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Preﬁzce

Traditionally, much of the effort in teaching mathematics in colleges and universi-
ties has been devoted to teaching calculus and to calculus preparation. This was es-
pecially true for the first two years of study, when college algebra was the standard
freshman level entry course and many other courses had algebra as a prerequisite.

Mathematics has often been referred to as “the queen and servant of the sci-
ences”, and the primary mission of college-level mathematics was providing quan-
titative and logical tools for the study and practice of science and engineering.
Much of this emphasis coming from the 1950’s and 60’s was a result of the Cold War
and Space Race. Science and engineering became priority areas in educational
planning and funding. The needs of students who were not in mathematics,
science, or engineering were too often overlooked. Many of them would end up
passing college algebra to fulfill graduation requirements, but failing to see how
mathematics had relevance to their studies or their lives.

Beginning in the mid-1980’s, a renewed commitment was made to students
not majoring in science or engineering. First, there was a recognition that mathe-
matics was becoming essential in an increasing number of professional fields. A new
type of competence, “quantitative literacy”, was also seen as essential in day-to-day
functioning and communication. As a result, new mathematics courses have been
developed that focus on “nontraditional” topics and applications of mathematics
in the real world. This book is designed to be the textbook in such a course. In
writing this book, we have kept certain goals before us.

Relevance. The title of the book “Mathematics in Life, Society, & the World”
sums it up. We cover topics that play an important role in every day life (for
example, Chapter 6—Consumer Mathematics), in civil life (for example, Chapter
9—Voting and Apportionment), or in their general appreciation of the world (for
example, Chapter 12—Geometry). As we teach the material in this book, we
continue to notice that students pick up on the relevance of the material.

Acessibility. In writing the text, we continue to make the material accessible by
developing topics in a logical manner. This involves isolating the truly important
points and presenting them without needless technical complication. We have
avoided writing any impressively complicated derivations, and have tried to make
it possible to solve everything with an inexpensive calculator, some graph paper,
and a working knowledge of high school algebra.

Pedagogy. All the material in this book has been class tested many times.
The book contains more exercises and problems than most texts of its kind.
The exercises and problems, including the applied problems, have a wide range
of difficulty so instructors can tailor their assessments to their classroom needs.

X



x Preface

OUTLINE

This book is organized into four major Parts (13 Chapters). Topics in geometry are
included near the end of the book for students who need a brief refresher (self-study).

Part I: The Language of Mathematics. The material in Chapter 1, Mathematical
Structures and Methods, includes an introduction to sets, and a review of the
structure and operations in our number system. The concept of “function” is also
introduced, and the properties and graphs of several elementary functions are
explored. The material in this chapter is considered as prerequisites for the rest
of the book. The other chapters are relatively independent, and may be studied
in almost any order.

Part II: Mathematics in Life. These chapters consist of the mathematics a student
will encounter on a regular basis. Chapter 2, Descriptive Statistics, is a very rich
chapter which contains graphical information that students will see daily in news-
papers, newsmagazines, or on the internet. Chapters 3 Collecting and Interpreting
Data, shows how the data for Chapter 2 may be collected and Chapter 4, Inferen-
tial Statistics, shows how inferences may be drawn from such data. Chapter 5, Prob-
ability, shows how experiments can be used to predict the likelihood that certain
events may occur. Finally, Chapter 6, Consumer Mathematics, contains most of the
mathematics that students will typically use in their personal financial dealings.

Part III: Mathematics in Society. This part is composed of three modern topics
whose mathematics underlies much of the social structure and interactions around
us. Chapter 7, Game Theory, shows how games of a social nature can be analyzed
and how optimal winning strategies can be developed. Chapter 8, Management
Mathematics, provides many interesting applications where the techniques
involving linear programming and networks can be used to solve problems, espe-
cially in the business world. Chapter 9, Voting and Apportionment, contains an
analysis of a variety of strategies that may be used by politicians to bring fairness
(or unfairness) to our democratic system.

Part IV: Mathematics in the World. These four chapters are varied in nature and
can be covered anytime in a course. Chapter 10, Critical Thinking, is most useful
in analyzing arguments for validity as well as to learn useful problem solving tech-
niques. Chapter 11, Elementary Number Theory, provides insight into our Hindu-
Arabic numeration system. In addition, it shows how simple mathematics can be
used to develop interesting codes that have been used throughout history. Chapter
12, Geometry, contains many of the rich visual ideas contained in tilings as well as
a study of conic sections, which have deep historical roots in mathematics. Finally
Chapter 13, Growth and Scaling, provides many applications which illustrate the
importance that growth and decay have in our world.

Throughout the book, we have sought to be faithful to recommendations of
our professional organizations such as the MAA, the AMATYC, and the NCTM.

CHANGES TO THE SECOND EDITION

Several changes have been made to reflect the suggestions of reviewers and new
recommendations by professional groups in several states. These are

» Chapter 1, Mathematical Structures and Methods, has been substantially
rewritten to include all material prerequisite to the rest of the book.



Preface xi

Sections 1.1 and 1.8, Sets and Solving Equations, were revised and moved
from the Topics sections into Chapter 1.

Sections 1.6 and 1.7, The Concept of Function and Functions and Their
Graphs were added to Chapter 1.

Chapter 4, in the First Edition, was replaced by Chapters 3 and 4, Collecting
and Interpreting Data and Inferential Statistics, to enhance understanding.
Section 5.4, Systematic Counting, was added to Chapter 5 to allow for the
solution of problems that involved more complex counting arguments.
Section 9.3, Weighted Voting Systems, was added since many instructors
consider it an important extension of the ideas of the preceding sections.
Chapter 11, Elementary Number Theory, was added since many instructors
like to cover this topic because of its rich historical material as well as its
usefulness in solving interesting problems about numbers.

CONTINUING CONTENT

Chapter 6, Consumer Mathematics, contains most of the important day-to-day
mathematics for the informed consumer.

Chapters 7 and 8, Game Theory and Management Mathematics, contain many
interesting business applications.

Chapter 9, Voting and Apportionment, is particularly interesting to social
scientists.

Chapter 10, Critical Thinking, is rich in its coverage of logical thinking and
problem solving. This chapter can be covered early in a course to provide a
problem solving emphasis.

Chapter 12, Geometry, contains several topics of historical significance. Also,
Topics 1-3, may be covered for a more in-depth coverage of geometry.

Chapter 13, Growth and Scaling, contains many fascinating ideas relating to
growth and decay.
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Text Preview

/nféren tial Statistics
IEEE——,

Per(; to Cut Spending on Local Television Aa/verhlsm_q

Procter & Gamble Co. is dissatisfied with the “poor | TV ratings in most of the nation’s local television mar-
quality” of Nielsen Media Research's TV diaries. Be- kets. Diaries are the only way the company gathers de-
cause of this dissatisfaction, the company is slashing | mographic data for those markets. In April 1998, a
its spending for local TV, or “spot,” advertising. For high-ranking Procter & Gamble executive warned the
example, in October 1997, the company spent $16 | annual convention of the Television Bureau of Adver-
million in spot TV, but in October 1998, the company | tising that people meters were needed in local mar-
spent only $10 million, a 37.5% decrease. kets, or spot television advertising would decrease.
Nielsen Media Research uses diaries to measure Those warnings were not heeded.

206
Paje 206

Chapter-opening anecdotes offer
realistic media stories to set the
scene for how mathematics is
used to solve real problems.

xiii
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7 j:z/t data using varions bypes of graphs to a’éspfy and compare Page 41
2. Graph two or more sets of data using comparison graphs. Chapter Goals: The major concepts
3. Identify graphs that have been distorted and explain how to corvect ~ students should master in the
the distortions. o  chapter are presented up front.
4. Show the relationship between two variables using scatterplots and
regression lines,
[
Chapter 2 Review 157
Page 157 ]
Chapter Review - revisit chapter Chapter 2 Review
EOGIS: At Chapter 8nd, the i Key Ideas and Questions types? 94-103 How can these graph?s be used to com-
. - . S tollowing Glisstions review the i ideas of this chaptsn: pare different, but related, data sets? 110-117
key Id&aS are FeVIQWEd aﬂd T\;\l']riti ]}l'o:v:'nagniwe:s to the que:stions and the‘:n refer toP:he 2. Describe four ways that graphs may be altered to
. ;2 ages listed by number to make certain that you have mas- influence perception of the viewer. 125-139
the corres pOﬂdlng pa geS : gﬂid these idza& l ’ 3. How does a scatterplot with a strong correlation allow
ou to make confident predictions? 148-149 Does a
are l’efer enced . 1. What are the six main types of graphs in this chapter, and Ztrong correlation allow F)":u tz ;f; that one variable
what are the strengths and weaknesses of each of these is the cause of the other? 149
L
Section 3.1 Populations, Samples, and Data 165 ‘
Page 165
. D DATA o :
3.1 POPULATIONS, SAMPLES, AN o Initial Problem: Each section
As office manager for a radio station you have three tickets for . . .
L o a vacation in Tahiti. There are 29 workers, all equally deserving ' begms with an app“9d prOblem
ition. 3 of these 29 k ; . v
i o way ot far ol o thomy to introduce students to the skills
that are the subject of the section.

’ 172 Chapter 3 Collecting and Interpreting Data

Page 172
sas = INITIAL PROBLEM
lmtlal PrOblem i SOIutlun: At the As office manager for a radio station you have three tickets for a vacation in

Tahiti. There are 29 workers, all equally deserving of extra recognition. How can

end Of the SECt'0n1 the prOblem you choose 3 of these 29 workers in a way that is fair to all of them?

is repeated and the solution is SOLUTION

Worked out fu"y fm’ the Studeﬂt Choose a simple random sample. Assign each of the 29 workers the numbers
00,01,..., 28 in order. Looking at the first two digits down the last column of

Table 3.1, we see 99, 20, 04, 33, 49, 39, 29, 44, 77, 41, 54, 90, 70, 16, 07, .... The
first three numbers that are 28 or less are 20, 04, 16. The workers that have been
assigned the numbers 04, 16, and 20 go to Tahiti. =

Xiv




His for)l 7idbit
The notation a™ was intro- Because of the complex way
duced. ly René Descartés in his ownership of real estate is
work La Géométrie published in 2a e 4 determived it is necessary to Paz_g e 320
i History: Interesting iy i i Tidbit: These
t AU marginal notes
(Il on. actually owns the house you g % A
how mathematics bought and paid for! This is call out “fun facts
developed and was called title insuvance. and information
used throughout the that relate the
ages is placed along mathematics being
side relevant text. presented to various
aspects of real life.
THE HUMAN SIDE OF MATHEMATICS
Srinivasa Ramanujan (1887- ] Andrew Wiles (1953-) was born

1920), whose full name was
Srinivasa Ramanujan Ayengar,
developed a passion for mathe-
matics when he was a young man
in India. Working from numer-
ical examples, he arrived at
astounding results in number
theory. Yet, he had little formal
training beyond high school. He obtained a scholar-
ship from the University of Madras, but after his
marriage in 1909, he worked as a clerk instead. In
1913, Ramanujan sent some of his results to the
English mathematician George Hardy, who recog-
nized the genius of the work. Hardy, who was at
Cambridge University, was able to arrange for
Ramanujan to come to England, where Hardy
became his mentor and teacher. Ramanujan was
elected a fellow of the Royal Society in 1918 and a
fellow of Trinity College, Cambridge, later the same
year. Unfortunately, Ramanujan became ill in 1917.
In 1919, he returned to India, where he resumed his
mathematical work, but he died in April 1920. On one
occasion when Ramanujan was ill and confined to bed,
Hardy went to visit, arriving in taxicab number 1729.
He remarked to Ramanujan that the number seemed
rather dull, and he hoped it wasn’t a bad omen.
“No,” said Ramanujan, “it is a very interesting
number; it is the smallest number expressible as a
sum of cubes in two different ways.” (Note
that 1729 = 1000 + 729 =10° + 9 and 1729 =
1728 +1 =12° +13)

Srinivasa Ramanujan

nated with the conjecture known
as Fermat’s last “theorem.”
Fermat claimed that there are no
nonzero whole numbers a, b, c,
where a" +b"=¢" for n a
whole number greater than 2.
(This is a generalization of the Pythagorean theorem
concerning right triangles with whole number lengths.
Thatis,a® + b* = ¢, where a and b are the lengths of
the sides and c is the length of the hypotenuse. For
example, 3* + 42 = 5% and 5* + 12° = 13? are two
such triples of numbers.) Fermat made the assertion
in the margin of a book he was studying. He further
claimed to have a “truly marvelous” proof of this
result, which he would have written down, except that
the margin was too narrow. No one any longers
believes that Fermat had the proof he claimed, and
for 350 years, the result eluded proof.

Wiles earned his Ph.D. from Cambridge
University in 1980 and began a successful career in
mathematics, specializing in number theory. Through
the 1980s he held positions at various prestigious
institutions in Europe and the United States,
including Harvard, Princeton, and Oxford. In 1986,
Wiles realized that recent work of Kenneth Ribet, in
turn based on work of Jean-Pierre Serre and Barry
Mazur, gave an avenue that might lead to a proof of
Fermat's last theorem. Wiles began a seven-year,
secret, obsessive quest to complete the proof of
Fermat’s last theorem. Finally, in June 1993, Wiles

Andrew Wiles

Pajr:550

The Human Side of
Mathematics: These short
biographical sketches
introduce students to

the real people who

helped develop the
mathematical ideas
presented in the chapter.



Section 2.3 Enhancement, Distraction, and Distortion 141

Problem Set 2.3

1. The history of the world record times for the mile run is
as follows:

1950 4:01.4 (4 min 1.4 sec)

1955 3:58.0

1960 3:54.5 "
1965 3:53.6

1970 3:51.1

1975 3:49.4

1980 3:48.8

1985 3:46.3

1990 3:463 s
1995 3:44.4

1999 3:43.1

Source: USA Track & Field.

(a) Draw a line graph of this data using 3:30.0 as the base-

(a) Draw a bar graph for this data using the same dis-
tance between each of the bars.
(b) Draw a line graph for the data having the years as
the baseline with the usual spacing.
(¢) Which graphing approach do you prefer? Why?
Redraw the bar graph from Figure 2.28 with horizontal
bars, but this time reverse the order of the bars from how
they appear in Figure 2.29.
(a) What is the visual impression regarding profits in
this graph?
(b) Which graph would you use? Why?
. Draw a horizontal bar graph for the data in Problem 3.
Draw the bar graph in such a way that it can give the
impression that the death rate is increasing.

Problems 6 through 8
Use the following data and graph.

Page 141

Exercises: Each section offers

an extensive set of exercises and

problems covering all of the topics

developed in the section. Odd and even

numbered problems are matched, with
 the even problems being slightly more

difficult. Students are frequently asked

line for the graph.
(b) What effect does having 3:30.0 as the baseline have

The Federal Tax Burden per Capita, Fiscal Year 19901385

to interpret the results and write

on the impression made by the graph?

about their conclusions. Answers

% & Rucig B doFor theMil 1990 1991 1992 1993 1994 1995 ¥ :
. arness ac].ng .ecords tor € 1le “ &
S S . are provided for all odd problems.
Trotters Pacers
1921 1:57.8 1904 1:56
1922 1:57 1938 1:55
1922 1:56.8 1955 1:54.8
1937 1:56.6 1960 1:54.6
1937 1:56 1966 1:54
1938 1:55.2 1966 1:53.6
1969 1:54.8 1971 1:52
1980 1:54.6 1980 1:49.2
1982 1:54 1989 1:48.4
1987 1:52.2 1993 1:46.2

Source: 1995 Information Please almanac.

(a) Draw a line graph of the data on Trotters using 1:40.0
as the baseline for the graph.

(b) What effect dnes havino 1-400 as the haseline have
q
3. Since]
Unitg 542 Chapter 10 Critical Thinking, Logical Reasoning, and Problem Solving
ers. H
the d

Extended Problems

P@e 42
Extended Problems: Each

55. The Fibonacci sequence is 1, 1,2, 3, 5, 8,13,21,. . .,
where each successive number is the sum of the preceding
two. For example, 13 =5 + 8,21 =8 + 13, and so on.
Observe the following pattern.

P+12=1X2
P+12+22=2X3
PP+12+22+3=3X5

Write out six more terms of the Fibonacci sequence
and use the sequence to predict what

xvi

12412422 +3* + ... + 144? is without computing
the sum. Then use your calculator to check your
prediction.

Write out 16 terms of the Fibonacci sequence and observe
the following pattern.

56.

)

1+2=3
1+2+5=8
1+24+5+13=21

Use the pattern you observed to predict the sum

I +2+35 +:13 +=-+.610

57.

=

58.

section problem set ends
with a selection of more

without actually computing the sum. Then use your
calculator to check your result.

Observe the following pattern based on the Fibonacci

sequence. : W :
s challenging exercises. Some
Iatsmea-t . of the extended problems

141 +2+3F85=13—1

introduce additional topics
that an instructor may wish
to cover, while others offer the
opportunity to do open-ended
projects or group work.

Write out six more terms of the Fibonacci sequence and
use the sequence to predict the answer to

T41+24+3+5+ + 144

without actually computing the sum. Then use your

calculator to check your result.

Write out the first 16 terms of the Fibonacci sequence.

(a) Notice that the fourth term in the sequence (called
F,) is odd: F; = 3. The sixth term in the sequence
(Fs) is even: Fg = 8. Look for a pattern in the terms
of the sequence and describe which terms are even
and which are odd.




Chapter 6 Problem

You are buying, a car for $10,000 from a dealer who will give you
a loan for five years at 10% interest. As an extra incentive he
offers either $1200 cash back on the 10% loan or a 6% interest
rate (which is a rate that you could expect to get if you
deposited funds in a bank or money market account). Which
deal should you choose?

SOLUTION
One approach to making a rational decision is to compare the
total amount you would pay under each option. That means
you have to first find the amount of the monthly payments
for each choice. From this information, you can compute the
total for all payments.

Since the interest rate is a whole percent, we can use a
table rather than computing the monthly payment from a
formula. Table 6.5 can be used for this purpose. The part of
the table we are interested in is the following:

Amount per $1000

Percent 5 Years

6 19.332802
10 21.247045

We see that if the interest were 10% on a five-year loan,
then the monthly payments would be $21.247045 for a $1000
loan. Multiplying by 10 gives payments of $212.48 for a
$10,000 loan. (Note that we rounded up.) The total of the 60
monthly payments is 60 X 212.48 = $12.748.80.

If the interest rate were 6%, then the monthly payments
would be $19.332802 for a $1000 loan, which turns into
$193.34 for a $10,000 loan. The total of the 60 monthly
payments is 60 X 193.34 = $11,600.40. (Note that the differ-
ence between the monthly payments is $19.14.)

One way to look at the problem is that you have a
choice either to have $1200 now or have an extra $19.14 a
month for the next 60 months. The total amount of money
that you will keep by going with the lower interest is
$19.14 X 60 = $1148. Thus you should take the $1200 rather
than the lower interest rate since you will have $1200 to spend
now or to invest during the entire 60 months. If you can invest
the $1200 at 6% compounded monthly for the next five years,
it would be worth $1618. The net amount you would pay for
the car would be 60 X 212.48 — 1618 = $11,130.80 com-
pared to the $11,600.40 you would pay for the car with the
lower rate.

Pz{qe 337

Chapter Problem: Each chapter ends
with a solved problem to illustrate how
the material learned in the chapter is
used in the real world.

Page 493

Chapter Review - Vocabulary:
Important vocabulary and notation
presented in the chapter are listed
by section and annotated with the

Vocabulary

Following is a list of key vocabulary for this chapter. Mentally
review each of these items, write down the meaning of each
term, and use it in a sentence. Then refer to the pages listed
by number, and restudy any material that you are unsure of
before solving the Chapter Nine Review Problems.

Section 9.1

Run-Off Election 438

page reference to facilitate study.

Plurality Method 435

Borda Count Method 436 Preference Table 438
Plurality with Elimination Pairwise Comparison
Method 438 Method 440

Chapter 9 Review 493

Voter with Veto Total Banzhaf Power 466
Power 465 Banzhaf Power Index 466

Critical Voter 466

Banzhaf Power 466

Section 9.4

Standard Quota 474
Jefferson’s Method 476
Modified Quota 476
Webster's Method 478

Apportionment Problem

Hamilton’s Method of
Apportionment 474
Standard Divisor 474

Chapter 9 Review Problems

Problems 1 through 3
Use the following information.

Suppose that Anne, Brad and Claire are running for
class groundskeeper. The following table tells the number of
first, second, and third place votes cast for each.

First Second Third
Anne 6 2 4
Brad 4 7 1
Claire 2 3 7

1. Who is the winner using the plurality method?

2. Who is the winner using the Borda count method?

3. Isit possible to decide who would win using the plurality
with elimination method from the information above?
Explain.

Problems 4 through 8
Use the following information

The following is a complete preference table for an election.

10.

1.

=

12

(a) What is the largest value possible for g?

(b) What is the smallest value possible for g7

(c) What is the smallest value possible for g if the first
voter is not a dictator?

(d) How many coalitions does this weighted voting
system have?

For each of the following weighted voting systems,

identify any voters who

(1) are dictators

(2) are dummies

(3) have veto power

Justify your reasoning.

(a) [8]5,5,2]

(b) [25]25,10,8,6]

(0) [10]5,5,5,2,2]

Find the Banzhaf power index for each voter in the

following weighted voter system.

[5143,41,10,6]

Find the Banzhaf power index for each voter in the
following weighted voter system.

[18]10,9,8,5,3]

Page 474

Chapter Review - Problems: Each
chapter ends with a set of problems
which cover the most important topics
in the chapter.
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FOR THE INSTRUCTOR

Instructors Resource Manual
Contains solutions to all even-numbered exercises and selected transparency

masters.
(ISBN: 0-13-014927-6)

Test Item File
Written by Bill Siebler and Laurel Technical Services, Inc.
Includes greater than 1200 multiple/choice, true/false, and free response

questions.
(ISBN: 0-13-014926-8)

Prentice Hall Custom Test

Provides a test generator in both Windows and Macintosh format with
algorithmic capabilities, an instructor’s gradebook, on-line testing, and full edit
capabilities to allow instructors to add new questions or modify existing ones.
Windows: (ISBN:0-13-014272-7)

Macintosh: (ISBN: 0-13-014273-5)

ABC News Videos and Accompanying Projects

Edited and written by Kim Query

Covers segments from Nightline, World News Tonight, and This Week with
David Brinkley that relate to various mathematical topics. Also includes
discussion questions and group projects.

(ISBN: 0-13-014274-3)

Companion Website

Provides additional support material and updates on the book for Professors
and students alike. The Syllabus Manager feature helps Professors create on-line
tools for students. Additional calculator and algebra support is also available.
http://www.prenhall.com/Parks

FOR THE STUDENT

Student Study Guide and Solutions Manual

Written by Bill Siebler

Provides chapter summaries, hints, study skills and worked out solutions to all odd-
numbered exercises.

(ISBN: 0-13-014928-4)

Mathematics on the Internet: A Student Guide, 1999
Offers tips and URLs for using the internet as a resource for math study and help.
(ISBN: 0-13-083998-1)
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Don't Trust Those Lying Lie Detectors

Many powerful arguments have been made against the
use of the lie detector. Here is another compelling ob-
jection.

Lie detectors make mistakes with both liars and
truth-tellers. Let us assume that a lie detector has an
accuracy rate of 80% (a generous estimate) and that
no subject knows how to beat the lie detector (also
questionable). Let us further assume that 900 out of
1000 people are telling the truth. Of the 900 truth-
tellers, the lie detector will identify 720 (80% of

900) as truth-tellers but will incorrectly identify 180
(20% of 900) as liars. Of the 100 liars, the lie
detector will identify 80 as liars (80% of 100) but
will incorrectly identify 20 (20% of 100) as truth-
tellers.

Thus, of the 260 people (180 + 80) the lie de-
tector identifies as “liars,” 180 are telling the truth.
In other words, the lie detector is incorrect 70% of the
time when it brands someone a liar.



