


BusinessBusiness
n  Online Video Advertising  Use a trend line  

to project spending on Web video  
advertising. p. 62

n  Switching Broadband Service p. 438
n  Satellite TV Subscribers p. 62
n  Market Share of Motorcycles p. 120

criminal justicecriminal justice
n  Corporate Fraud  Use a linear equation  

to estimate the number of pending corporate  
fraud cases. p. 23

n  Detecting Shoplifters p. 447
n  Identity Fraud p. 496

demographicsdemographics
n  U.S. Population by Age p. 485
n  Percent of Population Enrolled in School p. 61
n  Households with Someone Under 18 p. 61

college lifecollege life
n  Time Spent per Week on the Internet p. 471
n  Time Use of College Students p. 470
n  Brand Switching Among Female  

College Students p. 359

economicse
n  Recovery from the Great Recession p. 413
n  Existing Home Sales p. 498
n  Impact of Gas Prices on Consumers p. 447
n  Pre-Retirees’ Spending p. 510

entertainmententertainment
n  Concert Attendance  Use a system of linear  

inequalities to determine the types of ticket  
holders at a concert. p. 179

n  Makeup of U.S. Moviegoer Audience p. 412
n  Academy Membership p. 511

financefi
n  Model Investment Portfolios p. 120
n  Mortgage Rates p. 120
n  Asset Allocation p. 238
n  Ability-to-Repay Rule  Apply the rule to  

determine if a potential homebuyer will  
qualify for a mortgage. p. 323

environmente
n  California Emissions Caps p. 37
n  Climate Change p. 413

A Sampling of New Applications
Drawn from diverse fields of interest and situations that occur in the real world
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See the complete Index of Applications 
at the back of the text to find out more ...

healthhealth
n  Smokers in the United States p. 19
n  Stress Level p. 402
n  Diet Planning  Use a system of linear  

equations and linear inequalities to help  
plan a meal that satisfies certain  
nutritional requirements. p. 179

social mediasocial media
n  Facebook Users p. 61
n  Cyber Privacy  Use operations on sets to rate  

companies on how they keep personal  
information secure. p. 347

n  Social Media Accounts p. 402
n  Smartphone Ownership p. 466

transportationtransportation
n  Hybrid Vehicle Mileage p. 496
n  Flight Cancellations p. 497
n  Traffic Survey p. 498

governmentgovernment
n  Gun Owners in the Senate p. 448
n  Federal Budget Allocation p. 359
n  Federal Libraries p. 497

personal financepersonal finance
n  Comparative Shopping p. 134
n  Credit Card Ownership  Calculate  

probabilities using survey data about  
credit card ownership. p. 454

n  Emergency Fund Savings p. 465

on the joBon the jo
n  Star ting a New Job p. 402
n  On-the-Job Distractions p. 358
n  Work Habits p. 454 
n  Getting Ahead at Work p. 511

in the newsin the news
n  Erosion of the Middle Class  Use a linear  

function to model the percentage of U.S.  
middle-income adults. p. 38

n  Terrorism Poll p. 119
n  Who Pays Taxes? p. 471

n  N.Y.C. Tourists p. 439
n  Best U.S. City for Italian Restaurants p. 351
n  Stay When Visiting National Parks p. 413

travel
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5  REASONS
to buy your textbooks 

and course materials at

Find your course materials and start saving at: 
www.cengagebrain.com

SAVINGS: 
Prices up to 65% off, daily coupons, and free shipping on orders over $25

CHOICE: 
Multiple format options including textbook, eBook and eChapter rentals

CONVENIENCE: 
Anytime, anywhere access of eBooks or eChapters via mobile devices

SERVICE: 
Free eBook access while your text ships, and instant access to online homework products 

STUDY TOOLS: 
Free study tools* for your text, plus writing, research, career and job search resources
*availability varies
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xi

PReFace
Math plays a vital role in our increasingly complex daily life. Finite Mathematics 
for the Managerial, Life, and Social Sciences attempts to illustrate this point with its 
applied approach to mathematics. Students have a much greater appreciation of the 
material if the applications are drawn from their fields of interest and from situations 
that occur in the real world. This is one reason you will see so many exercises in my 
texts that are modeled on data gathered from newspapers, magazines, journals, and 
other media. In addition, many students come into this course with some degree of 
apprehension. For this reason, I have adopted an intuitive approach in which I try 
to introduce each abstract mathematical concept through an example drawn from a 
common life experience. Once the idea has been conveyed, I then proceed to make it 
precise, thereby ensuring that no mathematical rigor is lost in this intuitive treatment 
of the subject.

The only prerequisite for understanding this text is one to two years, or the equiva-
lent, of high school algebra. This text offers more than enough material for a one-
semester or two-quarter course. The following chapter dependency chart is provided 
to help the instructor design a course that is most suitable for the intended audience.

xi
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the approach

Presentation
Consistent with my intuitive approach, I state the results informally. However, I have 
taken special care to ensure that mathematical precision and accuracy are not com-
promised.

Motivation
Illustrating the practical value of mathematics in applied areas is an objective of my 
approach. Concepts are introduced with concrete, real-life examples wherever appro-
priate. These examples and other applications have been chosen from current topics 
and issues in the media and serve to answer a question often posed by students: “What 
will I ever use this for?”

Problem-solving emphasis
Special emphasis is placed on helping students formulate, solve, and interpret the 
results of applied problems. Because students often have difficulty setting up and solv-
ing word problems, extra care has been taken to help them master these skills:

■ Very early on in the text, students are given practice in solving word problems.
■ Guidelines are given to help students formulate and solve word problems.
■ One entire section is devoted to modeling and setting up linear programming 

problems.

Modeling
One important skill that every student should acquire is the ability to translate a 
real-life problem into a mathematical model. In Section 1.3, the modeling process is 
discussed, and students are asked to use models (functions) constructed from real-life 
data to answer questions. Additionally, students get hands-on experience constructing 
these models in the Using Technology sections.

The focus of this revision has been the continued emphasis on illustrating the math-
ematical concepts in Finite Mathematics by using more real-life applications that are 
relevant to the everyday life of students and to their fields of study in the managerial, 
life, and social sciences. A sampling of these new applications is provided on the 
inside front cover pages.

Many of the exercise sets have been revamped. In particular, the exercise sets 
were restructured to follow more closely the order of the presentation of the material 
in each section and to progress more evenly from easier to more difficult problems in 
both the rote and applied sections of each exercise set. Additional concept questions, 
rote exercises, and true-or-false questions were also included.

new to this edition

PReFace xii
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 PReFace xiii

More specific content changes
Chapter 1 In Section 1.2, parts (b) and (c) of Example 12 illustrate how to deter-
mine whether a point lies on a line. A new application, Smokers in the United States, 
has been added to the self-check exercises. In Section 1.3, new data have been used 
for the U.S. Health-Care Expenditures application, and students are shown how the 
new model for this application is constructed in Section 1.5 using the least-squares 
method. Also, in Using Technology Section 1.3, Applied Examples 2 and 4, Drinking 
and Driving Among High School Students have been added for the graphing calculator 
and Excel applications.

Chapters 2–4 A wealth of new application exercises has been added, and many 
examples and exercises have been updated. Also, in Section 3.1, newly added Example 
6 illustrates how to determine whether a point lies in a feasible set of inequalities. This 
is followed by a new application, Applied Example 7, A Production Problem, in which 
students are shown how they can use a solution set for a given system of inequali-
ties (restrictions) to determine whether certain production goals can be met. Also, in 
Section 3.1, Exercise 44, we see how the solution of a system of linear equations is 
obtained by looking at a system of inequalities.

Chapter 5 Interest rate problems throughout the entire chapter were revised to 
reflect the current interest rate environment. Also, in Section 5.3, two new exercises 
were added illustrating the new Ability-to-Repay Rules for Mortgages adopted by the 
Consumer Financial Protection Bureau in response to the recent financial crisis.

Chapters 6–8 In the probability and statistics chapters of the text, the emphasis is 
again placed on providing new real-life application exercises. These chapters deal with 
the calculations of probabilities and data analysis and the emphasis here was placed on 
providing data from marketing, economic, consumer, and scientific surveys that was 
relevant, current, and of interest to students to motivate the mathematical concepts 
presented. Some of these surveys involve the following questions:

What is the greatest challenge upon starting a new job?

How many years will it take you to fully recover from the Great Recession?

What is the most common cause of on-the-job distraction?

How do workers get ahead on the job?

How many social media accounts do you have?

Have gas prices caused you any financial hardship?

Also, several new examples were added in these chapters: In Section 6.1, Applied 
Example 13, Cyber Privacy, illustrates set operations. In Section 6.2, Example 5 illus-
trates how the solution of a system of linear equations can sometimes be used to help 
draw a Venn diagram. In Section 7.5, Example 8 illustrates the difference between 
mutually exclusive and independent events. Also, Applied Example 12, Predicting 
Travel Weather, illustrates the calculation of the probability of independent events. 
In Section 8.2, Applied Example 8, Commuting Times, illustrates the calculation of 
expected value for grouped data; and in Section 8.3, Applied Example 4, Married 
Men, illustrates the calculation of standard deviation for grouped data. Using Tech-
nology Section 8.1 was expanded to include an example (Applied Example 3, Time 
Use of College Students) and exercises illustrating how Excel can be used to create 
pie charts.
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PReFace xiv

Features

Motivating applications
Many new applied examples 
and exercises have been 
added in the Eleventh Edition. 
Among the topics of the  new 
applications are Facebook 
users, satellite TV subscribers, 
criminal justice, cyber privacy, 
brand switching among 
college students, social media 
accounts, detecting shoplifters, 
and smartphone ownership.

Real-World connections

portfolios
These interviews share 
the varied experiences 
of professionals who use 
mathematics in the workplace. 
Among those included are a 
city manager at a photography 
company and a technical 
director at a wireless company 
who uses his knowledge of 
game theory to help mobile 
operators develop and deliver 
new technologies.

6.1  SetS and Set OperatiOnS 347

APPLIED EXAMPLE 13 Cyber privacy In a poll surveying 1500 registered 
voters in California, the respondents were asked to rank the following compa-

nies on a scale of 0 to 10 in terms of how much they could trust these companies to 
keep their personal information secure, with zero meaning that they don’t trust the 
company.

Company Apple Google LinkedIn YouTube Facebook Twitter

Rating 4.6 3.8 3.0 2.8 2.7 2.4

Let A denote the set of companies that have a rating higher than 2.5, let B denote the 
set of companies that have a rating between 2.5 and 4, and let C denote the set of 
companies that have a rating lower than 3. Find the following sets:

a.  A, B, and C  b. A x B  c. B y C  d. Ac y B  e. A y Bc

Source: Los Angeles Times.

Solution  

a.  A 5 5Apple,   Google,   LinkedIn,  YouTube,  Facebook6 
 B 5 5Google,  LinkedIn,  YouTube,  Facebook6 
C 5 5YouTube, Facebook, Twitter6

b.  A x B 5 5Apple,   Google,   LinkedIn,  YouTube,  Facebook6 5 A
c.  B y C 5 5YouTube,  Facebook6
d.  Ac y B 5 5  Twitter6 y 5  Google,  LinkedIn, YouTube,  Facebook6 5 [
e.   

5Apple6 

EXAMPLE 14 Let U 5 51, 2, 3, 4, 5, 6, 7, 8, 9, 106, A 5 51, 2, 4, 8, 96, and  
B 5 53, 4, 5, 6, 86. Verify by direct computation that 1A < B2c 5 Ac > Bc.

Solution  A < B 5 51, 2, 3, 4, 5, 6, 8, 96, so 1A < B2c 5 57, 106. Moreover,  
Ac 5 53, 5, 6, 7, 106 and Bc 5 51, 2, 7, 9, 106, so Ac > Bc 5 57, 106. The required 
result follows. 

APPLIED EXAMPLE 15 automobile Options Let U denote the set of all cars 
in a dealer’s lot, and let

  A 5 5x [ U 0 x is equipped with satellite radio6
  B 5 5x [ U 0 x is equipped with a moonroof6
  C 5 5x [ U 0 x is equipped with keyless entry6
Find an expression in terms of A, B, and C for each of the following sets:

a. The set of cars with at least one of the given options
b. The set of cars with exactly one of the given options

C > Ac > Bc. Thus, the set of cars 

$

A y Bc 5 5Apple, Google, LinkedIn, YouTube, Facebook6 y 5Apple, Twitter6 5

$
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explorations and technology

explore and discuss
These optional questions 
can be discussed in class 
or assigned as homework. 
They generally require more 
thought and effort than the 
usual exercises. They may 
also be used to add a writing 
component to the class or as 
team projects.

 6.1  SetS and Set OperatiOnS 345

addition and multiplication enable us to combine numbers to obtain other numbers. In 
what follows, all sets are assumed to be subsets of a given universal set U.

The shaded portion of the Venn diagram (Figure 2) depicts the set A < B.

EXAMPLE 7 If A 5 5a, b, c6 and B 5 5a, c, d6, then A < B 5 5a, b, c, d6. 

The shaded portion of the Venn diagram (Figure 3) depicts the set A > B.

EXAMPLE 8 Let A 5 5a, b, c6, and let B 5 5a, c, d6. Then A > B 5 5a, c6. (Com-
pare this result with Example 7.) 

EXAMPLE 9 Let A 5 51, 3, 5, 7, 96, and let B 5 52, 4, 6, 8, 106. Then A > B 5 [. 

The two sets of Example 9 have empty, or null, intersection. In general, the sets A and 
B are said to be disjoint if they have no elements in common—that is, if A > B 5 [ 
(see Figure 4).

EXAMPLE 10 Let U be the set of all students in the classroom. If M 5  
5x [ U 0 x is male6 and F 5 5x [ U 0 x is female6, then F > M 5 [, so F and M are 
disjoint. 

The shaded portion of the Venn diagram (Figure 5) shows the set Ac.

EXAMPLE 11 Let U 5 51, 2, 3, 4, 5, 6, 7, 8, 9, 106, and let A 5 52, 4, 6, 8, 106. 
Then Ac 5 51, 3, 5, 7, 96. 

Set Union
Let A and B be sets. The union of A and B, written A < B, is the set of all ele-
ments that belong to either A or B or both.

A < B 5 5x 0 x [ A or x [ B or both6

Set intersection
Let A and B be sets. The set of elements common to the sets A and B, written  
A > B, is called the intersection of A and B.

A > B 5 5x 0 x [ A and x [ B6

Complement of a Set
If U is a universal set and A is a subset of U, then the set of all elements in U 
that are not in A is called the complement of A and is denoted Ac.

Ac 5 5x 0 x [ U and x o A6

Explore and Discuss
Let A, B, and C be nonempty subsets of a set U.

1. Suppose A > B 2 [, A > C 2 [, and B > C 2 [. Can you conclude that  
A > B > C 2 [? Explain your answer with an example.

2.  Suppose A > B > C 2 [. Can you conclude that A > B 2 [, A > C 2 [, and  
B > C 2 [? Explain your answer.

U

U

A B

FigUre 2
Set union A < B

A B

U

FigUre 3
Set intersection A > B

U

A B

FigUre 4
A and B are disjoint

A

Ac

U

FigUre 5
Set complementation
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PReFace xv

exploring with technology
These optional discussions 
appear throughout the main 
body of the text and serve 
to enhance the student’s 
understanding of the concepts 
and theory presented. Often 
the solution of an example in 
the text is augmented with a 
graphical or numerical solution.

Using technology
Written in the traditional 
example-exercise format, these 
optional sections show how to 
use the graphing calculator and 
Microsoft Excel 2010 as a tool 
to solve problems. (Instructions 
for Microsoft Excel 2007 
are given on the companion 
website.) Illustrations showing 
graphing calculator screens 
and spreadsheets are used 
extensively. In keeping with 
the theme of motivation 
through real-life examples, 
many sourced applications are 
included.

A How-To Technology Index 
is included at the back of the 
book for easy reference to 
Using Technology examples. 

 5.1  Compound Interest 287

found that the accumulated amounts did in fact increase when we increased the num-
ber of conversion periods per year.

This leads us to another question: Does the accumulated amount keep growing 
without bound, or does it approach a fixed number when the interest is computed more 
and more frequently over a fixed period of time?

To answer this question, let’s look again at the compound interest formula:

 A 5 P 11 1 i 2 n 5 Pa1 1
r

m
b

mt

 (4)

Recall that m is the number of conversion periods per year. So to find an answer to 
our question, we should let m get larger and larger in Equation (4). If we let u 5 m

r  so 
that m 5 ru, then (4) becomes

  A 5 P a1 1
1

u
b

urt

    
r

m
5

1

u

  5 P c a1 1
1
u
b

u

d
rt

    Since axy 5 1ax 2 y

Now let’s see what happens to the expression

 a1 1
1
u
b

u

as u gets larger and larger. From Table 2, you can see that as u increases,

 a1 1
1
u
b

u

 . . , 

To obtain a visual confirmation of the fact that the expression A1 1 1
uBu approaches 

the number e 5 2.71828 . . . as u gets larger and larger, plot the graph of 
f 1x 2 5 A1 1 1

x B 

x
 in a suitable viewing window, and observe that f 1x 2  approaches 

2.71828 . . . as x gets larger and larger. Use zoom and trace to find the value of 
f 1x 2  for large values of x.

Exploring with TECHNOLOGY

Using this result, we can see that as m gets larger and larger, A approaches  
P 1e 2 rt 5 Pert. In this situation, we say that interest is compounded continuously. Let’s 
summarize this important result.

Continuous Compound Interest Formula
 A 5 Pert (5)

where

 P 5 Principal

 r 5 Nominal interest rate compounded continuously

 t 5 Time in years

 A 5 Accumulated amount at the end of t years

 u a1 1
1
u
b
u

Table 2   
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 CHAPTER 8 Probability Distributions anD statistics470

Excel can also be used to create pie charts, as illustrated in the following example.

APPLIED EXAMPLE 3 time use of college students Use the data given in 
Table 1 to construct a pie chart.

Source: Bureau of Labor Statistics.

Time Used on an Average Weekday for Full-Time University 
and College Students

Time Use Time (in hours)

Sleeping 8.5
Leisure and sports 3.7
Working and related activities 2.9
Educational activities 3.3
Eating and drinking 1.0
Grooming 0.7
Traveling 1.5
Other 2.4

TAblE T1   

Solution  

We begin by entering the information from Table T1 in Columns A and B on a 
spreadsheet. Then follow these steps:

step 1 First, highlight the data in cells A2:A9 and B2:B9 as shown in Figure T4.

2

1

A B

3

4

Time (in hours)Time Use

6

5

7

8

9

Sleeping

Leisure and sports

Working and related ac�vi�es

Educa�onal ac�vi�es

Ea�ng and drinking

Grooming

Traveling

Other

8.5

3.7

2.9

3.3

1

0.7

1.5

2.4

Figure t4 completed spreadsheet

step 2 Click on the  Insert  ribbon tab, and then select  Pie  from the Charts group. 
Select the 2D Pie chart subtype in the first row and first column. A chart will 
then appear on your worksheet.

step 3 From the Chart Tools group that now appears on the ribbon, click the 
 Design  ribbon tab, and then select the chart appearing in the first row and 
first column of the Charts Layouts group. Note that this chart displays the 

  Layout  tab, and select  Chart Title  from the Labels group fol-

lowed by  Above Chart . Type the title of the chart and click  Enter . 
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Excel can also be used to create pie charts, as illustrated in the following example.

APPLIED EXAMPLE 3 time use of college students Use the data given in 
Table 1 to construct a pie chart.

Source: Bureau of Labor Statistics.

Time Used on an Average Weekday for Full-Time University 
and College Students

Time Use Time (in hours)

Sleeping 8.5
Leisure and sports 3.7
Working and related activities 2.9
Educational activities 3.3
Eating and drinking 1.0
Grooming 0.7
Traveling 1.5
Other 2.4

TAblE T1   

Solution  

We begin by entering the information from Table T1 in Columns A and B on a 
spreadsheet. Then follow these steps:

step 1 First, highlight the data in cells A2:A9 and B2:B9 as shown in Figure T4.
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Traveling

Other

8.5
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3.3

1

0.7

1.5

2.4

Figure t4 completed spreadsheet

step 2 Click on the  Insert  ribbon tab, and then select  Pie  from the Charts group. 
Select the 2D Pie chart subtype in the first row and first column. A chart will 
then appear on your worksheet.

step 3 From the Chart Tools group that now appears on the ribbon, click the 
 Design  ribbon tab, and then select the chart appearing in the first row and 
first column of the Charts Layouts group. Note that this chart displays the 
percentage of a day (24 hours) spent on each activity. Next, select the chart 

 Above Chart . Type the title of the chart and click  Enter . 
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Excel can also be used to create pie charts, as illustrated in the following example.

APPLIED EXAMPLE 3 time use of college students Use the data given in 
Table 1 to construct a pie chart.

Source: Bureau of Labor Statistics.

Time Used on an Average Weekday for Full-Time University 
and College Students

Time Use Time (in hours)

Sleeping 8.5
Leisure and sports 3.7
Working and related activities 2.9
Educational activities 3.3
Eating and drinking 1.0
Grooming 0.7
Traveling 1.5
Other 2.4

TAblE T1   

Solution  

We begin by entering the information from Table T1 in Columns A and B on a 
spreadsheet. Then follow these steps:

step 1 First, highlight the data in cells A2:A9 and B2:B9 as shown in Figure T4.
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step 2 Click on the  Insert  ribbon tab, and then select  Pie  from the Charts group. 
Select the 2D Pie chart subtype in the first row and first column. A chart will 
then appear on your worksheet.

step 3 From the Chart Tools group that now appears on the ribbon, click the 
 Design  ribbon tab, and then select the chart appearing in the first row and 
first column of the Charts Layouts group. Note that this chart displays the 
percentage of a day (24 hours) spent on each activity. Next, select the chart 

. Type the title of the chart and click  Enter . 
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The pie chart shown in Figure T5 will appear.

 
figure t5
the pie chart describing the data in table t1  

 1.  Graph the histogram associated with the data given in 
Ta ble 1, page 000. Compare your graph with that given in 
Figure 1, page 000.

 2.  Graph the histogram associated with the data given in 
Exercise 26, page 000.

 3.  Graph the histogram associated with the data given in 
Exercise 27, page 000.

 4.  Graph the histogram associated with the data given in 
Exercise 28, page 000.

in exercises 5-10, use the data given in the table to construct a 
pie chart. (these exercises are for eXCel only.)

 5.  Who Pays Taxes? Payroll taxes are used for Social Security 
and Medicare, two of the biggest items in the federal bud-
get. The following facts regarding the people in the United 
States who pay taxes were reported in Money magazine in 
March 2012:

Taxpaying and Non-Taxpaying Groups Percent 

Pay income tax 53.6

Pay no income tax but do pay payroll taxes 28.3

Pay no income tax but are elderly 10.3

Pay no income tax but earn less than $20,000  6.9

Others  0.9

Source: Urban Brookings Tax Policy Center.

 6.  Time sPenT Per Week on The inTerneT by College sTudenTs  
The following table gives the time spent on the Internet by 
18- to 24-year-old college students:

Time Spent College Students, %

More than 20 hr 19.6

More than 10 but fewer than 20 hr 13.4

More than 5 but fewer than 10 hr 20.3

More than 3 but fewer than 5 hr 22.6

Fewer than 3 hr 24.1

Source: Burst Research.

 7.  main reasons Why young adulTs shoP online The results of 
an online survey by Bing among 1077 adults age 18–34 
years in November 2012 regarding the main reasons why 
they shopped online are summarized in the following table: 

Main Reason Percent

Better prices 37

Avoiding holiday crowds, hassles 29

Convenience 18

Better selection 13

Ships directly  3

Source: Impulse Research.

 8.  bringing someThing To a ParTy In a survey of 2008 adults 
conducted by American Express, the following question 
was asked: When invited to a party, do you contribute 
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Excel can also be used to create pie charts, as illustrated in the following example.

APPLIED EXAMPLE 3 time use of college students Use the data given in 
Table 1 to construct a pie chart.

Source: Bureau of Labor Statistics.

Time Used on an Average Weekday for Full-Time University 
and College Students

Time Use Time (in hours)

Sleeping 8.5
Leisure and sports 3.7
Working and related activities 2.9
Educational activities 3.3
Eating and drinking 1.0
Grooming 0.7
Traveling 1.5
Other 2.4

TAblE T1   

Solution  

We begin by entering the information from Table T1 in Columns A and B on a 
spreadsheet. Then follow these steps:

step 1 First, highlight the data in cells A2:A9 and B2:B9 as shown in Figure T4.
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step 2 Click on the  Insert  ribbon tab, and then select  Pie  from the Charts group. 
Select the 2D Pie chart subtype in the first row and first column. A chart will 
then appear on your worksheet.

step 3 From the Chart Tools group that now appears on the ribbon, click the 
 Design  ribbon tab, and then select the chart appearing in the first row and 
first column of the Charts Layouts group. Note that this chart displays the 

lowed by  Above Chart . Type the title of the chart and click  Enter . 
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PReFace xvi

concept Building and critical thinking

Self-Check exercises
Offering students immediate 
feedback on key concepts, these 
exercises begin each end-of-
section exercise set and contain 
both rote and word problems 
(applications). Fully worked-
out solutions can be found 
at the end of each exercise 
section. If students get stuck 
while solving these problems, 
they can get immediate help 
before attempting to solve 
the homework exercises. 
Applications have been included here because students often 
need extra practice with setting up and solving these problems.

Concept Questions
Designed to test students’ 
understanding of the basic 
concepts discussed in the 
section, these questions 
encourage students to explain 
learned concepts in their own 
words.

 1.2  Straight LineS 19
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  1.   Determine the number a such that the line passing 
through the points 1a, 2 2  and 13, 6 2  is parallel to a line 
with slope 4.

  2.   Find an equation of the line that passes through the point 
13, 21 2  and is perpendicular to a line with slope 21

2.

  3.   Does the point 13, 23 2  lie on the line with equation 
2x 2 3y 2 12 5 0? Sketch the graph of the line.

  4.   SmokerS in the United StateS  The following table gives  
the percentage of adults in the United States from 2006 
through 2010 who smoked in year t. Here, t 5 0 corre-
sponds to the beginning of 2006.

Year, t 0 1 2 3 4 

Percent, y 20.8 20.5 20.1 19.8 19.0

 a.  Plot the percentage of U.S. adults who smoke 1y 2  ver-
sus the year 1 t 2  for the given years.

 b.  Draw the line L through the points 10, 20.8 2  and 
14, 19.0 2 .

 c.  Find an equation of the line L.
 d.  Assuming that this trend continues, estimate the per-

centage of U.S. adults who smoked at the beginning of 
2014.

Source: Centers for Disease Control and Prevention.

Solutions to Self-Check Exercises 1.2 can be found on 
page 24.

 1.2 Self-Check exercises

  1.   What is the slope of a nonvertical line? What can you say 
about the slope of a vertical line?

  2.   Give (a) the point-slope form, (b) the slope-intercept 
form, and (c) the general form of an equation of a line.

  3.   Let L1 have slope m1 and let L2 have slope m2. State the 
conditions on m1 and m2 if (a) L1 is parallel to L2 and 
(b) L1 is perpendicular to L2.

  4.   Suppose a line L has equation Ax 1 By 1 C 5 0.
 a. What is the slope of L if B 2 0?
 b. What is the slope of L if B 5 0 and A 2 0?

 1.2 Concept Questions

 1.2 exercises

in exercises 1–4, find the slope of the line shown in each figure.

  1. 

x

y

2–4  –2

4

–2

  2. 

x

y

2 4–2

4

2

–2
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  Using the point 10, 1 2  and the slope m 5 0.5 in the point-slope form of the equa-
tion of a line, we see that the required supply equation is

  p 2 1 5 0.5 1x 2 0 2
  p 5 0.5x 1 1    Figure 40

c.  To find the market equilibrium, we solve simultaneously the system comprising 
the demand and supply equations obtained in parts (a) and (b)—that is, the 
system

  p 5 20.3x 1 5

  p 5 0.5x 1 1    

 p 5 0.5x 1 1
 2p 5 0.3x 2 5

 0 5 0.8x 2 4

  Subtracting the first equation from the second gives

 0.8x 2 4 5 0

  and x 5 5. Substituting this value of x in the second equation gives p 5 3.5. 
Thus, the equilibrium quantity is 5000 units, and the equilibrium price is $350 
(Figure 40). 

  1.   Find the point of intersection of the straight lines with 
equations 2x 1 3y 5 6 and x 2 3y 5 4.

  2.   Market equilibriuM  There is no demand for a certain 
model of a disposable camera when the unit price is $12. 
However, when the unit price is $8, the quantity de-
manded is 8000/week. The suppliers will not market any 
cameras if the unit price is $2 or lower. At $4/camera, 
however, the manufacturer will market 5000 cameras/

week. Both the demand and supply functions are known 
to be linear.

 a.  Find the demand equation.
 b.  Find the supply equation.
 c.  Find the equilibrium quantity and price.

Solutions to Self-Check Exercises 1.4 can be found on 
page 52.

 1.4 self-check exercises

  1.   Explain why you would expect that the intersection of a 
linear demand curve and a linear supply curve would lie 
in the first quadrant.

  2.   In the accompanying figure, C 1x 2  is the cost function and 
R 1x 2  is the revenue function associated with a certain 
product.

 a.  Plot the break-even point P 1x0, y0 2  on the graph.
 b.  Identify and mark the break-even quantity, x0, and the 

break-even revenue, y0, on the set of axes.

x

y

y = C(x)

y = R(x)

  3.   The accompanying figure gives the demand curve and the 
supply curve associated with a certain commodity.

x

p

 a.  Identify the demand curve and the supply curve.
 b.  Plot the point P 1x0, p0 2  that corresponds to market 

equilibrium.
 c.  Identify and mark the equilibrium quantity, x0, and the 

equilibrium price, p0, on the set of axes.

 1.4 concept Questions

64657_01_CH01_p001-072.indd   49 9/24/13   12:55 PM

 CHAPTER 1 Straight LineS and Linear FunctionS 50

 1.4 exercises

in exercises 1–6, find the point of intersection of each pair of 
straight lines.

  1.    y 5 3x 1 4    2.   y 5 24x 2 7
  y 5 22x 1 14   2y 5 5x 1 10

  3.   2x 2 3y 5 6    4.   2x 1 4y 5 11
  3x 1 6y 5 16   25x 1 3y 5 5

  5.  y 5
1

4
 x 2 5   6.  y 5

2

3
 x 2 4

 2x 2
3

2
 y 5 1  

x 1 3y 1 3 5 0

in exercises 7–10, find the break-even point for the firm whose 
cost function C and revenue function R are given.

  7.   C 1x 2 5 5x 1 10,000; R 1x 2 5 15x

  8.   C 1x 2 5 15x 1 12,000; R 1x 2 5 21x

  9.   C 1x 2 5 0.2x 1 120; R 1x 2 5 0.4x

10.   C 1x 2 5 150x 1 20,000; R 1x 2 5 270x

 c.  Sketch the graph of the profit function.
 d.  At what point does the graph of the profit function 

cross the x-axis? Interpret your result.

12.   Break-even analysis  A division of Carter Enterprises pro-
duces income tax apps for smartphones. Each income tax 
app sells for $8. The monthly fixed costs incurred by the 
division are $25,000, and the variable cost of producing 
each income tax app is $3.

 a.  Find the break-even point for the division.
 b.  What should be the level of sales in order for the divi-

sion to realize a 15% profit over the cost of making the 
income tax apps?

13.   Break-even analysis  A division of the Gibson Corpora-
tion manufactures bicycle pumps. Each pump sells for $9, 
and the variable cost of producing each unit is 40% of the 
selling price. The monthly fixed costs incurred by the di-
vision are $50,000. What is the break-even point for the 
division?

14.   leasing a Truck  Ace Truck Leasing Company leases a 
certain size truck for $25/day and $.50/mi, whereas Acme 
Truck Leasing Company leases the same size truck for 
$20/day and $.60/mi.

 a.  Find the functions describing the daily cost of leasing 
from each company.

 b.  Sketch the graphs of the two functions on the same set 
of axes.

 c.  If a customer plans to drive at most 30 mi, from which 
company should he rent a truck for a single day?

 d.  If a customer plans to drive at least 60 mi, from which 
company should he rent a truck for a single day?

15.   Decision analysis  A product may be made by using Ma-
chine I or Machine II. The manufacturer estimates that 
the monthly fixed costs of using Machine I are $18,000, 
whereas the monthly fixed costs of using Machine II are 
$15,000. The variable costs of manufacturing 1 unit of the 
product using Machine I and Machine II are $15 and $20, 
respectively. The product sells for $50 each.

 a.  Find the cost functions associated with using each 
machine.

 b.  Sketch the graphs of the cost functions of part (a) and 
the revenue functions on the same set of axes.

 c.  Which machine should management choose in order  
to maximize their profit if the projected sales are 
450 units? 550 units? 650 units?

be given by S 5 1.2 1 0.6t million dollars t years from 
now. When will Cambridge’s annual sales first surpass 
Crimson’s annual sales?

17.   lcDs versus crTs  The global shipments of traditional 
cathode-ray tube monitors (CRTs) is approximated by the 
equation

 y 5 212t 1 88        10 # t # 3 2
  where y is measured in millions and t in years, with t 5 0 

corresponding to the beginning of 2001. The equation

 y 5 18t 1 13.4        10 # t # 3 2
  gives the approximate number (in millions) of liquid crys-

tal displays (LCDs) over the same period. When did the 
global shipments of LCDs first overtake the global ship-
ments of CRTs?

 Source: International Data Corporation.

18.   DigiTal versus film cameras  The sales of digital cameras 
(in millions of units) in year t is given by the function

 f 1 t 2 5 3.05t 1 6.85        10 # t # 3 2
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exercises
Each section contains an 
ample set of exercises of a 
routine computational nature 
followed by an extensive set of 
modern application exercises.
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PReFace xvii

Review and study tools

Summary of principal 
Formulas and terms
Each review section begins 
with the Summary, which 
highlights the important 
equations and terms, with 
page numbers given for quick 
review.

Concept review Questions
These questions give students 
a chance to check their 
knowledge of the basic 
definitions and concepts given 
in each chapter.

teRms

set (342)

element of a set (342)

roster notation (342)

set-builder notation (342)

set equality (342)

subset (343)

empty set (343)

universal set (344)

Venn diagram (344)

set union (345)

set intersection (345)

complement of a set (345)

set complementation (346)

multiplication principle (362)

generalized multiplication principle (363)

permutation (368)

n-factorial (370)

combination (374)

FoRmulas

1.  Commutative laws A < B 5 B < A 
A > B 5 B > A

2. Associative laws A < 1B < C 2  5 1A < B2  < C
A > 1B > C 2  5 1A > B2  > C

3.  Distributive laws A < 1B > C 2  5 1A < B 2  > 1A < C 2
A > 1B < C 2  5 1A > B 2  < 1A > C 2

4. De Morgan’s laws 1A < B 2 c 5 Ac > Bc

1A > B 2 c 5 Ac < Bc

5. Number of elements in the union  
of two finite sets

n1A < B 2  5 n1A 2  1 n1B 2  2 n1A > B 2

6. Permutation of n distinct objects,  
taken r at a time

P 1n, r 2 5
n!

1n 2 r 2 !

7. Permutation of n objects, not all  
distinct, taken n at a time

n!

n1! n2! cnm!

8. Combination of n distinct objects,  
taken r at a time

C 1n, r 2 5
n!

r! 1n 2 r 2 !

summary of principal Formulas and termsChapteR 6

Concept Review QuestionsChapteR 6

Fill in the blanks.

 1.  A well-defined collection of objects is called a/an _____. 
These objects are called _____ of the _____.

 2.  Two sets having exactly the same elements are said to be 
_____.

 3.  If every element of a set A is also an element of a set B, 
then A is a/an _____ of B.

 4. a.  The empty set [ is the set containing _____ elements.
 b.  The universal set is the set containing _____ elements.
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 7.  Applying De Morgan’s Laws, we can write  
1A x B x C 2 c 5 _____.

 8.  An arrangement of a set of distinct objects in a definite 
order is called a/an _____; an arrangement in which the 
order is not important is a/an _____.

 5. a.  The set of all elements in A and/or B is called the 
_____ of A and B.

 b.  The set of all elements in both A and B is called the 
_____ of A and B.

 6.  The set of all elements in U that are not in A is called the 
_____ of A.

in exercises 1–4, list the elements of each set in roster notation.

 1.  5x 0 3x 2 2 5 7 and x is an integer6
 2.  5x 0 x is a letter of the word TALLAHASSEE6
 3.  The set whose elements are the even numbers between 3 

and 11

 4.  5x 0 1x 2 3 2 1x 1 4 2 5 0 and x is a negative integer6

Let A 5 5a, c, e, r6. in exercises 5–8, determine whether the set 
is equal to A.

 5.  5r, e, c, a6
 6.  5x 0 x is a letter of the word career6
 7.  5x 0 x is a letter of the word racer6
 8.  5x 0 x is a letter of the word cares6

in exercises 9–12, shade the portion of the accompanying fig-
ure that represents the given set.

U

C

BA

12.  Ac y 1Bc x Cc 2
in exercises 13–16, verify the equation by direct computation. 
Let U 5 5a, b, c, d, e6, A 5 5a, b6, B 5 5b, c, d6, and C 5 5a, d, e6. 

 13.  A < 1B < C 2  5 1A < B 2  < C

 14.  A > 1B > C 2  5 1A > B 2  > C

 15.  A > 1B < C 2  5 1A > B 2  < 1A > C 2
 16.  A < 1B > C 2  5 1A < B 2  > 1A < C 2

For exercises 17–20, let

 U 5 5 all participants in a consumer-behavior survey  
conducted by a national polling group6

 A 5 5 consumers who avoided buying a product  
because it is not recyclable6

 B 5 5  consumers who used cloth rather than disposable  
diapers6

 C 5 5  consumers who boycotted a company’s products 
because of its record on the environment6

 D 5 5 consumers who voluntarily recycled their garbage6
describe each set in words.

 17.  A > C  18. A < D

 19.  Bc y D  20. Cc x Dc

 
n  5 n A 2  5 120, n 1B 2  5 80, and n 1A y B 2  5 50. in 
exercises 21–26, find the number of elements in each set.

 21.  n1A < B 2   22. n1Ac2
 23.  n 1Bc 2   24. n1Ac > B 2
 25.  n 1A y Bc 2   26. n 1Ac y Bc 2
in exercises 27–30, evaluate each quantity.

 27.  C120, 182   28. P19, 72

3  offered extended payments for all goods and services 
purchased.

2  required an annual fee of less than $35.

2  offered both cash advances and extended payments.

1  offered extended payments and had an annual fee less 
than $35.

No card had an annual fee less than $35 and offered both 
cash advances and extended payments.

How many cards had an annual fee less than $35 and 
offered cash advances? (Assume that every card had at 
least one of the three mentioned features.)

Review exercisesChapteR 6

Unless otherwise noted, all content on this page is © Cengage Learning.
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review exercises
Offering a solid review of the 
chapter material, the Review 
Exercises contain routine 
computational exercises 
followed by applied problems.
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Before Moving On . . .
Found at the end of each 
chapter review, these exercises 
give students a chance to 
determine whether they 
have mastered the basic 
computational skills developed 
in the chapter.

 CHAPTER 6 SetS and Counting386

 1.  Let U 5 5a, b, c, d, e, f, t6, A 5 5a, d, f, t6, B 5 5d, f, t6, 
and C 5 5b, c, e, f 6. Find:

 a. A > 1B < C 2
 b. 1A > C 2  < 1B < C 2
 c. Ac

 2.  Let A, B, and C be subsets of a universal set U, and 
suppose that n 1U 2  5 120, n 1A 2  5 20, n 1A y B 2  5 10, 
n 1A y C 2  5 11, n 1B y C 2  5 9, and 
n 1A y B y C 2 5 4. Find n 3A y 1B x C 2 c 4.

 3.  In how many ways can four compact discs be selected 
from six different compact discs?

 4.  From a standard 52-card deck, how many 5-card poker 
hands can be dealt consisting of 3 deuces and 2 face cards?

 5.  There are six seniors and five juniors in the Chess Club at 
Madison High School. In how many ways can a team 
consisting of three seniors and two juniors be selected 
from the members of the Chess Club?

Before Moving on . . .Chapter 6
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action-Oriented Study tabs
Convenient color-coded study tabs make it easy for students to flag pages that they want to return to 
later, whether for additional review, exam preparation, online exploration, or identifying a topic to be 
discussed with the instructor.

PReFace xviii

instructor Resources

enhanCed WeBaSSiGn® 
Printed Access Card: 978-1-285-85758-9
Online Access Code: 978-1-285-85761-9
Exclusively from Cengage Learning, Enhanced WebAssign combines the exceptional 
mathematics content that you know and love with the most powerful online homework 
solution, WebAssign. Enhanced WebAssign engages students with immediate feed-
back, rich tutorial content, and interactive, fully customizable e-books (YouBook), 
helping students to develop a deeper conceptual understanding of their subject matter. 
Quick Prep and Just In Time exercises provide opportunities for students to review 
prerequisite skills and content, both at the start of the course and at the beginning of 
each section. Flexible assignment options give instructors the ability to release assign-
ments conditionally on the basis of students’ prerequisite assignment scores. Visit us 
at www.cengage.com/ewa to learn more.

COMpLete SOLUtiOnS ManUaL by Soo t. tan
Written by the author, the Complete Solutions Manual contains solutions for all exer-
cises in the text, including Exploring with Technology and Explore and Discuss exer-
cises. The Complete Solutions Manual is available on the Instructor Companion Site.

CenGaGe LearninG teStinG pOWered BY COGnerO
Cengage Learning Testing Powered by Cognero is a flexible, online system that allows 
you to author, edit, and manage test bank content from multiple Cengage Learning 
solutions; create multiple test versions in an instant; and deliver tests from your LMS, 
your classroom, or wherever you want. Access to Cognero is available on the Instruc-
tor Companion Site.

SOLUtiOn BUiLder (www.cengage.com/solutionbuilder)
This online instructor database offers complete worked-out solutions to all exercises 
in the text, including Exploring with Technology and Explore and Discuss questions. 
Solution Builder allows you to create customized, secure solutions printouts (in PDF 
format) matched exactly to the problems you assign in class.

inStrUCtOr COMpaniOn Site
Everything you need for your course in one place! This collection of book-specific 
lecture and class tools is available online at www.cengage.com/login. Access and 
download PowerPoint presentations, images, solutions manual, videos, and more.
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64657_00_FM_pi-xxii.indd   18 11/5/13   8:18 AM

Copyright 2014 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).

Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



PReFace xix

student Resources

StUdent SOLUtiOnS ManUaL by Soo t. tan (ISBN-13: 978-1-285-84572-2)
Giving you more in-depth explanations, this insightful resource includes fully worked-
out solutions for selected exercises in the textbook, as well as problem-solving strate-
gies, additional algebra steps, and review for selected problems.

enhanCed WeBaSSiGn® 
Printed Access Card: 978-1-285-85758-9
Online Access Code: 978-1-285-85761-9
Enhanced WebAssign (assigned by the instructor) provides you with instant feedback 
on homework assignments. This online homework system is easy to use and includes 
helpful links to textbook sections, video examples, and problem-specific tutorials.

CenGaGeBrain.COM
Visit www.cengagebrain.com to access additional course materials and companion 
resources. At the CengageBrain.com home page, search for the ISBN of your title 
(from the back cover of your book) using the search box at the top of the page. This 
will take you to the product page where free companion resources can be found.
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Because the over-65 population will be 

growing more rapidly in the next few 

decades, U.S. health-care expenditures are 

expected to be boosted significantly. What 

will be the rate of increase of these 

expenditures over the next few years? How 

much will health-care expenditures be in 

2014? In Example 1, page 31, we use a 

mathematical model based on figures 

from the Centers for Medicare & Medicaid 

Services to answer these questions.

This chapTer inTroduces the cartesian coordinate system, a system that allows us 

to represent points in the plane in terms of ordered pairs of real numbers. This in 

turn enables us to compute the distance between two points algebraically. We also study 

straight lines. Linear functions, whose graphs are straight lines, can be used to describe 

many relationships between two quantities. These relationships can be found in fields of 

study as diverse as business, economics, the social sciences, physics, and medicine. in 

addition, we see how some practical problems can be solved by finding the point(s) of 

intersection of two straight lines. Finally, we learn how to find an algebraic representation 

of the straight line that “best” fits a set of data points that are scattered about a straight line.

straight Lines  
and Linear Functions1
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CHAPTER 1 sTraighT Lines and Linear FuncTions 2
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The cartesian coordinate system
The real number system is made up of the set of real numbers together with the usual 
operations of addition, subtraction, multiplication, and division. We assume that you 
are familiar with the rules governing these algebraic operations (see Appendix B).

Real numbers may be represented geometrically by points on a line. This line is 
called the real number, or coordinate, line. We can construct the real number line as 
follows: Arbitrarily select a point on a straight line to represent the number 0. This 
point is called the origin. If the line is horizontal, then choose a point at a convenient 
distance to the right of the origin to represent the number 1. This determines the scale 
for the number line. Each positive real number x lies x units to the right of 0, and each 
negative real number x lies 2x units to the left of 0.

In this manner, a one-to-one correspondence is set up between the set of real 
numbers and the set of points on the number line, with all the positive numbers lying 
to the right of the origin and all the negative numbers lying to the left of the origin 
(Figure 1).

– 4 – 3 – 2 – 1 10 2 3 4

Origin

x

1
22– 3

Figure 1
The real number line

In a similar manner, we can represent points in a plane (a two-dimensional 
space) by using the Cartesian coordinate system, which we construct as follows: 
Take two perpendicular lines, one of which is normally chosen to be horizontal. 
These lines intersect at a point O, called the origin (Figure 2). The horizontal line is 
called the x-axis, and the vertical line is called the y-axis. A number scale is set up 
along the x-axis, with the positive numbers lying to the right of the origin and the 
negative numbers lying to the left of it. Similarly, a number scale is set up along the 
y-axis, with the positive numbers lying above the origin and the negative numbers 
lying below it.

note The number scales on the two axes need not be the same. Indeed, in many ap-
plications, different quantities are represented by x and y. For example, x may repre-
sent the number of smartphones sold, and y may represent the total revenue resulting 
from the sales. In such cases, it is often desirable to choose different number scales to 
represent the different quantities. Note, however, that the zeros of both number scales 
coincide at the origin of the two-dimensional coordinate system. 

We can represent a point in the plane in this coordinate system by an ordered 
pair of numbers—that is, a pair 1x, y 2  in which x is the first number and y is the sec-
ond. To see this, let P be any point in the plane (Figure 3). Draw perpendicular lines 
from P to the x-axis and y-axis, respectively. Then the number x is precisely the num-
ber that corresponds to the point on the x-axis at which the perpendicular line through 
P hits the x-axis. Similarly, y is the number that corresponds to the point on the y-axis 
at which the perpendicular line through P crosses the y-axis.

1.1 The cartesian coordinate system

x
O x-axis

y

y-axis Origin 

Figure 2
The cartesian coordinate system

x
O x

y

y P(x, y)

Figure 3
an ordered pair in the coordinate plane
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Conversely, given an ordered pair 1x, y 2  with x as the first number and y as the 
second, a point P in the plane is uniquely determined as follows: Locate the point on 
the x-axis represented by the number x, and draw a line through that point perpendicu-
lar to the x-axis. Next, locate the point on the y-axis represented by the number y, and 
draw a line through that point perpendicular to the y-axis. The point of intersection of 
these two lines is the point P (Figure 3).

In the ordered pair 1x, y 2 , x is called the abscissa, or x-coordinate; y is called the 
ordinate, or y-coordinate; and x and y together are referred to as the coordinates of 
the point P. The point P with x-coordinate equal to a and y-coordinate equal to b is 
often written P 1a, b 2 .

The points A 12, 3 2 , B 122, 3 2 , C 122, 23 2 , D 12, 23 2 , E 13, 2 2 , F 14, 0 2 , and 
G 10, 25 2  are plotted in Figure 4.

note    In general, 1x, y 2 2 1y, x 2 . This is illustrated by the points A and E in Figure 4.

 
Figure 4
several points in the coordinate plane

x
1 3 5

y

4

2

B(–2, 3) A(2, 3)

–3 –1

D(2, –3)C(–2, –3)

–2

–4

–6

F(4, 0)

E(3, 2)

G(0, –5)

 

The axes divide the plane into four quadrants. Quadrant I consists of the points P with 
coordinates x and y, denoted by P 1x, y 2 , satisfying x . 0 and y . 0; Quadrant II 
consists of the points P 1x, y 2  where x , 0 and y . 0; Quadrant III consists of the 
points P 1x, y 2  where x , 0 and y , 0; and Quadrant IV consists of the points P 1x, y 2  
where x . 0 and y , 0 (Figure 5).

The distance Formula
One immediate benefit that arises from using the Cartesian coordinate system is that 
the distance between any two points in the plane may be expressed solely in terms of 
the coordinates of the points. Suppose, for example, 1x1, y1 2  and 1x2, y2 2  are any two 
points in the plane (Figure 6). Then we have the following:

distance Formula
The distance d between two points P1 1x1, y1 2  and P2 1x2, y2 2  in the plane is given 
by

 d 5 " 1x2 2 x1 2 2 1 1y2 2 y1 2 2 (1)

For a proof of this result, see Exercise 49, page 9.

Figure 5
The four quadrants in the coordinate 
plane

x
O

Quadrant  I 
(+, +) 

y

Quadrant  II 
(–, +) 

Quadrant  III 
(–, –) 

Quadrant  IV 
(+, –) 

Figure 6
The distance between two points in the 
coordinate plane

x

y

d

P1(x1, y1)

P2(x2, y2)
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In what follows, we give several applications of the distance formula.

EXAMPLE 1  Find the distance between the points 124, 3 2  and 12, 6 2 .

Solution    Let P1 124, 3 2  and P2 12, 6 2  be points in the plane. Then we have

 x1 5 24    and    y1 5 3

x2 5 2 y2 5 6

Using Formula (1), we have

d 5 "32 2 124 2 42 1 16 2 3 2 2
  5 "62 1 32

  5 !45

  5 3!5  

 APPLIED EXAMPLE 2  The cost of Laying cable  In Figure 7, S represents the 
position of a power relay station located on a straight coastal highway, and M 

shows the location of a marine biology experimental station on a nearby island. A 
cable is to be laid connecting the relay station at S with the experimental station at 
M via the point Q that lies on the x-axis between O and S. If the cost of running the 
cable on land is $3 per running foot and the cost of running the cable underwater is 
$5 per running foot, find the total cost for laying the cable.

Figure 7
The cable will connect the relay station S to the experimental 
station M.

x (feet)
O S(10,000, 0) Q(2000, 0) 

y (feet)

M(0, 3000)M(0, 3000)

Solution    The length of cable required on land is given by the distance from S to Q. 
This distance is 110,000 2  2000 2 , or 8000 feet. Next, we see that the length of  
cable required underwater is given by the distance from Q to M. This distance is

 " 10 2 2000 2 2 1 13000 2 0 2 2 5 "20002 1 30002

  5 !13,000,000

  < 3606

or approximately 3606 feet. Therefore, the total cost for laying the cable is 
approximately

 3 18000 2 1 5 13606 2 < 42,030

dollars. 

$

Explore and Discuss
Refer to Example 1. Suppose 
we label the point 12, 6 2  as P1

and the point 124, 3 2  as P2.  
(1) Show that the distance d be-
tween the two points is the same 
as that obtained in Example 1. 
(2) Prove that, in general, the 
distance d in Formula (1) is in-
dependent of the way we label 
the two points.
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EXAMPLE 3  Let P 1x, y 2  denote a point lying on a circle with radius r and center 
C 1h, k 2  (Figure 8). Find a relationship between x and y.

Solution    By the definition of a circle, the distance between C 1h, k 2  and P 1x, y 2   
is r. Using Formula (1), we have

 " 1x 2 h 2 2 1 1  y 2 k 2 2 5 r

which, upon squaring both sides, gives the equation

 1x 2 h 2 2 1 1y 2 k 2 2 5 r2

which must be satisfied by the variables x and y. 

A summary of the result obtained in Example 3 follows.

equation of a circle
An equation of the circle with center C 1h, k 2  and radius r is given by

 1x 2 h 2 2 1 1y 2 k 2 2 5 r2 (2)

EXAMPLE 4  Find an equation of the circle with (a) radius 2 and center 121, 3 2  and 
(b) radius 3 and center located at the origin.

Solution    

a. We use Formula (2) with r 5 2, h 5 21, and k 5 3, obtaining

 3x 2 121 2 42 1 1y 2 3 2 2 5 22

  1x 1 1 2 2 1 1y 2 3 2 2 5 4

 (Figure 9a).
b. Using Formula (2) with r 5 3 and h 5 k 5 0, we obtain

 x2 1 y2 5 32

  x2 1 y2 5 9

 (Figure 9b).

 Figure 9

(a) The circle with radius 2 and 
center 121, 32

(b) The circle with radius 3 and 
center 10, 02

x

y

–1 1

2

(–1, 3)

x

y

3

1
3–3

3

–3

 

Figure 8
a circle with radius r and center C1h, k2

x

y

C(h, k)

r
P(x, y)
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Explore and Discuss
1. Use the distance formula to help you describe the set of points in the xy-plane satisfying 

each of the following inequalities, where r . 0.
a. 1x 2 h 2 2 1 1y 2 k 2 2 # r2

b. 1x 2 h 2 2 1 1y 2 k 2 2 , r2

c. 1x 2 h 2 2 1 1y 2 k 2 2 $ r2

d. 1x 2 h 2 2 1 1y 2 k 2 2 . r2

2. Consider the equation x2 1 y2 5 4.

a. Show that y 5 6"4 2 x2.
b. Describe the set of points 1x, y 2  in the xy-plane satisfying the equation

 (i)  y 5 "4 2 x2        (ii)  y 5 2"4 2 x2

  1.  a.  Plot the points A 14, 22 2 , B 12, 3 2 , and C 123, 1 2 .
 b.  Find the distance between the points A and B, between 

B and C, and between A and C.
 c.  Use the Pythagorean Theorem to show that the triangle 

with vertices A, B, and C is a right triangle.

  2.   Fuel Stop planning  The accompanying figure shows the 
location of Cities A, B, and C. Suppose a pilot wishes to 
fly from City A to City C but must make a mandatory 
stopover in City B. If the single-engine light plane has a 
range of 650 mi, can the pilot make the trip without 
refueling in City B?

x (miles)
100 200 300 400 500 600 700

y (miles)

300

200

100

B(200, 50)

A(0, 0)

C(600, 320)

Solutions to Self-Check Exercises 1.1 can be found on  
page 10.

1.1 self-check exercises

  1.   What can you say about the signs of a and b if the point 
P 1a, b 2  lies in (a) the second quadrant? (b) The third 
quadrant? (c) The fourth quadrant?

  2.   Refer to the accompanying figure.

x
O a

y

b P1(a, b)

a.  Given the point P1 1a, b 2 , where a . 0 and b . 0, plot 
the points P2 12a, b 2 , P3 12a, 2b 2 , and P4 1a, 2b 2 .

 b.  What can you say about the distance of the points 
P1 1a, b 2 , P2 12a, b 2 , P3 12a, 2b 2 , and P4 1a, 2b 2  from 
the origin?

1.1 concept Questions
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1.1 exercises

in exercises 1–6, refer to the accompanying figure and deter-
mine the coordinates of the point and the quadrant in which it 
is located.

x
1 3 5 7 9

y

3

1

B
A

–5  –3 –1

D

C–3

–5

–7

F

E

  1.  A 2.  B 3.  C

  4.  D 5.  E 6.  F

in exercises 7–12, refer to the accompanying figure.

2 4 6
x

y

4

2

B

A

–6 –4 –2

D

G–2

–4

F
E

C

  7.  Which point is represented by the ordered pair 14, 2 2?
  8.  What are the coordinates of point B?

  9.  Which points have negative y-coordinates?

10.  Which point has a negative x-coordinate and a negative  
y-coordinate?

11.  Which point has an x-coordinate that is equal to zero?

12.  Which point has a y-coordinate that is equal to zero?

in exercises 13–20, sketch a set of coordinate axes and then 
plot the point.

13.  122, 5 2  14.  11, 3 2
15.  13, 21 2  16.  13, 24 2

17.  A8, 27
2B 18.  A25

2, 32B
19.  14.5, 24.5 2  20.  11.2, 23.4 2
in exercises 21–24, find the distance between the points.

21.  11, 3 2  and 14, 7 2
22.  11, 0 2  and 14, 4 2
23.  121, 3 2  and 14, 9 2
24.  122, 1 2  and 110, 6 2
25.   Find the coordinates of the points that are 10 units away 

from the origin and have a y-coordinate equal to 26.

26.   Find the coordinates of the points that are 5 units away 
from the origin and have an x-coordinate equal to 3.

27.   Show that the points 13, 4 2 , 123, 7 2 , 126, 1 2 , and 
10, 22 2  form the vertices of a square.

28.   Show that the triangle with vertices 125, 2 2 , 122, 5 2 , and 
15, 22 2  is a right triangle.

in exercises 29–34, find an equation of the circle that satisfies 
the given conditions.

29.   Radius 5 and center 12, 23 2
30.   Radius 3 and center 122, 24 2
31.   Radius 5 and center at the origin

32.   Center at the origin and passes through 12, 3 2
33.   Center 12, 23 2  and passes through 15, 2 2
34.   Center 12a, a 2  and radius 2a

35.   tracking a criminal with gpS  After obtaining a warrant, 
the police attached a GPS tracking device to the car of a 
murder suspect. Suppose the car was located at the origin 
of a Cartesian coordinate system when the device was at-
tached. Shortly afterwards, the suspect’s car was tracked 
going 5 mi due east, 4 mi due north, and 1 mi due west 
before coming to a permanent stop.

 a.  What are the coordinates of the suspect’s car at its  
final destination?

 b.  What was the distance traveled by the suspect?
 c.  What is the distance as the crow flies between the 

original position and the final position of the suspect’s 
car?
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40.   coSt oF laying cable  In the accompanying diagram, S 
represents the position of a power relay station located on 
a straight coastal highway, and M shows the location of a 
marine biology experimental station on a nearby island. A 
cable is to be laid connecting the relay station at S with 
the experimental station at M via the point Q that lies on 
the x-axis between O and S. If the cost of running the  
cable on land is $3/running foot and the cost of running 
cable underwater is $5/running foot, find an expression in 
terms of x that gives the total cost of laying the cable. Use 
this expression to find the total cost when x 5 1500 and 
when x 5 2500.

x (feet)
O S(10,000, 0) Q(x, 0) 

y (feet)

M(0, 3000)M(0, 3000)

41.   purchaSing an hDtV antenna  Will Barclay wishes to de-
termine which HDTV antenna he should purchase for his 
home. The TV store has supplied him with the following 
information:

 Range in Miles

 VHF UHF Model Price

 30 20 A $50

 45 35 B  60

 60 40 C  70

 75 55 D  80

  Will wishes to receive Channel 17 (VHF), which is located 
25 mi east and 35 mi north of his home, and Channel 38 
(UHF), which is located 20 mi south and 32 mi west of his 
home. Which model will allow him to receive both chan-
nels at the least cost? (Assume that the terrain between 
Will’s home and both broadcasting stations is flat.)

42.   DiStance between two cruiSe ShipS  Two cruise ships leave 
port at the same time. Ship A sails north at a speed of 
20 mph while Ship B sails east at a speed of 30  mph.

 a.  Find an expression in terms of the time t (in hours) 
giving the distance between the two cruise ships.

 b.  Using the expression obtained in part (a), find the dis-
tance between the two cruise ships 2 hr after leaving 
port.

36.   planning a granD tour  A grand tour of four cities begins 
at City A and makes successive stops at Cities B, C, and 
D before returning to City A. If the cities are located as 
shown in the accompanying figure, find the total distance 
covered on the tour.

x (miles)
500

y (miles)

500

B (400, 300)

A(0, 0)–500

D (–800, 0)

C (–800, 800)

37.   will you incur a DeliVery charge?  A furniture store offers 
free setup and delivery services to all points within a 
25-mi radius of its warehouse distribution center. If you 
live 20 mi east and 14 mi south of the warehouse, will 
you incur a delivery charge? Justify your answer.

38.   optimizing traVel time  Towns A, B, C, and D are located 
as shown in the accompanying figure. Two highways link 
Town A to Town D. Route 1 runs from Town A to Town D 
via Town B, and Route 2 runs from Town A to Town D 
via Town C. If a salesman wishes to drive from Town A  
to Town D and traffic conditions are such that he could  
expect to average the same speed on either route, which 
highway should he take to arrive in the shortest time?

x (miles)
1000

y (miles)

1000

B (400, 300)

A (0, 0)

D(1300, 1500)C(800, 1500)

1
2

39.   minimizing Shipping coStS For a Fleet oF autoS  Refer to the 
figure for Exercise 38. Suppose a fleet of 100 automo-
biles are to be shipped from an assembly plant in Town A 
to Town D. They may be shipped either by freight train 
along Route 1 at a cost of 66¢/mile/automobile or by 
truck along Route 2 at a cost of 62¢/mile/automobile. 
Which means of transportation minimizes the shipping 
cost? What is the net savings?
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in exercises 47 and 48, determine whether the statement is true 
or false. if it is true, explain why it is true. if it is false, give an ex-
ample to show why it is false.

47.   If the distance between the points P1 1a, b 2  and P2 1c, d 2  is 
D, then the distance between the points P1 1a, b 2  and 
P3 1kc, kd 2  1k 2 0 2  is given by 0 k 0D.

48.   The circle with equation kx2 1 ky2 5 a2 lies inside the 
circle with equation x2 1 y2 5 a2, provided that k . 1 
and a . 0.

49.   Let 1x1, y1 2  and 1x2, y2 2  be two points lying in the xy- 
plane. Show that the distance between the two points is 
given by

 d 5 " 1x2 2 x1 2 2 1 1y2 2 y1 2 2
 hint: Refer to the accompanying figure, and use the Pythagorean 
Theorem.

y

x

y2 – y1

x2 – x1

(x1, y1)

(x2, y2)

50.   In the Cartesian coordinate system, the two axes are per-
pendicular to each other. Consider a coordinate system in 
which the x-axis and y-axis are noncollinear (that is, the 
axes do not lie along a straight line) and are not perpen-
dicular to each other (see the accompanying figure).

 a.  Describe how a point is represented in this coordinate 
system by an ordered pair 1x, y 2  of real numbers. Con-
versely, show how an ordered pair 1x, y 2  of real num-
bers uniquely determines a point in the plane.

 b.  Suppose you want to find a formula for the distance 
between two points, P1 1x1, y1 2  and P2 1x2, y2 2 , in the 
plane. What advantage does the Cartesian coordinate 
system have over the coordinate system under 
consideration?

x

y

O

43.   DiStance between two cargo ShipS  Sailing north at a 
speed of 25 mph, Ship A leaves a port. A half hour later, 
Ship B leaves the same port, sailing east at a speed of 
20 mph. Let t (in hours) denote the time Ship B has been 
at sea.

 a.  Find an expression in terms of t that gives the distance 
between the two cargo ships.

 b.  Use the expression obtained in part (a) to find the dis-
tance between the two cargo ships 2 hr after Ship A 
has left the port.

44.   watching a rocket launch  At a distance of 4000 ft from 
the launch site, a spectator is observing a rocket being 
launched. Suppose the rocket lifts off vertically and 
reaches an altitude of x feet, as shown below:

x

4000 ft

Rocket

Launching pad
Spectator

 a.  Find an expression giving the distance between the 
spectator and the rocket.

 b.  What is the distance between the spectator and the 
rocket when the rocket reaches an altitude of 20,000 ft?

45.  a.   Show that the midpoint of the line segment joining the 
points P1 1x1, y1 2  and P2 1x2, y2 2  is

 ax1 1 x2

2
, 

y1 1 y2

2
b

b.  Use the result of part (a) to find the midpoint of the 
line segment joining the points 123, 2 2  and 14, 25 2 .

46.   a ScaVenger hunt  A tree is located 20 yd to the east and 
10 yd to the north of a house. A second tree is located 
10 yd to the east and 40 yd to the north of the house. The 
prize of a scavenger hunt is placed exactly midway be-
tween the trees.

 a.  Place the house at the origin of a Cartesian coordinate 
system, and draw a diagram depicting the situation.

 b.  What are the coordinates of the position of the prize?
 c.  How far is the prize from the house?
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