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Preface

We are proud to offer the eighth edition of Algebra and Trigonometry. Your success
in algebra and trigonometry is important to us. To guide you to that success, we
have created a textbook with features that promote learning and support various
learning styles. These features are highlighted below. We encourage you to examine
the features and use them to help you successfully complete this course.

D Features

» Chapter Openers

Each Chapter Opener demon-
strates a contemporary applica-
tion of a mathematical concept
developed in that chapter.

Polynomial and Rational

Functions
BT R inder
Lol Queuing Theory
Factor Thecrem W have all experienced the frustration off walting in line. Many businesses

. = e wcnsirig Pheoiy, (e mathemutical study of nes (guemss),

P Related Exercise References o bt 40 estimat the expecied sverage waiding timne customers will wat n lime,
Q andd th o] her of custaomers that will be wasiing in ling undor

Each Chapter Opener cites a par- R
ticular exercise Wlthln the Chapter I;I:;’:::h" wes thal arg needad B0 peonvde 1Bcir cuslomers with

i LG exlifmale the

that is related to the chapter

Thatrais bf I Exercise 89, page 322, you will use a Fatiosal fur
5 Algebra expecied average waiting time customers will wa dependiant om the
Opener tOplC. 33 Graphs of Rational mverape number of people that a badness can serve ina given time period
unction and

V Listing of Major Concepts

A list of major concepts in each
section is provided in the margin
of the first page of each section.

m Quadratic Functions

Standard Form of 8 Qusadeatic
Function

< Prepare for This Section

Each section (after the first section)
of a chapter opens with review
exercises titled Prepare for This

i e M ds Pm-hruutmmhyamﬂmqm. afly i Th can b
tuadrabe Funcion foumd on pige 410,

Appiicamons o Quate s Futcion, P51,

P52 Complete the square of ©°

squerre of a himomial. [1.3]

Facton; 3c° + 10x — 8 [P4]

&x. Write the resulting trinomial as the

[1.3

PSE  Find fi=3) for fix) = 2¢° = %1

[N P |

Section. These exercises give you a
chance to test your understanding

PS4 Sobvefor v 2e — = 113 A ]
PS5, Solve for v o + 3x — 2 = 0[L3] of prerequisite skills and concepts
P56, Suppose that & 164 & &kt + 5. Find two values of 1 for which & = 53 before proceedlng to the new tOplCS

presented in the section.

vii
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viii  PREFACE

b the b oo ook

! il 870 sn

<4 Thoughtfully Designed Exercise Sets

We have thoroughly reviewed each exercise set to
ensure a smooth progression from routine exercises
to exercises that are more challenging. The exercises
illustrate the many facets of topics discussed in the
text. The exercise sets emphasize skill building, skill
maintenance, conceptual understanding, and, as
appropriate, applications. Each chapter includes

a Chapter Review Exercise set and each chapter,
except Chapter P, includes a Cumulative Review
Exercise set.
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» Contemporary Applications
Carefully developed mathematics is
complemented by abundant, relevant,
and contemporary applications. Many
of these feature real data, tables, graphs,
and charts. Applications demonstrate the
value of algebra and cover topics from a
wide variety of disciplines. Besides provid-
ing motivation to study mathematics, the
applications will help you develop good
problem-solving skills.
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PREFACE

By incorporating many interactive learning techniques, including the key features outlined
below, Algebra and Trigonometry uses the proven Aufmann Interactive Methods (AIM) to
help you understand concepts and obtain greater mathematical fluency. The AIM consists

of Annotated Examples followed by

Try Exercises (and solutions) and a conceptual Ques-

tion/Answer follow-up. See the samples below:

ocawns 3 nega

¥ Ty Bnerche S1, puge 207

Calodate the Airtime Tor 3 Snowboarders Jump

<4 Engaging Examples

Examples are designed to capture your
attention and help you master important
concepts.

onits e hetght of the sowboasder

< Annotated Examples

. numbered examples.

04 o

A Try Exercises
A reference to an exercise follows all worked examples. This exercise provides you with an

opportunity to test your understanding of concepts by working an exercise related to the

worked

example.

» Solutions to Try
Exercises

Complete solutions to the
Try Exercises can be found
in the Solutions to the Try
Exercises appendix.

Exercise Set 2.4, page 206

48. The soccer ball hits the ground when () = 0.

h(t) = —4.9r° + 12.8
0=—4.97 + 12.8
0=n—4.9% + 12.8)

. 26
4.9

The soccer ball hits the ground in approximately 2.6 seconds,

= Replace Ay with 0.
= Solve for &

r=0 ort=

Qertion ® Which of 13

b symmetrc

with respact 10 the p-axis?

o N-ax%is

<4 Question/Answer

In each section, we have posed at least one
question that encourages you to pause and
think about the concepts presented in the
current discussion. To ensure that you do not
miss this important information, the answer is
[ provided as a footnote on the same page.
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PREFACE

Lere of a Funchon

A value o in the domain of a function f for which f{a) = 0 is called a
zero of [

ELAMPLES
* Let fix) = 2x — 4. When x = 2, we have
fix)=2x—4
fi2y=22) - 4
=10

Because f(2) = 0, 2 is a zero of f,

<Immediate Examples of
Definitions and Concepts
Immediate examples of many defi-
nitions and concepts are provided
to enhance your understanding of
new topics.

» Margin Notes alert you Mote
tO a pOint requiring SpeCial Foor mpnibraar megresson caloula
attention or are used to

Pl graphing cabculator. in such

2 Find the regression equation using QuadReg in |:I|;'_5TH'I'I:ERI.I: i
For a TIBATI-83 PusT1-84 Plus calewlator, press[STAT|w 5[ENTER |
Scroll 1o Caloulate and pres [ENTER|

1 1 casrs, the coeficent of detem - _m:'-h--:“tﬂ
prOVIde Study tlpS. mabon & used ta determens how ;-:-?guﬂi?,um
weidl the data 11 The rmodel 5-&5'&;;."?“" y
<4 To Review Notes in the
margin will help you recognize
The distance between the poims P, vy amd f4x, v in Frigure 2.5 8 the . e .
ﬁlﬁ' kemgth of the hypotenuse of a right trianghe whose sides are horizontal and verti- the prerequISIte SklllS needed
——'J call ling scgments thal measure |x: = x| and [vy = 5y, respectively. Applying the to understand new Concepts
Pythagorean Thecrem Pythagorean Thearem to this triangle produces ) :
Sew pagts 100-103 P IR These notes direct you to the

appropriate page or section for
review.

P Calculus Connection
Icons identify topics that will
be revisited in a subsequent
calculus course.

femeuus P Difference Quotient
The expression
fix

15 ealled the difference quatient of . 10 enables us 1o sy the manner in which a
lanction changes in valug as the independent vanable chunges.

+ &) = fix)

iy ]

T o Solve a Logarithmic Equation i
Solve: Infx + 8) = Ind2v + 2} + Inix — 2}
Algebraic Salution Visuabize the Solutian
e 3y + 8) = Infdv + 23+ Inlx — 2} The graph of
lef3x + &) = Infide + 2¥x = 20) o Prosdusct property v iy + 8 — Ini2y + 2) — Inlx — 2)
o3y + &) = [ni2y® = 2y = 4 has only ope v-intercepd. Thus there is
P e o i s s k oaly one real solution,
0= 2% = iy =12 «Subiract 1y = & from each side d
0= [2x + Ipxr = 4) Faci
3

¥ = or x=4 *Sahg
A check will show thal 4 1 a solution Bal that : 15 mal a selubicon
¥ Try Exescine 40, page 1438 J

<Visualize the Solution

When appropriate, both algebraic
and graphical solutions are provided
to help you visualize the mathemat-
ics of an example and to create a
link between the algebraic and visual
components of a solution.
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P Integrating Technology
Integrating Technology boxes
show how technology can be used
to illustrate concepts and solve
many mathematical problems.

Figare 4,11 shows the graph of fix) = 0.1+

which is in the IRAW menu.

Some graphing milithes can be used 1o deww the graph of the mwverse of o
fmmction withowt the wser having 5o find the imverse function. For indasce,
4. The graphs of fand
arc both shiwn i Figune 412, along with the praph of v = . Note that
thee graps of &' is the reflection of the graph of Fwill respect 1o the graph
of ¥ = x Tha daplay shown in Figues 4,12 was produced on a TI-EY

TH-E] Pl TI-54 Mus praphesg cakulstor by using the Dismlim contmand,

B B

Figae 411

Figars 417

Uk o Ve ol g s, o8 tht i gt of ¥ st T, 1t oy
A

........ = % graph e b s e .

o 1 it s abeo peikeed. e shamen bk

< Exploring Concepts

with Technology

The optional Exploring Con-
cepts with Technology feature
appears after the last section
in each chapter and provides
you the opportunity to use a
calculator, a mobile device, or
a computer to solve computa-
tionally difficult problems.

» Modeling

Modeling sections and
exercises rely on the use of a
graphing calculator, a mobile
device, or a computer.

These optional sections

and exercises introduce

the idea of a mathematical
model and help you see the
relevance of mathematical
concepts.

A7 MACDELL DT T EEPORTRTL D DG kel P onn S

B
Tesparners F°F) T T i
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Xii  PREFACE

» Mid-Chapter Quizzes
The Mid-Chapter Quizzes help

1. Uz composition of fesctions o verify that

you assess your understanding e 5
of the concepts studied earlier A M .
in the chapter. The answers for -

all exercises in the Mid-Chapter Lt i P T H e
Quizzes, along with a reference Sose suie dommin o 0 *
to the section in which a par- o mitoule S0 7, B 1k Rkl i S
ticular concept was presented,

are provided in the Answers to - IR G T ponasel B i
Selected Exercises appendix. %, Grigh fix) = bogilx + 3)

MID-CHAPTER 4 QuUIZ

'
Expand "'l. o . Avsume x asd v are positive real sumshon.

Write logy ' — Thog, = + hogy (1) as @ sangle logasithm
with a coelFicient aof 1. Assume all vanables are positne real
numbsers,

Uise the chanpe-ol-hass formula b ceadeate log 411, Round
1is the nearest ten-thousandih

| What i the Rictier scale magnitude of an canthqusle with an

intesnity of TER2S1LT Round 10 the noancst lenih

hirs frstry limes s greal 1B stensity of an carhgusike
thal eaieies 7.9 om (e Fichier scale than the inlesisty of
an carthquake that measures 5.1 on the Richéer scalke?

CHAPTER 4 TEST PREP

The following test prep table summarizes essential concepds in this chapter. The references given in the right-hand column
list Examples and Exercises that can be used 1o test your understanding of a concept.

< Chapter Test Preps

The Chapter Test Preps summa-
rize the major concepts discussed
in each chapter. These Test Preps

help you prepare for a chapter
test. For each concept, there is a
reference to a worked example
illustrating the concept and at
least one exercise in the Chapter
Review Exercise set relating to
that concept.

b Graph the Inverse of o Function A functbon f has an iverse function i’ See Example 1, page 338, and then try
and only i it 12 2 one-to-one function. The graph of fand the graph of  Exercises | and 2, page 423,
its imverse ' ane symmetric with respect 1o the line gven by v = x.

§ Composition of Imerse Fanctions Property 11 55 o oneslo-one
Punsctson, then § ! s Uhee irverse fumction of fal and onky of
(fof "Wy Flf IH._|| x for all x in the domain of f
(f e fix)=f '[ fix)) v fowr ailll i the dosmam of

See Example 2, page 339, and then try
| Exercises 3 mnd 6. page 423,
anid

V Chapter Review Exercise Sets and Chapter Tests

The Chapter Review Exercise sets and the Chapter Tests at the end of each chapter are
designed to provide you with another opportunity to assess your understanding of the
concepts presented in a chapter. The answers for all exercises in the Chapter Review
Exercise sets and the Chapter Tests, along with a reference to the section in which the
concept was presented, are provided in the Answers to Selected Exercises appendix.

In Exercisgs 1 and 2, draw the graph of the inverse of the  In Exercises 25 to 36, sketch the graph of sach function.
given function. 'y
1 2% fixp = (2.5) 6. fix) [ i ]

7. fix = 30 W fix)= 4

B fixp=2 -3 N fge2h

M. fix) = lopsx X fixh = bogiax

1 "

B fixy = logx M fixd = Yog !
In Exercises 3 to 6, use composition of functions to deter- ) 1 i i
mine whether the given functions are inverse funetions, - Jivb= = nx Ay =i

b X

CHAPTER 4 TEST

1. Fand the inverse of fix)
wmme coanlimale aues

2y = X Chraph fand " on the

4, Espand lag, _:
v

= " . ¥ . friia 5 T — 3k - g % z
2. Find the imverse of fix) = . where the domain of [ is 5. Wrie I.np|_1 + 5 logix — 2) as & single logasithm with
4y = B a cocilicient of |
[alx == 21, Stase ke domain and the range of '
6. Usc 1he change-of-base formula amd o caleulsior to
3. & Wrile logd Sy — 3 = ¢ inexponential form approximose log, 12, Round your result 1o the neanst en-
thousindth.

b. Write ¥ = y in logarithmic form.,
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D New Features in This Eighth Edition!

» NEW Concept Check Exercises

Each exercise set starts with exercises that are de-
signed to test your understanding of new concepts.

PREFACE

EXERCISE SET 4.5

Concept Check
1.

Some exponential equations can be solved by using the
Equality of Exponents Theorem., What is the Equality of
Exponents Theorem?

Mame two methods that can be used to estimate the solutions
of an equation of the form fix) = glx), with the aid of a
graphing utility.

Xiii

Ennichiment £ e ises with &
5 s A unceion tha can by writies in the ;‘
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<4 NEW Enrichment Exercises
Each exercise set concludes with
an exercise or exercises designed
to extend the concepts presented
in the section or to provide
exercises that challenge your
problem-solving abilities.

» NEW Interactive Demonstrations

Our new Interactive Demonstrations allow you to adjust param-
eters and immediately see the change produced by your adjust-
ment. These Interactive Demonstrations run on computers and on
mobile devices. Instructions for using each of the demonstrations

are provided.

You can access these Interactive Demonstrations by scanning
a QR code with a QR reader app or by using the Web address
listed below the QR code.

[ PP ——p -

Scan the following OR code 1o scoms
Wl amiilpha o8 4 Mkl S

Exploring Concepts with Technology
e Wolframdlpha to Determine Linear and Quadratic Regrestions
The anling computational knowladge engine WollramAlpha, svailable a1
www wolframalpha.com, can be used 10 determine Encar and quadratic
regression functions for a dain se1. WollmmAlpha was conceived by
British scientist Stephen Wollram and developed by Wolfram Research
WaolframAlpha runs on computers, lablets, and smartphones, although
enderimg the meocssary mpul dala on a smariphone i a todiows prooess.
T finad the linear regrossion fumctson for the data sel
8= 00, 20020 3k (3 Ik (4 AL 05 T
enter the following text inte WollramAlpha's input fcld.
emspar #it [0, T G2, 30, (3, 31, 44, A, (5 79 L
Click on the equal sign icon, at the far right of the impat feld, 10 display
Pixp= Llx + 0.5

s the limcar regression funciion. A graph of the lincar regression fundlion
amd a scatter plod of the data are alse provsded., as shown Below,

<A NEW An Alternative Technology
Approach via WolframAlpha
Several Integrating Technology features
and some Exploring Concepts with Tech-
nology features show how WolframAlpha
can be used to perform computations,
solve equations, graph functions, and
find regression functions. WolframAlpha,
which runs on computers and mobile
devices, often provides an alternative to a
graphing calculator. WolframAlpha can be
accessed by scanning a QR code or by us-
ing the address www.wolframalpha.com.
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Xiv PREFACE

D In addition to the new features, the following changes appear
in this eighth edition of Algebra and Trigonometry.

Chapter P

Chapter 1

Chapter 2

Chapter 3

Chapter 4

Preliminary Concepts

* A new chapter opener introduces some of the concepts in this chapter.

¢ P.1 New application exercises and Enrichment Exercises have been added.

¢ P.2 One example has been revised and Enrichment Exercises have been added.
¢ P.3 One example has been revised.

¢ P.4 Enrichment Exercises have been added.

¢ P.5 A continued fraction exercise has been added to the Enrichment Exercises.
¢ P.6 Enrichment Exercises have been added.

Equations and Inequalities

e A new chapter opener introduces some of the concepts in this chapter.

¢ 1.1 New application exercises and Enrichment Exercises have been added.

¢ 1.2 Three examples have been updated and a new example has been added. Sev-
eral exercises have been revised and Enrichment Exercises have been added.

¢ 1.3 New application exercises and Enrichment Exercises have been added.

* 1.4 and 1.5 An Enrichment Exercise has been added.

Functions and Graphs

e 2.2 The introduction to piecewise-defined functions has been expanded and the
example has been revised. New exercises involving piecewise-defined functions
have been added.

¢ 2.3 A new example has been added and several exercises have been updated.

e 2.4 The business application example has been revised and application exercises
have been added.

e 2.5 Three new Interactive Demonstrations have been added. They illustrate trans-
lations, reflections, and compressing and stretching of graphs. Enrichment Exer-
cises have been added.

e 2.7 Two exercises have been updated and a new application exercise has been added.

¢ The Exploring Concepts with Technology feature has been revised to illustrate
how WolframAlpha can be used to find linear and quadratic regression functions.

Polynomial and Rational Functions

¢ A new chapter opener introduces some of the concepts in this chapter.

¢ 3.2 The Integrating Technology feature has been expanded to include instructions
on how to use WolframAlpha to graph, find extrema, and evaluate polynomial
functions. The cubic regression example has been updated and new application
exercises have been added.

¢ 3.3 and 3.4 One example has been revised.

¢ 3.5 An application exercise and an exercise that involves the parabolic asymptote
of a rational function have been added.

e The Exploring Concepts with Technology feature has been revised to illustrate how
WolframAlpha can be used to find zeros of a polynomial function and to find cubic
and quartic regression functions.

e Several exercises in the Review Exercises and the Chapter Test have been updated.

Exponential and Logarithmic Functions

e A new chapter opener introduces some of the concepts in this chapter.

e 4.2 A new Integrating Technology feature illustrates how to use WolframAlpha to
solve exponential equations. A new exercise that demonstrates the rapid growth of
an exponential function has been included in the Enrichment Exercises.

e 4.3 Several exercises have been revised and two application exercises have been added.
e 4.4 A new Integrating Technology feature illustrates how to use WolframAlpha
to evaluate logarithms with various bases. Several examples and exercises have

been updated.

e 4.6 Several population growth and compound interest exercises have been updated.
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PREFACE XV

e 4.7 Two examples and several exercises have been updated.

e The Exploring Concepts with Technology feature has been revised to illustrate
how WolframAlpha can be used to find exponential and logarithmic regression
functions.

e Several exercises in the Review Exercises and the Chapter Test have been updated.

Chapter 5 Trigonometric Functions

* A new chapter opener introduces some of the concepts in this chapter.

¢ 5.1 Two examples have been revised and a new application example has been
added. Application exercises involving arc length and angular speed have been
added.

¢ 5.2 A new example and several application exercises have been added.

¢ 5.3 A new example has been added and several changes have been made to the
exercise set.

e 5.4 The introduction to the wrapping function has been enhanced with a
graphical representation. An Interactive Demonstration that involves the wrap-
ping function has been added. Exercises that allow the student to graphically
estimate the value of the wrapping function, as well as new application exercises,
have been added.

e 5.5 Definition boxes that allow the student to easily find important concepts
have been added. The new definition boxes now include simple examples of the
definitions. Many examples have been revised so there is a consistent approach
to graphing trigonometric functions.

e 5.6 Definition boxes that allow the student to easily find important concepts
have been added. The new definition boxes now include simple examples of the
definitions. Many examples have been revised so there is a consistent approach
to graphing trigonometric functions. Application exercises have been added.

e 5.7 An Interactive Demonstration that involves the graphs of trigonometric
functions has been added. An exercise involving the phenomenon of beats and
other application exercises have been added.

¢ 5.8 New application exercises have been added.

Chapter 6  Trigonometric Identities, Inverse Functions, and Equations

e A new chapter opener introduces some of the concepts in this chapter.

¢ 6.3 A visual insight exercise that illustrates a half-angle identity has been added
to the Enrichment Exercises.

® 6.6 The example that uses a sine regression to model the illumination of the moon
has been updated. All sine regression application exercises have been updated.

e The Exploring Concepts with Technology feature has been revised to illustrate how
WolframAlpha can be used to play musical tones and beats.

e The sine regression application exercises in the Chapter Review and the Chapter
Test have been updated.

Chapter 7 Applications of Trigonometry
e 7.1 Additional introductory information concerning the ASA, AAS, and the
SSA cases has been added.
e 7.3 The dot product example has been revised.
e The Exploring Concepts with Technology feature has been revised to illustrate
how WolframAlpha can be used to perform vector operations and solve vector
application problems.

Chapter 8  Topics in Analytic Geometry

e A new chapter opener introduces some of the concepts in this chapter.

e 8.1 The Integrating Technology feature of this section has been expanded to
include instructions on how to use WolframAlpha to graph parabolas and to find
the focus and vertex of a parabola. A new Interactive Demonstration illustrates
the relationships between the standard form of the equation of a parabola and its
graph. A 3-D optical illusion exercise has been added to the Enrichment Exercises.
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PREFACE

Chapter 9

Chapter 10

Chapter 11

e 8.2 The new Interactive Demonstration illustrates the relationships between
the standard form of the equation of an ellipse and its graph. The Integrating
Technology feature has been expanded to include instructions on how to use
WolframAlpha to graph ellipses and to determine the foci, vertices, and center
of an ellipse. Several application exercises have been added.

¢ 8.3 The new Interactive Demonstration illustrates the relationships between the
standard form of the equation of a hyperbola and its graph. The Integrating
Technology feature has been expanded to include instructions on how to use
WolframAlpha to graph a hyperbola and to determine the foci, vertices, and
center of a hyperbola. Several application exercises have been added.

¢ 8.4 A new example involving the rotation-of-axes formulas has been added. A
new example illustrates how to use WolframAlpha to graph a conic.

e 8.5 Two new Integrating Technology features and two Enrichment Exercises have
been added.

e 8.6 The figue that illustrates the focus-directrix definitions of the conics has
been expanded to include an ellipse and a hyperbola.

¢ 8.7 Exercises that involve parametric equations in an xyz-coordinate system have
been added.

e The Exploring Concepts with Technology feature now provides instructions
on how to use our new Interactive Demonstration that involves conics and
polar equations.

e Application exercises have been added to the Review Exercises and to the
Chapter Test.

Systems of Equations and Inequalities

¢ 9.1 The Integrating Technology feature has been expanded to include instruc-
tions on how to use WolframAlpha to solve systems of linear equations. Appli-
cation exercises and Enrichment Exercises have been added.

¢ 9.2 Application exercises have been added.

¢ 9.3 The Integrating Technology feature has been expanded to include instruc-
tions on how to use WolframAlpha to solve nonlinear systems of equations.
Enrichment Exercises have been added.

e The new Exploring Concepts with Technology feature illustrates how to use
WolframAlpha to solve linear programming problems.

Matrices

¢ 10.1 The Echelon Form Procedure and the Gaussian Elimination example have
been revised. A new example and new exercises have been added.

¢ 10.2 A social network graph introduces the concept of adjacency matrices. A
social networks exercise has been added to the Enrichment Exercises.

¢ 10.3 The Integrating Technology feature has been expanded to include instruc-
tions on how to use WolframAlpha to find the inverse of a matrix.

¢ 10.4 Cramer’s Rule is now included in this section. Three examples have been
added.

e New exercises have been added to the Review Exercises and to the Chapter Test.

Sequences, Series, and Probability

* A new chapter opener introduces some of the concepts in this chapter.

11.1 New examples have been added.

11.2 A new example and new application exercises have been added.

11.5 A new example has been added.

11.6 Three examples have been revised and several application exercises have

been added.

¢ 11.7 Two examples have been revised and several application exercises have
been added.
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D Supplements

For the Instructor

Instructor Companion Website

Everything you need for your course in one place! This collection of book-specific
lecture and class tools is available online via www.cengage.com/login. Formerly
found on the PowerLecture DVD, access and download PowerPoint presentations,
images, and more.

Complete Solutions Manual for Aufmann/Nation’s Algebra and Trigonometry, 8e
ISBN: 978-1-285-45107-7

(Included on the Instructor Companion Website)

The complete solutions manual provides worked-out solutions to all of the
problems in the text.

Text-Specific DVDs for Aufmann/Nation’s Algebra and Trigonometry Series, 8e
ISBN: 978-1-285-45882-3

Available to adopting instructors, these DVDs, which cover all sections in the
text, are hosted by Dana Mosely and captioned for the hearing-impaired. Ideal
for promoting individual study and review, these comprehensive DVDs also
support students in online courses or may be checked out by a student who may
have missed a lecture. 12 DVDs contain over 40 hours of video.

Enhanced WebAssign®

www. webassign.net

Online Access Code ISBN: 978-1-285-85831-9

Printed Access Card ISBN: 978-1-285-85833-3

Exclusively from Cengage Learning, Enhanced WebAssign® offers an extensive
online program for Algebra and Trigonometry to encourage the practice that’s
so critical for concept mastery. The meticulously crafted pedagogy and exercises
in this text become even more effective in Enhanced WebAssign, supplemented
by multimedia tutorial support and immediate feedback as students complete
their assignments. Algorithmic problems allow you to assign unique versions

to each student. The Practice Another Version feature (activated at your
discretion) allows students to attempt the questions with new sets of values
until they feel confident enough to work the original problem. Students benefit
from a new Premium eBook with highlighting and search features; Personal
Study Plans (based on diagnostic quizzing) that identify chapter topics they still
need to master; and links to video solutions, interactive tutorials, and even live
online help.

Cognero

(Included on the Instructor Companion Website)

Cengage Learning Testing Powered by Cognero is a flexible, online system that
allows you to author, edit, and manage test bank content from multiple Cengage
Learning solutions; create multiple test versions in an instant; and deliver tests
from your LMS, your classroom, or wherever you want.

Solution Builder

www. cengage. comlsolutionbuilder

This online instructor database offers complete worked-out solutions to all exer-
cises in the text, allowing you to create customized, secure solutions printouts (in
PDF format) matched exactly to the problems you assign in class.

Syllabus Creator

(Included on the Instructor Companion Website)

Quickly and easily create your course syllabus with Syllabus Creator, which was
created by the authors.
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D Acknowledgments

For the Student

Study Guide with Student Solutions Manual for Aufmann/Nation’s Algebra and
Trigonometry, 8e

ISBN: 978-1-285-45112-1

The student solutions manual reinforces student understanding and aids in test
preparation with detailed explanations, worked-out examples, and practice prob-
lems. Lists key ideas to master and builds problem-solving skills. Includes worked
solutions to the odd-numbered problems in the text.

Enhanced WebAssign®

www. webassign.net

Online Access Code ISBN: 978-1-285-85831-9

Printed Access Card ISBN: 978-1-285-85833-3

Exclusively from Cengage Learning, Enhanced WebAssign® offers an extensive
online program for Algebra and Trigonometry to encourage the practice that’s

so critical for concept mastery. You’ll receive multimedia tutorial support as you
complete your assignments. You’ll also benefit from a new Premium eBook with
highlighting and search features; Personal Study Plans (based on diagnostic quiz-
zing) that identify chapter topics you still need to master; and links to video solu-
tions, interactive tutorials, and even live online help.

CengageBrain.com

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

We would like to thank the wonderful team of editors, accuracy checkers,
proofreaders, and solutions manual authors. Special thanks to Cindy Harvey
and Lauri Semarne. Cindy Harvey was a very valuable asset during develop-
ment and production of the manuscript. Lauri Semarne was the accuracy
reviewer for both College Algebra and Algebra and Trigonometry, and wrote
the solutions for the Complete Solutions Manual and the Student Solutions
Manual for College Algebra and Algebra and Trigonometry. Lauri has im-
proved the accuracy of the texts and provided valuable suggestions for improv-
ing the texts.

We are grateful to the users of the previous edition for their helpful suggestions
on improving the text. Also, we sincerely appreciate the time, effort, and sugges-
tions of the reviewers of this edition:

Francis Bourgeois—Lone Star College

Jennifer Byall—Globe University

John Daley—Globe UniversitylMinnesota School of Business
Grant Fraser—California State University, Los Angeles
Gustave Milburn—Montgomery College

Jan Miller—Bay Mills Community College

Daniel Roddin— Minnesota School of Business

Kristina Sampson—Lone Star College

Mark Walker— University of Nebraska, Lincoln

Edward Watkins—Florida State College
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CHAPTER Preliminary Concepts

P.1 The Real Sabermetrics

Number System . -
The film Moneyball was based on the book Moneyball: The Art of Winning
P.2 Inte_ger and an Unfair Game by Michael Lewis. It recounts the true story of how the
E;;f::; tNSumber Oakland Athletics baseball team used mathematics to select players for its
team. They used what has become known as sabermetrics, introduced by Bill
P.3 Polynomials James, to objectively evaluate a player’s performance using mathematics.

P.4 Factoring

Bill James defined sabermetrics as “the search for objective knowledge about base-

P.5 Rational ball.” Thus, sabermetrics attempts to answer objective questions about baseball,
Expressions such as “which player on the Red Sox contributed the most to the team’s offense?”

or “How many home runs will Miguel Cabrera hit next year?” It cannot deal with

P.6 Complex the subjective judgments which are also important to the game, such as “Who is
Numbers your favorite player?” or “That was a great game.”"

In sabermetrics, a SLOB is not a bad thing. Instead, a SLOB is one of the
measures of a player’s performance. SLOB stands for “slugging times on
base average.” A SLOB value of 0.3 is considered very good. For instance,
Lou Gehrig had a SLOB value of 0.283. Many of the sabermetric measures
are based on ratios such as the expressions given in Exercises 129 and 130 on
page 16.

'David J. Grabiner, “The Sabermetric Manifesto,” The Baseball Archive. Available online at http://
remarque.org/~grabiner/manifesto.txt
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2 CHAPTER P PRELIMINARY CONCEPTS

The Real Number System

Sets

Union and Intersection of Sets
Interval Notation

Absolute Value and Distance
Exponential Expressions

Order of Operations Agreement
Simplifying Variable Expressions

Math Matters

Archimedes (c. 287-212 B.C.E.)
was the first to calculate 7 with
any degree of precision. He was
able to show that

1
3 71 T<3 7
from which we get the approxi-
mation
1 22

37 = 7 =~ T
The use of the symbol 7 for
this quantity was introduced by
Leonhard Euler (1707-1783) in
1739, approximately 2000 years
after Archimedes.

D Sets

Human beings share the desire to organize and classify. Astronomers classify stars
by such characteristics as color, mass, size, temperature, and distance from Earth.
Mathematicians likewise place objects with similar properties in sets. A set is a col-
lection of objects. The objects are called elements of the set. Sets are denoted by
placing braces around the elements in the set.

The numbers that we use to count things, such as the number of books in a
library or the number of songs in a music collection, are called the natural numbers.

Natural numbers = {1, 2,3,4,5,6,...}

Each natural number greater than 1 is a prime number or a composite number. A prime

number is a natural number greater than 1 that is divisible (evenly) only by itself and 1.

For example, 2, 3, 5, 7, 11, and 13 are the first six prime numbers. A natural number,

other than 1, that is not a prime number is a composite number. The numbers 4, 6, 8,

and 9 are the first four composite numbers. Note that each of these numbers is divis-

ible by a number other than itself and 1. For instance, 8 is divisible by 1, 2, 4, and 8.
The whole numbers include zero and the natural numbers.

Whole numbers = {0, 1, 2, 3,4,5,6,...}

We also need numbers to measure temperature below zero or, in accounting,
when a company incurs a loss.

Integers = {..., —6, =5, —4,-3,-2,—-1,0,1,2,3,4,5,6,...}
The integers ..., —6, —5, —4, —3, —2, —1 are negative integers. The integers 1, 2,
3,4, 5,6, ...are positive integers (or natural numbers). The integer O is neither a

positive nor a negative integer.
Still other numbers are needed to designate part of a whole, such as a screw
that is three-fourths inch long.

Rational numbers = {Z, where p and ¢ are integers and ¢ # 0}

39 7 . 7
The numbers FHEY and 1 are examples of rational numbers. Note that — = 7.
. . . . n .
Because any integer n can be written with a denominator of 1(n = 1), all integers
are rational numbers.
A rational number written as a fraction can be written as a decimal by dividing
the numerator by the denominator. As shown below, the result is either a terminating

decimal such as 0.45 or a repeating decimal such as 0.218181818 ..., where the
digits 18 are continually repeated. In this case, we frequently place a bar over the
repeating digits and write 0.2181818 ... = 0.218.
# This is a terminating M
20} 9.00 decimal. The remainder 55) 12.00000
L()g % This is a repeating decimal.
9 — 440 Note that the remainders
% =045 —]00 10 and 45 are repeating.
—55 The remainder is never
m ZE€T0.
—440
12 — 10
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Math Matters

Sophie Germain (1776-1831)
was born in Paris, France.
Because enrollment in the uni-
versity she wanted to attend
was available only to men,
Germain attended under the
name of Antoine-August Le
Blanc. Eventually her ruse was
discovered, but not before she
came to the attention of Pierre
Lagrange, one of the best
mathematicians of the time.

He encouraged her work and
became a mentor to her. A
certain type of prime number

is named after her, called a
Germain prime number. It is a
number p such that p and 2p + 1
are both prime. For instance,

11 is a Germain prime because
2011+ 1 =23, and 11 and

23 are both prime numbers.
Germain primes are used in pub-
lic key cryptography, a method
used to send secure communica-
tions over the Internet.

Note

The order of the elements

of a set is not important. For
instance, the set of natural
numbers less than 6 given at the
right could have been written

{3, 5,2, 1, 4}. It is customary,
however, to list elements of a set
in numerical order.

P.1 THE REAL NUMBER SYSTEM 3

Numbers that are not rational numbers are called irrational numbers. In deci-
mal form, an irrational number has a decimal representation that never terminates
nor repeats. One of the best known irrational numbers is pi, denoted by the Greek
letter 77. An approximate value of 7 is 3.14592654. . . . Other examples of irratio-
nal numbers are 2.13113111311113. .. and the square root of any prime number
such as V11 = 3.31662479. ... The rational numbers and irrational numbers
taken together are the real numbers.

The relationships among the various sets of numbers are shown in Figure P.1.

Positive integers
(natural numbers)

7 1 103 \
Zero Integers Rational numbers Real numbers
0 > 3 — I 3 _

—-201 7 0 -5 by 3.1212 —1.34 =5 7 3.1212 —1.34

7 0 =5

Negative integers Irrational numbers 1 103 —201

—
-201 -8 -5 —0.101101110... V7 —0.101101110... V7
Figure P.1
EXAMPLE 1 Classify Real Numbers

Determine which of the following numbers are

a. integers b. rational numbers c. irrational numbers

d. real numbers e. prime numbers

-0.2, 0, 03,

f. composite numbers

0.71771777177771. .., @, 6, 7, 41, 5l

Solution

a. Integers: 0, 6,7, 41, 51

Rational numbers: —0.2, 0, 0.3, 6, 7, 41, 51

Irrational numbers: 0.71771777177771 ..., =

Real numbers: —0.2, 0, 0.3,0.71771777177771 ..., 7, 6,7, 41, 51

Prime numbers: 7, 41

&

- 0 & 0

Composite numbers: 6, 51

D Try Exercise 8, page 14

Each member of a set is called an element of the set. For instance, if C = {2, 3, 5},
then the elements of C are 2, 3, and 5. The notation 2 € C is read “2 is an element
of C.” Set A is a subset of set B if every element of A is also an element of B, and we
write A C B. For instance, the set of negative integers {—1, —2, =3, —4,...} isa
subset of the set of integers. The set of positive integers {1, 2, 3, 4, ...} (the natural
numbers) is also a subset of the set of integers.

Question © Are the integers a subset of the rational numbers?

The empty set, or null set, is the set that contains no elements. The symbol J
is used to represent the empty set. The set of people who have run a 2-minute mile
is the empty set.

Answer ® Yes.

Unless otherwise noted, all content on this page is © Cengage Learning.
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Math Matters

A fuzzy set is one in which
each element is given a
"degree” of membership.
The concepts behind fuzzy
sets are used in a wide variety
of applications such as traffic
lights, washing machines, and
computer speech recognition
programs.

The set of natural numbers less than 6 is {1, 2, 3, 4, 5}. This is an example of a
finite set; all the elements of the set can be listed. The set of all natural numbers is
an example of an infinite set. There is no largest natural number, so all the elements
of the set of natural numbers cannot be listed.

Sets are often written using set-builder notation. Set-builder notation can be
used to describe almost any set, but it is especially useful when writing infinite sets.
For instance, the set

{2n|n € natural numbers}

is read as “the set of elements 2n such that # is a natural number.” By replacing
n with each of the natural numbers, we obtain the set of positive even integers:
{2,4,6,8,...}.

The set of real numbers greater than 2 is written

{x|x > 2, x € real numbers}

and is read “the set of x such that x is greater than 2 and x is an element of the
real numbers.”

Much of the work we do in this text uses the real numbers. With this in mind,
we will frequently write, for instance, {x|x > 2, x € real numbers} in a shortened
form as {x|x > 2}, where we assume that x is a real number.

EXAMPLE 2 Use Set-Builder Notation

List the four smallest elements in {#*|n € natural numbers}.

Solution

Because we want the four smallest elements, we choose the four smallest natu-
ral numbers. Thus n = 1, 2, 3, and 4. Therefore, the four smallest elements of
the set {n3|n € natural numbers} are 1, 8, 27, and 64.

D Try Exercise 12, page 14

D Union and Intersection of Sets

Just as operations such as addition and multiplication are performed on real num-
bers, operations are performed on sets. Two operations performed on sets are union
and intersection. The union of two sets 4 and B is the set of elements that belong
to A or to B, or to both 4 and B.

Definition of the Union of Two Sets

The union of two sets, written 4 U B, is the set of all elements that belong
to either A or B. In set-builder notation, this is written

AUB={x|xE€Adorx€E B}
EXAMPLE
Given A = {2,3,4,5}and B = {0, 1,2, 3,4}, find 4 U B.

AUB=1{0,1,2,3,4,5} +Note that an element that belongs to
both sets is listed only once.

The intersection of the two sets A and B is the set of elements that belong
to both 4 and B.
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Definition of the Intersection of Two Sets

The intersection of two sets, written 4 N B, is the set of all elements that
are common to both 4 and B. In set-builder notation, this is written

AN B={x|x€ Aand x € B}
EXAMPLE
Given A = {2,3,4,5}and B = {0, 1, 2,3,4}, find 4 N B.

AN B=1{23,4} * The intersection of two sets contains the
elements common to both sets.

If the intersection of two sets is the empty set, the two sets are said to be
disjoint. For example, if 4 = {2, 3,4} and B = {7,8}, then 4 N B = J and 4
and B are disjoint sets.

EXAMPLE 3 Find the Union and Intersection of Sets

Find each intersection or union given 4 = {0, 2, 4, 6, 10, 12}, B = {0, 3, 6, 12,
15},and C = {1,2,3,4,5,6,7}.

a. AU C b. BN C c. AN(BUOQO) d BUMANCO)
Solution
a. AUC=1{0,1,2,3,4,5,6,7,10, 12} * The elements that belong to 4 or C
b. BN C= {3, 6} * The elements that belong to B and C
¢. First, determine BU C = {0,1,2,3,4,5,6,7,12, 15}. Then
AN BUCQC =1{0,2,4,6,12} * The elements that belong to 4 and
(BU Q)

= {2,4,6}. Then
4,6,12, 15} * The elements that belong to
Bor(A4nN <)

d. First, determine 4 N C
BUMAANC) ={0,2,3,

D Try Exercise 22, page 14

D Interval Notation

The graph of {x|x > 2} is shown in Figure P.2. The set is the real numbers greater
than 2. The parenthesis at 2 indicates that 2 is not included in the set. Rather than
write this set of real numbers using set-builder notation, we can write the set in
interval notation as (2, ).

In general, the interval notation

(a, b) represents all real numbers between a and b, not including
a and b. This is an open interval. In set-builder notation,
we write {x|a < x < b}. The graph of (—4, 2) is shown in
Figure P.3.

[a, b] represents all real numbers between a and b, including a
and b. This is a closed interval. In set-builder notation,
we write {x|a = x = b}. The graph of [0, 4] is shown in
Figure P.4. The brackets at 0 and 4 indicate that those num-
bers are included in the graph.
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Caution

It is never correct to use a
bracket when using the infinity
symbol. For instance, [—, 3] is
not correct. Nor is [2, o] correct.
Neither negative infinity nor pos-
itive infinity is a real number and
therefore cannot be contained in
a closed interval.

. | | I | L
¢
-5-4-3-2-1 0 1 2 3 4 5
Figure P.8
L AY

Ay

“5-4-3-2-10 1 2 3 45

Figure P.9

(a, b] represents all real numbers between a and b, not including
a but including b. This is a half-open interval. In set-builder
notation, we write {x|a < x = b}. The graph of (—1, 3] is
shown in Figure P.5.

[a, b) represents all real numbers between a and b, including a but

not including b. This is a half-open interval. In set-builder
notation, we write {x|a = x < b}. The graph of [—4, —1)
is shown in Figure P.6.
Subsets of the real numbers whose graphs extend forever in one or both direc-
tions can be represented by interval notation using the infinity symbol o or the
negative infinity symbol —o.

) (—o0,a) represents all real numbers
¢ less than a.

¢ (b, ») represents all real numbers greater

b than b.
1 (—o0,a] represents all real numbers less than
¢ or equal to a.

F [b, ) represents all real numbers greater

b

than or equal to b.
(‘) (—o, )  represents all real numbers.

EXAMPLE 4 Graph a Set Given in Interval Notation

Graph (—o, 3]. Write the interval in set-builder notation.

Solution

The set is the real numbers less than or equal to 3. In set-builder notation, this
is the set {x|x = 3}. Draw a right bracket at 3, and darken the number line to
the left of 3, as shown in Figure P.7.

“5-4-3-2-1 0 1 2 3 4 5
Figure P.7
D Try Exercise 40, page 14

The set {x|x = —2} U {x|x > 3} is the set of real numbers that are either less
than or equal to —2 or greater than 3. We also could write this in interval notation
as (—o, —2] U (3, «). The graph of the set is shown in Figure P.§.

The set {x|x > —4} N {x|x < 1} is the set of real numbers that are greater
than —4 and less than 1. Note from Figure P.9 that this set is the interval (—4, 1),
which can be written in set-builder notation as {x|—4 < x < 1}.

EXAMPLE 5 Graph Intervals

Graph the following. Write a. and b. using interval notation. Write c. and d.
using set-builder notation.

a. {x|x=-1} U {x|]x=2}
¢ (=,0)UI[L 3]

b. {x|x2 -1} N {x|x<5}
d. [-1,3]N(L,)5)
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Solution

“5-4-3-2-1 0 1 2 3 4

L L L L L
T S . T A I

; ‘ ; ; ——— t S ) I = =
~5-4-3-2-1 0 1 2 3 4 5 {x|x <0} U {x|l =x=23}
d. The graphs of [—1, 3], in red, and (1, 5), in blue, are shown below.

[ o)

a. (—o, —1] U [2, =)

[0 NV

[—1.5)

Note that the intersection of the sets occurs where the graphs intersect.
Although 1 € [—1, 3], 1 & (1, 5). Therefore, 1 does not belong to the
intersection of the sets. On the other hand, 3 € [—1, 3] and 3 € (1, 5).
Therefore, 3 belongs to the intersection of the sets.

Thus we have the following.

1 <x=3}

: : —+—¢ —+— {x
-5-4-3-2-1 0 1

2 3 4 5

D Try Exercise 50, page 14

D Absolute Value and Distance

a5 : - 5 The real numbers can be represented geometrically by a coordinate axis called a
~—+—8+—+e+——+—e—+—8——+e real number line. Figure P.10 shows a portion of a real number line. The number

~5-4-3-2-10 1 2 3 4 5 . . i o . .
associated with a point on a real number line is called the coordinate of the point.
Figure P.10 The point corresponding to zero is called the origin. Every real number corre-
sponds to a point on the number line, and every point on the number line corre-

sponds to a real number.

3 e 3y The absolute value of a real number a, denoted |/, is the distance between
[ S A S S S S S a and 0 on the number line. For instance, |3| = 3 and |—3| = 3 because both 3
and —3 are 3 units from zero. See Figure P.11.

Fi P11 . .
gure In general, if @ = 0, then |a| = a; however, if @ < 0, then |a| = —a because —a
is positive when a < 0. This leads to the following definition.
(. ..
Note Definition of Absolute Value
The second part of the definition The absolute value of the real number «a is defined by
of absolute value states that
if a <0, then |a] = —a. For a ifa=0
instance, if a = —4, then la| = {_ fa <0
la| = |-4] = —(—4) = 4. a 1a
EXAMPLE
5| =5 |—4] =4 0] =0

EXAMPLE 6 Simplify an Absolute Value Expression
Simplify | x + 4| — |2x — 6] given that =3 = x = 2.

Solution
Recall that |a| = —a whena < 0 and |a| = a when a = 0.
(continued)
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| 7 |

-5-4-3-2-10 1 2 3 4 5

Figure P.12

Math Matters

The expression 10'% is called a
googol. The term was coined by
the 9-year-old nephew of the
American mathematician Edward
Kasner. Many calculators do

not provide for numbers of this
magnitude, but it is no serious
loss. To appreciate the magni-
tude of a googol, consider that
if all the atoms in the known
universe were counted, the
number would not even be close
to a googol. But if a googol is
too small for you, try 109°°9°",
which is called a googolplex. As
a final note, the name of the
Internet site Google.com is a
takeoff on the word googol.

When =3 = x =2, x +4 > 0and 2x — 6 < 0. Therefore, |x + 4| = x + 4
and

|2x — 6] = —(2x — 6). Thus

[x +4| —|2x — 6] =(x+4) — [-(2x — 6)]
=(x+4+2x—06)
=3x—2

D Try Exercise 60, page 14

The definition of distance between two points on a real number line makes use
of absolute value.

Definition of the Distance Between Points on a Real Number Line

If a and b are the coordinates of two points on a real number line, the
distance between the graph of « and the graph of b, denoted by d(a, b), is
given by d(a, b) = |a — b|.

EXAMPLE

Find the distance between the point whose coordinate on the real number
line is —2 and the point whose coordinate is 5.

d(=2,5)=]-2-5]=|-7=7

Note in Figure P.12 that there are 7 units between —2 and 5. Also note that
the order of the coordinates in the formula does not matter.

ds,=2) =[5 = (=2 =17 =7

EXAMPLE 7 Use Absolute Value to Express the Distance
Between Two Points

Express the distance between ¢ and —3 on the number line using absolute
value notation.

Solution
dla, =3) = |a — (=3)| = |a + 3|

D Try Exercise 70, page 15

D Exponential Expressions

A compact method of writing 5+5+5-5 is 5*. The expression 5* is written in
exponential notation. Similarly, we can write

2x 2x 2x <2X)3
3733 ¥ \3

Exponential notation can be used to express the product of any expression that is
used repeatedly as a factor.
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,
Definition of Natural Number Exponents

If b is any real number and # is a natural number, then

b is a factor n times

where b is the base and 7 is the exponent.

EXAMPLE

(3)3:3.3.3:27
4 4 4 4 o4

—5t=—(5-5.5-5)=—-625
(=5)* = (=5)(=5)(=5)(~5) = 625

Pay close attention to the difference between — 5% (the base is 5) and (—5)* (the base
is —5).

EXAMPLE 8 Evaluate an Exponential Expression

Evaluate.
_ 14
_ At 1\2
a. (—3%(—4) b. —
Solution
a. (—39(—4)>=—-(3-3-3-3)-(—4)(—4) = —-81-16=—129
—4* —(4-4-4-4) 256 _

-1

b. = =
(=9 HEHH(=4) 256

D Try Exercise 76, page 15

D Order of Operations Agreement

. The approximate pressure p, in pounds per square inch, on a scuba diver x feet
below the water’s surface is given by

p =15+ 0.5x

The pressure on the diver at various depths is given below.

10 feet 15 + 0.5(10) = 15 + 5 = 20 pounds

20 feet 15 + 0.5(20) = 15 + 10 = 25 pounds
40 feet 15 + 0.5(40) = 15 + 20 = 35 pounds
70 feet 15 + 0.5(70) = 15 + 35 = 50 pounds

Note that the expression 15 + 0.5(70) has two operations, addition and mul-
tiplication. When an expression contains more than one operation, the opera-
tions must be performed in a specified order, as given by the Order of Operations
Agreement.
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