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Combining traditional material with a modern systems approach, this handbook provides a thorough

introduction to differential equations, tempering its classic "pure math" approach with more practical

applied aspects.   Features up-to-date coverage of key topics such as first order equations, matrix

algebra, systems, and phase plane portraits. Illustrates complex concepts through extensive

detailed figures. Focuses on interpreting and solving problems through optional technology projects.
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This text strikes a balance between the traditional and the modern. It covers all of the traditional

material and more. It offers flexibility of use that will allow faculty at a variety of institutions to use the

text. Includes a large number of graphics that display the ideas in ODEs; modeling and applications;

and projects, which provide students with the opportunity to bring together much of what they have

learned, including analytical, computational, and interpretative skills. Ideal for readers interested in

learning about differential equations. --This text refers to an out of print or unavailable edition of this

title.

Preface  This book started in 1993, when the first author began to reorganize the teaching of ODEs

at Rice University. It soon became apparent that a textbook was needed that brought to the

students the expanded outlook that modern developments in the subject required, and the use of

technology allowed. Over the ensuing years this book has evolved.   The mathematical subject



matter of this book has not changed dramatically from that of many books published ten or even

twenty years ago. The book strikes a balance between the traditional and the modern. It covers all

of the traditional material and somewhat more. It does so in a way that makes it easily possible, but

not necessary, to use modern technology, especially for the visualization of the ideas involved in

ordinary differential equations. It offers flexibility of use that will allow instructors at a variety of

institutions to use the book. In fact, this book could easily be used in a traditional differential

equations course, provided the instructor carefully chooses the exercises assigned. However, there

are changes in our students, in our world, and in our mathematics that require some changes in the

ODE course, and the way we teach it.   Our students are now as likely to be majoring in the

biological sciences or economics as in the physical sciences or engineering. These students are

more interested in systems of equations than they are in second order equations. They are also

more interested in applications to their own areas rather than to physics or engineering.   Our world

is increasingly a technological world. In academia we are struggling with the problem of adapting to

this new world. The easiest way to start a spirited discussion in a group of faculty is to raise the

subject of the use of technology in our teaching. Regardless of one's position on this subject, it is

widely agreed that the course where the use of technology makes the most sense, and where the

impact of computer visualization is the most beneficial, is in the study of ODES. The use of

computer visualization pervades this book. The degree to which the student and the instructor are

involved is up to the instructor.   The subject of ordinary differential equations has progressed, as

has all of mathematics. To many it is now known by the new name, dynamical systems. Much of the

progress, and many of the directions in which the research has gone, have been motivated by

computer experiments. Much of the work is qualitative in nature. This is beautiful mathematics.

Introducing some of these ideas to students at an early point is a move in the right direction. It gives

them a better idea of what mathematics is about than the standard way of discussing one solution

method after another. It should be emphasized that the introduction of qualitative methods is not, in

itself, a move to less rigor.  The Use of Technology  The book covers the standard material with an

appropriate level of rigor. However, it enables the instructor to be flexible in the use of modern

technology. Available to all, without the use of any technology, is the large number of graphics in the

book that display the ideas in ODEs. At the next level are a large number of exercises that require

the student to compute and plot solutions. For these exercises, the student will have to have access

to computer (or calculator) programs that will do this easily.   The tools needed for most of these

exercises are two. The student will need a program that will plot the direction field for a single

differential equation, and superimpose the solution with given initial conditions. In addition, the



student will need a program that will plot the vector field for an autonomous planar system of

equations, and superimpose the solution with given initial conditions. Such tools are available in

MATLAB, Maple, and Mathematica. For many purposes it will be useful for the students to have

computer (or calculator) tools for graphing functions of a single variable.   The book can also be

used to teach a course in which the students learn numerical methods early and are required to use

them regularly throughout the course. Students in such a course learn the valuable skill of solving

equations and systems of equations numerically and interpreting the results using the subject matter

of the course. The treatment of numerical methods is somewhat more substantial than in other

books. However, just enough is covered so that readers get a sense of the complexity involved.

Computational error is treated, but not so rigorously as to bog the reader down and interrupt the flow

of the text. Students are encouraged to do some experimental analysis of computational error. 

Modeling and Applications  It is becoming a common feature of mathematics books to include a

large list of applications. Usually the students are presented with the mathematical model and they

are required to apply it to a variety of cases. The derivation of the model is not done. There is some

sense in this. After all, mathematics does not include all of the many application areas, and the

derivation of the models is the subject of the application areas. Furthermore, the derivations are

very time consuming.   However, mathematicians and mathematics are part of the modeling

process. It should be a greater part of our teaching. This book takes a novel approach to the

teaching of modeling. While a large number of applications are covered as examples, in some

cases the applications are covered in more detail than is usual. There is a historical study of the

models of motion, which demonstrates to students how models continue to evolve as knowledge

increases. There is an in-depth study of several population models, including their derivation.

Included are historical examples of how such models were applied both where they were

appropriate and where they were not. This demonstrates to students that it is necessary to

understand the assumptions that lie behind a model before using them, and that any model must be

checked by experiments or observations before it is accepted.   In addition, models in personal

finance are discussed. This is an area of potential interest to all students, but not one that is covered

in any detail in college courses. Students majoring in almost all disciplines approach these problems

on an even footing. As a result it is an area where students can be required to do some modeling on

their own.  Linear Algebra and Systems  Most books at this level assume that students have an

understanding of elementary matrix algebra, usually in two and three dimensions. In the experience

of the authors this assumption is not valid. Accordingly, this book devotes a chapter to matrix

algebra. The topics covered are carefully chosen to be those needed in the study of linear systems



of ODEs. With this chapter behind them, the instructor can cover linear systems of ODEs in a more

substantive way. On the other hand an instructor who is confident in the knowledge of the students

can skip the matrix algebra chapter.  Projects  There are a number of projects discussed in the

book. These involve students in an in-depth study of either mathematics or an application that uses

ODEs. The projects provide students with the opportunity to bring together much of what they have

learned, including analytical, computational, and interpretative skills. The level of difficulty of the

projects varies. More projects will be made available to users of this book as they are developed. 

Varied Approaches Possible  It should be noticed that the book has three authors from three very

different schools. The ODE courses at these institutions are quite different. Indeed, there is no

standard ODE course across the country. The authors set the understandable goal of writing a book

that could be used in the ODE courses at each of their own institutions. Meeting this goal required

some compromises, but the result is a book that is flexible enough to allow its use in a variety of

courses at a variety of institutions.   On one hand, it is possible to use the book and teach a more or

less standard course. The standard material is covered in the standard order, with or without the

use of technology.   However, at Rice University, after the first three chapters the class moves to

numerical methods, and then to matrix algebra. This is followed by linear systems. Once this

material is covered, higher-order equations, including the second-order equations that are important

in science and engineering, are covered as examples of systems. This approach allows the

students to use linear algebra throughout the course, thereby gaining a working knowledge of the

subject. Technology is used throughout to enhance the students' understanding of the mathematical

ideas.   In another approach, used at College of the Redwoods, the chapter on numerical methods

is done early, while discussing the qualitative analysis of single first-order equations. The students

are taught the analytical, qualitative, and numerical approaches before moving on to Chapter 3. The

chapter on matrix algebra is covered next. There follows an introduction of systems, both linear and

nonlinear. Next, they return to second-order equations, including undetermined coefficients, the

driven, damped oscillator, resonance, and so forth. The course ends with more on nonlinear

systems. The ultimate goal is to get the students to use nullcline analysis and the Jacobian

approximation to sketch a phase portrait without the use of software.  Mathematical Rigor 

Mathematical ideas are not dodged. Proofs are given when the proof will add to the students'

understanding of the material. Difficult proofs, or those that do not add to a student's understanding,

are avoided. Suggestions of how to proceed, and examples that use these suggestions, are usually

offered as motivation before one has to wade through the abstraction of a proof. The authors

believe that proof is fundamental to mathematics, and that students at this level should be



introduced gently to proof as an integral part of their training in mathematics. This is true for the

future engineer or doctor as well as for the math major.  Supplements  Instructors who use this book

will have available a number of resources. There are an Instructor's Solution Manual, containing the

complete solutions to all of the exercises, and a Student's Solution Manual with the solutions to the

odd-numbered exercises.   One way to meet the software needs of the student is to use the

programs dfield and pplane, written by the first author for use with MATLAB. These programs are

described in the book Ordinary Differential Equations Using MATLAB (ISBN 0-13-011381-6), written

by two of the authors of this book. That book is available shrink-wrapped with this one at no extra

cost (ISBN 0-13-059318-4). However, it should be emphasized that it is not necessary to use dfield

and pplane with this book. There are many other possibilities.   The Website

http://www.prenhall.com/polking is a resource that will ultimately become very valuable to both

instructors and students. Interactive Java versions of the direction field program dfield and the

phase plane program pplane will be accessible from this site. It will also provide animations of the

examples in the book, links to other web resources involving differential equations, and true-false

quizzes on the subject matter. As additional projects are developed for use with the book, they will

be accessible from the Website.  Acknowledgments  The development of this book depended on
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This is by far the worst math textbook I have ever been required to use for a class. They don't



highlight, or make stand out, the key ideas, equations, theorems, and proofs enough and when they

do, they do a poor job. In most examples, they will skip whole parts of solving the equation and

assume that the student knows exactly what they are doing when they don't show what they are

doing. For example, they'll say something like, by algebra and integration we get the answer blah.

Why don't they show the algebra and integration!? They don't have enough proofs and examples

and make some of the concepts way more hard and complicated than they should be. Normally, I

wouldn't have much of a problem with this textbook, because I leave it up to the teacher to teach

and I just use the textbook for the exercises and sometimes to double-check on certain ideas and

concepts and methods, but for the format for the class, (called "flipped classroom"- basically

students read textbook, watch videos, do homework, then next class time the teacher gives a short

abbreviated lecture while answering questions- it seems like a horrible format, but is surprisingly

effective), a lot of the initial learning of material comes from just reading the text book.Overall, if

there is somehow a way for you not to have to use this textbook, do it! This text book is the worst.

Very difficult concept to grasp, especially for those that do not have a strong understanding of calc

2. That being said, this is a book for those that have a good understanding of calculus 2 and 3. The

problems are not very good, there is a solution manual online however. Up until Fourier series, the

book is moderate at best, after that, it is very difficult to read. Especially when it comes to the proofs

of these concepts.

First of I am a junior studying electrical engineering and vehicle engineering at Western Washington

University. This book was the required text for WWU's math 321 course, it is called math for

engineering majors or something similar but it is basically just a class were engineering majors learn

diff EQ without going through all the other math classes required to take the normal diff EQ

class.Right from the get go this book was nice simply due to price; $20 compared to $150 is kind of

a no brainer. Once using the book though it does not disappoint in quality. The chapters are well laid

out and fairly thorough and seemed to compliment my professors lectures very well. I was able to

take minimal notes in lecture and use those note combined with the explanations in the book to

make it through chapters. Obviously a 300 level math class is not going to be easy and neither the

book alone or the lecture alone is going to be enough to get you through diff EQ. Hopefully by the

time you reach the 300 level you realize that classes aren't really optional and the subjects are so

complex you can't expect a book to do all of the explaining for you.The only major complaint(s) I

have with this book are about the example problems in the chapters. Most importantly there aren't



very many of them. In most sections, each section consisting of 7 or 8 pages, there are only 3 or 4

example problems. I feel that even just 2 more problems per section would go a long way in helping

explain this subject. Also the explanations that go with the sample problems aren't the best in the

world. Don't get more wrong you can definitely follow the example it just might take 5 or 6 time of

reading though the text portion, whereas in most textbooks it only takes me 2 or 3 times to

understand what is happening in the example problem.Overall this is a decent book packaged with

an excellent price, and those two factors combined make for a good book/value. If you are fortunate

enough to take a diff EQ class good luck, it is interesting and applicable while being moderately

challenging and if you're like me nothing is fun unless it presents challenges!

Good text, but not the most interesting. I know that's high expectations for a Diff. Eq. text, but I don't

think it's impossible. That said, it covered most topics in sufficient detail that I didn't need other

sources to understand. Publishers crammed the answers to exercises in the back which offers

almost no help. There is a solutions manual available, I found it to be essential.

Unless it's required, don't bother. Theory is basically ignored and algorithmic computation is

emphasized. The problems are all computational and provide little insight. Buy with correspondjng

matlab book to at least get something out of it.

Great book. It has a lot of examples and explanation how to solve the problems.

The formatting alone is terrible. Also, it is assumed that you have already thoroughly (and I do mean

thoroughly) mastered ALL other mathematic principles beforehand. If you have to use this book (like

I did), I'm sorry.

Horrible. Not only do the authors fail to relay the intended information to the readers but the authors

seem scatterbrained within the text. Regardless of the approach, the text takes a very narrow

approach on the topics and the product is an ODE textbook that is very dry and unfulfilling. For a

topic that can be so exciting, the authors are only deteriorating the number of people whom have a

love for mathematics.
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