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Preface

Mathematical Ideas by Miller, Heeren, and Hornsby has enjoyed a long, illustrious
history. We are proud to present this ninth edition. In the first preface, Chuck Miller
and Vern Heeren wrote: “We believe strongly that mathematics can be very mean-
ingful for the non-physical science major. In an attempt to convince the student of
this, we have chosen topics that are interesting; we have attempted, whenever it is
appropriate, to point out the practical applications of the ideas; we have included his-
torical material; and we have written in a light and informal manner.” Despite the
fact that the table of contents has undergone extensive revision to reflect the chang-
ing trends in “liberal arts mathematics,” we hope that the original intent of the text
still is achieved.

Like its predecessors, this edition has been designed with a variety of students
in mind. It is well-suited for several courses, including the aforementioned liberal
arts audience, survey courses in mathematics, finite mathematics, and mathematics
for prospective and in-service elementary and middle school teachers. Ample topics
are included for a two-term course, yet the variety of topics and flexibility of
sequence make the text suitable for shorter courses as well. Our main objectives
continue to be to provide comprehensive coverage of topics, appropriate organiza-
tion, clear exposition, an abundance of examples, and well-planned exercise sets
with numerous applications.

We have worked diligently to incorporate the recommendations of the Princi-
ples and Standards for School Mathematics, prepared by the National Council of
Teachers of Mathematics (NCTM), and the Standards for Introductory College
Mathematics Before Calculus, presented by the American Mathematical Association
of Two-Year Colleges (AMATYC).

Overview of the Chapters

*  Chapter 1 (The Art of Problem Solving) introduces the student to induc-
tive reasoning, pattern recognition, and problem-solving techniques. Many
of the new problems are taken from the popular monthly calendars found
in the NCTM publication Mathematics Teacher.

*  Chapter 2 (The Basic Concepts of Set Theory) and Chapter 3 (Introduc-
tion to Logic) give brief overviews of set theory and elementary logic.

*  Chapter 3 contains new material on logic puzzles. Instructors wishing to
do so may cover Chapter 3 before Chapter 2.

¢ Chapter 4 (Numeration and Mathematical Systems) covers various types
of numeration systems and group theory. (Modular Systems, formerly in
this chapter, have been moved to Chapter 5.)

Xi
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e Chapter 5 (Number Theory) presents an introduction to prime and com-
posite numbers, the Fibonacci sequence, and magic squares, and includes
updated information on new developments in the field.

¢ Chapter 6 (The Real Numbers and Their Representations) introduces some
of the basic concepts of real numbers, their various forms of representa-
tion, and operations of arithmetic with them.

e Chapter 7 (The Basic Concepts of Algebra) and Chapter 8 (Graphs, Func-
tions, and Systems of Equations and Inequalities) form the core of the
text’s algebra component, providing either an introduction to or a review
of elementary algebra. These chapters include many new applications.

* Chapter 9 (Geometry) introduces the student to the basic concepts of
Euclidean geometry and provides several enrichment sections as well.

*  Chapter 10 (Counting Methods) focuses on elementary counting tech-
niques, in preparation for the chapter to follow.

¢ Chapter 11 (Probability) covers the fundamentals of probability, odds, and
expected value. We have added more basic exercises at the request of
reviewers.

¢ Chapter 12 (Statistics) gives a brief introduction to the various topics of
elementary statistics. We have included new applied exercises with real-
life data.

¢ Chapter 13 (Consumer Mathematics) provides the student with the basics
of mathematics of finance and includes a new section on investing, with
an emphasis on mutual funds.

The following chapters are available in the new Expanded Ninth Edition of
this text:

¢ Chapter 14 (Graph Theory) covers the concepts of graph theory and their
applications.

¢ Chapter 15 (Voting and Apportionment) introduces the possibilities and
impossibilities of voting and apportionment.

Course Outline Considerations

For the most part, the chapters in the text are independent and may be covered in the
order chosen by the instructor. The few exceptions are as follows. Chapter 6 contains
some material dependent on the ideas found in Chapter 5. Chapter 6 should be cov-
ered before Chapter 7 if student background so dictates. Likewise, Chapters 7 and 8
form an algebraic “package” and should be covered in sequential order. A thorough
understanding of Chapter 11 depends on knowledge of Chapter 10 material, al-
though probability can be covered without learning extensive counting methods by
avoiding the more difficult exercises. The latter part of Chapter 12, on inferential
statistics, requires an understanding of probability (Chapter 11).

Features of the Ninth Edition

Enhanced: Varied Exercise Sets 'We continue to present a variety of exercises in-
cluding drill, conceptual, and applied problems. Approximately 25% of the exercises
are new or revised. We have updated the exercises that focus on real-life data and
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have added titles to them for easy identification. Chapters 68, 12, and 13 are espe-
cially rich in these new applications. We continue to use graphs, tables, and charts
when appropriate. Most sections include a few challenging exercises that
require students to extend the ideas presented in the section. To address the issue of
writing across the curriculum, most exercise sets include some exercises that require
the student to answer by writing a few sentences.

Enhanced: Margin Notes This popular feature has become a hallmark of this text
and has been retained and updated where appropriate. New notes have been written
as well. Interspersed throughout the text, they deal with various subjects such as
lives of mathematicians, historical vignettes, philatelic and numismatic reproduc-
tions, anecdotes, newspaper and magazine articles, and current research in mathe-
matics. We hope that users continue to enjoy the margin notes as much as we enjoy
researching and composing them.

Enhanced: Collaborative Investigations In response to instructor requests, we
continue to address the issue of cooperative learning in the end-of-chapter feature
“Collaborative Investigation,” introduced for the first time in the eighth edition.
Some investigations have been updated; others have been completely revamped.
Problem Solving Special paragraphs labeled “problem solving” relate the discus-
sion of problem-solving strategies to techniques learned earlier.

Optional Graphing Technology We continue to provide sample graphing calcula-
tor screens (generated in this edition by a TI-83 calculator) to show how technology
can be used to support results found analytically. It is not essential, however, that a
student have a graphing calculator to study from this text; the technology component
is optional.

Flexibility Some topics in the first six chapters require a basic knowledge of equa-
tion solving. Depending on the background of the students, the instructor may omit
topics that require this skill. On the other hand, the two algebra chapters (Chapters 7
and 8) provide an excellent overview of algebra, and because of the flexibility of the
text, they may be covered at almost any time.

Chapter Openers Each chapter opens with an application of a chapter topic. These
help students see the relevance of mathematics in our world.

Art Program  We continue to use full color, and the art program remains one of the
highlights of the book.

Examples Numerous, carefully selected examples illustrate the concepts and skills
introduced.

For Further Thought These entries encourage students to share among them-
selves their reasoning processes to gain a deeper understanding of key mathematical
concepts.

Emphasis on Real Data in the Form of Graphs, Charts, Tables Using magazines,
newspapers, and the Internet as sources, we have included many new applications
from daily life.

Chapter Tests Each chapter concludes with a chapter test so students can check
their mastery of the material.

Supplements for the Student

Study Guide and Solutions Manual ISBN 0-321-07606-0 This for-sale manual
contains solutions to all odd-numbered section, Extension, and appendix exercises,
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as well as solutions to all Chapter Test exercises. In addition, chapter summaries
review key points in the text, provide extra examples, and enumerate major topic
objectives.

Videotape Series 1SBN 0-321-07607-9 Videotapes presenting the text’s topics are
available. A qualified college-level mathematics instructor presents worked-out ex-
amples and uses visual aids to reinforce the mathematical concepts.

Guide to CLAST Mathematical Competency ISBN 0-673-98438-9 This special
for-sale study guide for use in Florida offers help in preparing for the College Level
Academic Skills Test (CLAST). It includes a review of arithmetic, a CLAST pretest,
supplementary exercises, and a CLAST posttest.

Web Site The Web site for this text (http://www.awl.com/mhh) provides additional
resources for both students and instructors.

InterAct Math Tutorial Software Windows/Macintosh (Dual Platform CD-ROM)
ISBN 0-321-07666-4 InterAct Math Tutorial Software has been developed and de-
signed by professional software engineers working closely with a team of experi-
enced math educators. InterAct Math Tutorial Software includes exercises that are
linked with every objective in the textbook and require the same computational and
problem-solving skills as their companion exercises in the text. Each exercise has an
example and an interactive guided solution designed to involve students in the solu-
tion process and to help them identify precisely the source of their confusion. The
software recognizes common student errors and provides students with appropriate
customized feedback. With its sophisticated answer recognition capabilities, Inter-
Act Math Tutorial Software recognizes appropriate forms of the same answer for any
kind of input. It also tracks student activity and scores for each section, which can
then be printed out. The software is free to qualifying adopters or can be bundled
with books for sale to students.

InterAct MathXL Software Text bundled with 12-month registration coupon
ISBN 0-201-71412-4 (ISBN 0-201-72448-0 for the Expanded Edition) InterAct
MathXL provides diagnostic testing and tutorial help online using InterAct Math
Tutorial Software. Students can take chapter tests correlated to this textbook, receive
individualized study plans based on those test results, work practice problems for
areas in which they need improvement, receive tutorial instruction in those topics,
and take further tests to gauge their progress. With InterAct MathXL, instructors can
track students’ test results, study plans, and practice work. The software is free when
the access code is bundled with a new Addison-Wesley text.

Digital Video Tutor ISBN 0-321-08634-1 The videotape series for this text is
provided on CD-ROM, making it easy and convenient for students to watch video
segments from a computer at home or on campus. This complete video set, now
affordable and portable for your students, is ideal for distance learning or extra
instruction.

Addison Wesley Longman Math Tutor Center (http://www.awl.com/tutorcenter).
Live one-on-one tutoring is available to students who purchase this text. Qualified
mathematics tutors are available from 5 PM. to midnight Eastern Standard Time
Sunday through Thursday to answer students’ questions on any problem with an
answer at the back of the text. Students can contact the Tutor Center via toll-free
phone, fax, e-mail, or Internet. This service is provided free when a Tutor Center
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registration number is bundled with a new Addison-Wesley text. Consult your Addi-
son Wesley Longman representative for details.

For the Instructor

Instructor’s Edition 1SBN 0-321-07602-8 This special edition of the text includes
an answer section consisting of answers to all text exercises.

Instructor’s Solutions Manual 1SBN 0-321-07604-4 This manual contains solu-
tions to all section, Extension, Chapter Test, and appendix exercises.

Instructor’s Testing Manual ISBN 0-321-07603-6 This manual includes test
forms paralleling the text’s Chapter Tests.

TestGen-EQ with QuizMaster-EQ Windows/Macintosh (Dual-Platform CD-
ROM) ISBN 0-321-07667-2. TestGen-EQ’s friendly graphical interface enables in-
structors to easily view, edit, and add questions, transfer questions to tests, and print
tests in a variety of fonts and forms. Search and sort features let the instructor
quickly locate questions and arrange them in a preferred order. Six question formats
are available, including short-answer, true-false, multiple-choice, essay, matching,
and bimodal formats. A built-in question editor gives the user power to create
graphs, import graphics, insert mathematical symbols and templates, and plug in
variable numbers or text. Computerized testbanks include algorithmically defined
problems organized according to each textbook. An “Export to HTML” feature lets
instructors create practice tests for the Web. QuizMaster-EQ enables instructors to
create and save tests using TestGen-EQ so students can take them for practice or for
a grade on a computer network. Instructors can set preferences for how and when
tests are administered. QuizMaster-EQ automatically grades the exams, stores re-
sults on disk, and allows the instructor to view or print a variety of reports for indi-
vidual students, classes, or courses. Consult your Addison Wesley Longman sales
representative for details.

InterAct Math Plus Software InterAct Math Plus combines course management
and on-line testing with the features of the basic InterAct Math tutorial software to
create an invaluable teaching resource. Consult your Addison Wesley Longman rep-
resentative for details.
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CHAPTER

The Art of
Problem Solvi

1.1 Solving Problems by
M ‘ Inductive Reasoning
m rs can perform billions of calculations in a single second, _—
odern supercomputers can p  of ¢ gle=ee d.h%%w i2 An‘Application of
With such computing power available, why do scientists need even faster computers, & Inductive Reasoning:

to solve some problems? Number Patterns
Consider the question of how a steel beam supporting a bridge might fractq 1.3 Strategies for
under extreme stress. To approach this problem, a new science called molecular d Problem Solving

v

namics is being used to model the motion of individual atoms in the metal. Modeling . L
. » 1. 4 Calculating, Estimating,

a rectangular slab of metal only 1000 atoms wide, 2000 atoms long, and 19 ato and Reading Graphs

thick requires over 50 hours for a supercomputer. In order to simulate the motio

4 Extension

: : ‘o - ; Using Writing to Learn
memory. Because an atom’s movement is so rapid, scientists must calculate its . About-Mathematics

100 million atoms in a steel beam, 7.6 billion numbers must be stored in computer

ity and location every 1 millionth of 1 billionth of a second. Each one of these steps.i T

time takes 90 billion arithmetic calculations. Scientists have so far succeeded in mod- Investigation:

eling 600 million atoms at one time. But, a single speck of dust can contain more than Discovering Mathematics

a billion atoms, so only extremely small pieces of metal can currently be modele : in Pascal’s Triangle

Modeling an entire steel beam as it fractures under stress is not within reach of : ' Chapter | Test

supercomputers simply because they are too slow. :
Real applications requiring high-speed computation are becoming increasil

important. From modeling the heart over long periods of time to predicting weath

24 hours in advance, real-world problems are indeed very complex. Understanding

them will require not only faster computers, capable of performing trillio

rather than billions of calculations per second, but also new problem-solving

strategies.

Source: SIAM News, Vol. 28, No. 5, 1995.



