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Preface
“The question of common sense is always, ‘What is it good for?’—a question which would 
abolish the rose and be answered triumphantly by the cabbage.”

—James Russell Lowell

These words seem to suggest that poet and editor James Russell Lowell (1819–1891) 
took Intermediate Algebra. How many times have your students asked, “What is it good 
for?” After years of responding “You’ll find out in the next course,” I began an ongoing 
quest to develop a more satisfying and substantial response to my students’ query.

This ongoing quest has led me to author three algebra texts and, most recently, a 
new Prestatistics text, A Pathway to Introductory Statistics. I have a passion for using 
authentic data, centered around a curve-fitting approach to help students learn in 
context.

Curve-Fitting Approach  Although there are many ways to center an Intermediate 
Algebra course around authentic applications, I chose a curve-fitting approach for several 
reasons. A curve-fitting approach

•	 allows great flexibility in choosing interesting, authentic, current situations to model.

•	 emphasizes concepts related to functions in a natural, substantial way.

•	 deepens students’ understanding of functions because it requires students to describe 
functions graphically, numerically, symbolically, and verbally.

•	 unifies the many diverse topics of a typical Intermediate Algebra course.

There is yet one more reason I chose a curve-fitting approach. Intermediate 
Algebra is meant to prepare some students for a Calculus STEM track and others for 
Statistics, Liberal Arts Math, and so on (non-STEM tracks). This is a great challenge 
because Calculus, Statistics, and so on are vastly different courses not only in content 
but also in the type of problem solving they require. Teaching algebra with curve fit-
ting empowers instructors to prepare students for all types of content and problem 
solving.

To fit a curve to data, students learn the following four-step modeling process:

1.	 Examine the data set to determine which type of model, if any, to use.

2.	 Find an equation of the model.

3.	 Verify that the model fits the data.

4.	 Use the model to make estimates and predictions.

This four-step process weaves together topics that are crucial to the course. 
Students must notice numerical patterns from data displayed in tables, recognize graph-
ical patterns in scatterplots, find equations of functions, graph and evaluate functions, 
and solve equations.

Not only does curve fitting foster cohesiveness within chapters, but it also creates a 
parallel theme for each chapter that introduces and discusses a new function. This struc-
ture enhances students’ abilities to observe similarities and differences among funda-
mental functions such as linear functions, exponential functions, logarithmic functions, 
quadratic functions, rational functions, and radical functions.

Curve fitting serves as a portal for students to see the usefulness of mathematics so 
they become fully engaged in the class. Once involved, students are more receptive to 
all aspects of the course.
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NEW TO THE SIXTH EDITION

Students will benefit from the following changes to the sixth edition of Intermediate 
Algebra: Functions and Authentic Applications:

•	 In previous editions, all authentic data sets in the print text were represented by 
similar, yet generic (inauthentic), data sets in MyLab Math to provide algorithmi-
cally generated similar exercises for students completing homework in MyLab Math. 
However, in the new edition, where possible, MyLab Math exercises maintain the 
authenticity of the data. This has been accomplished by sampling from a large data 
set to generate six authentic data sets that inherit the same trend.

•	 MyLab Math Exercises:  The number of skill, modeling, and conceptual exercises in 
MyLab Math has been increased to fully capture the spirit of the print textbook. In 
fact, for the first time ever, Related Review exercises (described later in the preface) 
will be assignable in MyLab Math.

•	 Large Data Sets:  Many students who use this textbook will not perform regression 
analysis in their careers, but some will work with large data sets. Such work will also 
help prepare students to take Statistics. With this in mind, new exercises that involve 
large data sets have been sprinkled throughout the textbook. They directly follow the 
heading “Large Data Sets.” The data sets consist of as many as thousands of rows and 
tens of columns of data.

•	  Downloadable Data Sets:  To support the appropriate use of technology when 
completing exercises and labs, data sets that consist of 16 or more data values can 
now be downloaded as Excel files at MyLab Math and at the Pearson Downloadable 
Student Resources for Math and Statistics website:

	 http://www.pearsonhighered.com/mathstatsresources. These data sets in MyLab Math 
can also be opened in StatCrunch. Exercises that involve such data sets are flagged in 
the print textbook by the icon .

•	 Augmented Data Sets:  To make the data sets as current and relevant as possible, 
172 data sets in examples and exercises have been augmented to include values for 
recent years.

•	 New Data Sets:  150 data sets in examples and exercises have been replaced with 
more compelling and contemporary topics such as immigration, legalization of mari-
juana, and trust in newspapers.

•	 Climate Change Labs:  All five Climate Change labs have been updated to address 
the latest data and political events concerning this incredibly important global 
issue.

•	 Graphing Calculator Instructions:  Appendix B, which consists of TI-83/TI-84 graph-
ing calculator instructions, was available only online in the previous edition. To make 
the appendix more accessible to students, it is now included in the textbook.

•	 StatCrunch Instructions:  Some departments that require StatCrunch for their Sta-
tistics courses introduce StatCrunch in their Intermediate Algebra courses. To sup-
port such departments, Appendix C, which contains StatCrunch instructions, has been 
added to the textbook.

•	 Section Opener Explorations:  Explorations that can be used at the start of a section 
have been moved from the preceding section to the current section. The new place-
ment will visually remind instructors to assign such explorations and make it easier 
for students to access them.

•	 Statistics Terminology:  To better support students who will take Statistics, the termi-
nology has been improved: The words scattergram, independent variable, and depen-
dent variable have been replaced with scatterplot, explanatory variable, and response 
variable.
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•	 Logarithm Preparation: The technique of converting expressions in exponential form 
to and from expressions in radical form has been added to Section 4.2 to better lay a 
foundation for logarithms in Chapter 5.

•	 Color: More color has been used to enhance connections between equations, graphs, 
tables, and coordinates of ordered pairs.

CONTINUED FROM THE FIFTH EDITION

Unique Organization  Some students find it hard to stay interested because they’ve 
“seen it all before” in Elementary Algebra. To address this issue, content that will be 
new to most students is presented in Sections 1.1, 1.4, and 1.6, as well as in most of 
Chapters 2–11. Section 1.1 sets the tone that this course will be different, interesting, 
alive, and relevant, inviting students’ creativity into the classroom.

Early Functions  Although some textbooks introduce functions early in the course, 
the concept is rarely included in subsequent sections, and when it is included, the treat-
ment is light. In this textbook, functions are introduced early (Section 1.6) and are 
emphasized throughout the book in meaningful ways such as by curve fitting, providing 
students with a solid foundation for subsequent courses such as Trigonometry, College 
Algebra, and Precalculus.

Early Logarithmic Functions  Unlike the organization in most textbooks, exponen-
tial functions and logarithmic functions are presented before polynomial functions, 
rational functions, and radical functions. The coverage of exponential functions directly 
follows that of linear functions so students can see the dual nature of these two func-
tions (by comparing the slope addition property with the base multiplier property). 
Professors who have used the preceding editions have commented over and over again 
how much they value an early-logarithm organization. Although rational functions and 
radical functions present their own challenges, most students have more difficulties with 
logarithmic functions, and it pays to have them learning about this concept while they 
still have energy.

Modeling Exercises  To give this sixth edition a current and lively feel, the vast  
majority of the hundreds of modeling exercises in the text have been updated or  
replaced. Most of the application exercises contain tables of data, but some describe 
data in paragraph form to give students practice in picking out relevant information and 
defining variables. Both types of applications are excellent preparation for subsequent 
courses (especially Statistics).

Group Explorations  All sections of this text contain one to three explorations that 
support student investigation of a concept. Instructors can use explorations as collab-
orative activities during class time or as part of homework assignments. The “Section 
Opener” explorations are meant to have students discover the section’s concepts at 
the start of class. The other explorations are designed to have students apply concepts 
they have learned in the section in new ways. Both types of explorations can empower  
students to become active explorers of mathematics and open the door to the wonder 
and beauty of the subject.
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Taking It to the Lab Sections  Laboratory assignments have been included at the 
end of most chapters to deepen students’ understanding of concepts and the scientific 
method. These labs reinforce the idea that mathematics is useful. They are also an  
excellent avenue for more in-depth writing assignments.

Some of the labs are about climate change and have been written at a higher read-
ing level than the rest of the text in order to give students a sense of what it is like to 
perform research. Students will find that by carefully reading (and possibly rereading) 
the background information, they can comprehend the information and apply concepts 
they have learned in the course to make estimates and predictions about this compel-
ling, current, and authentic situation.

Balanced Extensive Homework Sections  Most exercise sets contain a large num-
ber of modeling, skill, and conceptual exercises to allow professors maximum flexibility 
in setting assignments.

Related Review  These exercises (in every section of Chapters 4–11) relate current 
concepts to previously learned concepts. Such exercises assist students in seeing the 
“big picture” of the course. This exercise type is now also assignable in MyLab Math.

Expressions, Equations, Functions, and Graphs  These exercises (in every section  
of Chapters 4–11) help students gain a solid understanding of those core concepts,  
including how to distinguish among them.

Technology  The text assumes students have access to technology such as the TI-83 or 
TI-84 graphing calculator, Excel, or StatCrunch. Technology of this sort allows students 
to construct scatterplots and check the fit of a model quickly and accurately. It also  
empowers students to verify their results from Homework exercises and efficiently  
explore mathematical concepts in the Group Explorations.

The text supports instructors in holding students accountable for all aspects of 
the course without the aid of technology, including finding equations of models. 
(Regression equations are included in the Answers section because it can be difficult or 
impossible to anticipate which points a student will choose in trying to find a reasonable 
equation.)

Appendix A: Reviewing Prerequisite Material  Appendix A can be used to remind 
students of important topics typically addressed in an Elementary Algebra course. 
Examples and exercises are included in each section.

Appendix B: Using a TI-83 or TI-84 Graphing Calculator  Appendix B contains 
step-by-step instructions for using the TI-83 and TI-84 graphing calculators. A sub-
set of this appendix can serve as a tutorial early in the course. In addition, when the 
text requires a new calculator skill, students are referred to the appropriate section in 
Appendix B.

Appendix C: Using StatCrunch  Appendix C contains step-by-step instructions for 
using StatCrunch. The appendix describes how to enter data, construct scatterplots, and 
find regression equations.
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Exposition  If students can’t make sense of the prose, it doesn’t matter how precise 
it is. One of my top goals is to write descriptions that are straightforward, accessible, 
clear, and rigorous.

Tips for Success  Many sections close with tips that are intended to help students suc-
ceed in the course. A complete listing of these tips is included in the Index.

Additional Topics Chapter  Topics typically taught in Intermediate Algebra that can-
not be connected with a curve-fitting approach at the appropriate level are assembled 
in Chapter 11. Each section contains a Section Quiz feature. The union of these quizzes 
can be used as a set of review exercises for Chapter 11. Instructors who wish to “cut and 
paste” sections from that chapter into earlier chapters can append these quizzes to the 
appropriate Chapter Review exercises.
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GETTING IN TOUCH

I would love to hear from you and would greatly appreciate receiving your comments 
regarding this text. If you have any questions, please ask them, and I will respond.

Thank you for your interest in preserving the rose.

Jay Lehmann
MathNerdJay@aol.com



New! StatCrunch is a web-based 
statistical software available from 
within the MyLab Math course that 
students can use to easily analyze 
data sets from exercises and the text. 
Through StatCrunch users can access 
tens of thousands of shared data sets, 
create and conduct online surveys, 
perform complex analyses using the 
powerful statistical software, and 
generate compelling reports.

Conceptual Understanding and Motivation
New! Large Data Sets in exercises and explorations  
get students accustomed to working with as many as  
ten thousand rows of data.

Data sets that involve 16 or more values are available 
for download to support the appropriate use of 
technology. Noted with a  icon, these exercises 
are ideal for using technology, like StatCrunch or 
Excel, to analyze the data and synthesize concepts. 
In today’s age of “big data,” it’s important for students 
to see how technology can efficiently and accurately 
help when working with large data sets.

Resources for Success
Get the Most Out of MyLab Math
for Intermediate Algebra, Sixth Edition, by Jay Lehmann
When it comes to developmental math, one size does not fit all. Jay Lehmann’s Intermediate Algebra  
offers market-leading content written by an author-educator, tightly integrated with the #1 choice 
in digital learning—MyLab Math. MyLab Math courses can be tailored to the needs of instructors 
and students, while weaving the author’s voice and unique approach into all elements of the course. 
Learning mathematical concepts through authentic data comes through from the text to the MyLab 
course seamlessly.

Take advantage of the following resources to get the most out of your MyLab Math course.

pearson.com/mylab/math

110    CHAPTER 2   Modeling with Linear Functions

 f. Use the reciprocal of the slope to help you estimate the 
speed of the airplanes in units of miles per 

 g. For the distance 849 miles, there is a clump of data points 
that lie below the other data points for that distance. Use 
the coordinates of the lowest data point in the clump to es-
timate the speed (in miles per hour) of the airplane repre-
sented by that data point. Explain why an error was likely 
made in recording the coordinates of the data point (as 
well as the rest of the data points in the clump).

 54.  Access the data about heights and weights of the 2014 
draft for NBA basketball teams, which are available at MyLab 
Math and at the Pearson Downloadable Student Resources 
for Math & Stats website. Let 
W be the weight (in pounds) of a player.

 a. Construct a scatterplot of the data.
 b. Print your scatterplot and draw a linear model.
 c. Estimate the slope of the linear model. What does it mean 

in this situation?
 d. Estimate the weight of an 80-inch-tall player.
 e. Estimate the height of a 200-pound player.
 f. At 75 inches in height, Marcus Smart weighed 227 pounds. 

At 82 inches in height, Cameron Bairstow weighed  
252 pounds. On the basis of the linear model, which of the 
two players was heavier for his height? Explain.

Concepts

 55. If p increases steadily as  increases steadily, then the rate 
of change of p with respect to  is positive. Explain why this 
makes sense.

 56. If p decreases steadily as  increases steadily, then the rate 
of change of p with respect to  is negative. Explain why this 
makes sense.

 57. Explain the statement “Slope is a rate of change.” Give an 
example other than one of those given in the text.

 58. Give an example to illustrate that if the rate of change of one 
quantity with respect to another quantity is constant, then 
there is a linear relationship between the two quantities.

For each scenario, sketch a qualitative graph that relates the dis-
tance d from home (in miles) to the number of minutes t that have 
elapsed.

 49. A student drives at a constant speed. After a while, his favorite 
song plays on the radio, and he drives the rest of the way at a 
faster constant speed.

 50. A commuter drives toward work at a constant speed. She 
notices a police car and slows down to a slower constant speed. 
After a while, the police car exits, and the commuter quickly 
resumes driving at her original constant speed.

 51. A student drives toward school at a constant speed. After a 
while, she gets a flat tire, which takes some time to fix. She then 
continues to drive toward school, but at a faster constant speed 
to make up for lost time.

 52. A student drives toward school at a constant speed. After a 
while, he realizes he left his graphing calculator at home. He 
turns around and heads home at a faster constant speed in 
hopes of getting to class on time. After getting his calculator, 
he drives toward school at an even faster constant speed.

Large Data Sets

 53.  Access the data about airborne times and distances of 
Delta Airlines flights, which are available at MyLab Math and 
at the Pearson Downloadable Student Resources for Math & 
Stats website. Let T be the airborne time (in minutes) and D 
be the distance (in miles) for a flight.

 a. Construct a scatterplot of the data.
 b. Give a possible reason why the scatterplot consists of ver-

tically aligned clumps of data points.
 c. On the basis of just the scatterplot, guess whether Delta 

offers more routes that are less than 1000 miles or greater 
than 1000 miles. On the basis of just the scatterplot, why is 
it not possible to be sure?

 d. Print your scatterplot and draw a linear model.
 e. Estimate the slope of the linear model. What does it mean 

in this situation?

Climate Change Lab
Most scientists are greatly concerned that the average tem-
perature of the surface of Earth has increased by about 1°F 
from 1900 to 2000 (see Table 72). Although this increase 
may not seem like much, many scientists believe an increase 
as small as 3.6°F could be dangerous.

Because the planet’s average temperature increased by 
about 1°F in the past century, it might seem that it would take  
about another two-and-a-half centuries for Earth to reach a 
dangerous temperature level. However, the Intergovernmen-
tal Panel on Climate Change (IPCC), composed of hundreds 
of scientists around the world, predicted that Earth’s average 
temperature will rise 2.5°F to 10.4°F degrees Fahrenheit in 

Taking It to the Lab

the coming century.* Scientists from the United States and 
Europe have predicted that there is a 9-out-of-10 chance the 
global average temperature will increase 3°F to 9°F, with a 
range of 4°F to 7°F most likely.

One result of the last century of global warming is that 
glaciers are receding and ocean levels are rising.  For exam-
ple, NASA scientist Bill Krabill estimates that Greenland’s 
ice cap, the world’s second largest, may be losing ice at a 

*IPCC, 2001: Summary for Policymakers. Adapted by author.
†T. M. L. Wigley and S. C. B. Raper, “Interpretation of high projections for global-
mean warming,” Science 293 (5529): 451–454, July 20, 2001. Adapted by author.
‡National Snow and Ice Data Center, 2003.
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New! Select exercises with  
authentic data have been carefully 
revised to retain authentic data 
values, even when regenerating 
algorithmically. Oftentimes students 
sacrifice working with real-world 
data when they regenerate exercises 
with new values in MyLab Math. In 
this revision, the author has taken 
special care to ensure that many 
exercises’ algorithmic versions of 
the question still ask the student to 
work with actual data pulled from 
real-world situations.

Updated! The video program provides students 
with extra help for each objective of the textbook. 
The videos highlight key examples, and a modern 
interface allows easy navigation. Videos have 
been updated to reflect all changes in the current 
edition.

Personalized Learning  
and Preparedness
New! Skill Builder exercises offer 
just-in-time additional adaptive practice. 
The adaptive engine tracks student 
performance and delivers questions 
to each individual that adapt to his or 
her level of understanding. This new 
feature allows instructors to assign 
fewer questions for homework, allowing 
students to complete as many or as 
few questions needed.

Enhanced Sample Assignments make course set-up easier by giving instructors a starting point for 
each section and chapter. Homework assignments have been carefully curated for this specific text 
and include a thoughtful mix of question types. Find these sample assignments in the Assignment 
Manager, under Copy and Assign Sample Assignments.

pearson.com/mylab/math



Resources for Success
Instructor Resources
The following instructor resources are available 
to download from the Instructor Resource Center 
at www.pearson.com, or in your MyLab Math 
course.

Instructor’s Resource Manual
This manual, written by the author, contains 
suggestions for pacing the course and creat-
ing homework assignments. It discusses how 
to incorporate technology and how to struc-
ture project assignments. The manual also 
contains section-by-section suggestions for 
presenting lectures and for undertaking the 
explorations in the text.

Power Points
These fully editable lecture slides include defi-
nitions, key concepts, and examples for use 
in a lecture setting and are available for each 
section of the text.

Instructor’s Solutions Manual
This manual includes complete solutions to 
the even-numbered exercises in the text.

TestGen
TestGen enables instructors to build, edit, 
print, and administer tests by using a com-
puterized bank of questions developed to 
cover all the objectives of the text. TestGen 
is algorithmically based, allowing instructors 
to create multiple, but equivalent, versions of 
the same question or test with the click of a 
button. Instructors can also modify test-bank 
questions or add new questions. Tests can be 
printed or administered online. The software 
and test bank are available for download from 
Pearson’s online catalogue.

Student Resources
New! Concepts and Explorations 
Notebook: Working with Authentic 
Data
This new compelling resource for students 
correlates to the text and provides students 
with opportunities to dig into data and solve 
problems using pencil and paper. The work-
book includes:

•	 Explorations that offer collaborative activi-
ties to support discovery of key concepts.

•	 Modeling exercises with authentic data that 
give students more practice on this multi-
faceted concept, that can be sometimes 
hard to fully accomplish through MyLab 
Math.

•	 Projects that can be either open-ended 
or more guided, and ask students to dig 
deeper into a data set and think critically.

•	 Graphing exercises that ask students to 
practice graphing on their own, beyond 
what they do in MyLab Math.

•	 Mini-Essay questions that prompt students 
to think conceptually, also beyond what 
they do in MyLab Math!

Student’s Solutions Manual
This manual contains the complete solutions 
to the odd-numbered exercises in the Home-
work sections of the text.

pearson.com/mylab/math



To the Student
You are about to embark on an exciting journey. In this course, you will learn not only 
more about algebra but also how to apply algebra to describe and make predictions 
about authentic situations. “Authentic situations” might make you think twice, but this 
just means situations that are really happening in the world. This text contains data that 
describe hundreds of these situations. Most of the data have been collected from recent 
publications, so, the information is current and of interest to the general public. There 
is data about wearable devices, success in school, climate change, sports, and so on. I 
hope it interests you too.

Working with authentic data will make mathematics more meaningful.  While 
working with data about authentic situations, you will learn mathematical concepts that 
will be easier to learn because they will be connected to familiar contexts. And you will 
see that almost any situation can be viewed mathematically. That vision will help you 
understand the situation and make estimates and/or predictions.

Many of the problems you will explore in this course involve data collected in a 
scientific experiment, survey, or census. The practical way to deal with such data sets is 
to use technology. So, a graphing calculator or computer system is required.

Analyzing authentic situations is a lifelong skill.  We are living in the “age of data.” 
In addition to working with data sets in this text, your instructor may assign some of 
the labs. Here you will collect data through experiment or research. This will give you a 
more complete picture of how you can use the approaches presented in this text in ev-
eryday life, and likely in your lifelong careers. Being able to work with and understand 
data can lead to higher-paying jobs and success.

Hands-on explorations are rewarding and fun.  This text contains explorations 
with step-by-step instructions that will lead you to discover concepts, rather than hear 
or read about them. Because discovering a concept is exciting, it is more likely to leave 
a lasting impression on you. Also, as you progress through the explorations, your abil-
ity to make intuitive leaps will improve, as will your confidence in doing mathematics. 
Over the years, students have remarked to me time and time again that they never 
dreamed that learning math could be so much fun.

This text contains special features to help you succeed.  Many sections contain 
a Tips for Success feature. These tips are meant to inspire you to try new strategies to 
help you succeed in this course and future courses. If you browse through all the tips 
early in the course, you can take advantage of as many of them as you wish. Then, as 
you progress through the text, you’ll be reminded of your favorite strategies. A com-
plete listing of Tips for Success is included in the Subject Index.

Other special features that can support you include Warnings, which can help you 
avoid common misunderstandings; Key Points summaries, which can help you review 
and retain concepts and skills addressed in the chapter you have just read; Related 
Review exercises, which can help you understand current concepts in the context of 
previously learned concepts; and Expressions, Equations, Functions, and Graphs exer-
cises, which can help you understand and distinguish among these four core concepts.

Feel free to contact me.  It is my pleasure to read and respond to e-mails from stu-
dents who are using my text. If you have any questions or comments about the text, feel 
free to contact me.

Jay Lehmann
MathNerdJay@aol.com
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Writing a modeling text is an endurance run I couldn’t have completed without the 
dedicated assistance of many people. First, I’m greatly indebted to Keri, my wife, who 
yet again served as an irreplaceable sounding board for the countless decisions that 
went into creating this book.

I acknowledge several people at Pearson Education. I’m very grateful to Editor-
in-Chief Michael Hirsch, who has shared in my vision for this text and made significant 
investments to make that vision happen. The book has been greatly enhanced through the 
support of Senior Acquisitions Editor Rachel Ross, who made a multitude of contribu-
tions, including assembling an incredible team to develop and produce this text. The team 
includes Content Producer Tamela Ambush, who handled countless tasks to support me 
in preparing the manuscript for production, leading to a significantly better book.

Heartfelt thanks goes to Project Managers Thomas Russell and Erin Hernandez, 
who both orchestrated the many aspects of production.

And thanks to Rick Gilbert for the awesome photograph in the “To the Student” 
section of the author performing with his band, The Procrastinistas, at the Hotel Utah 
in San Francisco.

I thank these reviewers, whose thoughtful, detailed comments helped me sculpt this 
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acoustics. See also physics

frequency
of notes on a piano, 222–223
of tuning fork, 575
of vibrating guitar string, 

564, 565
fret positions of a bass guitar, 

248
loudness of sound, 283–284, 

297–298
aeronautics and astronomy

calcium loss in weightless 
environment, 298

escape velocity, 600
masses and equatorial radii of 

Earth, Moon, and Jupiter, 
600

period of a planet, 593
weight of an astronaut, 560, 565

age. See also demographics and 
population

adopted infants showing prob-
lems after separation, 625

Americans who are obese, 
percentages by age group, 
410

Americans who forgot to do 
something special on 
Valentine’s day, 476–477

Americans who say they 
volunteer by age group, 
467, 475

Americans who thought the 
wallet or purse would be 
returned with the money 
by age group, 576, 624

Americans 18 years or older 
who are married, 93

credit scores of Americans by 
age group, 276

diabetes diagnosis by age 
group, 79, 95, 263

Halloween party attendance by 
age group, 243–244

of Harley-Davidson riders, 
487–488

height and, 567
median at first marriage, 477
median of immigrants, 467–468, 

477
of men at first marriage, 2
mental functioning and, 

148–149
of motor vehicles and costs of 

repairs, 6
movie attendance by age 

group, 276
pregnancy rates for American 

women by age group, 410
seniors with severe memory 

impairment, 300
striped bass age and length, 78

agriculture. See also food and 
nutrition

gross national product versus, 
245–246

honeybees and herbicides, 109
milk yield of average cow, 512
tobacco farms, number of, 242
U.S. oat production, 81
values and acres of U.S. 

farmland, 348
air travel

airline fatalities worldwide, 78
altitude

of hot-air balloon, 16, 35, 103
time after takeoff and, 6

bird species involved in airline 
bird strikes, 73–74

climbing steepness, 25
commercial airline boardings 

on domestic flights, 
numbers of, 93

Delta Airlines, 110
distances traveled by an 

airplane, 103, 108, 110
domestic airline fuel prices, 466
firearm discoveries at U.S. 

airports, 239
laser incidents involving air-

craft, 624
revenue and profits from char-

ter flights, 473–474, 478
animals and pets

bald eagle nests in New Jersey, 
206–207

bird species involved in airline 
bird strikes, 73–74

cricket chirping rates and 
temperature, 94, 106, 264

deer population, 5
dog life expectancies and 

maximum weights, 109
dusky gopher frog, 241
honeybees and herbicides, 109
Pacific albacore tuna weight and 

mercury concentration, 78
striped bass age and length, 78
weights of mako sharks, 452

archaeology
dating a mummy, 301
dating of mummified bull, 324
dating wood tool, 301

area. See geometry
astronomy. See aeronautics and 

astronomy
automobiles. See motor vehicles
aviation. See air travel

B
banking. See finance and banking
biology. See also animals and pets

bacterial population, 234, 297
faintest sound humans can 

hear, 206

first evidence of life on Earth, 
206

half-life of caffeine in 
bloodstream, 242, 301–302

hydrogen ion concentration in 
human blood, 206

leaves on trees, 254, 322
nerve conduction in muscles, 

564
species in existence and 

deforestation, 6
timber harvest in Tongass 

National Forest, 298
business. See also costs; 

employment; prices; 
revenue and profits; 
sales

advertising, 564
Americans who feel they are 

taking a great risk by 
entering personal infor
mation into a pop-up ad, 489

cost of Super Bowl ads, 3, 
195, 247

digital ad spending, 298
Internet advertising 

revenues, 390
spending and albums sold, 

4, 567
spending on digital and 

nondigital, 173
spending on NCAA March 

Madness, 120
spending on online and print 

newspaper ads, 150
Amazon shipping revenues and 

costs, 253–254
annual revenue of a company, 

108
bank failures, 242
brewpubs, number of U.S., 106
chapter 7 bankruptcies, 72
cities where Uber operates, 253
companies with B2 rating that 

defaulted on bonds, 391
conference room rental, 574
depreciation of cars, 145–146, 

149, 150, 173
drug testing, 6
farmers markets, number of, 120
Fortune 1000 board seats filled 

by women, 102–103
foundations that compensate 

all their board members, 
583, 615

Gold’s Gym payment options, 
150

IRS standard mileage rates for, 
118–119

market share
of automakers, 151
of crossover SUVs among all 

new cars, 435

Samsung’s and LG 
Electronic’s global of 
LCD TV shipments, 337

oil production, 107
shipment levels of laptops and 

desktop PCs, 399
solar installations, 467, 477–478
specialty bicycle stores, 

464–465
Starbucks stores worldwide, 

numbers of, 243
union members who work in 

manufacturing, 491
value of company, 103
value of 3D-printing market, 

297
Wikipedia revenues and 

expenses, 665
workers who prefer a female 

boss over a male boss, 95

C
chemistry. See also physics

half-life of substances, 235–236, 
242, 246, 296, 301–302, 303, 
322, 532

hydrogen ion concentration, 
284

solutions
acid, 158–159, 162, 664
alcohol, 159, 162–163
antifreeze, 162, 192
hydrogen ion concentration 

of, 284
communication. See also 

computers and Internet
audio podcast listeners, 106
cell phones

average monthly bills and 
numbers of subscribers, 
327, 348

average time to upgrade, 
88–89

monthly smartphone data 
consumption, 490–491

monthly traffic per 
smartphone, 241

revenues from mobile wire-
less service, 545–546

subscription rates, world-
wide, 472–473, 474

chain letters, 657
daily time spent watching 

television and media 
content on mobile devices 
by Americans, 192

e-mails sent daily, number of 
worldwide, 269–270

households with phone land-
lines and those with only 
wireless phones, 191

MCI charges for calls, 106
online radio listeners, 69
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prank e-mails, 247
profile page on social network, 

60, 71
rumor spreading, 240, 297, 647, 

657
social networking sites
telephone subscription rates, 

worldwide, 472–473, 474
texting multiple times per day, 

64–66
WhatsApp and Facebook 

active users, 151
computers and Internet. See 

also communication; 
entertainment, leisure, 
and recreation

advertising, spending on digital 
and nondigital, 173

Americans who feel they are 
taking a great risk by 
entering personal informa-
tion into a pop-up ad, 489

audio podcast listeners, 106
complaints of Internet crime 

reported to IC3, 391
digital ad spending, 298
in DRAM half pitch, 303
e-mails sent daily, number of 

worldwide, 269–270
Google searches per day, 399
Google’s index, 240–241
Internet advertising revenues, 

390
Internet users, number of

U.S., 500–501, 537, 607, 617
worldwide, 70

online radio listeners, 69
percentages of Americans who 

get their news every day 
from newspapers and from 
Internet, 488

percentages of Americans who 
use the Internet, 129–130

prize monies from e-sports, 
255, 316

profile page on social network, 
60, 71

revenues from digital music 
and all music, 503

shipment levels of laptops and 
desktop PCs, 399

social networking sites
Spotify users, 6
tax returns filed online, 70
U.S. adults who own a tablet 

computer, 607, 616–617
WhatsApp and Facebook 

active users, 151
workers who use computers on 

the job, 470–472
contests. See entertainment, 

leisure, and recreation
costs. See also prices

of auto repair, 6
of bus charter, 549
of car manufacturer, 549
of classified documents, 78

comparable to $10,00 in 1980, 
302–303

of dining out, 548
of federal elections, 632
of gasoline used, 263
health insurance costs for 

single-person coverage, 
539–540

music CD, 542–543, 549
Nutrisystem® versus Weight 

Watchers®, 150
of party, 549
of pencils, 5
per inmate, 344–345
of postage, 640
of reunion, per-person, 549
of Super Bowl ads, 3, 195, 247
of violence, worldwide, 120

crime. See also law and law 
enforcement

chain letters, 657
complaints of Internet crime 

reported to IC3, 391
cost of violence, worldwide, 120
crime indexes, 81
ex-convicts who have been 

arrested for a new crime, 
625

fraud complaints, 254
identity theft, 104

D
demographics and population. 

See also age; society
American college students who 

are minorities, 468
Americans who live in rural 

areas, 245
bald eagle nests in New Jersey, 

206–207
China population, 317–318, 480
deaths

airline fatalities worldwide, 78
cremations, number of, 275
executions from death 

penalty, 104–105, 
191–192

from heart disease, 400
infant mortality, 294–295
from lightning, 245
of male bicyclists younger 

than 20 who were hit by 
motor vehicles, 193

deer, 5
of dividing bacteria, 234, 297
dog breed life expectancies and 

maximum weights, 109
foreign-borne children 

adopted by American 
parents, 199

foreign born individuals in 
United States, 6

Fortune 1000 board seats filled 
by women, 102–103

India population, 317–318
Latinos who are registered to 

vote and eligible to vote, 
503, 539

life expectancies
at birth, 79–80, 93, 626
of females at birth and at age 

20 years, 180–181
by gender and year of birth, 

121–122, 144, 174
of males at birth and at age 

20 years, 183
of Manhattan, 549
marriage

age of men at first marriage, 2
Americans 18 years or older 

who are married, 93, 106
births outside marriage, 79, 

92, 263, 275
median ages at first mar-

riage, 477
percentages of women and 

men who are married, 
79, 92, 147–148

median ages of immigrants, 
467–468, 477

multigenerational households, 
percentage of Americans 
living in, 392

Nevada’s population, 107, 275
number of households, 

347–348, 550
NYC Marathon finishers who 

are women, 326
people living in the United 

States who are immigrants, 
410

percentages of Americans who 
are uninsured, 422

police officers who are women, 
452

population of a city, 108
rural areas, percentage of 

world population living in, 
106–107

United States population, 
244–245, 394, 400, 467, 476, 
480, 568

U.S. Latino television 
households, 78

women and men who earned 
bachelor’s degrees, 551

women and men who live 
alone, 551

women 16 years and over who 
work, 407–408

world population, 240, 243, 299, 
393–394, 568

distance. See also length; 
steepness; transportation 
and travel

across a lake, 684
of airplane travel, 103, 108, 110
braking, 564, 585
descent of hot-air balloon, 16, 

35, 103
in DRAM half pitch, 303
driving time, 6, 16–17, 34, 98–100, 

105, 108, 120, 546–548, 552, 
562–564, 567, 574–575

equatorial radii of Earth, 
Moon, and Jupiter, 600

to horizon at altitudes, 599
illumination from a light bulb, 

566–567, 568–569
intensity of radiation, 564
intensity of television signal, 565
from lightning, 564
Los Angeles to Reno to 

Albuquerque to Los 
Angeles, 684

of moon from Earth, 206
reaction and braking, 336–337
of runner at given time, 58
Salt Lake City to Omaha to 

Helena to Salt Lake City, 
684

student to wall, 115
train travel, 105

E
economics. See also finance and 

banking
Americans who said they were 

upper middle class or 
middle class, 105

consumer confidence index, 
451–452

federal debt, 245, 295–296
owed to foreigners, 435

first-week closes in March of 
the Dow Jones Industrial 
Average, 617

GDP, 62, 112–113, 394, 564
gross national product versus 

agriculture, 245–246
inflation, 302–303
national health spending, 322
people worldwide living in 

extreme poverty, 95
September long-term jobless 

rates, 475
transactional demand, 564
unemployment rate, 105

education. See also tests and 
testing

college
adults who have completed 

four or more years of 
college, 130, 147

interest rate on subsidized 
student loans, 68

Intermediate Algebra, 
percentage of students 
succeeding in, 81, 95

new textbook sales, 242
number of colleges, 243, 298, 

550–551
men’s, 243, 298

numbers of faculty members, 
347

salaries
average of faculty 
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of professors at public 

colleges and 
universities, 85–87, 106

University of Maine System, 
78

U.S. dental schools, 78

communication (continued)
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women and men who earned 
bachelor’s degrees, 551

college enrollment
acceptance of applicants 

by early decision 
and regular decision, 
300–301

American college students 
who are minorities, 468

College of San Mateo inter-
national enrollments, 
468

DeVry University, 97–98
Iraqi students at U.S. 

colleges and universi-
ties, 297

ITT Educational Services, 
105

of men and all students, 503, 
509

number of years college has 
been open, 35

parental income and 
percentage of children 
who attend college, 1–2

women and men at U.S. 
colleges and universities, 
333–334

college tuition/costs
average, 246
credit hours and, 564
Southeastern Louisiana 

University, 105, 316
Tacoma Community College, 

105
Triton College, 105

households with outstanding 
student debt, 401, 422, 475

public school per-student 
expenditures, 95
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costs of federal, 632
labor union campaign 

spending, 104
Latinos who are registered to 

vote and eligible to vote, 
503, 539

percentages of registered 
voters who vote in 2014 by 
income groups, 617

vote-counting systems, 477
electricity

all-electric cars registered in 
United Kingdom, 241

current flowing in an electric 
circuit, 564

from natural gas, 150
plug-in electric cars registered 

in United Kingdom, 241
sales of battery-electric 

vehicles, 241
elevation

altitude and pressure, relation-
ship between, 107–108

boiling point of water, 71
sea level rise, 97

employment. See also business
coal miners employed, 479

drug testing, 6
hours worked and weekly 

income, 89–90
NFL Pro Bowl player payment, 

105
paid vacation days and 

holidays, 465
personal incomes from 

government jobs and 
private industries, 107

salary
of faculty at colleges and 

universities, 347
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colleges and universities, 
85–87, 106
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rates, 475

unemployment rate, 105
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manufacturing, 491
women 16 years and over who 

work, 407–408
workers who prefer a female 

boss over a male boss, 95
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the job, 470–472
energy. See also motor vehicles

coal miners employed, 479
electricity from natural gas, 150
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3000-TEU ship, 552–553
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and imported cars, 148
gas mileage compared with 

road grades, 491
nuclear accidents, 235–236
oil production, 107
oil spill, 206
solar installations, 467, 477–478
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wind-generating capacities, 

worldwide, 479
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recreation. See also 
music; sports; television

aerobics, 173
Americans who vacation, by 

month, 467
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of, 646–647
audio podcast listeners, 106
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beach attendance and 

temperature, 6
bowling, 173
concert ticket price and total 

revenue, 153–155, 160–161, 
191, 192, 325

contest winnings, 658
cost of tickets and parking at 

amusement park, 109

daily time spent watching 
television and media 
content on mobile devices 
by Americans, 192
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deaths of male bicyclists 

younger than 20 who were 
hit by motor vehicles, 193

digital ad spending, 298
Disneyland Resort, 106
gambling online and at 

traditional casinos, 149
global revenues from e-books, 

275
Gold’s Gym payment options, 
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Grand Canyon visitors, 60–63, 

67–68
lottery winnings, 567, 656
movies

attendance by age group, 276
box office amounts and 

tickets sold, 492, 550
box office revenues, 391

online radio listeners, 69
party costs, 549
prize monies from e-sports, 

255, 316
slot machines and other mobile 

gaming devices in Nevada 
casinos, 664

specialty bicycle stores, 
464–465

video games
Nintendo worldwide 

handheld video game 
sales, 104

title releases, 435
U.S. and worldwide revenues, 

109
Walt Disney World adult 

one-day ticket, 323
wearable devices, 1, 71
wooden roller coasters, 96
World Series of Poker main 

event prize money, 298
environment. See also global 

warming
aluminum can recycling, 106
clarities of Lake Tahoe, 466, 478
oil spill, 206
ozone levels and temperature, 

303
Pacific albacore tuna 

weight and mercury 
concentration, 78

rare earth metals, 109
sea level rise, 97
timber harvest in Tongass 

National Forest, 298

F
finance and banking. See also 

business; economics; 
taxes

Americans average annual 
expenditures, 422–423

bank failures, 242

car owners who owe more 
money on their vehicles 
than it is worth, 627

companies with B2 rating that 
defaulted on bonds, 391

contest winnings, 658
costs

auto repair, 6
cell phone charges for calls, 

106
comparable to $10,00 in 

1980, 302–303
credit card, 120
Disneyland Resort parking 

and tickets, 106
Honda Civic® purchase, 6
Milky Way bar, 106
of violence, worldwide, 120

credit scores of Americans, 276
depreciation of cars, 145–146, 

149, 150, 173
e-commerce spending on 

Cyber Monday, 550
federal debt, 245, 295–296

owed to foreigners, 435
first-week closes in March of 

the Dow Jones Industrial 
Average, 617

foundations that compensate 
all their board members, 
583, 615

Gold’s Gym payment options, 
150

household debt, 105
households with outstanding 

student debt, 401, 422, 475
income

American adults who watch 
cable television by 
income group, 620–621

annual of all households, 550
car ownership and, 6
federal taxes and, 6
median U.S. personal, 118
parental and percentage of 

children who attend 
college, 1–2

percentages of registered 
voters who vote in 2014 
by income groups, 617

personal incomes from 
government jobs and 
private industries, 107

personal in Hawaii, 150
personal in Illinois, 150–151

inflation, 302–303
interest earned, 155–157, 

161–162, 191, 194, 234–235, 
241–242, 247, 253, 293–294, 
297, 303, 322, 490

interest rate on subsidized 
student loans, 68

lottery winnings, 567, 656
money conversions, 262–263
national health spending, 322
percentages of new vehicle 

purchases that are leases 
in the first quarter, 640
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prize monies from e-sports, 
255, 316

purchases made by cash and 
debit cards, 129

rentals
beach house, 504
conference room, 574
dance hall for reunion, 548
demo ski rental packages, 

79, 93
restaurant for reunion, 549
truck, 163–164, 170–171, 173, 

186, 191, 325
Saks Fifth Avenue® gift cards, 

300
tax returns filed online, 70
transactional demand, 564
truck rental, 163–164, 170–171, 

173, 186, 191, 325
wealth of richest and poorest 

people, 193–194
food and nutrition. See also 

agriculture; health
bottled water, per-person 

consumption of, 449–450
brewpubs, number of U.S., 106
capacity of a circular food 

plate, 6
cheese sales, U.S., 544
chicken and red meat con-

sumption, 129, 147, 174, 
336, 574

coffee consumption, 509–510
cooking time and temperature, 5
cost of dining out, 548
farmers markets, number of, 

120
french fries consumed annually, 

262
Irish Whiskey sales, 665
lasagna preparation time, 6
milk consumption, 552
Milky Way bar, 106
number of weekly shopping 

trips to grocery store, 79, 92
Nutrisystem® versus Weight 

Watchers® costs, 150
per-person consumption of 

milk and soft drinks, 
average annual, 148

pizza
carbohydrates and calories 

in, 69
price and diameter, 566
price of medium, 108

prices at Major League 
Baseball stadiums, 69

restaurant revenues, 386–387, 
478, 662

sales for at home and away 
from home, 173

Starbucks stores worldwide, 
numbers of, 243

Supplemental Nutrition 
Assistance Program 
(SNAP), average 
participation in, 502

temperature
cooling of hot potato, 315
of cup of coffee, 3–4,  

316, 567
of tea, 316

G
games. See entertainment, leisure, 

and recreation
gardens

area, 387–388, 419–421, 
423–424, 487

dimensions, 392, 423–424
geometry

angle of clock hands, 6
area
circle, 6, 567

rectangle, 387–388, 392, 399, 
478, 487, 567

capacity of a circular food 
plate, 6

circle
area of, 567
circumference of, 567

diameter of inflated balloon, 6
equatorial radii of Earth, 

Moon, and Jupiter, 600
radii and masses of ball 

bearings, 574
rectangle

area, 387–388, 392, 399, 478, 
487, 567

dimensions, 392, 400, 478
television screen dimensions, 

684
square

area of, 567
volume

of sphere, 564
unit conversions, 260, 

509–510, 512–513
global warming. See also environ-

ment
carbon emissions, 111–114, 

184–185, 393–394,  
480, 568

temperature of Earth’s surface, 
110–111, 113

government. See also elections; 
law and law 
enforcement; taxes

cost of classified documents, 78
federal debt, 245, 295–296

owed to foreigners, 435
federal pension outlays, 104
filibuster motions filed, 476
IRS standard mileage rates for 

business, 118–119
number of words in federal tax 

code and regulations, 95
personal incomes from govern-

ment jobs and private 
industries, 107

Supplemental Nutrition 
Assistance Program 
(SNAP), average 
participation in, 502

tax returns filed online, 70

U.S. Department of Defense 
spending, 409–410

vote-counting systems, 477

H
health. See also food and 

nutrition; insurance; 
medicine

adopted infants showing prob-
lems after separation, 625

adults ever diagnosed with 
high cholesterol, 462–463

births despite contraception, 
626

calcium loss in weightless 
environment, 298

community health center orga-
nizations and patients, 575

deaths
airline fatalities worldwide, 78
executions from death 

penalty, 104–105, 
191–192

from heart disease, 400
infant mortality rate, 

294–295
from lightning, 245
of male bicyclists younger 

than 20 who were hit by 
motor vehicles, 193

diabetes diagnosis by age 
group, 79, 95, 263

flu epidemic, 240
Gold’s Gym payment options, 

150
happiness ratings, 626
hearing loss, 297
heart rates and lactate 

concentration, 246
insurance

Children’s Health Insurance 
Program (CHIP), 96

costs for single-person 
coverage, 539–540

life expectancies
at birth, 79–80, 93, 626

of females at birth and at age 
20 years, 180–181

by gender and year of birth, 
121–122, 144, 174

of males at birth and at age 
20 years, 183

mental functioning and age, 
148–149

national spending on, 322
Nutrisystem® versus Weight 

Watchers® costs, 150
Pacific albacore tuna weight 

and mercury concentra-
tion, 78

percentages of Americans who 
are obese, 410

per-person spending on health 
care, 242, 626

polio cases worldwide, 299
pregnancy rates for American 

women, 410
radiation sickness, 235–236

risks of breast cancer diagnosis, 
466

risks of having heart attack, 244
seniors with severe memory 

impairment, 300
smokers, percentage of, 6, 

76–77, 87–88, 106, 173
tuberculosis cases, 326

height. See also steepness
age and, 6, 567, 633
altitude of hot-air balloon, 16, 

35, 103
apparent of car garage, 566
of batted baseball, 422, 452, 487, 

489, 567
bounce

of golf ball, 114–115, 
553–556, 561

of racquetball, 556, 565–566
of rubber ball, 646, 659–660
of tennis ball, 556

of boys, median, 633
of cable, 316
of cliff, estimating, 564
of dropped tennis ball, 6
falling time of dropped 

baseball, 625
of fireworks shell launched, 419
NBA players, 110
of stacked cups, 660
of stone thrown, 422, 452
of tossed softball, 481
of tossed tennis ball, 475–476
unit conversions, 512
of water in cylinder, 481–482

I
income. See finance and banking, 

income
insurance

health
Children’s Health Insurance 

Program (CHIP), 96
costs for single-person 

coverage, 539–540
life, 244, 301
percentages of Americans who 

are uninsured, 422
Internet. See computers and 

Internet
investment. See economics; 

finance and banking

L
law and law enforcement. See also 

crime
costs per inmate and number 

of inmates, 344–345
death sentences, 191–192
ex-convicts who have been 

arrested for a new crime, 
625

executions from death penalty, 
104–105, 191–192

FBI background searches for 
firearm purchases, 321

firearm discoveries at U.S. 
airports, 239

finance and banking (continued)
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percentages of Americans who 
think marijuana should be 
legal, 423

police officers who are women, 
452

prisoners and releases from 
prisons, 540

prisoners at Guantanamo Bay 
detention center, 237

undocumented Mexican 
migrants apprehended at 
the border, 646, 658

leisure. See entertainment, 
leisure, and recreation

length. See also geometry
ISO paper-size system, 599–600
of ladder, 684
period of a pendulum and, 628
rubber band stretched by tape 

cassettes, 322
of running course, 6
unit conversions, 262, 263, 509, 

513

M
media and news. See also 

television
morning dailies and evening 

dailies, numbers of, 551
newspaper circulations, 149
percentages of Americans who 

buy newspapers, 423
percentages of Americans who 

get their news every day 
from newspapers and from 
Internet, 488

revenues of CNN and Fox 
News Channel, 664–665

spending on online and print 
newspaper ads, 150

trust in newspapers, 104
medicine. See also health

adults ever diagnosed with 
high cholesterol, 462–463

arthritis drugs, 127
beds available for psychiatric 

patients, 323–324
community health center 

organizations and patients, 
575

diabetes diagnosis by age 
group, 79, 95, 263

flu epidemic, 240
HIV cases acquired at birth, 490
national health spending, 322
per-person spending on health 

care, 242
polio cases worldwide, 299
radiation sickness, 235–236
radiation treatment, 301, 532, 

564
risks of breast cancer diagnosis, 

466
seniors with severe memory 

impairment, 300
tuberculosis cases, 326
U.S. dental schools, 78

military
U.S. Department of Defense 

spending, 409–410
miscellaneous

adopted infants showing prob-
lems after separation, 625

Americans who are satisfied 
with their lives, 626

Americans who thought the 
wallet or purse would be 
returned with the money, 
percentage of, 576, 624

ancestors, number of, 646, 657
happiness ratings and country’s 

per-person GDP, 626
number of names in a sculp-

ture, 639
radii and masses of ball 

bearings, 574
shopping on Thanksgiving 

weekend, 298
squeezes to empty household 

glass cleaner bottle, 639
thickness of folded paper, 318

motor vehicles. See also energy; 
transportation and travel

accidents
age and costs of repairs, 6
ages of Harley-Davidson riders, 

487–488
all-electric cars registered in 

United Kingdom, 241
braking distance, 564, 585
car owners who owe more 

money on their vehicles 
than it is worth, 627

collisions at highway-railroad 
crossings, 70

costs of car manufacturer, 549
deaths of male bicyclists 

younger than 20 who were 
hit by motor vehicles, 193

depreciation of cars, 145–146, 
149, 150, 173

diesel-powered light vehicle 
sales, U.S., 624

Ferrari car sales, 78
fuel efficiencies of domestic 

and imported cars, 148
gas consumption, 6, 16–17, 34, 

101, 105, 118, 263
gas mileage, 72–73, 512
gas mileage compared with 

road grades, 491
Honda Civic® purchase, 6
Honda CR-V®, 105
IRS standard mileage rates for 

business, 118–119
light vehicle sales, U.S. first-

quarter, 624
luxury cars, sales of, 247
market share of automakers, 

151
market shares of crossover 

SUVs among all new cars, 
435

new supply of used vehicles for 
sale, 431

new vehicle leases, 74–76
ownership and income, 6
percentages of new vehicle 

purchases that are leases 
in the first quarter, 640

plug-in electric cars registered 
in United Kingdom, 241

problems per 100 vehicles 
during past 12 months, 391

reaction and braking distances, 
336–337

resale prices of automobiles, 
114

sales of battery-electric 
vehicles, 241

temperature rise in enclosed, 
584–585

truck rental, 163–164, 170–171, 
173, 186, 191, 325

value of a car, 43
Yellow Cab rates in Cincinnati, 

106
music. See also entertainment, 

leisure, and recreation
album sales, 160, 262, 567

spending on advertising and, 
4, 567

CD costs, 542–543, 549
concerts

ticket price and total revenue, 
153–155, 160–161, 191, 
192

time waiting in line, 2
eight-track cartridge sales, 658
frequency

of notes on a piano, 222–223
of vibrating guitar string, 

564, 565
fret positions of a bass guitar, 

248
guitar and bass string sales, 

152–153
revenues

from digital music and all 
music, 503

of streaming subscriptions, 
663

from vinyl record, worldwide, 
390–391

Spotify users, 6

N
news. See media and news
nutrition. See food and nutrition

P
personal care

anti-aging skin care sales, 118
weight of soap bar with use, 303

physics. See also acoustics; 
chemistry

air pressure in a balloon, 6
altitude and pressure, 

relationship between, 
107–108

boiling point of water, 71, 
260–261

current flowing in an electric 
circuit, 564

flow rate and nozzle diameter, 
593

force
to push a sofa, 564
on wrench handle, 564–565

frequency
of notes on a piano, 222–223
of tuning fork, 575
of vibrating guitar string, 

564, 565
illumination from a light bulb, 

566–567, 568–569
intensity of radiation, 564
intensity of television signal, 

565
loudness of sound, 283–284, 

297–298
Newton’s law of cooling, 315
period of a pendulum, 566
sound levels
tension in a string, 564
volume and pressure in a 

syringe, 558–559, 562, 
569–570

volume of air in lungs, 6
water pressure and water 

depth, 106
wavelength of violet light, 206

politics. See elections; govern-
ment

population. See demographics 
and population

prices
concert ticket price and total 

revenue, 153–155
of demo ski rental packages, 

79, 93
domestic airline fuel, 466
of home by square feet, 96
of hot dog and soft drink at 

Major League Baseball 
stadiums, 69

median asking price of homes, 
400

pizza, 108, 566
real estate

median price of San Francisco 
two-bedroom home, 105

sales price by square feet, 96
resale of automobile, 114
tickets to Major League Base-

ball games, 222
Walt Disney World adult one-

day ticket, 323
profit. See revenue and profits

R
rate

of filling swimming pool, 5
flow rate and nozzle diameter, 

593
of gas consumption, 6, 16–17, 

34, 101, 105, 118
infant mortality, 294–295
pumping out flooded 

basement, 96
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real estate
apparent heights of car garage, 

566
home price and down payment, 

190
July new-home sales rate, 

451–452
median asking price of homes, 

400
median price of San Francisco 

two-bedroom home, 105
new-home annual sales rates in 

July, 434–435
sales price by square feet, 96
solar installations, 467, 477–478
time to paint house, 6

recreation. See entertainment, 
leisure, and recreation; 
sports

rectangle
area, 387–388, 419–421, 

423–424, 478, 487, 567
dimensions, 392, 400, 478
television screen dimensions, 

684
revenue and profits. See also 

business; sales
of Alaska Air Group, 72
from album sales, 262
of Amazon, 207, 298
Amazon shipping revenues and 

costs, 253–254
annual profit of a company, 

100, 273
annual revenue of a company, 

108
from arthritis drugs, 127
of Atlantic City casinos, 

646–647
from boats and accessories, 

451–452
from charters, 473–474, 478, 489
of CNN and Fox News 

Channel, 664–665
from concerts, 639
concert ticket price and total 

revenue, 153–155
from digital music and all 

music, 503
from e-books, global, 275
from gift cards, 118, 263
of IKEA, 77–78
Internet advertising revenues, 

390
of Kodak, 95
of Krispy Kreme, 336
median annual from Division 

I-A athletic departments, 
652

of Microsoft, 469–470
from mobile wireless service, 

545–546
movie box office revenues, 

China’s and North 
America’s, 391

of music streaming 
subscriptions, 663

of Paramount Pictures, 263

of Priceline, 325
from rare earth metals, 109
of restaurants, 386–387, 478, 662
from three-dimensional 

printers, 241
from used clothing, 627
video games, U.S. and world-

wide revenues from, 109
from video games, hardware, 

and accessories, 67
of vinyl records, 390–391
of Wikipedia, 665

S
sales. See also business; revenue 

and profits
of albums, 160
of anti-aging skin care, 118
of battery-electric vehicles, 241
of cheese, 544
of couches annually, 262
diesel-powered light vehicle, 

U.S., 624
of eight-track cartridges, 658
of Encyclopedia Britannica, 

hard-copy, 242
of Ferrari cars, 78
for food at home and away 

from home, 173
of guitar and bass strings, 

152–153
July new-home sales rate, 

451–452
light vehicle, U.S. first-quarter, 

624
of luxury cars, 247
Monster Energy worldwide, 106
new-home annual sales rates in 

July, 434–435
new supply of used vehicles for 

sale, 431
Nintendo net sales, 213
Nintendo worldwide handheld 

video game, 104
percentages of new vehicle 

purchases that are leases 
in the first quarter, 640

Saks Fifth Avenue® promo-
tional sale, 300

tax, 256
textbooks, new, 242
U.S. Irish Whiskey, 665

science. See biology; chemistry; 
physics

seismology
earthquake amplitude, 

281–282, 283
tsunami, 585, 624–625

society. See also demographics 
and population

Americans who forgot to do 
something special on 
Valentine’s day, 476–477

Americans who said they were 
upper middle class or 
middle class, 105

Americans who say they volun-
teer, 467, 475

foreign-borne children adopted 
by American parents, 199

Halloween party attendance, 
243–244

identity theft, 104
marriage

age of men at first marriage, 2
Americans 18 years or older 

who are married, 93, 106
births outside marriage, 79, 

92, 263, 275
median ages at first mar-

riage, 477
percentages of women and 

men who are married, 
79, 92, 147–148

people living in the United 
States who are immigrants, 
410

percentage of Americans who 
feel First Amendment 
goes too far, 119

percentage of Americans who 
say religion is not very im-
portant in their lives, 193

percentages of Americans who 
think marijuana should be 
legal, 423

rural areas, percentage of 
world population living in, 
106–107

shopping on Thanksgiving 
weekend, 298

smoking, 6, 76–77, 87–88, 106, 173
wealth of richest and poorest 

people, 193–194
speed

braking distance, 564
of car and accelerator location, 6
driving, 110
driving time, 6, 16–17, 34, 504, 

546–548, 552, 562–563, 567, 
574–575

escape velocity, 600
land speed records, 553
running, 6
speedboat, 6
of top runners’, 80–81
of tsunami, 585, 624–625
unit conversions, 509–510, 512
vertical throwing, 395

sports. See also entertainment, 
leisure, and recreation

baseball
career home runs hit by 

Barry Bonds, 476
falling time of dropped 

baseball, 625
food prices at MLB stadi-

ums, 69
height of batted baseball, 

422, 452, 487, 489, 567
minor league baseball play-

ers minimum salaries, 
299–300

ticket prices to Major 
League Baseball games, 
222

viewers of MLB All-Star 
Game, 238

basketball
advertising spending on 

NCAA March Madness, 
120

NBA player height and 
weight, 110

college
advertising spending on 

NCAA March Madness, 
120

median annual revenues from 
Division I-A athletic 
departments, 652

football
cost of Super Bowl ads, 3, 

195, 247
NFL Pro Bowl player 

payment, 105
Ironman World Championship, 

participants in, 390
Olympics

500-meter speed-skating 
times, 128–129, 147

prize monies from e-sports, 
255, 316

running
Boston Marathon finishers, 

634, 640, 652
men’s and women’s 

200-meter run record 
times, 194

men’s and women’s 
1500-meter run record 
times, 149

men’s 400-meter run record 
times, 80, 121, 144–145

NYC Marathon finishers 
who are women, 326

speeds and stride rates, 
80–81

women’s 400-meter run 
record times, 80, 106, 
121, 144–145

shot puts, 478
skiing

bus charter, 549
length of skis, 183
prices of demo ski rental 

packages, 79, 93
steepness of ski runs, 25, 59

softball
height of tossed, 481

speed skating
Olympic 500-meter speed-

skating times, 128–129, 
147

swimming
training apparatus, 564

weight lifting
lifting dumbbells, 2
maximum power cleans, 478

steepness
of airplane climb, 25
of leaning ladder, 17–18
of road grade, 18, 25
of ski run, 25, 59
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T
taxes

federal tax, person’s annual 
income and, 6, 262

gasoline taxes per 1000 miles 
driven, 94, 264

number of words in federal tax 
code and regulations, 95

sales, 256
state cigarette, 452

technology
daily time spent watching 

media content on mobile 
devices by Americans, 192

three-dimensional printers, 
241, 297

vending machines, 255–256
wearable devices, 1, 71

telecommunications. See 
communication; 
computers and Internet

television. See also media and 
news

American adults who watch 
cable television, 620–621

 American Idol viewership, 
71–72

cost of Super Bowl ads, 3, 195, 
247

daily time spent watching by 
Americans, 192

intensity of television signal, 565
ratings for prime-time shows 

on Fox and CBS, 191
Samsung’s and LG Electronic’s 

global market share of 
LCD TV shipments, 337

screen dimensions, 684
U.S. households with pay TV, 

347–348
U.S. Latino households, 78

viewers of MLB All-Star 
Game, 238

temperature. See also environment
beach attendance and, 6
cooking time and, 5
cooling of hot potato, 315
cricket chirping rates and, 94, 

106, 264
of cup of coffee, 3–4, 316, 567
of Earth, 110–111, 113
Fahrenheit and Celsius 

equivalent readings, 94, 
106, 260–261, 264, 265–266, 
267, 271

heat indexes, 108
ozone levels and, 303
rise in enclosed vehicles, 

584–585
of tea, 316
time and, 6
of water, 249
wind chills, 72, 183

tests and testing. See also 
education

AP tests administered, 
numbers of, 213–214

drug testing, 6
scores (See also education)

math score on SAT, 95–96
on National Assessment of 

Educational Progress 
test, 96

on placement tests, 95
time to grade tests, 5, 639

time
and distance of airplane travel, 

103, 108, 110
distance of runner at given 

time, 58
driving, 6, 16–17, 34, 98–100, 

105, 108, 120, 504, 552, 574
of falling baseball, 625

for falling object, 564, 599
to grade tests, 639
lasagna preparation time, 6
men’s and women’s 200-meter 

run record times, 194
men’s and women’s 1500-meter 

run record times, 149
men’s 400-meter run record 

times, 80, 121, 144–145
needed to grade tests
Olympic 500-meter speed-

skating times, 128–129, 147
to paint house, 6
period of a pendulum, 566, 628
period of a planet, 593
seconds in year, 206
temperature and, 6
between thunder and lightning, 

564
train travel, 105
unit conversions, 262
waiting in line for concert, 2
women’s 400-meter run record 

times, 80, 106, 121, 144–145
transportation and travel

Americans who vacation, by 
month, 467

cities where Uber operates, 253
collisions at highway-railroad 

crossings, 70
to Disneyland Resort by bus, 

106
domestic airline fuel prices, 466
driving time, 6, 16–17, 34, 98–100, 

105, 108, 120, 546–548, 
562–564, 567, 574–75

fuel consumption of a 3000-
TEU ship, 552–553

gas mileage compared with 
road grades, 491

gasoline taxes per 1000 miles 
driven, 94, 264

Grand Canyon visitors, 60–63, 
67–68

new supply of used vehicles for 
sale, 431

reaction and braking distances, 
336–337

registered recreational vessels, 
number of U.S., 423

revenue from boats and acces-
sories, 451–452

revenue from charters, 473–474, 
478, 489

road steepness, 18, 25
train travel time, 105
Yellow Cab rates in Cincinnati, 

106

W
weather

Beaufort wind scale, 585
heat indexes, 108
lightning, 245, 564
rainfall amount, 5
tsunami, 585, 624–625
wind chills, 72, 183

weight
of an astronaut, 560, 565
dog life expectancies and 

maximum weights, 109
of french fries consumed 

annually, 262
of gold bar and value, 58
of mako sharks, 452
mass of Earth, Moon, and 

Jupiter, 600
of NBA players, 110
Nutrisystem® versus Weight 

Watchers costs®, 150
of soap bar, 303
unit conversions, 512

work. See employment





1

1 
Do you use wearable devices such as fit-
ness trackers and smartwatches? The per-
centages of Americans who use wearable 
devices are shown in Table 1 for various age 
groups. In Exercise 9 of Homework 2.1, 
you will estimate the age at which 13% of 
Americans use wearable devices.

In this course, you will use mathemat-
ics to describe many authentic situations, 
such as the wearable-device data. You will 
use these descriptions to make estimates and predictions, as in estimating the age at which 
13% of Americans use wearable devices. You will also estimate by how much the number 
of Internet users worldwide is increasing per year, you will predict in which year there will be 
1.0 thousand collisions at highway–railroad crossings, and you will predict the percentage of 
births outside marriage in the United States in 2021.

A major objective of this text is to help you view the world in a mathematical manner. That 
viewpoint will allow you to recognize important patterns—patterns that will enable you to make 
estimates and predictions like the ones just mentioned.

In this chapter, we will discuss how to describe a line by using a graph, an equation, and a 
table. We will also discuss how to describe the steepness of a line. Finally, we will work with 
an important group of lines represented by linear functions. We will lay the groundwork so that 
in Chapter 2 we can use lines to describe authentic situations.

Linear Equations 
and Linear Functions

1.1  Using Qualitative Graphs to Describe Situations

Objectives

»» Describe the meaning of 
qualitative graphs.

»» Identify explanatory variables 
and response variables.

»» Describe the meaning of an 
intercept of a curve.

»» Sketch qualitative graphs.

»» Identify increasing curves 
and decreasing curves.

»» Describe a concept or 
procedure.

In this section, we will use qualitative graphs to describe authentic situations. A qualitative 
graph is a graph without scaling (tick marks and their numbers) on the axes.

Describe the Meaning of Qualitative Graphs
How can we make sense of a qualitative graph?

Age Group  
(years)

Age Used to Represent  
Age Group (years) Percent

25–34 29.5 23
35–44 39.5 22
45–54 49.5 15
55–64 59.5 11
over 65 70.0 6

Source: Gallup

Table 1  Percentages of Americans Who Use 
Wearable Devices

Example 1 Describe the Meaning of a Qualitative Graph

For children whose parents earn I dollars per years, let P be the percentage of the children who 
attend college. The qualitative graph displayed in Fig. 1 describes the relationship between 
I and P (Source: National Center for Education Statistics). What does the graph tell us?
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A curve is said to be linear if it forms a straight line. The curve in Fig. 1 is linear.

Explanatory and Response Variables
In Example 1, we concluded that the higher the income of parents, the greater the per-
centage of children who attend college will be. Because I affects (explains) P, we call I the 
explanatory variable. We call P the response variable because P is affected by (responds 
to) I.

Figure 1  Parents’ income and 
percentage of children who 
attend college
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Definition  Explanatory and response variables

Assume that an authentic situation can be described by using the variables t and p, and 
assume that t affects (explains) p. Then

•	 We call t the explanatory variable (or independent variable).

•	 We call p the response variable (or dependent variable).

Example 2 Identifying Explanatory and Response Variables

For each situation, identify the explanatory variable and the response variable:

1.	 You are waiting in line to go to a concert. Let T be the number of minutes you must 
wait, and let N be the number of people ahead of you when you first get in line.

2.	 Let n be the number of times a person can lift dumbbells that weigh w pounds.

Solution

1.	 The more people ahead of you when you first get in line, the more time you must 
wait. The number of people ahead of you, N, affects (explains) your wait time, T. So, 
N is the explanatory variable and T is the response variable. (Your wait time does 
not affect the number of people ahead of you.)

2.	 The heavier the dumbbells, the fewer times the person can lift them. The dumbbells’ 
weight, w, affects (explains) the number of times the person can lift them, n. So, w 
is the explanatory variable and n is the response variable. (The number of times the 
person can lift the dumbbells does not affect the dumbbells’ weight.)

Figure 2  Match the 
horizontal axis with the 
explanatory variable and 
the vertical axis with the 
response variable

Response
variable

Explanatory
variable

Example 3 Describe the Meaning of a Qualitative Graph

Let A be the average age (in years) when men first marry, and let t be the number of years 
since 1900. (For example, t = 1 represents the year 1901.) In Fig. 3, the graph describes 
the relationship between the variables t and A. What does the graph tell us?

Solution

The graph tells us that the average age when men first marry decreased each year for a 
while and then increased each year after that.

Solution

The graph (or curve) tells us that the higher the income of parents, the greater the per-
centage of children who attend college will be.

For graphs, we describe the values of the explanatory variable along the horizontal 
axis and the values of the response variable along the vertical axis (see Fig. 2). For exam-
ple, in Fig. 1, we describe the values of the explanatory variable I along the horizontal axis 
and we describe the values of the response variable P along the vertical axis.

Figure 3  The average age 
when men first marry
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Years since 1900

A-intercept

We say the curve sketched in Fig. 3 is a parabola.
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Intercepts of a Curve
In Fig. 3, note that the curve and the A-axis intersect. The point of intersection is an 
A-intercept. An intercept of a curve is any point where the curve and an axis (or axes) 
intersect. Two more examples of intercepts are shown in Fig. 4 for a linear curve.

Sketching Qualitative Graphs
In Examples 4–6, we sketch qualitative graphs that describe given situations.

Figure 4  Intercepts of a line

t

W W-intercept

t-intercept

Example 4 Sketching a Qualitative Graph

Let C be the cost (in dollars) of a 30-second ad during the Super Bowl at t years since 
1987. For most years, the annual increase in cost is more than the previous annual increase 
in cost. Sketch a qualitative graph that describes the relationship between C and t.

Solution

Because the year affects (explains) the cost of an ad, t is the explanatory variable and C 
is the response variable. So, we let the horizontal axis be the t-axis and the vertical axis 
be the C-axis (see Fig. 5). Because ads were not free in 1987 1t = 02, the C-intercept is 
above the origin. The costs are increasing, so we sketch a curve that goes upward from 
left to right. Because most increases are more than the previous increase, the curve should 
“bend” upward from left to right.

Figure 5  Cost of Super  
Bowl ads
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Some exponential curves have shapes similar to the shape of the curve sketched in Fig. 5.

Increasing and Decreasing Curves
If a curve goes upward from left to right, we say it is an increasing curve (see Fig. 6). For 
example, the cost curve in Fig. 5 is increasing. If a curve goes downward from left to right, 
we say it is a decreasing curve (see Fig. 7).

Figure 6  Increasing curve
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Figure 7  Decreasing curve
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In this chapter and future chapters, we will discuss the curves mentioned in this sec-
tion more thoroughly and use them to make predictions—linear curves in this chapter 
and Chapter 2, exponential curves in Chapters 4 and 5, and quadratic curves in Chapters 
6 and 7. In Chapter 3, you will make predictions with two linear curves.

Example 5 Sketching a Qualitative Graph

Hot coffee is poured into a cup at room temperature. Let F be the temperature (in 
degrees Fahrenheit) of the coffee at t minutes since the coffee was poured. Sketch a 
qualitative graph that describes the relationship between the variables t and F.

Solution

Note that t affects (explains) F, so we let the horizontal axis be the t-axis and the verti-
cal axis be the F-axis (see Fig. 8). Because the coffee cools with time, the curve should 
be decreasing. Further, the curve should show that the drop in temperature during any 
minute is less than the drop in temperature in the previous minute. (Why?)

The coffee’s temperature will not go below room temperature, so the curve should 
eventually level off.
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In Examples 4 and 5, the explanatory variable represents time. Let’s explore a situ-
ation in which the explanatory variable stands for something else.

Figure 8  Temperature 
of a cup of coffee
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Example 6 Sketching a Qualitative Graph

Suppose the latest Radiohead album is about to be released. Let n be the number of 
albums that will be sold if a dollars are spent on advertising. Sketch a qualitative graph 
that describes the relationship between the variables a and n.

Solution

The amount of money spent on advertising affects (explains) the number of albums sold, 
so we let the horizontal axis be the a-axis and the vertical axis be the n-axis (see Fig. 9). 
Because both n and a must be nonnegative (why?), the qualitative curve is in quadrant I 
(and one point of it is on the n-axis). The four quadrants are shown in Fig. 10.

Even if no money is spent on advertising, some albums will be sold. So the n-intercept 
should be above the origin. The more money spent on advertising, the greater the sales, 
so the curve should be increasing. There are only so many people, however, who would 
buy the album no matter how much advertising is done, so the curve should level off.

Figure 9  Spending on  
advertising and albums sold

a
Dollars

n

N
um

be
r 

of
 a

lb
um

s

Figure 10  The four 
quadrants
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Describing a Concept or Procedure
In some homework exercises, you will describe in general a concept or procedure.

Guidelines on Writing a Good Response

•	 Create an example that illustrates the concept or outlines the procedure. Looking at 
examples or exercises may jump-start you into creating your own example.

•	 Using complete sentences and correct terminology, describe the key ideas or steps for 
your example. You can review the text for ideas, but write your description in your 
own words.

•	 Describe also the concept or the procedure in general, without referring to your 
example. It may help to reflect on several examples and what they all have in common.

•	 In some cases, it will be helpful to point out the similarities and the differences between 
the concept or the procedure you are describing and other concepts or procedures.

•	 Describe the benefits of knowing the concept or the procedure.

•	 If you have described the steps in a procedure, explain why it’s permissible to follow 
these steps.

•	 Clarify any common misunderstandings about the concept, or discuss how to avoid 
making common mistakes when following the procedure.

Example 7 Responding to a General Question about a Concept

Describe the meaning of explanatory variable and response variable.

Solution

Assume that an authentic situation can be described by using the variables t and a and 
that t affects (explains) a. Then t is the explanatory variable and a is the response variable.
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For example, let a be the amount of money (in dollars) that a person is paid for work-
ing t hours at a gasoline station. Then t is the explanatory variable and a is the response 
variable because the number of hours worked affects (explains) the pay.

For graphs, we use the horizontal axis to describe values of the explanatory variable 
and the vertical axis to describe values of the response variable.

Group Exploration
Sketching a qualitative graph

Taking It One Step Further

	3.	 Carefully describe an experiment you could run to 
verify the shape of your curve from Problem 2. In 
particular, explain how you could measure the volume 
of water at various times. Ask your instructor if you 
should run such an experiment.

A bathtub is filled with water, and then the plug is pulled 
out. Let V be the volume of water (in gallons) in the tub at 
t seconds after the plug is pulled out.

	1.	 Which variable is the explanatory variable? The response 
variable? Explain.

	2.	 Sketch a qualitative graph that describes the relation-
ship between V and t. Explain.

Homework 1.1

	 1.	 The deer population in a forest is described during the years 
between 2010 and the present. Let p be the deer population 
in the forest and t be the number of years since 2010. Match 
each graph in Fig. 11 with each scenario. The population

	 a.	 decreased steadily.
	 b.	 increased steadily.
	 c.	 remained steady.
	 d.	 decreased for a while and then increased.

	 c.	 hard and then stopped. After a while, it began raining softly.
	 d.	 more and more softly.

Figure 11  Exercise 1
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	 2.	 Let A be the amount of rain (in inches) that has fallen in t hours. 
Match each graph in Fig. 12 with each scenario. The rain fell

	 a.	 harder and harder.
	 b.	 softly and then stopped. After a while, it began raining 

hard.

Figure 12  Exercise 2
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For Exercises 3–12, identify the explanatory variable and the 
response variable.

	 3.	 Let T be the time (in minutes) it takes to grade N tests.

	 4.	 Let c be the total cost (in dollars) of n pencils.

	 5.	 Let F be the temperature (in degrees Fahrenheit) of an oven, 
and let T be the number of minutes it takes to cook a potato 
in the oven.

	 6.	 Let r be the rate (in gallons per hour) at which water is added 
to a swimming pool, and let t be the number of hours it takes 
to fill the pool.




