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A Focus on Applications

P> Chapter Openers highlight Chapter Connections, an
interesting application exercise from the chapter, and
provide a list of other real-world connections to give
context for students who wonder how math relates to
them.

P> Application Exercises at the end of each section are
the hallmark of the Coburn-Coffelt series. Never
contrived, always creative, and borne out of the
authors’ lives and experiences, each application tells a
story and appeals to a variety of teaching styles,
disciplines, backgrounds, and interests. The authors
have ensured that the applications reflect the most
common majors of college algebra students.

Clear and Timely Examples

P Examples are designed with a direct focus on the skill at
hand while linking to previous concepts and laying the
groundwork for concepts to come. The examples provide
students with a starting point for solving a variety of
problems.

P> Caution Boxes signal students to pause so that they
avoid common errors.

P> Check Points alert students when a specific learning
objective has been covered to reinforce correct
mathematical terms.

P “Now Try” boxes immediately following examples guide
students to specific matched exercises at the end of the
section and connect concepts to homework problems.

P Graphical Examples show students how the calculator
can be used to enhance their understanding.

Viii

Exponential and
Logarithmic

Functions

CHAPTER OUTLINE

5.1 Oneto-One and Inverse Functions 428
5.2 Exponential Functions 438

5.3 Logarithms and Logarithmic Functions 451

5.4 Properties of Logarithms 464

5.5 Solving Exponential and Logarithmic Equations 473
5.6 Applications from Business, Finance, and Science 483

CHAPTER CONNECTIONS

If you could start from scratch and build your
own island, how many different types of
flowers, birds, and other plants and animals
would you like the island to support? Although
it seems like a silly question, attempts to
answer it led to the development of a new field
of science called island biogeography. The field
has since expanded to include the study of
species diversity on any isolated landscape,
including: sky islands (mountains surrounded
by desert), woodlot islands (pastures cleared
by deforestation), and even freshwater lakes
(water islands?). Exercise 86 in Section 5.4
shows how the number of species on an
“island" can be predicted when little more than
the size of the island is known.
Check out these other real-world connections:
> Fines for Speeding

(Section 5.1, Exercise 84)
> Memory Retention

(Section 5.3, Exercises 107 and 108)
> Saving for a Down Payment

(Section 5.6, Exercise 43)
> Carbon Dating
(Section 5.6, Exercises 61 and 62)

- @ CAUTION » The notation f '(x) is simply a way of denoting an inverse function and has nothing t
A

o
do with exponential properties. In particular, f~"(x) does not mean rz; J

EXAMPLE 2 »

Solution »

®B. You've just seen how
we can explore inverse
functions using ordered pairs

Finding the Inverse of a Function
Find the inverse of each one-to-one function given:
A f = {(=4,13).(=1,7).(0,5). (2. 1). (5. =5). (8. —11)}
b p(x) =20 = 5
a. When a function is defined as a set of ordered pairs, the inverse
function is found by simply interchanging the coordinates:
£ =1{(13,-4),(7, =1),(5,0), (1,2), (=5, 5), (11, 8)}.
b. Using the diagram, we reason p~ ' will add 5. divide by 2, and take

acube root: p~'(x) = VA2,

As atest, we find that (— 1, =7), (0, —5). and (2, 11) are points on p(x),
and note that (—7, —1), (5. 0), and (11, 2) are indeed points on p~'(x).

J
Now try Exercises 25 through 36 >

i EXAMPLE 8 »

Solution »

Applying an Exponential Function—Newton's Law of Cooling
A pizza is taken from a 425°F oven and placed on the counter to cool. If the
temperature in the kitchen is 75°F, and the cooling rate for this type of pizza is
k=-035,
a. What is the temperature (to the nearest degree) of the pizza 2 min later?
b. To the nearest minute, how long until the pizza has cooled to a temperature
below 90°F?
c. If Zack and Raef like to eat their pizza at a temperature of about 110°F, how
many minutes should they wait to “dig in"?
Begin by substituting the given values to obtain the equation model:
() = Te + (To = To)e"
=75 + (425 — 75)e ™" substitute 75 for Ty, 425 for T, and =0.35 for k

general equation model

=75 + 350e O3 simplity
For part (a) we simply find 7(2):
a. T(2) = 75 + 350e ) supstitute 2 for x Figure 5.15
=249 result H W

‘Two minutes later, the temperature of the L] 16131
pizza is near 249°F. H HER

b. In Figure 5.15, we sce that the TABLE z e
feature of a graphing calculator shows the o 55555
pizza reaches a temperature of just under L] 8558
90° after 9 min: 7(9) = 90°F. H=2

€. We elect to use the intersection-of-graphs Figure 5.16
method. After setting an appropriate 400
window, we enter Y, = 75 + 350e 3%
and Y = 110, then press @ <2
S:intersect. After pressing () three
times, the coordinates of the point of 0 s
intersection appear at the bottom of the [ ———
sereen in Figure 5.16: x = 6.6,y = 110. T
It appears the boys should wait about HZE.C7BEING T=110
6% min for the pizza to cool 100

J

Now try Exercises 77 and 78 »




Comprehensive Exercise Sets

P Mid-Chapter Checks provide students with
a sampling of exercises to assess their
knowledge before moving on to the second
half of the chapter.

End-of-Section Exercise Sets

P Concepts and Vocabulary exercises help
students recall and articulate important
terms.

P> Developing Your Skills exercises provide
students with practice of essential
concepts with increasing levels of difficulty.

P Working with Formulas exercises
demonstrate contextual applications of
well-known formulas.

P Extending the Concept exercises
challenge students to extend their
knowledge and skills.

P> Maintaining Your Skills exercises address
skills from previous sections to help
students retain knowledge after learning
new concepts.

End-of-Chapter Review Material

P Making Connections are matching exercises
that help students interpret graphical and
algebraic information.

P Chapter Summary and Concept Reviews
present key concepts by section and are
paired with corresponding exercises.

P> Practice Tests enable students to check their
knowledge and prepare for assessments.

P Cumulative Reviews, at the end of each
chapter, revisit important concepts from
earlier chapters so that students can retain
their skills.

P Graphing Calculator icons appear next to
exercises where concepts can be supported
by graphing technology.

P Homework Selection Guide A list of
suggested homework exercises has been
provided for each section of the text
(Annotated Instructor’s Edition only). The guide
provides preselected assignments at four
levels: Basic, Core, Standard, and Extended.

¥ MID-CHAPTER CHECK

1. Write the equation of the function that has the same
graph as f(x) = VA, but shifted left 4 units and up 2 units.
2. For the graph given, identify the
(@) function family, (b) end-behavior,

Exercise 2
inflection point, intercepts, :

(¢) domain and range, and

¥ 3.6 EXERCISES

» CONCEPTS AND VOCABULARY

7. After semesters of trial and error, you have discovered
your grade on most exams can be modeled by the

function G(h) = 100 — 722, where G(h) is your

grade after studying for / hr. Use this formula to

determine (a) your grade if you don’t study at all,

(b) your grade if you study for an hour, (¢) how many

ho needed o make an 80, and (d) ho

Fill in each blank with the appropriate word or phrase. Carefully reread the section, if necessary.

1. If the point (3, 12) is the vertex of a parabola with
a < 0, we say that a value of
occurs at x. 2

2. Ifca
for all ¢ and x in the interval, then f(c) is called a(n)

and x # ¢ are in an open interval, and f(c) = f(x)

» DEVELOPING YOUR SKILLS

5. Given that point (x, ) is on the graph of y = 4 — x,

A rectangle is drawn inside a y
semicircle, with one side along

express the distance from (3, 4) to (x, y) as a function

of x. the x-axis and vertices at (—x, y) )
and (x, y) on the graph. (.
. Given that point (x, y) is on the graph of y = V& + 5, 13"‘"’:‘ 8 Pf .
express the distance from (2, 5) to (x, y) s a function . I the equation of the
Vo -2

of x. semicircle is y — V9 — 22, d
TR () 1, T

o

» WORKING WITH FORMULAS

21. From memory or by process of elimination, match each formula to the related geometric figures shown. For some formulas,

more than one match is possible.

a A=LW b. V=mr’h e V=LWH d. SA = 2a° + 2arh

5 bh — =
e V=arh LA:% g P=2L+2W hP=a+b+ V@ + 5
ia = iS4 Ao’ k 2 _ 4 1S4 = 2 b b’

» EXTENDING THE CONCEPT

41. The marketing department of a sporting goods
manufacturer is going to package their new play ball
in an attractive conical package. () If the play ball has a
radius of 15 cm, find a formula for the volume of the
cone in terms of the single variable h, where t is the
height of the cone. (b) Find the dimensions of the right
circular cone that will have a minimum volume.

42. A Norman window is shaped like a
semicircle on a rectangle. (a) If the perimeter
of the window is 170 in., find a formula for
the area of the window in terms of the single
variable x, where x is the diameter of the
semicircle. (b) Find the dimensions of the
window that give a maximum area (hence

letting in a maximum amount of light).

» MAINTAINING YOUR SKILLS

43. (1.5) Solve the quadratic equation by completing the 4. (3.2) Find the zeroes of the function and the location of
square: * + 11 = 8. the horizontal and vertical asymptotes:
I
V) = 2 — L.

45. (3.3) The sales of an item varies directly with its 46. (3.1) Draw the graph of y = —|x + 1| + 3 using

Making Connections: Graphically, Symbolically, Numerically, and Verbally
Eight graphs (a) through (h) are given. Match the characteristics shown in I through 16 to one of the eight graphs.

() ‘ (6) © { )
\

.
|

SUMMARY AND CONCEPT REVIEW

SECTION 3.1 The Toolbox Functions and Transformations

KEY CONCEPTS
* The toolbox functions and graphs commonly used in mathematics are
o the identity function: f(x) = x « squaring function: f(x) = x*
* square root function: f(x) = V& « absolute value function: f(x) = Jx|
o cubing function: f(x) = x* o cube root function: f(x) = Vx

-‘.:' ¥ CUMULATIVE REVIEW CHAPTERS R-3

10. Does the relation shown represent a function? If not,
s discuss/explain why not.
EES

iL_ 1L 1
Solve for R: k= = + %

»

Solve forx: 727 + 1 =

“

Jackie Joyner-Kersee

Sarah McLachlan }

Factor the expressions: [, Astronaut

b =3¢ —dr + 12 Tennis Star
4. Solve using the quadratic formula. Write answers in both
exact and approximate form: 2x> + 4x + 1 = 0.

a X —1

ary C el
Hillary Clinton 4“

Venus Williams

n

. Solve the following inequality: x + 3 < Sor5 — x < 4.

o

Name the eight toolbox functions, give their equations,
then draw a sketch of each. 11. The data given shows the profit Exercise 11
of a new company for the first

6 months of business. (a) Find | M0BUUI|Erafit(1000s)

the equation of a line that will 1 —29

7. Use substitution to verify that x = 2 — 3i is a solution to
- dx 13 =

HOMEWORK SELECTION GUIDE

Basic (23 Exercises): 577 every other odd, 83, 85, 87, 97
Core (28 Exercises): 1, 2, 5-81 every other odd, 83, 85, 87, 89, 95, 97

Standard (37 Exercises): 1,2, 5-23 odd, 25-81 every other odd, 83-87 all, 89, 91, 95, 97, 98
Extended (41 Exercises): 1-4 all, 5-23 0dd, 25-81 every other odd, 83-87 all, 89, 91, 93, 9598 al
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and voice of the original text, as though the author is
guiding the students through the problems.

Multimedia eBook includes .-
access to a variety of media assets ‘
and a place to highlight and keep
track of class notes

-
Gradebook - ALEKS Inibal Assessmant #1 - Goulet, Robert

gremect ALEKS Initial
Compiletion Date. 041811 s spers 8 minuies)
Geadebook Score 100%

ALEKS Assessment Report for Goulst, Robert ALEKS Corporation’s experience with algorithm
flori sl development ensures a commitment to accuracy

Raficals and Rasicnal Expossas
|5 ed 209

and a meaningful experience for students to
demonstrate their understanding with a focus
towards online learning.

Asithmmtic Aundiness
- [CET)

Iteges Expanints and Pedynomial
27 ol 45)

: "i's,-'.;;(smn: Readiness by Topic )
Thes ALEXS ALS#1amn 14001 RAOWS [N PHCentIge of Ss0ertl TR Aare masisced (e folowesg tapss
& = The ALEKS® Initial Assessment is an artificially
intelligent (Al), diagnostic assessment that
identifies precisely what a student knows.
Instructors can then use this information to
= make more informed decisions on what topics
to cover in more detail with the class.
\_ y,

ALEKS is a registered trademark of ALEKS Corporation.




ALEKS®

ALEKS is a unique, online program that significantly raises student proficiency and success rates in
mathematics, while reducing faculty workload and office-hour lines. ALEKS uses artificial intelligence
and adaptive questioning to assess precisely a student’s knowledge, and deliver individualized
learning tailored to the student’s needs. With a comprehensive library of math courses, ALEKS delivers
an unparalleled adaptive learning system that has helped millions of students achieve math success.

ALEKS Delivers a Unique Math Experience:

® Research-Based, Artificial Intelligence precisely measures each student’s knowledge

¢ Individualized Learning presents the exact topics each student is most ready to learn

® Adaptive, Open-Response Environment includes comprehensive tutorials and resources
e Detailed, Automated Reports track student and class progress toward course mastery

e Course Management Tools include textbook integration, custom features, and more

ALEKS® HELP | [2) WORKSHEET | (=) INBOX | REPORT | QUICKTABLES | QFTIONS | RESOURCES | | Engiish ~| | pxIT
) | & Review | §2 pictionary | [ | = | £] Gradebook | %7 calendar B &eg. and 1nt. Algebra

Beginning and Intermediate Algebra Combined

The ALEKS Pie summarizes a
student’s current knowledge,
- Course Mastery Need Help? then delivers an individualized
MyPie (202 of 402 Topics) . A
learning path with the exact
topics the student is most
T . ready to learn.

» Quadratic Equations and Functions
(1 of 18)

» Functions |
(3 of 26)

» and
(6 of 38)

hY . -
~  Real Numbers and Linear Equations
>
Signed Numbers
and integers: Problem type 2
| Linear Equations
1 1 ipulation: I

» Rational Expressions and Functions
(8 of 36)

» Exponents and Polynomial Applications
Expressions (36 of 58) 1 Transiating sentences into two-step expressions

Perimeters and side lengths with variables
Sum of the angle measures of a triangle I

: : :

Dark portion represents Light portion represents what Ready to Learn topics appear
what the student knows. the student still has to learn. in pop-up boxes when the
student scrolls over a pie slice.

é Y

My experience with ALEKS has been effective, efficient, and eloquent. Our students’ pass rates
improved from 49 percent to 82 percent with ALEKS. We also saw student retention rates
increase by 12% in the next course. Students feel empowered as they guide their own learning
through ALEKS”’

—Professor Eden Donahou, Seminole State College of Florida
\ J

To learn more about ALEKS, please visit: www.aleks.com/highered/math

ALEKS is a registered trademark of ALEKS Corporation.
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ALE I(S® Prep Products

ALEKS Prep products focus on prerequisite and introductory material, and can be used during
the first six weeks of the term to ensure student success in math courses ranging from Beginning
Algebra through Calculus. ALEKS Prep quickly fills gaps in prerequisite knowledge by assessing
precisely each student’s preparedness and delivering individualized instruction on the exact topics
students are most ready to learn. As a result, instructors can focus on core course concepts and see
improved student performance with fewer drops.

“ALEKS is wonderful. It is a professional product that takes very little time as an instructor
to administer. Many of our students have taken Calculus in high school, but they have
forgotten important algebra skills. ALEKS gives our students an opportunity to review
these important skills.”?

—Professor Edward E. Allen, Wake Forest University

ALE KS®3EJ“> A Total Course Solution

With eBook Integration

A cost-effective total course solution: fully integrated, interactive eBook
combined with the power of ALEKS adaptive learning and assessment.

Introductory Alg

Millon No

ebra, 2nd Ed.
IiHyde

4 > book contents 18] |

video

Students can easily access the
full eBook content, multimedia

4 » |umowog 90 | bookcontenis B Wl G [sescneno g

m chapter 5. Polynomials And Properties Of Exponents resources, and their notes from
- ___ T within their ALEKS Student
IEEELZ] scieniifc Notation Accounts.

1. Writing Numbers in Scientific Notation

Objectives

chapter 1. the set of real numbers

- |=—0| m
Adtion of Raal Numbers Translstions Appicanans sy
Addtion of Aaal Num

1. Writing Numbars in
Sclensic Notation

2. Writing Numbsrs bn
Standard Form

1,500,000,000. The weight of a fles is spproximanely 0.00066 Ib. To Salentile Notation
avoid writing sumerous 2eros I very large or small numbers,
scientific notation was devised a1 8 shorcut,

The princigile behind scientific notation is to use  pawer of 10 1o
express the magninsde of the number, For example, the numbers 4000
and 0.07 can be wrines ax

Pessible test Sem

2000 = 4 % 1000 = 4 x 10

To learn more about ALEKS, please visit: www.aleks.com/highered/math
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W e first want to express a deep appreciation for the guid-
ance, comments, and suggestions offered by all review-

ers. We have once again found their collegial exchange of ideas
and experience very refreshing, instructive, and always helpful
in creating a better learning tool for our students. Then there’s
Vicki Krug, who has continued to display an uncanny ability
to bring innumerable pieces from all directions into a unified
whole. With Patricia Steele’s skill as a copy editor being as
sharp as ever, her attention to detail continues to pay great
dividends. For their useful suggestions, infinite patience, and
tireless efforts in bringing this text to completion, we would
also like to thank Ryan Blankenship, Caroline Celano, and
Ashley Zellmer. We are especially grateful to Ashley for hold-
ing the enterprise together as the winds of change buffeted us
once again. We must also thank Laurie Janssen and our mag-
nificent design team, and Emilie Berglund as the Director of
Digital Content, for helping shape a text that John Osgood,
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for his attention to detail during the accuracy checks; Jon
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and all of our colleagues at St. Louis Community College and
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Multimedia and

Print S upp/emen ts

Connect Math Hosted by ALEKS Corp.

Connect Math Hosted by ALEKS is an exciting, new assignment
and assessment ehomework platform. Starting with an easily
viewable, intuitive interface, students will be able to access key
information, complete homework assignments, and utilize an in-
tegrated, media-rich eBook.

ALEKS (Assessment and LEarning in Knowledge Spaces) is
a dynamic online learning system for mathematics education,
available over the Web 24/7. ALEKS assesses students, accu-
rately determines their knowledge, and then guides them to the
material that they are most ready to learn. With a variety of re-
ports, Textbook Integration Plus, quizzes, and homework assign-
ment capabilities, ALEKS offers flexibility and ease of use for
instructors.

* ALEKS uses artificial intelligence to determine exactly what
each student knows and is ready to learn. ALEKS remediates
student gaps and provides highly efficient learning and im-
proved learning outcomes.

® ALEKS is a comprehensive curriculum that aligns with syl-
labi or specified textbooks. Used in conjunction with
McGraw-Hill texts, students also receive links to text-specific
videos, multimedia tutorials, and textbook pages.

e Textbook Integration with ALEKS 360 allows ALEKS to be
automatically aligned with syllabi or specified McGraw-Hill
textbooks with instructor chosen dates, chapter goals, home-
work, and quizzes.

* ALEKS with AI-2 gives instructors increased control over the
scope and sequence of student learning. Students using
ALEKS demonstrate a steadily increasing mastery of the con-
tent of the course.

* ALEKS offers a dynamic classroom management system that
enables instructors to monitor and direct student progress to-
ward mastery of course objectives.

ALEKS Prep/Remediation

® Helps instructors meet the challenge of remediating under-
prepared or improperly placed students.

® Assesses students on their prerequisite knowledge needed for
the course they are entering and prescribes a unique and effi-
cient learning path specifically to address their strengths and
weaknesses.

e Students can address prerequisite knowledge gaps outside of
class freeing the instructor to use class time pursuing course
outcomes.

McGraw-Hill Create™ With McGraw-Hill Create™,
you can easily rearrange chapters, combine material from other
content sources, and quickly upload content you have written,
like your course syllabus or teaching notes. Find the content
you need in Create by searching through thousands of leading
McGraw-Hill textbooks. Arrange your book to fit your teaching
style. Create even allows you to personalize your book’s appear-
ance by selecting the cover and adding your name, school, and
course information. Order a Create book and you’ll receive a
complimentary print review copy in 3-5 business days or a com-
plimentary electronic review copy (eComp) via e-mail in min-
utes. Go to www.mcgrawhillcreate.com today and register to
experience how McGraw-Hill Create empowers you to teach
your students your way. www.mcgrawhillcreate.com

Student Solutions Manual The Student Solutions Manual
provides comprehensive, worked-out solutions to all of the odd-
numbered exercises in the text.

Lecture Notes provide a lecture template for students to fill-in
important topics, terms, and procedures so they spend less time
creating notes and more time engaged in class.

Computerized Test Bank (CTB) Online The computerized test
bank contains a variety of question types, including true-false,
multiple-choice, short-answer. The Brownstone Diploma® sys-
tem enables you to efficiently select, add, and organize questions
by type or level of difficulty. It also allows for printing tests com-
plete with answer keys, as well as editing existing questions or
creating new ones. Printable tests and a print version of the test
bank can also be found on the website.

Lecture and Exercise Videos Lecture videos introduce concepts,
definitions, formulas, and problem-solving procedures to help stu-
dents better comprehend the topic at hand. Exercise videos provide
step-by-step instruction for the key exercises which students will
most wish to see worked out. The videos are closed-captioned for
the hearing-impaired, are subtitled in Spanish, and meet the Amer-
icans with Disabilities Act Standards for Accessible Design.

Instructor Solutions Manual The Instructor Solutions Manual
provides comprehensive, worked-out solutions to all exercises.
The steps shown in the solutions match the style of the textbook.

Annotated Instructor’s Edition (instructors only) The Anno-
tated Instructor’s Edition contains answers to all exercises. The
answers to most questions are printed in a second color next to
each problem. Answers not appearing on the page can be found
in the Answer Appendix at the end of the book.
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List 0f Chanage

S
to the Thivd Edition

P More than a third of the examples are new or revised and nearly 1000 exercises are new
or revised in this edition.

P> All chapters now have six sections or less—a tremendous aid to testing, review, coverage, and
retention.

P> Exercise instructions have been shortened and made easier to follow and understand.

P> Exercises Sets have been reorganized according to difficulty in order to build student
understanding.

P> Most Applications have been carefully reviewed, improved, and updated.

P> Most Multipart exercises have been broken down to clarify what’s being asked and how a
student should answer.

P> Most Applications involving rates of interest have been modified to more nearly match
interest rates of the day.

P New Chapter Openers and Chapter Connections have been added to all chapters to reflect
modern issues and ideas.

P> In Chapter R, A Review of Basic Concepts, sections R.4, R.5, and R.6 have been reordered
so that radical expressions follow exponents.

P> In Chapter 2, Relations, Functions and Graphs, coverage of topics including slopes, rates
of change, and the difference quotient have been expanded.

P> New Section 2.6, Linear Models and Real Data, is focused on real-world situations where
data is best modeled by a linear function.

P New Chapter 3, More on Functions, builds on the concepts from Chapter 2, expanding a
student’s understanding of functions by introducing the algebra of functions and additional
families of functions, including basic rational and power functions, and piecewise-defined
functions.

P Chapter 4, Polynomial and Rational Functions, now boasts a more streamlined coverage
of rational functions, with a greater focus on the most important characteristics of rational
graphs (zeroes and asymptotic behavior). Coverage of complex solutions to polynomial
equations has been regrouped to offer instructors better coverage options.

P Chapter 5, Exponential and Logarithmic Functions, has been restructured to include
additional emphasis on logarithmic properties, the change of base formula, and real-world
applications.
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ANATOMY/PHYSIOLOGY

body proportions, 235

bone length and body height, 173
femur bone length, 173

fish length to weight relationship, 45
hair growth rate of humans, 201
height vs. shoe size, 234, 272
height vs. weight, 172

height vs. wingspan, 234

radial bone length, 84

ARCHITECTURE

building height and number of
stairs, 280

Burj Khalifa, 520

dimensions of whispering
gallery, 646

distance between fountains in
ellipse, 643, 645

Eiffel Tower, 520

forces on a truss, 618

Hall of Mirrors dimensions, 84

height of flagpole, A—9

Norman window area, 325, 617

premium office space, 10

Statue of Liberty, 280

ART/FINE ARTS/THEATER

arrangement of rare books on
shelf, 735

auction purchases, 530

auditorium seating capacity,
687, 689

cartoon character heights, 602

concert tickets sold, 348

cost of each rare book in
collection, 575

location of sculpture in ellipse, 645

original purchase prices of art
objects, 571-572, 603-604

rare coin value, 735

soft drink types sold, 599

tickets sold of each type, 518

BIOLOGY/ZOOLOGY

animal weight and age, 500, 680

annual rainfall and livestock per
acre, 241

bacterial growth, 448, 494, 700

balance of nature, 313

bald eagle breeding pair
increase, 286

bird species and island size, 273

bird wingspan, 273, 530

daily food intake and weight of
birds, 145, 268-269

deer and predators, 272

deer population estimates, 690

dietary research for pets, 618

diets for zoo animals, 604

distance insect crawls, 12

drug absorption rate, 481

eating rates of selected dogs, 144

fish length to weight relationship, 45

fruit fly population, 488—489

gestation periods of animals,
273, 530

gorilla population, 489

insect population, 390

nocturnal animal detection,
156-157, 160

peppers and heat rating, 503

pest control, 19

prairie dog population, 500

rabbit and fox populations, 588

rabbit population growth, 241, 494

racing pigeon speeds, 519

ranch land acres for each animal,
10, 329

sharks and fish populations, 272,
312, 588

species and island size, 472

stocking a lake, 481, 681

temperature and cricket chirps, 174

whale weight vs. length, 273

wildlife population growth, 68,
139,732

wolf relocations, 681

wolf/rodent/human populations,
307-308

BUSINESS/ECONOMICS

advertising and sales, 295

annual salary over time, 225-226

annuities, 487, 493

appreciation, 481

assembly line rate, 164165, 172,
482, 618, 738

automated packaging, 103

average cost of manufacturing items,
400401, 405-406, 421

balance of payments, 390, 422

books shipped per box, 57

break even calculations, 145, 306,
311, 329, 514-515, 519,
537, 540

cable service cost, 450

car value and loan payment, 280

car warranty types sold, 589

CD, cassette, vinyl record sales
rate of change, 210-211

coffee blends, 554

coin denominations, 186, 518, 531,
558, 604

college cost, 174

commission sales, 170, 188

consumer surplus, 574

corporate expenditures, 310

corporation office locations, 719

cost, revenue, profit, 126, 311-312

cost and effects of inflation,
681, 700

cost of drywall, A—11

currency conversion, 312, 588

customers in a mall, 420

customer waiting times on
telephone, 721

demand, 222, 282, 283

depreciation, 84, 174, 182-183,
186, 188, 444, 448, 481, 500,
541, 681, 699

DVD rental returns, 730

energy cost, 84

equilibrium point, 574

equipment aging, 696-697, 699, 719

farms with milk cows, 449

food order cost, 587

fruit item cost, 617

fuel economy, 222

gas mileage, 101, 174, 197, 200,
279-280

gasoline cost, 19, 95, 518

gross domestic product, 232, 233

heating and cooling cost, 359

home sales, 233

home values, 463, 481

hourly wage, 680

illegal drug seizure cost, 67

impact of technology on
families, 721

income tax reform, 520

inflation, 449, 700

Internet commerce, 283

inventory and retail/wholesale
values, 588

land/crop allocation, 554

learning curve for repetitive
task, 482

library fines, 497

market equilibrium, 515-516, 519,
557,559

marketing, 459, 462

market share, 478-479

markup pricing, 416

maximizing profit/revenue, 34, 72,
339-340, 345-347, 375, 549,
554-555, 558-559, 562, 658

maximizing revenue, 34, 72,
339-340, 345-347, 375,
549, 554-555

milk cost, 19

minimizing average cost, 423,
550-551, 555

minimizing cost, 423

minimum wage, 20, 167

mixtures of food ingredients for
profit, 85, 554-555

monthly sales figures for each store
location, 586

most economical purchase, A—10

new business cost, 626

newspaper decline, 295

number of each item in
shipment, 562

number of each item to maintain/
manufacture to profit, 554,
558-559, 562, 586, 618

oil imports, 296

online sales, 343

optimal pricing, 345

original purchase price, 541

overtime wage, 297

package, load, install cost, 587

pollution/waste removal cost, 68,
136, 139, 267, 272, 403, 404,
422-423, 555, 658

postage cost, 20, 232, 292-293, 297

price of single item, 559

pricing for natural gas, 296

producer surplus, 574

production cost, 346, 400-401

production rate for two workers/
machines working together,
139, 144

profit/loss, 221, 306, 311, 329, 330,
333, 359, 586, 738

publishing cost, 306

quality control testing, 102, 736

ranch land acres for each animal, 10

rate of production, 164

recycling cost, 272

rental charges, 200

rental cost, 95, 200, 328

repair cost, 20

resource allocation, 603

revenue, 71, 126, 145, 342-343,
448, 519, 587

revenue at equilibrium, 574

revenue losses, 188

salary options, 92

sales goals/growth, 426, 481, 689

service call charges, 201

shelf size and stocking of cans, 473

shipping carton length, 84

shipping/transportation cost, 555

shoe size conversions, 95, 312

sinking funds, 488

social worker annual salary, 231

soft drink types sold, 602

space travel cost, 310

Starbucks growth rate, 234

supply and demand, 283, 342-343,
404, 519, 541, 559, 574

ticket cost, 345

total profits, 586

trash pick-up cost, 327

used vehicle sales, 310

wedding planning, 546

workers needed to perform task, 283

CHEMISTRY

chlorine levels in swimming pools,
699-700

concentration and dilution,
404-405

drug concentrations in bloodstream,
67,404, 423

froth height on beverages, 449

mixtures/solutions, 82, 85, 404,
513,518, 531, 672

pH levels, 461, 470, 472

COMMUNICATION

cable and satellite TV
expenditures, 200

cable length, 45

cable service cost, 450

calling plans for phone service,
296, 626

car radio reception, 103

cell phone charges, 297

downloading times, 95

emergency broadcast signal, 160

focus of radio antenna dish, 664

Internet connections, 186

iPhone sales growth, 234, 241

mobile broadband
subscriptions, 124
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pay-per-view sports
subscriptions, 462

phone call volume between
cities, 283

radio broadcast range, 160

rebate amounts from Internet
service, 581

Twitter accounts, 201

waiting times for cable installation,
735-736

year when Internet service will be
over 40,000, 576

COMPUTERS

animation elastic rebound
distances, 700

computer random generation of
numbers, 721

consultant salaries, 103

impact of technology on
families, 721

memory card assembly, 738

repairs, 19

SPAM rate of increase, 170-171

transistor numbers, 494

CONSTRUCTION

backyard fencing dimensions, 347

building height and number of
stairs, 280

building height over time, 426

cost and size of new home, 172

cost of baseboards, A—11

cost of drywall, A—11

deflection of a beam, 417

depth of a well, 312

elliptical bridge arches, 645

elliptical fireplace, 645

fish tank dimensions, 541

forces on a truss, 618

gutter design, 126

home improvements profits, 586

home ventilation, 462

house rehabilitation, house spent
on, 622

ladder length, 42, 126

length of cable, A—9

lengths of pieces, 319-320, 324

life capacity, 94

load weight on beam/post,
282-284, 330, 482

nuclear cooling tower side
distances, 658

paving a driveway, A-10

paving a walkway, A—10

pitch of roof, 20, 172

plumbing vent roof holes, 645

quality control stress test, 102

sewer line slope, 172

sheep pen dimensions, 347

swimming pool dimensions, 540

wall dimensions, 84

CRIMINAL JUSTICE/
LEGAL STUDIES

illegal drug seizure costs, 67
protecting crime scene, 324

DEMOGRAPHICS

ages of famous persons, 532

amusement park attendance, 358

cable and satellite TV
expenditures, 200

centenarians, 446

city water usage per day, 33
customers in a mall, 420
families that own stocks, 296
government investment in military
and public works, 310
hours per week children spend with
technology, 174
Internet connections, 186
law enforcement employment, 233
longest living human, 297
males and females predicted to join
U.S. Army, 583-584
military expenditures, 296
military reconnaissance times, 324
multiple births in U.S., 296
newspaper decline, 295
number of coins in circulation, 605
Pareto’s law, 472
phone call volume between
cities, 283
population growth, 494, 699, 700
smoking, 174, 232
social worker annual salary, 231
telephone opinion polls, 730
tourist population at resort, 358
triplets born in U.S., 504
union workers selected for
survey, 736
veterans service career survey,
720-721
women in politics, 232
year when Internet service will be
over 40,000, 576

EDUCATION/TEACHING

average grade computation, 405

calculus course ideas, 737

children lining up for lunch, 710

class combinations in college,
708, 709

committee composition, 707-708,
710,711

cost of college, 174

credit-hour increases at college, 733

detention days served at high
school, 622

exam scores, 92, 94

grade combinations, 708

grade point average, 227-229, 405

grades and time spent studying,
240, 285

highest reading levels, 140

1Q of each of The Three
Stooges, 575

joining a club, 587

language retention, 404

memory retention, 68, 404, 463, 494

passing a quiz, 722

scholarship awards, 711

selecting students attending
conference, 716

tuition loan amounts owed, 622

used and new textbook costs, 589

ENGINEERING

Civil
city water usage per day, 33
elevation and highway

grade, 186

traffic and travel time, 333
traffic flow, 390, 575
traffic volume, 103, 390
water level in reservoir, 390
water pipe network, 575

Electrical
AC circuits, 113
currents flowing in each branch
of circuit, 575
electrical resistance and
temperature, 417
impedance, 113
resistance, 20, 272, 283, 555, 646
thermal conductivity, 603
voltage, 113
Mechanical
forces on a truss, 618
kinetic energy, 282
pitch diameter of gears, 12
pulley systems, 575
wind-powered energy, 46, 139,
258, 283, 330, 437, A-9

ENVIRONMENTAL STUDIES

energy costs, 84

energy rationing, 296

landfill volume, 172

lawn care, 201

motion detector range, 156-157, 160

oil spill area, 307

pollution testing, 730

pollution/waste removal, 68, 136,
139, 267, 272, 403

recycling cost, 272

reservoir draining, 733

stocking a lake, 481

toxic waste storage, 701

tracking oil leak, A—-11

tracking water leak, A—11

trash pick-up cost, 327

venting landfill gases, 700

water level in lake after drought, 174

water rationing, 296

wildlife population growth, 68, 139

wind-powered energy, 46, 139,
258, 283, 330, 437

FINANCE

ACH payments growth, 235

amount invested at each rate, 520,
575, 604

amounts borrowed at each rate,
528, 622

annuities, 487

balance of payments, 390, 422

car value and loan payment, 280

CD and MM deposits, 603

charitable giving, 689

checking account balance, 94

coin denominations, 186, 518, 531,
558, 604

compound annual growth, 311

compound interest, 484485,
491-493, 500, 634, 672

continuously compounded interest,
486, 492, 562, 699, 731

corporate expenditures, 310

credit card growth, 235

debt load, 358

government deficits, 373

interest paid on each investment, 617

international trade balance, 126

investment amounts at each rate,
520, 530, 545, 559, 575, 604

investment doubling, 461,
484-485, 495, 500, 739

investment growth, 492, 672

investment in coins, 186, 518

investment value, 385-386

leaving money to grandchildren, 553

mortgage payment, 34, 493

national debt, 126

number of coins in circulation, 605

per capita debt, 33, 224

salary options, 92

savings vs. entertainment, 554

shares traded, 232

simple interest, 483, 491, 500,
576, 617

stock prices, 67

stock shares value, 103, 679

GEOGRAPHY/GEOLOGY

Arctic sea ice area, 372

deep-sea fishing depths, 102

discharge rate of rivers, 356

earthquake intensity, 457-458,
461, 464

earthquake magnitude, 457, 461

earthquake range, 160

land areas, 79, 520, 559

mapping distances, 237, 240

mining, 500

river lengths, 84

river velocity, 272

speed of current, 518

tide predicting, 201

venting landfill gases, 700

viewing distance and elevation,
212-213, 268

weight of a cloud, 72

HISTORY

dates in U.S. history, 520, 530
major wars, 530

metric time, 21

postage costs, 20, 232

INTERNATIONAL STUDIES
currency conversion, 312, 588
guns vs. butter, 553
international trade balance, 126
shoe size conversions, 95, 312

MATHEMATICS

absolute value graphs, 297

analyzing graphs, 221, 531

angle measurement, 575, 576

area and perimeter, 322

area of circle, 32, 160-161, 312, 437

area of composite figures, 347

area of concentric ellipses, 646

area of cone, 46, 138

area of cube, 281

area of cylinder, 56, 68, 126, 223,
311,403

area of ellipse, 644, 646

area of equilateral triangle, 281

area of frustum, 46

area of Norman window, 325, 617

area of painted area on canvas, 138

area of pentagon, 618

area of picture frame, 57

area of rectangle, 94, 322, 329,
347, 374, 540, 553

area of rectangular box with square
ends, 345

area of sphere, 281

area of torus, 54

area of triangle, 94, 322-323,
553, 622

area of window, A-2

barrels in pyramid stack, 739



binomial probability, 729-730
box dimensions, 538, 540
circumference of circle, 234
circumference of ellipse, 644
combinations and permutations
aircraft N-Numbers, 711
area codes and phone
numbers, 711
books to read, 710
Clue game, 711
coin flips, 710
colored balls, 710, 735
committee composition,
707-708, 710, 711
e-mail addresses, 711
garage band repertoire, 710
lining up for lunch, 710
lottery results, 707, 737
medals awarded, 710
menu items, 737
opening a lock, 702, 708
platoon members, 710
scholarship awards, 711
Scrabble games, 706, 710
soccer team rosters, 711, 719
sports teams formed, 710
staff selection, 720, 723, 737
switchboard operators, 710
television programming, 711
Tic-Tac-Toe game, 712
Yahtzee games, 711
complex numbers, 112
composite figures, 139, 329, 347
consecutive integers, 138
constructing graphs, 666
counting listing and tree diagrams,
702, 708
counting seating arrangements,
704,709,711
curve fitting graphs, 603
cylindrical tank dimensions, 540
distance between points, 12, 530
distance from point to line, 633
finishing a race, 705
focal chords of ellipse, 641,
645-646
focal chords of hyperbola,
653-654, 657
focal chords of parabola, 664, 666
geometric sequencing and thickness
of stack of paper, 700
height of cylinder, 80, 83
height of ellipse, 645, 666
height of hemispherical basin,
134-135
height of rectangle, 84
height of silo base, 84
ice cream in ice cream
sandwich, 426
imaginary numbers, 112
maximizing area, 323-324, 329,
341-342, 374
maximizing volume, 324
maximum and minimum values, 373
minimizing area, 324
minimizing distance graphs,
323-324
negative exponents, 34
permutations, 709-710, 737-738
Pick’s theorem, 160
probability of administrative
positions, 709
probability of ages of children in
family, 713

probability of baseball hits, 730

probability of betting games, 721

probability of bills drawn from
box, 739

probability of bowling strikes, 735

probability of careers of retirees
surveyed, 722-723

probability of chess finalists, 709

probability of class combinations
in college, 708, 709

probability of clothing
combinations, 709, 734

probability of coaches chosen to
revise rulebook, 718

probability of coin toss, 102,
723,730

probability of colored balls,
722,735

probability of completing a bicycle
trip, 735

probability of computer random
generation of numbers, 721

probability of conference members
selected, 718, 720

probability of contaminated wells,
730

probability of corporation office
locations, 719

probability of dart throwing
scores, 722

probability of dice rolling, 716,
718, 719-721, 734

probability of disarming a timed
explosive, 722

probability of dominos, 720

probability of door opener digits, 708

probability of drawing card from
deck, 713, 715-717,
719-720, 734

probability of engine failures, 715

probability of fire truck route
choices, 719

probability of game show
finalists, 719

probability of generator failure, 719

probability of grades in college, 708

probability of icon choices, 735

probability of letter selection, 734

probability of license plates, 708,
710,735

probability of life spans of
turtles, 736

probability of locating errors in
manuscript, 722

probability of manufacturing of
cornucopia, 735

probability of marksman target
areas, 722, 736

probability of menu items, 709,
710, 737

probability of number
combinations, 709

probability of opening a lock, 702,
708, 734

probability of passing a quiz,
722,730

probability of photographing
groups, 709, 734

probability of pool ball
arrangement, 720-721

probability of racehorse positions,
709, 734

probability of rentals returned on
time, 730, 739

probability of spinners, 448,
719, 739

probability of staff selection, 72,
720, 734

probability of students attending
conference, 716

probability of telephone poll
respondents, 730

probability of veterans service
career survey, 720-721

probability of voters
interviewed, 718

probability of wooden block
selection, 723

Pythagorean theorem, 42, 72, 297

radius of circle, 156-157, 160

radius of sphere, 281

reading graphs, 310-311

rectangle side lengths, 244, 530,
540, 559

security code, 703

shipping carton length, 84

spinning a spinner, 702, 708,
711,739

triangle dimensions, 126, 540, 559,
575, 669

vertices of dodecahedron, 83

volume of box, 358

volume of composite figures, 139,
329, A4 -A-5

volume of conical shell/cone, 57,
316-317, 323, 325, 437, 553

volume of cube, 32, 200, 373

volume of cylinder, 200, 223, 234,
317-318, 323, 434, 553

volume of cylindrical shell, 56

volume of egg, 283

volume of gelatin capsules, 139

volume of grain silos, 139, 324, 330

volume of prism, A—9

volume of rectangular box, 57,
126, 373

volume of solid rectangle with
hollow center, 57

volume of sphere, 257, 330

volume of spherical shell, 57

volume of water in swimming
pool, 358

MEDICINE/NURSING/

NUTRITION /

DIETETICS/HEALTH

blood plasma and pH levels, 472

body mass index, 94, 285

calorie maintenance during diet, 553

dietary research for pets, 618

drug absorption rate, 481

estimating time of death, 481

female physicians, 174

fertility rate of women, 222

fetus weight, 222

geriatric nutrition, 531

grams of each fat type in soup, 531

hair growth rate of humans, 201

heart rate during aerobics, 553

ideal weight, 200

life expectancy of humans, 173

lithotripsy procedure, 645

medication in the bloodstream, 33,
67,404, 423

milkfat mixture, 518

music and heart rates, 359

nut mixtures, 554

Applications Index XiX

parental IQ as perceived by

child, 372
pediatric dosages/Clark’s Rule, 12
sandwich ingredients, 554
staff selection at hospital, 723
support group for hodophobics, 723
training diet for sports, 604
waiting times for appointments, 734
weight loss on a diet, 330
Wilson’s disease, 504

METEOROLOGY

altitude and atmospheric pressure,
462, 499

altitude and boiling temperature of
water, 173, 233

altitude and temperature, 481

altitude and terrain contours, 373

altitudes of pilot training, 375

atmospheric pressure, 479, 699

determination of altitude, 458

jet stream altitude, 102

mapping ocean floor, 370

river velocity, 272

skydiver training, 414

storm location, 655

temperature and altitude, 182,
386-387, 437, 481

temperature and atmospheric
pressure, 462

temperature and electrical
resistance, 417

temperature and natural gas
consumption, 227-228

temperature and ocean depth, 273

temperature changes over time,
12, 689

temperature conversions, 95, 200,
437,518

temperature drop, 12, 222

temperature record high, 12

temperature record low, 12

tide predicting, 201

weight of a cloud, 72

wind speed, 513-514, 519

MUusIC

donations to classical music radio
station, 587

frequency of musical notes, 450

music and heart rates, 359

playing time for Mozart arias, 602

playing time for Rolling Stones
songs, 602

playing time for symphony
movements, 532

PHYSICS/ASTRONOMY/

PLANETARY STUDIES

acceleration of a vehicle, 186, 240

arc/length of pendulum swing, 283,
327, 689, 696, 699, 735

attraction between particles, 34

bouncing ball rebound heights,
700, 723

brightness of a star, 461

carbon-14 dating, 494

cooling time of liquid, 225

creating a vacuum, 699

density of objects, 373

depth of dive, 422

distance between charged particles
passing each other, 658

distance between planets, 84



XX Applications Index

distance of Mars from Sun, 330

drag force/resistance, 282, 373

fluid motion, 257

force between charged particles, 283

freezing time of liquids, 481

gravitational pull and satellite
disintegration, 45

gravity, distance, time, 257, 437

Halley’s comet orbit, 669

heights of falling object, 221,
281,618

kinetic energy, 282

length of depressed cable, 72

light intensity, 34, 272, 284

light projection and elliptical
shape, 645

Lorentz transformation, 57

mass and gravitational attraction,
271,284

mass of spaceship and fuel, 481

mass of Sun, 284

metric time, 21

Newton’s law of cooling, 445,
449, 481

nuclear cooling tower side
distances, 658

orbital velocities of planets, 646

orbits of satellites, 327

oscillating fan, 254

parabolic light sources depth and
focus, 666

parabolic sound receivers depth
and focus, 666

path of comet, 654655

perception of stimulus strength, 500

period of pendulum, 283, 327

planetary orbits, 645-646

power output of radioactive
isotopes, 504

projected images, 280, 437

projectile height, 123, 126, 212,
221-222, 346

radioactive decay, 449, 490, 494,
499, 504

radius of planets/orbits, 71, 139, 273

range of projectile, 276-277

solar furnace depth and focus, 666

sound intensity, 284, 462, 463

space colony population growth, 699

space exploration conference
selection, 718

space-time relationship, 57

space travel costs, 310

speed of sound, 186

spread of a liquid, 330

spring oscillation, 102

stretched spring, 285

submarine depth, 102

supernova expansion, 312

timing a falling object, 45

transparency of sunglasses, 449

velocity due to gravity, 257

velocity needed to escape gravity, 46

velocity of a bullet, 271

velocity of falling object, 213-217,
222,272

volume and pressure, 20, 278-279
water pressure and depth, 186, 280
weight of astronaut

above surface of Earth, 282

on planet/satellite, 275-276, 283

POLITICS

government deficits, 373

government investment in military
and public works, 310

guns vs. butter, 553

Human Development Index for
selected countries, 175

income tax reform, 520

platoon member choosing, 710

Supreme Court justices, 173

voters interviewed, 718

women in politics, 232

SOCIAL SCIENCE/HUMAN

SERVICES

family time vs. personal time,
553-554

government investment in military
and public works, 310

Human Development Index for
selected countries, 175

law enforcement employment, 233

library fines, 497

police protection spending, 291-292

spreading rumors, 494

time to respond to distress call,
320-321

SPORTS/LEISURE

admission prices of each type, 297
amusement arcade game scores, 296
amusement park attendance, 358
amusement park rides, 399-400
archery target areas, 736
area of race track, 646
baseball card value, 174
baseball hits probability, 730
baseball luxury tax, 187
basketball throws to tie a game, 729
billiard table foci and vertices, 646
blanket toss height, 346
bowling scores, 144
bowling strikes, 735
camping numbers estimates, 739
card game final scores, 520
catapult height, 346
choosing coaches to revise

rulebook, 718
city park dimensions, 19
Clue game, 711
concert tickets sold, 348
dart throwing scores, 722
determining height of

mountain, A-5
drag force on race car, 282
drag resistance on boat, 373
fitness regimen, 701
football field dimensions, 127
football player weights, 94

gear ratio and speed of race car, 284

handicap computing, 681

height of arrow, 531

height of sports ball over time, 143,
340-341, 531

high jump records, 235

hiking on parallel courses, 168

hot air ballooning, 272

hunting slings, 346

jogging speeds, 85

jumping lengths, 689

kiteboarding wind speed, 104

kite height, 45

marksman target probabilities, 722

medals awarded for sprinters, 710

minimum altitude of plane over
target, 658

model rocket velocity, 390

motorcycle jumping, 347

motorcycling speeds in each part of
course, 104

number of each sports item in
shipment, 562

orienteering time, 324, 359

participants in race, 347

pay-per-view sports
subscriptions, 462

pitcher’s mound deterioration
rate, 448

points scored by each team, 574

pole vault records, 235

racing pigeon speeds, 519

rowing in still water, 139

rowing speed upstream and
downstream, 518

running speeds, 114

Scrabble game, 706, 710

skydiver training, 414

skydiving freefall speeds, 135-136

snowboarding height, 347

soccer team rosters, 711

softball toss, 20

speed of current, 518

speed of parallel vehicles, 85

speed of race car, 373

sport ball tolerances, 103

sports teams formed, 710

stunt pilot height over stands, 658

swimming pool hours, 34

swimming times, 94, 223, 229

tennis court dimensions, 127

tickets sold of each type, 127, 518

Tic-Tac-Toe, 712

tourist population at resort, 358

training

diet, 604
regimen, 283, 426, 701
Yahtzee, 711

TRANSPORTATION

acceleration of a vehicle, 186, 240
aircraft rate of climb, 172

airport walkway speeds, 518-519
car radio reception, 103

cruising speed, aircraft, 20, 68

cruising speed, ship, 518

distance from home and hours
traveled, 172

driving/bicycling times
combined, 81

elevation and highway grade, 186

elliptical bridge arches, 645

engine failure probability in
hydrofoil, 715

flying altitude rate of change, 165

flying time between cities, 139,
574

following driving directions, 438

fuel economy, 222

gas mileage, 101, 174, 197, 200,
279-280

gasoline cost, 19, 95, 518

horsepower of vehicles, 504

hovering altitude, 19

inflating a tire, 139

minimizing transportation costs, 555

parallel/nonparallel roads, 174

parking lot dimensions, 19

perpendicular/nonperpendicular
course headings, 174

radar detection, 160, 658

range and position of boat, 188

round-trip average speed, 417

runway takeoff distance, 462—463

ship smoke stack height, 19

skid marks and speed of vehicle,
45,258

speeding fines, 437

speed of current, 518

speeds of steam locomotives and
diesels, 144

stopping distance, 258, 283

submarine depth, 102

time for vehicle to overtake
another, 85

time to respond to distress call,
320-321

traffic and travel time, 333

traffic flow, 390, 575

traffic volume, 103, 390

trolley cable lengths, 495

tunnel clearance, 540

vehicles traveling in opposite
directions, 140

wind speed, 513-514

wing widths of airplanes, 733

WOMEN’S ISSUES

female physicians, 174

females predicted to join U.S.
Army, 583-584

fertility rate of women, 222

women in politics, 232
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CHAPTER CONNECTIONS

Participation in many common recreational
activities depends on the time of year, or even
on the time of day. For instance, we expect that
attendance at state parks will be greater in the
spring than in the winter, and that a swimming
pool will have more swimmers at 1:00 rMm. (in
the heat of the day) than at 8:00 A.m. The
equation S = —h? + 10h can be used to
estimate number of people in a swimming pool
at any time of day, where S is the number of
swimmers and h is the number of hours the
pool has been open. This chapter reviews the
skills required to estimate the number of
swimmers in the pool at a given time of day, as
well as other mathematical skills to be used
throughout the course. This equation appears
as Exercise 128 in Section R.3.

Check out these other real-world connections:
P Pediatric Dosages and Clark’s Rule
(Section R.1, Exercise 104)
> Maximizing Revenue of Video Game Sales
(Section R.3, Exercise 129)
P Accident Investigation (Section R.4, Exercise 55)

» Growth of a New Stock Hitting the Market
(Section R.6, Exercise 75)



m The Language, Notation, and Numbers of Mathematics

LEARNING OBJECTIVES
In Section R.1 you will review how to:

[ A. Identify sets of numbers,
graph real numbers, and use
set notation

[ B. Use inequality symbols and
order relations

[ C. Use the absolute value of a
real number

[ D. Apply the order of operations

The most fundamental requirement for learning algebra is mastering the words,
symbols, and numbers used to express mathematical ideas. “Words are the symbols of
knowledge, the keys to accurate learning” (Norman Lewis in Word Power Made Easy,
Penguin Books).

A. Sets of Numbers, Graphing Real Numbers, and Set Notation

To effectively use mathematics as a problem-solving tool, we must first be familiar
with the sets of numbers used to quantify (give a numeric value to) the things we
investigate. Only then can we make comparisons and develop equations that lead to
informed decisions.

Natural Numbers

The most basic numbers are those used to count physical objects: 1, 2, 3, 4, and so
on. These are called natural numbers and are represented by the capital letter N,
often written in the special font shown. We use set notation to list or describe a set of
numbers. Braces { } are used to group members or elements of the set, commas
separate each member, and three dots (called an ellipsis) are used to indicate a pattern
that continues indefinitely. The notation N = {1, 2, 3, 4, 5, ...} is read, “N is the set of
numbers 1, 2, 3,4, 5, and so on.” To show membership in a set, the symbol € is used.
It is read “is an element of ” or “belongs to.” The statements 6 € N (6 is an element of
N)and 0 € N (0 is not an element of N) are true statements. A set having no elements
is called the empty or null set, and is designated by empty braces { } or the symbol .

EXAMPLE 1 »

Solution »

Writing Sets of Numbers Using Set Notation
List the set of natural numbers that are
a. greater than 100 b. negative
c. greater than or equal to 5 and less than 12
a. {101, 102, 103, 104, ...}
b. { }; all natural numbers are positive.
c. {5,6,7,8,9,10,11}

J

Now try Exercises 5 and 6 »

Whole Numbers

Combining zero with the natural numbers produces a new set called the whole
numbers W = {0, 1, 2, 3, 4,...}. We say that the natural numbers are a proper subset
of the whole numbers, denoted N C W, since every natural number is also a whole
number. The symbol C means “is a proper subset of.”

EXAMPLE 2 »

Determining Membership in a Set
Given A = {1,2,3,4,5,6}, B ={2,4},and C = {0, 1, 2, 3, 5, 8}, determine
whether the following statements are true or false. Justify your response.

a. BCA b. BCC c. CCW

d CCN e. 14eW f.2&W
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Solution »

WORTHY OF NOTE

The integers are a subset of the
rational numbers: Z C Q, since

any integer can be written as a
fraction using a denominator of
one: -2 ==2and 0 = %, and
the like.

Section R.1 The Language, Notation, and Numbers of Mathematics 3

a. True: Every element of B is in A. b. False: 4 & C,so BZ C.
c. True: All elements are whole numbers. d. False: 0 & N, so CZ N.
e. True: 104 is a whole number. f. False: 2 is a whole number.

Now try Exercises 7 through 12 »

Integers

Numbers greater than zero are positive numbers. Every positive number has an
opposite that is a negative number (a number less than zero). Combining zero
with the natural numbers and their opposites produces the set of integers
Z=A{.,-3,-2,—1,0,1,2,3,...}. We can illustrate the location and magnitude of
a number (in relation to other numbers) using a number line (see Figure R.1).

Negative numbers Positive numbers

1 1
..=5 =4 -3 -2 -1 0 +1 +2 +3 +4 +5

Negative 3 is the opposite Positive 3 is the opposite
Figure R.1 of positive 3 of negative 3

The number that corresponds to a given point on the number line is called the coor-
dinate of that point. When we want to note a specific location on the line, a bold dot “*”
is used and we have then graphed the number. Since we need only one coordinate to
denote a location on the number line, it is referred to as a one-dimensional graph.

Rational Numbers

Fractions and mixed numbers are part of a set called the rational numbers Q. A
rational number is one that can be written as a fraction with an integer numerator and an
integer denominator other than zero. In set notation we write Q@ = {Z|p, ¢ € Z; ¢ # 0}.
The vertical bar “|” is read “such that” and indicates that a description follows. In
words, we say, “(D is the set of numbers of the form p over ¢, such that p and ¢ are
integers and ¢ is not equal to zero.”

EXAMPLE 3 »

Solution »

Graphing Rational Numbers
Graph the fractions by converting to decimal form and estimating their location
between two integers:

a. —2% b. 1

a. —21 = —2.3333333...0r —2.3 b. 7 =35

-23 35
—t o+t
-4 -3 -2 -1 0 1 2 3 4

J
Now try Exercises 13 through 16 »

Since the division 5 terminated, the result is called a terminating decimal. The
decimal form of —2% is called repeating and nonterminating (note that —2.3 # —2.3).
Recall that a repeating decimal is written with a horizontal bar over the first block of
digit(s) that repeat. For instance 52 = 2.1454545 ... = 2.145.

When using a calculator for computations involving repeating decimals, you must
either use the rational form or “fill the display” with the digits that repeat. As an
exploration, suppose that you are to inherit% = (.3 of a $90,000 estate. How many
“repeating threes” (times 90,000) are needed until the calculator returns an answer of
$30,000? See Exercises 17 and 18.



WORTHY OF NOTE

Checking the approximation
for V/5 shown, we obtain
2.2360679° = 4.999999653. While
we can find better approximations
by using more and more decimal
places, we never obtain five exactly
(although some calculators will
say the result is 5 due to
LIimitations. in programming).
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Irrational Numbers

Although any fraction can be written in decimal form, not all decimal numbers can be
written as a fraction. One example is the number represented by the Greek letter 7 (pi),
frequently seen in a study of circles. Although we often approximate 7 using 3.14, its
true value has a nonrepeating and nonterminating decimal form. Other numbers of
this type include 2.101001000100001 ... (there is no block of digits that repeat—the
number of zeroes between each “1” is increasing), and V5 = 2.2360679 ... (the
decimal form never terminates). Numbers with a nonrepeating and nonterminating
decimal form belong to the set of irrational numbers H.

EXAMPLE 4 »

Solution »

Approximating Irrational Numbers

Use a calculator as needed to approximate the value of each number given (round
to 100ths), then graph them on the number line:

a. \V3 b. c. VI9 d. -2
a.V3=173 b w~314 ¢ VI9=436 d —L2~-071
,\/7
R YT
—tt+—t—t+t+tot—t—t—t—tet+—t—tt—to—+—+—++++++—>
-3 =2 -1 0 1 2 3 4 5 6 7 g8 ..

J
Now try Exercises 19 through 22 »

Real Numbers

The set of rational numbers combined with the set of irrational numbers produces the
set of real numbers R. Figure R.2 illustrates the relationship between the sets of
numbers we’ve discussed so far. Notice how each subset appears “nested” in a larger set.

R (real): All rational and irrational numbers
/\

Q (rational): {}, where p,q € Zand q # 0} H (irrational):

Numbers that
cannot be written
as the ratio
of two integers;
a real number

Z (integer): {...,—2,—1,0,1,2, ...}

W (whole): {0, 1,2, 3, ...}

N (ila;llr;l)i that is not rational.
{1,2,3,...} @, V7, —\V10,
0.070070007...
and so on.

Figure R.2

EXAMPLE 5 »

Solution »

List the numbers inset A = {—2, 0, 5, V7,12, %, 4.5, V21, , —0.75} that belong to

Identifying Members of a Number Set

a. Q b. H c. W d. 7
a. —2,0,5,12,3,45,-075€Q b. V7, V21, m€H
c. 0,5, 12€W d. —2,0,5,12€Z

J

Now try Exercises 23 through 26 »
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EXAMPLE 6 »

Solution »

MA. You’ve just reviewed
how to identify sets of
numbers, graph real numbers,
and use set notation

Evaluating Statements about Sets of Numbers

Determine whether the statements are true or false. Justify your response.
a. NCQ b. HC Q c WC~Z d. ZCR

. True: All natural numbers can be written as fractions over 1.

a
b. False: No irrational number can be written in fraction form.
c. True: All whole numbers are integers.

d

. True: Every integer is a real number.

J
Now try Exercises 27 through 38 »

B. Inequality Symbols and Order Relations

We compare numbers of different size using inequality notation, known as the
greater than (>) and less than (<) symbols. Note that —4 < 3 is the same as saying
—4 is to the left of 3 on the number line. In fact, on a number line, any given number
is smaller than any number to the right of it (see Figure R.3).

Py | | |
T T T

v :
-4 -3 -2 -1 0 1 2
—4<3

—t——
3

4

Figure R.3 a<b

Order Property of Real Numbers

Given any two real numbers a and b.
1. a < bif ais to the left of » on the number line.

2. a > bif ais to the right of b on the number line.

Inequality notation is used with numbers and variables to write mathematical state-
ments. A variable is a symbol, commonly a letter of the alphabet, used to represent an
unknown quantity. Over the years x, y, and n have become most common, although
any letter (or symbol) can be used. Often we’ll use variables that remind us of the quan-
tities they represent, like L for length, and D for distance.

EXAMPLE 7 »

Solution »

MB. You’ve just reviewed
how to use inequality
symbols and order relations

Writing Mathematical Models Using Inequalities

Use a variable and an inequality symbol to represent the statement: “To hit a home
run out of Jacobi Park, the ball must travel over three hundred twenty-five feet.”

Let D represent distance: D > 325 ft.

Now try Exercises 39 through 42 »

In Example 7, note the number 325 itself is not a possible value for D. If the ball
traveled exactly 325 ft, it would hit the fence and stay in play. Numbers that mark the
limit or boundary of an inequality are called endpoints. If the endpoint(s) are not
included, the less than (<) or greater than (>>) symbols are used. When the endpoints are
included, the less than or equal to symbol (<) or the greater than or equal to symbol
(=) is used. The decision to include or exclude an endpoint is often an important one,
and many mathematical decisions (and real-life decisions) depend on a clear under-
standing of the distinction. See Exercises 43 through 48.
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C. The Absolute Value of a Real Number

Any nonzero real number “n” is either a positive number or a negative number. But in
some applications, our primary interest is simply the size of n, rather than its sign. This
is called the absolute value of 1, denoted |1, and can be thought of as its distance from
zero on the number line, regardless of the direction (see Figure R.4). Since distance is
always positive or zero, [n| = 0.

|—4l =4 131=3

T
-4 -3 -2 -1 0 1 2 3 4

Figure R.4

EXAMPLE 8 »

Solution »

Absolute Value Reading and Reasoning

In the table shown, the absolute value of a number is given in column 1. Complete
the remaining columns.

Column 1 Column 2 Column 3 Column 4
(In Symbols) (Spoken) (Result) (Reason)

7.5 “the absolute value of 75 the distance between

’ seven and five-tenths” : 7.5 and 0 is 7.5 units

-2 “the absolute value ) the distance between

of negative two” —2 and 0 is 2 units

“the opposite of the the distance between

—|—6| absolute value of —6 —6 and 0 is 6 units,

negative six” the opposite of 6 is —6

J
Now try Exercises 49 through 56 »

Example 8 illustrates that the absolute value of a positive number is the number
itself, while the absolute value of a negative number is the opposite of that number
(recall that —n is positive if n itself is negative). For this reason, the formal definition
of absolute value is stated as follows.

Absolute Value i

For any real number n,

| {n if n=0
n =
-n if n<O0

The concept of absolute value can actually be used to find the distance between
any two numbers on a number line. For instance, we know the distance between 2 and
8 is 6 (by counting). Using absolute values, we can write |8 — 2| = |6] = 6, or
|2 — 8| = |—6] = 6. Generally, if a and b are two numbers on the real number line, the
distance between them is |@ — b|, which is identical to [b — a|.

EXAMPLE 9 »

Solution »

MC. You’ve just reviewed
how to use the absolute
value of a real number

Using Absolute Value to Find the Distance between Points

Find the distance between —5 and 3 on the number line.
Substituting —5 for a and 3 for b in the formula shown gives

-5 —3]=|-8/ =8 or [3—(=5) =8 =8.

J
Now try Exercises 57 through 64 »
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D. The Order of Operations

The operations of addition, subtraction, multiplication, and division are defined for the
set of real numbers, and the concept of absolute value plays an important role. Prior
to our study of the order of operations, we will review fundamental concepts related
to division and zero, exponential notation, and square roots/cube roots.

Division and Zero

The quotient 39*6 = 4 can be checked using the related multiplication: 4 - 9 = 36/.
A similar check can be used to understand quotients involving zero.

EXAMPLE 10 »

Solution »

WORTHY OF NOTE L

When a pizza is delivered to your
home, it often has “8 parts to the
whole,” and in fraction form we
have 8. When all 8 pieces are
eaten, 0 pieces remain and the
fraction form becomes 3 = 0.
However, the expression % is
meaningless (undefined), since it
would indicate a pizza that has
\“0 parts to the whole (??).”

Understanding Division with Zero by Writing the Related Product
Rewrite each quotient using the related product.
a.0+8=p b.lﬁqu c.%Zn

a.0+8=p,ifp-8=0. b. L=gqifg-0=16.
This shows p = 0. There is no such number g.

c. & =n,ifn-12=0.
This shows n = 0.
J

Now try Exercises 65 through 68 »

In Example 10(a), a dividend of O and a divisor of 8 means we are going to divide zero
into eight groups. The related multiplication shows there will be zero in each group. As in
Example 10(b), an expression with a divisor of O cannot be computed or checked.
Although it seems trivial, division by zero has many implications in a study of mathemat-
ics, so make an effort to know the facts: The quotient of zero and any nonzero number is
zero (2 = 0) but division by zero is undefined (2 is undefined). The special case of 3
is said to be indeterminate, as % = n appears to be true for all real numbers n (since
the check gives n -0 = 0v). The expression % is studied in greater detail in more
advanced classes.

QN

Division and Zero I

The quotient of zero and any nonzero number 7 is zero (n # 0):
0+-n=0 —=0.

The expressions n + 0 and 0 are undefined.

Squares, Cubes, and Exponential Form

When a number is repeatedly multiplied by itself as in (10)(10)(10)(10), we write it
using exponential notation as 10*. The number used for repeated multiplication (in
this case 10) is called the base, and

the superscript number is called an Table R.1

exponent. The exponent tells how Perfect Squares Perfect Cubes
many times the baseZl f)ccur.s as.a N T2 N A2 N N
factor, and we say 107 is written in . .
exponential form. Numbers that ! 7 40
result from squaring an integer are | 2 8 64 2 8
called perfect squares, while | 3 9 81 3 27
numbers that result from cubing an 4 16 10 100 4 64
integer are called perfect cubes. | 5 25 11 121 5 125
These are often collected into a

6 36 12 144 6 216
table, such as Table R.1, and students
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are strongly encouraged to memorize these values to help complete many common cal-
culations mentally. Only the square and cube of selected positive integers are shown.

EXAMPLE 11 »

Solution »

Index 3 Radical

VA

Radicand

WORTHY OF NOTE

It is helpful to note that both 0 and
1 are their own square root, cube
root, and nth root. That is, VO = 0,
¥0=0,..., V0 =0; and
VI=1,V1=1,.,Vi=1.

Evaluating Numbers in Exponential Form

Write each exponential in expanded form, then determine its value.

a. 4 b. (—6) c. =6 d. 3
a.d=4.-4.4=64 b. (—6)> = (=6)-(—6) = 36
¢. ~6'=~(6-6)= ~36 dGF=333=4

J
Now try Exercises 69 and 70 »

Examples 11(b) and 11(c) illustrate an important distinction. The expression (—6)2
gives a single operation, “the square of negative six”” and the negative sign is included
in both factors. The expression — 67 gives two operations, “six is squared, and the result
is made negative.” The square of six is calculated first, with the negative sign applied
afterward.

Square Roots and Cube Roots

For the square root operation, either the v or ¥ notation can be used. The V"
symbol is called a radical, the number under the radical is called the radicand, and
the small number used is called the index (see figure). The index tells how many fac-
tors are needed to obtain the radicand. For example, V25 = 5,since 5-5 = 5> = 25
(when the V' symbol is used, the index is understood to be 2). In general, Va=b
only if b* = a. All numbers greater than zero have one positive and one negative
square root. The positive or principal square root of 49 is 7 (\/49 = 7) since 7% = 49.
The negative square root of 49 is —7 (— V49 = —7).

The cube root of a number has the form Va = b, where b®> = a. This means
V/27 = 3since 3° = 27,and V' —8 = —2since (—2)° = —8. The cube root of a real
number has one unique real value. In general, we have the following:

Cube Roots Y

Fora €ER, Va = bif b* = a.
This indicates that
Va-Va-Va=aor(Va)y =a

Square Roots
Fora =0, Va = b if b* = a.
This indicates that

Va-Va=aor(Vay =a

EXAMPLE 12 »

Solution »

Evaluating Square Roots and Cube Roots

Determine the value of each expression.

a. V49 b. V125 c. Vi

a. V49 = T7since7-7 = 49
9 3 3 3 9

d. —V16 e. V—25

b. V125 = Ssince 5-5-5 = 125
c. Vig=gzsinces 3 = g d. —V16 = —4ssince V16 =4
e. V=25 is not a real number [note that 5 - 5 = (=5)(=5) = 25].

J
Now try Exercises 71 through 76 »
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WORTHY OF NOTE

Sometimes the acronym PEMDAS
is used as a more concise way to
recall the order of operations:
Parentheses, Exponents,
Multiplication, Division, Addition,
and Subtraction. The idea has
merit, so long as you remember
that multiplication and division
have an equal rank, as do addition
and subtraction, and these must
be computed in the order they

_oceur (from left to right).

J
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For square roots, if the radicand is a perfect square or has perfect squares in both
the numerator and denominator, the result is a rational number as in Examples 12(a)
and 12(c). If the radicand is not a perfect square, the result is an irrational number.
Similar statements can be made regarding cube roots [Example 12(b)].

The Order of Operations

When basic operations are combined into a larger mathematical expression, we use a
specified priority or order of operations to evaluate them.

AN

The Order of Operations 3

1. Simplify within grouping symbols (parentheses, brackets, braces, etc.). If
there are “nested” symbols of grouping, begin with the innermost group. If a
fraction bar is used, simplify the numerator and denominator separately.

2. Evaluate all exponents and roots.
3. Compute all multiplications or divisions in the order they occur from left to right.
4. Compute all additions or subtractions in the order they occur from left to right.

EXAMPLE 13 »

Solution »

WORTHY OF NOTE

Many common tendencies are
hard to overcome. For instance,
let’s evaluate the expressions

3 +4-5and 24 +~ 6-2. For the
first, the correct result is 23
(multiplication before addition),
though some will get 35 by
adding first. For the second, the
correct result is 8 (multiplication
or division in order), though some
LwiII get 2 by multiplying first.

J

MD. You’ve just reviewed
how to apply the order of
operations

Evaluating Expressions Using the Order of Operations

Simplify using the order of operations:
a5+2-3 b. 8 + 36 + 4(12 — 3%)

—4.5(8) — 3 0.075\12'15
Ed. 75000 1 + ——

c. —
V125 + 23 12
a.5+2-3=5+6 multiplication before addition
=11 result

b. 8 + 36 + 4-(12 — 3%)
=8+36+4-(12-9) simplify within parentheses

=8+36+4-(3) 12-9=3
=8 +9(3) the division occurs first
=8 + 27 multiply
=35 result
—4.58) -3
C. —V — original expression
V125 + 23
-36—3
= ﬁ simplify terms in the numerator and denominator
-39
= ? combine terms
= -3 result
0.075\"*"
d. 7500(1 + 12> original expression
= 7500(1.00625)12'15 simplify within the parenthesis (division before addition)
= 7500(1 .00625)180 simplify the exponent so it can be applied
=~ 7500(3.069451727) exponents before multiplication
=~ 23,020.88795 result

J
Now try Exercises 77 through 102 »






