EXPANDED SIXTH EDITION A SURVEY OF

MATHEMATICS

W TH APPLICATIONS

Graph Theory and
nd Apportionment

2 %otlng a

ANGEL PORTER



ALLEN R. ANGEL

Monroe Community College

STUART R. PORTER

Monroe Community College

with Assistance from Christine A. Dunn
Monroe Community College

and Dennis C. Runde
Manatee Community College

A
\A4

Addison
Wesley

Boston San Francisco New York
London Toronto Sydney Tokyo Singapore Madrid
Mexico City Munich Paris Cape Town Hong Kong Montreal



Senior Editor: Bill Poole

Editorial Project Manager: Rachel Reeve

Production Services: UG / GGS Information Services, Inc.

Cover and Text Designer: Barbara T. Atkinson

Senior Marketing Manager: Carter Fenton

Manufacturing Buyer: Evelyn Beaton

Senior Prepress Supervisor: Caroline Fell

Composition and Prepress Services: UG / GGS Information Services, Inc.
Illustrations: Tech Graphics, James A. Bryant

Cover Photo: Tony Stone Images

For permission to use copyrighted material, grateful acknowledgment is made to the copyright holders

in the Credits section beginning on page C-1, which is hereby made part of this copyright page.

Library of Congress Cataloging-in-Publication Data
Angel, Allen R., 1942—
A survey of mathematics with applications / Allen Angel, Stuart Porter.—Alternate 6th ed. / with
assistance from Christine A. Dunn and Dennis C. Runde.
p. cm.
ISBN 0-201-70308-4
1. Mathematics. I. Porter, Stuart R., 1932—II. Title.
QA39.2 .A54 2001
510—dc21 00-026612

Copyright © 2001 Addison Wesley Longman, Inc.

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or
transmitted, in any form or by any means, electronic, mechanical, photocopying, recording, or
otherwise, without the prior written permission of the publisher. Printed in the United States of

America.

123456789 10—DOW—020100



>

To my wife, Kathy Angel (photo on page 73)
A.RA.



: MATH: IT’S ALL AROUND US!

We present A Survey of Mathematics with Applications, sixth edition, with that vision
in mind. Our primary goal in writing this book was to give students a text that they
can read, understand, and enjoy while learning how mathematics affects the world
around them. Numerous applied examples motivate topics. A variety of interesting
applied exercises demonstrate the real-life nature of mathematics and its importance
in the students’ lives.

The text is intended for students who require a broad-based general overview of
mathematics, especially those majoring in the liberal arts, elementary education, the
social sciences, business, nursing, and allied health fields. It is particularly suitable
for those courses that satisfy the minimum competency requirement in mathematics
for graduation or transfer.

Expanded Edition
* This expanded version of A Survey of Mathematics with Applications, Sixth
Edition, contains all the material covered in the basic text, with additional
chapters on Graph Theory and Voting and Apportionment. While many
wished inclusion of these topics, others did not. Therefore, we have written
two versions of the book. The expanded version has been priced the same as
the basic text to best meet the needs of students.

New and Expanded Features
In this edition we made several important improvements in presentation.

* The interior design has been modified and many new photographs were added
to make the book more inviting and motivational.

* The Problem Solving/Group Activity Exercises from the Fifth Edition are now
titled Challenge Problem/Group Activity Exercises, and their number has been
increased.

* The exercise sets have been redesigned and reclassified to include: Concept/
Writing Exercises; Practice the Skills Exercises; Problem Solving Exercises;
Challenge Problem/Group Activity Exercises; and Research Activities.

* Sources have been added, up-to-date tables, graphs and charts make the mater-
ial more relevant and encourage students to read graphs and analyze data.

* Mathematical Modeling is now introduced where appropriate.

* Approximately 40% of the exercises are new.

* The number of writing exercises was increased significantly.

* The number of Research Activities was increased.

* The number of examples was increased throughout the text to promote student
understanding.

CONTENT REVISION
In addition we revised and expanded certain topics to introduce new material and to
increase understanding.



CHAPTER 1, Critical Thinking Skills, was updated with exciting and current exam-
ples and exercises.

CHAPTER 3. Logic, now includes examples and exercises that make use of circle
and bar graphs. Material on the negation of the conditional statement also has been
added.

CHAPTER 5, Number Theory and the Real Number System, was expanded to in-
clude coverage of improper fractions and mixed numbers. The most current number
theory information (largest prime number, most accurate value of pi, etc) has been in-
cluded. The use of the scientific calculator has been expanded.

CHAPTER 6. Algebra, Graphs and Functions, has expanded coverage of exponential
functions, including additional examples of exponential growth and decay. Section
6.10, Functions and Their Graphs, has been reorganized for greater clarity. Also, ma-
terial on using a graphing calculator has been included.

CHAPTER 7, Systems of Linear Equations and Inequalities, covers linear program-
ming in more detail. Coverage of using a graphing calculator to find the solution to a
system of linear equations is now included.

CHAPTER 8. The Metric System, now includes many examples and interesting pho-
tographs of real life (metric) situations taken from around the world.

CHAPTER 9. Geometry, includes expanded coverage of the Klein bottle, the Jordan
curves, the 4 color map theorem, and fractals.

CHAPTER 11, Consumer Mathematics, includes current interest rates and updated
information on items which may be of interest to students including updated material
on sources of credit, and mutual funds. There is also a greater variety of examples

and exercises.

CHAPTER 12, Probability, has a greater variety of examples and exercises. More ex-
amples and exercises have been added that deal with real life situations.

CHAPTER 13, Statistics, now includes stem-and-leaf displays in the section on statis-
tical graphs.

CHAPTER 14, Graph Theory, is a new chapter to this book.

CHAPTER 15, Voting and Apportionment, is a new chapter to this book.

CONTINUING FEATURES
Several features appear throughout the book, adding interest and provoking thought.
 Problem Solving Beginning in Chapter 1, students are introduced to problem
solving and critical thinking. The theme of problem solving is then continued
throughout the text, and special problem-solving exercises are presented in the
exercise sets.
« Critical Thinking Skills In addition to a focus on Problem Solving, the book
also features sections on Inductive Reasoning and the important skills of Esti-
mation and Dimensional Analysis.



xiv

* Profiles in Mathematics Brief historical sketches and vignettes present the
stories of people who have advanced the discipline of mathematics.

* Chapter Openers Interesting and motivating photo essays introduce each
chapter and illustrate the real-world nature of the chapter topics.

* Did You Know ... These colorful, engaging, and lively boxed features high-
light the connections of mathematics to history, to the arts and sciences, to
technology, and to a broad variety of disciplines.



> INSTRUCTOR’S SUPPLEMENTS

Instructor’s Solutions Manual

ISBN 0-201-61324-7

This manual contains detailed, worked-out solutions to all the exercises in the text,
and answers to Group Projects.

Instructor’s Edition

ISBN 0-201-61326-3

This version of the text includes answers to all of the problems in addition to all of
the material found in the student edition.

Instructor’s Testing Manual

ISBN 0-201-61325-5

The testing manual includes three alternative tests per chapter. These items may be
used as actual tests or as references for creating tests with or without a computer.

TestGen-EQ with QuizMaster-EQ

ISBN 0-201-61330-1

TestGen-EQ is a computerized test generator with algorithmically defined problems
organized specifically for this textbook. Its user-friendly graphical interface enables
instructors to select, view edit and add test items, then print tests in a variety of fonts
and forms. A built-in question editor gives the user the power to create graphs, im-
port graphics, insert mathematical symbols and templates, and insert variable num-
bers or text. An “Export to HTML” feature lets instructors create practice tests
that can be posted to a Web site. Tests created with TestGen-EQ can be used with
QuizMaster-EQ, which enables students to take exams on a computer network.
QuizMaster-EQ automatically grades the exams, stores results on disk, and allows
the instructor to view or print a variety of reports for individual students, classes or
courses. Contact your Addison Wesley Longman Sales Consultant.

InterAct Math Plus Software

ISBN 0-201-63555-0

InterActMath Plus combines course management and on-line testing with the features
of the basic InterAct Math Tutorial Software to create an invaluable teaching re-
source. Contact your Addison Wesley Longman Sales Consultant.

Videotapes

ISBN 0-201-61328-X

Videotapes, which correlate to each important topic in the book, are available to de-
partments. Contact your Addison Wesley Longman Sales Consultant.



g STUDENT’S SUPPLEMENTS

Student’s Solutions Manual

ISBN 0-201-61323-9

This manual contains detailed worked-out solutions to all the odd-numbered section
exercises and to all Review and Chapter Test exercises. Students will find this man-
ual very helpful.

Web site
http://www.awl.com/angel
The Web site contains additional resources for instructors and students.

Guide to CLAST Mathematical Competency (State of Florida)
ISBN 0-201-61327-1

This guide provides all the necessary material to help students prepare for the compu-
tational portion of the CLAST test. It includes worked-out examples and practice for
CLAST skills, as well as a practice test. Optional topics in trigonometry are provided
for those who wish to brush up in this area as well.

InterAct Math Tutorial Software

ISBN 0-201-61332-8

InterAct Math Tutorial Software has been developed and designed by professional
software engineers working closely with a team of experienced math educators. Inter-
Act math Tutorial Software includes exercises that are lined 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 that are designed to involve students in the solution process and to
help them identify precisely where they are having trouble. The software recognizes
common student errors and provides students with appropriate customized feedback.
With its sophisticated answer recognition capabilities, InterAct Math Tutorial Soft-
ware 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.



ACKNOWLEDGMENTS

I would like to thank my wife, Kathy, and my children Bob and Steve. Kathy helped
with the project in many ways, including typing parts of the manuscript. She was
very supportive and was always willing to lend a hand when I needed it.

Stuart Porter did not participate in this revision, but I would like to thank him for
his contributions to the past editions of this book. For this edition, I received excel-
lent help from Christine Dunn of Monroe Community College and Dennis Runde of
Manatee Community College. Chris and Dennis contributed in a great many ways,
and I appreciate their conscientious efforts in behalf of the project.

I would also like to thank Lauri Semarne and Alexis T. Mogill for accuracy
checking of the text and answers.

There are many people at Addison Wesley Longman who deserve thanks. I
would like to thank all those listed on the Library of Congress categorizing page. In
particular, I would like to thank Bill Poole, Senior Acquisitions Editor; Rachel
Reeve, Project Manager; Peggy McMahon, Senior Production Supervisor; Carter
Fenton, Marketing Manager; Barbara Atkinson, Senior Designer; Bobbie Lewis, De-
velopmental Editor; and Karen Guardino, Managing Editor. I would also like to
thank Danielle Meckley and Terri O'Prey of UG / GGS Information Services, Inc.,
for their assistance as Production Editors for this project.

Gary Egan and Aimee Calhoun of Monroe Community College also deserve my
thanks for the excellent work they did on the Student’s Solution Manual and the In-
structor’s Solution Manual.

Finally, I would like to thank the reviewers from all editions of the book, and all
the students who have offered suggestions for improving the book. A list of reviewers
for all editions of this book follows. Thanks to all of you for helping to make A Survey
of Mathematics with Applications the most successful Liberal Arts book in the country.

Allen R. Angel

Reviewers for This and Previous Editions
Frank Asta, College of DuPage, IL
Hughette Bach, California State University-Sacramento
Madeline Bates, Bronx Community College, NY
Rebecca Baum, Lincoln Land Community College, IL
Vivian Baxter, Fort Hayes State University, KS
Una Bray, Skidmore College, NY
David H. Buckley, Polk Community College, FL
Robert C. Bueker, Western Kentucky University
Carl Carlson, Moorhead State University, MN
Kent Carlson, St. Cloud State University, MN
Donald Catheart, Salisbury State College, MD



xviii

*Joseph Cleary, Massasoit Community College, MA
Donald Cohen, SUNY Ag & Tech College at Cobleskill, NY
David Dean, Santa Fe Community College, FL
Charles Downey, University of Nebraska
Ruth Ediden, Morgan State University, MD
*Lee Erker, Tri-County Community College, NC
Karen Estes, St. Petersburg Junior College, FL
Kurtis Fink, Northwest Missouri State University
Raymond Flagg, McPherson College, KS
Penelope Fowler, Tennessee Wesleyan College
Gilberto Garza, El Paso Community College, TX
Judith L. Gersting, Indiana University—Purdue University at Indianapolis
Lucille Groenke, Mesa Community College, AZ
John Hornsby, University of New Orleans, LA
Nancy Johnson, Broward Community College, FL
Daniel Kimborowicz, Massasoit Community College, MA
Mary Lois King, Tallahassee Community College, FL
David Lehmann, Southwest Missouri State University
Peter Lindstrom, North Lake College, TX
James Magliano, Union College, NJ
*Yash Manchanda, East Los Angeles College & Fullerton College, CA
Don Marsian, Hillsborough Community College, FL
Marilyn Mays, North Lake College, TX
Robert McGuigan, Westfield State College, MA
Maurice Monahan, South Dakota State University
Julie Monte, Daytona Beach Community College, FL
*Karen Mosely, Alabama Southern Community College, AL
Edwin Owens, Pennsylvania College of Technology
Wing Park, College of Lake County, IL
Bettye Parnham, Daytona Beach Community College, FL
Joanne Peeples, El Paso Community College, TX
Nelson Rich, Nazareth College, NY
*Kenneth Ross, University of Oregon, OR
Ronald Ruemmler, Middlesex County College, NJ
Rosa Rusinek, Queensborough Community College, NY
Len Ruth, Sinclair Community College, OH
John Samoylo, Delaware County Community College, PA
Sandra Savage, Orange Coast College, CA

Gerald Schultz, Southern Connecticut State University



*Richard Schwartz, College of Staten Island, NY
Kara Shavo, Mercer County Community College, NJ
Minnie Shuler, Chipola Junior College, FL

*Kristin Stoley, Blinn College—Bryan, TX
Steve Sworder, Saddleback College, CA
Shirley Thompson, Moorhead College, GA
Alvin D. Tinsley, Central Missouri State University
William Trotter, University of South Carolina
Sandra Welch, Stephen F. Austin State University, TX
Joyce Wellington, Southeastern Community College, NC
Sue Welsch, Sierra Nevada College
Robert F. Wheeler, Northern Illinois University
Susan Wirth, Indian River Community College, FL
James Wooland, Florida State University

*Jean Woody, Tulsa Community College, OK
Michael A. Zwick, Monroe Community College, NY

*Denotes reviewers for sixth edition.

xix



Mathematics is an exciting, living study. It has applications that shape the world
around you and influence your everyday life. I hope that as you read through this
book you will realize just how important mathematics is and gain an appreciation of
both its usefulness and its beauty. I also hope to teach you some practical mathematics
that you can use in your everyday life and that will prepare you for further courses in
mathematics.

My primary purpose in writing this text was to provide material that you could
read, understand, and enjoy. To this end I have used straightforward language and
tried to relate mathematical concepts to everyday experiences. I have also provided
many detailed examples for you to follow.

The concepts, definitions, and formulas that deserve special attention have been
either boxed or set in boldface type. Within each category the exercises are graded so
that the more difficult problems appear at the end. The problems with exercise num-
bers set in color are writing exercises. At the end of most exercise sets are Challenge
Problem/Group Activity exercises that contain challenging or exploratory exercises.
At the end of each chapter are Group Projects which reinforce the material learned or
provide related material.

Each chapter has a summary, review exercises, and a chapter test. When study-
ing for a test, be sure to read the chapter summary, work the review exercises, and
take the chapter test. The answers to the odd-numbered exercises, all review exer-
cises, and all chapter test exercises appear in the Answer section in the back of the
text. However, you should use the answers only to check your work.

It is difficult to learn mathematics without becoming involved. To be successful,
I suggest you read the text carefully and work each exercise in each assignment in
detail. Check with your instructor to determine which supplements are available for
your use.

I welcome your suggestions and your comments. You may contact me at:

Allen Angel

c/o Marketing

Mathematics & Statistics

Addison Wesley Longman

One Jacob Way

Reading, MA 01867-3999

or by email at:

math@awl.com

Subject: for Allen Angel
Good luck in your adventure in mathematics!

Allen R. Angel
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