not meant for use with the Student Version of
MATLAB 6.0 (R12) on Windows XP.”

Based on the previous statements, it is our understanding that MATLAB R12 is not com-
patible with Windows XP and MATLAB version 6.1 (R12.1) may be used with Windows
XP with some possible problems.

Further, at the final stages of publication of this book the pre-release version of
MATLAB 6.5 R13 became available. The ACSYS software was successfully tested on the
pre-release of MATLAB 6.5 R13, and has worked properly using all Microsoft Windows
operating systems. It is expected that the student and full versions of MATLAB 6.5 R13
are available in 2003.

As a result, we have decided to release three versions of the ACSYS software, which ac-

companies this book:

1. ACSYS 2002 (R12) is supported by all Microsoft Operating Systems except for Win-
dows XP. The users of the student version of MATLAB (R12) must use this version.

2. ACSYS 2002 (R12.1) is supported by all Microsoft Operating Systems, and appear to
work fine with the Windows XP. Although we have not observed any problems run-
ning MATLAB 6.1 under Windows XP Operating System, Windows XP users may ex-
pect to encounter some problems.

3. ACSYS 2002 (Pre-release R13) is supported by all Microsoft Operating Systems. This
version should work properly with the student and full versions of MATLAB R13 once
they are available.

Special Acknowledgments: The authors wish to thank the following reviewers, who

have given permission to have their names mentioned. The prepublication reviews have

had great impact on the revision project.

Professor B. Ross Barmish, University of Wisconsin

Professor Peter Reischi, San Jose State University

Hy D. Tran, University of New Mexico

Hoss Cyrus Ahmadi, University of British Columbia

Professor Peng-Yung Woo, Northern Illinois University

Professor John L. Crassidis, University at Buffalo

Professor Horacio J. Marquez, University of Alberta

Professor Joseph F. Horn, The Pennsylvania State University

Professor Semyon M. Meerkov, University of Michigan

Professor Bill Diong, University of Texas at El Paso

Professor Swapan Kumar Mukherjee, Regional Institute of Technology

Professor L. F. Yeung, City University of Hong Kong
The authors are indebted to Professor Duane Hanselman at the University of Maine for
his valuable suggestions on the revision.

The authors thank Tony Kim, Peter Won and Hamid Karbasi, graduate students at
University of Waterloo, for their help with the software development, and Professor Jan
Huissoon of the University of Waterloo for his help in creating the SIMLab and Virtual
Lab experiments. Farid Golnaraghi also wishes to thank Professor Benjamin Kuo for shar-
ing the pleasure of writing this wonderful book, and for his teachings, patience, and support
throughout this experience.
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Limited Use License Agreement

This is the John Wiley and Sons, Inc. (Wiley) limited use License Agreement, which governs your use of any Wiley proprietary software products
(Licensed Program) and User Manual(s) delivered with it.

Your use of the Licensed Program indicates your acceptance of the terms and conditions of this Agreement. If you do not accept or agree with them,
you must return the Licensed Program unused within 30 days of receipt or, if purchased, within 30 days, as evidenced by a copy of your receipt, in
which case, the purchase price will be fully refunded.

License: Wiley hereby grants you, and you accept, a non-exclusive and non-transferable license, to use the Licensed Program and User Manual(s) on
the following terms and conditions only:

The Licensed Program and User Manual(s) are for your personal use only.

You may use the Licensed Program on a single computer, or on its temporary replacement, or on a subsequent computer only.

The Licensed Program may be copied to a single computer hard drive for playing.

A backup copy or copies may be made only as provided by the User Manual(s), except as expressly permitted by this Agreement.

You may not use the Licensed Program on more than one computer system, make or distribute unauthorized copies of the Licensed Program or
User Manual(s), create by decompilation or otherwise the source code of the Licensed Program or use, copy, modify, or transfer the Licensed
Program, in whole or in part. or User Manual(s), except as expressly permitted by this Agreement.

If you transfer possession of any copy or modification of the Licensed Program to any third party, your license is automatically terminated.
Such termination shall be in addition to and not in lieu of any equitable, civil, or other remedies available to Wiley.

c a0 o

Term: This License Agreement is effective until terminated. You may terminate it at any time by destroying the Licensed Program and User Manual
together with all copies made (with or without authorization).

This Agreement will also terminate upon the conditions discussed elsewhere in this Agreement, or if you fail to comply with any term or
condition of this Agreement. Upon such termination, you agree to destroy the Licensed Program, User Manual(s), and any copies made (with or
without authorization) of either.

Wiley’s Rights: You acknowledge that all rights (including without limitation, copyrights, patents and trade secrets) in the Licensed Program
(including without limitation, the structure, sequence, organization, flow, logic, source code, object code and all means and forms of operation of the
Licensed Program) are the sole and exclusive property of Wiley. By accepting this Agreement, you do not become the owner of the Licensed
Program, but you do have the right to use it in accordance with the provisions of this Agreement. You agree to protect the Licensed Program from
unauthorized use, reproduction, or distribution. You further acknowledge that the Licensed Program contains valuable trade secrets and confidential
information belonging to Wiley. You may not disclose any component of the Licensed Program, whether or not in machine readable form, except as
expressly provided in this Agreement.

WARRANTY: TO THE ORIGINAL LICENSEE ONLY. WILEY WARRANTS THAT THE MEDIA ON WHICH THE LICENSED PROGRAM I§
FURNISHED ARE FREE FROM DEFECTS IN THE MATERIAL AND WORKMANSHIP UNDER NORMAL USE FOR A PERIOD OF NINETY
(90) DAYS FROM THE DATE OF PURCHASE OR RECEIPT AS EVIDENCED BY A COPY OF YOUR RECEIPT. IF DURING THE 90-DAY
PERIOD, A DEFECT IN ANY MEDIA OCCURS, YOU MAY RETURN IT. WILEY WILL REPLACE THE DEFECTIVE MEDIA WITHOUT
CHARGE TO YOU. YOUR SOLE AND EXCLUSIVE REMEDY IN THE EVENT OF A DEFECT IS EXPRESSLY LIMITED TO
REPLACEMENT OF THE DEFECTIVE MEDIA AT NO ADDITIONAL CHARGE. THIS WARRANTY DOES NOT APPLY TO DAMAGE OR
DEFECTS DUE TO IMPROPER USE OR NEGLIGENCE.

THIS LIMITED WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESSED OR IMPLIED, INCLUDING, WITHOUT
LIMITATION, ANY WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE.

EXCEPT AS SPECIFIED ABOVE, THE LICENSED PROGRAM AND USER MANUAL(S) ARE FURNISHED BY WILEY ON AN “AS IS”
BASIS AND WITHOUT WARRANTY AS TO THE PERFORMANCE OR RESULTS YOU MAY OBTAIN BY USING THE LICENSED
PROGRAM AND USER MANUAL(S). THE ENTIRE RISK AS TO THE RESULTS OR PERFORMANCE, AND THE COST OF ALL
NECESSARY SERVICING, REPAIR, OR CORRECTION OF THE LICENSED PROGRAM AND USER MANUAL(S) IS ASSUMED BY YOU.

IN NO EVENT WILL WILEY OR THE AUTHOR, BE LIABLE TO YOU FOR ANY DAMAGES, INCLUDING LOST PROFITS, LOST
SAVINGS. OR OTHER INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE USE OR INABILITY TO USE THE
LICENSED PROGRAM OR USER MANUAL(S), EVEN IF WILEY OR AN AUTHORIZED WILEY DEALER HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

General: This Limited Warranty gives you specific legal rights. You may have others by operation of law, which varies from state to state. If any of
the provisions of this Agreement are invalid under any applicable statute or rule of law, they are to that extent deemed omitted.

This Agreement represents the entire agreement between us and supersedes any proposals or prior Agreements, oral or written, and any other
communication between us relating to the subject matter of this Agreement.

This Agreement will be governed and construed as if wholly entered into and performed within the State of New York. You acknowledge that
you have read this Agreement, and agree to be bound by its terms and conditions.
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