""Cynt‘hla,Xoung
PRECAthLus

2 nd Edltlon e

..’ /







CYNTHIA Y. YOUNG | Professor of Mathematics

UNIVERSITY OF CENTRAL FLORIDA

WILEY



PUBLISHER Laurie Rosatone

ACQUISITIONS EDITOR Joanna Dingle
PROJECT EDITOR Jennifer Brady
ASSISTANT CONTENT EDITOR Jacqueline Sinacori
EDITORIAL ASSISTANT Courtney Welsh
MARKETING MANAGER Kimberly Kanakes
CONTENT MANAGER Karoline Luciano
SENIOR PRODUCTION EDITOR Ken Santor
DESIGNER Madelyn Lesure
OPERATIONS MANAGER Melissa Edwards
PHOTO EDITOR Kathleen Pepper
COVER DESIGN Madelyn Lesure
COVER PHOTO Front Cover: Combined image: Ty Milford/Masterfile

and Leslie Banks/iStockphoto
Back Cover: Rustem Gurler/iStockphoto

“Modeling Our World” image: © David Woodfall/Getty Images

This book was set in 10/12 Times by MPS Limited, and printed and bound by Quad/Graphics, Inc.
The cover was printed by Quad/Graphics, Inc.

This book is printed on acid free paper. %

Founded in 1807, John Wiley & Sons, Inc. has been a valued source of knowledge and understanding for
more than 200 years, helping people around the world meet their needs and fulfill their aspirations. Our
company is built on a foundation of principles that include responsibility to the communities we serve and
where we live and work. In 2008, we launched a Corporate Citizenship Initiative, a global effort to address
the environmental, social, economic, and ethical challenges we face in our business. Among the issues we
are addressing are carbon impact, paper specifications and procurement, ethical conduct within our business
and among our vendors, and community and charitable support. For more information, please visit our
website: www.wiley.com/go/citizenship.

Copyright © 2014, 2010 John Wiley & Sons, Inc. All rights reserved.

No part of this publication may be reproduced, stored in a retrieval system or transmitted in any form

or by any means, electronic, mechanical, photocopying, recording, scanning or otherwise, except as
permitted under Sections 107 or 108 of the 1976 United States Copyright Act, without either the prior
written permission of the Publisher, or authorization through payment of the appropriate per-copy fee to the
Copyright Clearance Center, Inc., 222 Rosewood Drive, Danvers, MA 01923, website www.copyright.com.
Requests to the Publisher for permission should be addressed to the Permissions Department, John Wiley &
Sons, Inc., 111 River Street, Hoboken, NJ 07030-5774, (201) 748-6011, fax (201) 748-6008, website
www.wiley.com/go/permissions.

Evaluation copies are provided to qualified academics and professionals for review purposes only, for use
in their courses during the next academic year. These copies are licensed and may not be sold or transferred
to a third party. Upon completion of the review period, please return the evaluation copy to Wiley. Return
instructions and a free of charge return mailing label are available at www.wiley.com/go/returnlabel. If you
have chosen to adopt this textbook for use in your course, please accept this book as your complimentary
desk copy. Outside of the United States, please contact your local sales representative.

ISBN: 978-0-470-90413-8
BRV ISBN: 978-1-118-69247-9
Precalculus with Limits 2e HSE: 978-1-118-85027-5

Library of Congress Cataloging-in-Publication Data

Young, Cynthia Y.

Precalculus / Cynthia Y. Young. -- Second edition.

pages cm
Includes indexes.
ISBN 978-0-470-90413-8 (cloth)
1. Precalculus--Textbooks. I. Title.
QA39.3.Y68 2013
510--dc23
2013033552

Printed in the United States of America

10987654321


http://www.wiley.com/go/citizenship
http://www.copyright.com
http://www.wiley.com/go/permissions
http://www.wiley.com/go/returnlabel

For Christopher and Caroline






About the Author

Cynthia Y. Young is a native of Tampa, Florida. She currently
is a Professor of Mathematics at the University of Central
Florida (UCF) and the author of College Algebra,
Trigonometry, Algebra and Trigonometry, and Precalculus.
She holds a B.A. degree in Secondary Mathematics Education
from the University of North Carolina (Chapel Hill), an M.S.
degree in Mathematical Sciences from UCF, and both
an M.S. in Electrical Engineering and a Ph.D in Applied
Mathematics from the University of Washington. She has
taught high school in North Carolina and Florida,
developmental mathematics at Shoreline Community College
in Washington, and undergraduate and graduate students at
UCE. Dr. Young’s two main research interests are laser
propagation through random media and improving student
learning in STEM. She has authored or co-authored over
60 books and articles and been involved in over $2.5M in
external funding. Her atmospheric propagation research was
recognized by the Office of Naval Research Young Investigator
award, and in 2007 she was selected as a Fellow of the
International Society for Optical Engineers. She is currently
the co-director of UCF’s EXCEL program whose goal is to
improve the retention of STEM majors.

Although Dr. Young excels in research, she considers
teaching her true calling. She has been the recipient of the
UCF Excellence in Undergraduate Teaching Award, the UCF
Scholarship of Teaching and Learning Award, and a two-time
recipient of the UCF Teaching Incentive Program. Dr. Young is
committed to improving student learning in mathematics and
has shared her techniques and experiences with colleagues
around the country through talks at colleges, universities, and
conferences.

Dr. Young and her husband, Dr. Christopher Parkinson,
enjoy spending time outdoors and competing in Field Trials
with their Labrador Retrievers. Laird’s Cynful Wisdom (call
name “Wiley”) is titled in Canada and currently pursuing
her U.S. title. Laird’s Cynful Ellegance (call name “Ellie”)
was a finalist in the Canadian National in 2009 and is retired
(relaxing at home).

Dr. Young is pictured here with Ellie’s 2011 litter of puppies!

Bonnie Farris



Preface

As a mathematics professor I would hear my students say, “I understand you in class, but
when I get home I am lost.” When I would probe further, students would continue with
“I can’t read the book.” As a mathematician I always found mathematics textbooks quite
easy to read—and then it dawned on me: don’t look at this book through a mathematician’s
eyes; look at it through the eyes of students who might not view mathematics the same
way that I do. What I found was that the books were not at all like my class. Students
understood me in class, but when they got home they couldn’t understand the book.
It was then that the folks at Wiley lured me into writing. My goal was to write a book that
is seamless with how we teach and is an ally (not an adversary) to student learning.
I wanted to give students a book they could read without sacrificing the rigor needed
for conceptual understanding. The following quote comes from a reviewer of this third
edition when asked about the rigor of the book:

I would say that this text comes across as a little less rigorous
than other texts, but I think that stems from how easy it is to
read and how clear the author is. When one actually looks
closely at the material, the level of rigor is high.

Distinguishing Features

Four key features distinguish this book from others, and they came directly from my
classroom.

PARALLEL WORDS AND MATH

Have you ever looked at your students’ notes? I found that my students were only
scribbling down the mathematics that I would write—never the words that I would say in
class. I started passing out handouts that had two columns: one column for math and one
column for words. Each Example would have one or the other; either the words were there
and students had to fill in the math, or the math was there and students had to fill in the
words. If you look at the Examples in this book, you will see that the words (your voice)
are on the left and the mathematics is on the right. In most math books, when the author
illustrates an Example, the mathematics is usually down the center of the page, and if the
students don’t know what mathematical operation was performed, they will look to the
right for some brief statement of help. That’s not how we teach; we don’t write out an

EXAMPLE 1 gtr:r?g;ﬁ:nlrl"ﬂadratlc Function Given in guess what I just did

Graph the quadratic function fix) = (x — 3)° — 1.

Solution:
Ster 1 The parabola opens up.
Step 2 Detenmine the veriex,

Ster 3 Find the y-intercept.

Example on the board and then say, “Class,
1” Instead we lead our
students, telling them what step is coming
and then performing that mathematical step
together—and reading naturally from left to

axlwpa>l right. Student reviewers have said that the
k=031 Examples in this book are easy to read;
fy=(—3°—1=8 that’s because your voice is right there with

(0, 8) corresponds to the y-intercept

them, working through problems fogether.



PREFACE vii

SkiLLs AND CONCEPTS (LEARNING
OBJECTIVES AND EXERCISES)

In my experience as a mathematics
teacher/instructor/professor, I find skills to
be on the micro level and concepts on the
macro level of understanding mathematics.
I believe that too often skills are emphasized

SKILLE OBJECTIVES
Cirnph 3 quadratie function in standard Toem,
Cirnph 3 gquadratic function in general form,
Find the equation of & parabola
Solve application problems that involve
quadratic funciions.

CONCEPTUAL OBJECTIVES
Recognize clurscteristics of graphs of quadratic
Tunotions { parahalas);
whether the parabola opens up or down
whether fie veriex is o muximum of minimumn
e axks ol symmetry

at the expense of conceptual understanding.

I have purposely separated learning objectives at the beginning of every section into two
categories: skills objectives—what students should be able to do; and conceptual
objectives—what students should understand. At the beginning of every class I discuss
the learning objectives for the day—both skills and concepts. These are reinforced with
both skills exercises and conceptual exercises.

CATCH THE MISTAKE

Have you ever made a mistake (or had a student bring you his or her homework with a
mistake) and you go over it and over it and can’t find the mistake? It’s often easier to
simply take out a new sheet of paper and solve it from scratch again than it is to actually
find the mistake. Finding the mistake demonstrates a higher level of understanding.
Iinclude a few Catch the Mistake exercises in each section that demonstrate a common
mistake that [ have seen in my experience. I use these in class (either as a whole or often
in groups), which leads to student discussion and offers an opportunity for formative
assessment in real time.

CATCH THE MISTAKE

In Exercises 85-92, explain the mislake thal is made.

#9. Solve the eguation: de @ 91. Solve the equation: logix) + logix 51 1 for x
Sl foan: Solution:
Take the patural 1oz of bal i ide ) g . R
lake the namural log of both sdes.  loi4e™) = In Apply the product properly (5), logls* + 3x)
Apply ihe property of foverses. dr=In9 Exponeniiate both sides (base 10) [ 1
In 9 " ¥
Salve for x — = (55 Apply the property of inverses r+ 3x = 10
4
2 . ; Fagtor {x+ Shx— 2) =
Thiz is incorrect. What mistake was made?
Solve for x X 5 and x 2
. Solve the eqgoation: logix) + log(3)
Soluton: This is incodrect, What mistake was made?

LECTURE VIDEOS BY THE AUTHOR

To ensure consistency in the students’ learning experiences,
I authored the videos myself. Throughout the book wherever
a student sees the video icon, that indicates a video. These
videos provide a mini lecture in that the chapter openers
and chapter summaries are more like class discussion and
selected Examples. Your Turns throughout the book also
have an accompanying video of me working out that exact
problem.
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PREFACE

New to the Second Edition

The first edition was our book, and this second edition is our even better book. I've
incorporated some specific line-by-line suggestions from reviewers throughout the
exposition, added some new Examples, and added over 200 new Exercises. The three main
global upgrades to the second edition are a new Chapter Map with Learning Objectives,
End-of-chapter Inquiry-Based Learning Projects, and additional Applications Exercises in
areas such as Business, Economics, Life Sciences, Health Sciences, and Medicine. A
section (0.8%) on Linear Regression was added, as well as some technology exercises on
Quadratic, Exponential, and Logarithmic Regression.

LEARNING OBJECTIVES

LEARNING OBJECTIVES

Evaluate exponential functions for particular values and understand the characteristics of
the graph of an exponential function.

Evaluate logarithmic functions for particular values and understand the characteristics of
the graph of a logarithmic function.

Understand that logarithmic functions are inverses of exponential functions and derive the
properties of logarithms.

Solve exponential and logarithmic equations.

Use the ial growth, ial decay, logarithmic, logistic growth, and Gaussian

p

Xp

distribution models to represent real-world phenomena.

APPLICATIONS TO BusINEss, EconoMmics,
HEALTH ScIENCES, AND MEDICINE

INQUIRY-BASED LEARNING PROJECTS

CHAPTER 4 INGQUIRY-BASED LEARNING PROJECT (A)
Parkireson fs acquered two 30100t sections of tnce from her neighbor
M. Wilson, She has decided 1o buikd a triangular comal for her animals,
Sha plans 1o use & bam wall as tha third side. (The bam wall in 100 feat

APPLICATIONS
100, Basinew Eeommien. Amnsl cob flow of 5 sodk fusd wicel and the inclined rack ls deesmined by
(e s 0 percenmge of heind sset) fis ficmsed
i cyclen. The highs were coeglly +12% of Wotal mects.
el wepe roughly ~ K% of oo wsacts. This cul)
flow cam he modelod by the function

L je A
F o= Wil + 24|11 - condih + T

problem, Realize that this triangle is an Bosceles triangle—two equal side
longths—and that its parpondicular bisoctor can bo used 10 find tha
height of the triangle.}
e
v
ar

1. Write cut the genaral formula for the ama of a friangle.

2, To get an understanding of what happans to the ara of the triangls as the
angle i changes, you will caloulate the foliowing dimensions using right
trigngle trigonamatry, Do thess caloulations on o shest of scratch paper.

triangles formed below are actually right triangles, you
need to construct a fght irangle (using a perpendicular bisectos}
along with using the sine and coaine relatonahipa to help you kantity
the base and height. {Use two decimals.)

[ v e [ [
=basa
= height

Alg) = rma

“You don't nesd to do every sxample in the chart by hand. However. do as
many a3 you neod 1o see what patierns emwrge for caloulating oach base.
haight. and area. When you see the pattem, you will hopetully then be
able to write a function for sach piece of information, You can then use tha
table in your graphing calculator to list all the answers. However, you are
ancouragod to do at least two by hand bofore jumping to the function
wriling. Also ba sure ta chack that the results you get on your table agres
with the numbers you get by hand.

3. Wnite the base b} of the trangle as & function of 0. (Show how you
arrived at this answer.} Deserbe what happens to the base valies as
thar #f values inchoass.

n = 12— Mt
L 3 doubile-anghe ety o experm €10} b temm of e
omete et
100, Fustmens. Compuier nsles s generally antioct b scasonal
ammmmumu.w
during 2008-2010) iy

e functon
wih - OeNew'y > 0T =002
whete | epresenis i in guaners {1 = | sepresenia e

el of il first Qs of 200K, and o) mpresests
coompenr ales | quanterly senod | in ealomm of dollae
Use  dowhle-amgle dentity o express ail} m fems of S
cosine fancten

For Exrrcises 111 s 112, refir (0 the Gellwimg:

A on-crmber wheel comsists of 3 beavy disk spinning om it
mle. The nomal (crushing) force F, in pousds, botween the.

1Lk Aren of an lsrerebes Traangle. Comider e manghe
helow, whine 1he TeMex aNgle Messin. &, (he nJl-i
Siils e dsbe I8 i, tl]‘ the b
& b am sumeclen Iz, (e popediclar |lr"||u|
frmm i wriex, angle dviden ihe iroimgla inio v
vangmen wiangles ) The wo wiangles foomed ae

gl Inissglis.

a [} ¥ h
It rghe rgdes, i 5 | = awteon] < | = 2, Mgty sacn

1 &
skt o ach acpsation by o e et B = ain| = )k = @ oo =
The soea of the e isosies ulasgle is A = $0200 = 10
Satuilinie the valies for b el & o the ana fovmla, Show
hal e es & equiveleni 10| — |5,

Hid Aren of an Eessecies Triomghe. Use e resulis fom
Eraveime 113 10 fird the anea of an iesashos eriangle
s aguad svkes meastre 7 inches and whess hoss
ngles each measie 7Y

115, Witk e indformation gisen is e dageun belos
compne ¥

= 1 el

where W is the weight of the wheel i posmds, # i (he wngle
of the nks, s A ave momests of inertia, X is the oadie of
the whoed, 1 is the dislance from the whoel 10 e ple whese

i mule ds ansched and ¢ is the speed in rpm that the wisel
s spinming. The npnssim crusting foreg ccsn whn the anght
# s harwen 497 and 90",

1L Ore-Crusher Wheel. Find F if the angle b 60, Win

S0, ¢ in !Dmm.%- 7::\...1-:“- aTs

112 OreCraseer Wieel, Findt Fif e angle b 75°, Wi
mntumm%- ﬂﬂ.nnn%. 118




PREFACE ix

FEATURE BENEFIT TO STUDENT

Chapter Opening Vignette

Chapter Overview, Flowchart,
and Learning Objectives

Skills and Conceptual Objectives

Clear, Concise, and Inviting
Writing Style, Tone, and Layout

Parallel Words and Math

Common Mistakes

Color for Pedagogical Reasons

Study Tips
Author Videos

Your Turn

Catch the Mistake Exercises

Conceptual Exercises

Inquiry-Based Learning Project

Modeling OUR World

Chapter Review

Chapter Review Exercises
Chapter Practice Test

Cumulative Test

Piques the student’s interest with a real-world application of material
presented in the chapter. Later in the chapter, the same concept from
the vignette is reinforced.

Students see the big picture of how topics relate and overarching learning
objectives are presented.

Skills objectives represent what students should be able to do.
Conceptual objectives emphasize a higher level global perspective of
concepts.

Students are able to read this book, which reduces math anxiety and
promotes student success.

Increases students’ ability to read and understand examples with a
seamless representation of their instructor’s class (instructor’s voice and
what they would write on the board).

Addresses a different learning style: teaching by counterexample.
Demonstrates common mistakes so that students understand why a
step is incorrect and reinforces the correct mathematics.

Particularly helpful for visual learners when they see a function written in
red and then its corresponding graph in red or a function written in blue
and then its corresponding graph in blue.

Reinforces specific notes that you would want to emphasize in class.
Gives students a mini class of several examples worked by the author.

Engages students during class, builds student confidence, and assists
instructor in real-time assessment.

Encourages students to assume the role of teacher—demonstrating a
higher mastery level.

Teaches students to think more globally about a topic.

Lets students discover a mathematical identify, formula, etc. that is
derived in the book.

Engages students in a modeling project of a timely subject: global
climate change.

Key ideas and formulas are presented section by section in a chart.
Improves study skills.

Improves study skills.
Offers self-assessment and improves study skills.

Improves retention.
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Supplements

Instructor Supplements

INSTRUCTOR’S SoLuTioNs MANuUAL (ISBN voL. 1: 9781118640678; voL. 2:
9781118777909)
¢ Contains worked out solutions to all exercises in the text.

INSTRUCTOR’S IMIANUAL
Authored by Cynthia Young, the manual provides practical advice on teaching with the
text, including:

e sample lesson plans and homework assignments

» suggestions for the effective utilization of additional resources and supplements

e sample syllabi

e Cynthia Young’s Top 10 Teaching Tips & Tricks

 online component featuring the author presenting these Tips & Tricks

ANNOTATED INSTRUCTOR’s EpITION (ISBN: 9781118693087)
» Displays answers to all exercise questions, which can be found in the back of the
book.
* Provides additional classroom examples within the standard difficulty range of the
in-text exercises, as well as challenge problems to assess your students mastery
of the material.

PowEeRPOINT SLIDES
e For each section of the book, a corresponding set of lecture notes and worked out
examples are presented as PowerPoint slides, available on the Book Companion
Site (www.wiley.com/college/young) and WileyPLUS.

TesT Bank (ISBN: 9781118172346)
Contains approximately 900 questions and answers from every section of the text.

ComPUTERIZED TEST BANK
Electonically enhanced version of the Test Bank that
 contains approximately 900 algorithmically-generated questions.
* allows instructors to freely edit, randomize, and create questions.
* allows instructors to create and print different versions of a quiz or exam.
* recognizes symbolic notation.
e allows for partial credit if used within WileyPLUS.

BOOK COMPANION WEBSITE (WWW.WILEY.COM/COLLEGE/YOUNG)
* Contains all instructor supplements listed plus a selection of personal response
system questions.

Student Supplements

STUDENT SoLuTions MAnuAaL (ISBN: 9781118640746)
* Includes worked out solutions for all odd problems in the text.

BOOK COMPANION WEBSITE (WWW.WILEY.COM/COLLEGE/YOUNG)
* Provides additional resources for students, including web quizzes, video clips,
and audio clips.


http://www.wiley.com/college/young
HTTP://WWW.WILEY.COM/COLLEGE/YOUNG
HTTP://WWW.WILEY.COM/COLLEGE/YOUNG
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What Do Students Receive with WileyPLUS?

A RESEARCH-BASED DESIGN

WileyPLUS provides an online environment that integrates relevant resources, including
the entire digital textbook, in an easy-to-navigate framework that helps students study
more effectively.

» WileyPLUS adds structure by organizing textbook content into smaller, more
manageable “chunks.”

» Related media, examples, and sample practice items reinforce the learning objectives.

* Innovative features such as visual progress tracking, and self-evaluation tools
improve time management and strengthen areas of weakness.

ONE-ON-ONE ENGAGEMENT

With WileyPLUS, students receive 24/7 access to resources that promote positive learning
outcomes. Students engage with related examples (in various media) and sample practice
items, including:

e Self-Study Quizzes

e Video Quizzes

 Proficiency Exams

e Guided Online (GO) Tutorial Problems

* Concept Questions

* Lecture Videos by Cynthia Young, including chapter introductions, chapter
summaries, and selected video examples.

MEASURABLE OUTCOMES

Throughout each study session, students can assess their progress and gain immediate
feedback. WileyPLUS provides precise reporting of strengths and weaknesses, as well as
individualized quizzes, so that students are confident they are spending their time on the
right things. With WileyPLUS, students always know the exact outcome of their efforts.

What Do Instructors Receive with WileyPLUS?

WileyPLUS provides reliable, customizable resources that reinforce course goals inside and
outside of the classroom, as well as visibility into individual student progress. Pre-created
materials and activities help instructors optimize their time.

CusTtomizABLE COURSE PLAN
WileyPLUS comes with a pre-created Course Plan designed by a subject matter expert
uniquely for this course.

PRE-CREATED ACTIVITY TYPES INCLUDE:
e Questions
* Readings and Resources
e Print Tests

CouURSE MATERIALS AND ASSESSMENT CONTENT
e Lecture Notes PowerPoint Slides
e Instructor’s Manual
* Question Assignments (all end-of-chapter problems coded algorithmically with
hints, links to text, whiteboard/show work feature, and instructor controlled
problem solving help)

GRADEBOOK

WileyPLUS provides instant access to reports on trends in class performance, student use
of course materials, and progress toward learning objectives, helping inform decisions
and drive classroom discussions.
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A Note from the Author
to the Student

wrote this text with careful attention to ways in which to make your

learning experience more successful. If you take full advantage
of the unique features and elements of this textbook, I believe your
experience will be fulfilling and enjoyable. Let’s walk through some of
the special book features that will help you in your study of
algebra and trigonometry.

Review: Equations
and Inequalities

Prerequisites and Review (Chapter 0)

A comprehensive review of prerequisite knowledge (intermediate
algebra topics) in Chapter O provides a brush up on knowledge and skills
necessary for success in the course.
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Clear, Concise, and Inviting Writing
Special attention has been made to present an engaging, clear, precise s
narrative in a layout that is easy to use and designed to reduce any math

anxiety you may have.

Chapter Introduction,
Flow Chart, Section
Headings, and
Objectives

Exponential and
Logarithmic Functions
' [ 7

¥
i
| An opening vignette, flow chart,
list of chapter sections, and chapter

learning objectives give you an

! proslation, itlaty g
anpinpuially, et han o
At Deceme Wsied, the
epdatien iveches § Ty
rapcny, Ths sapenmstial mresse

LEARNING CEJEETIVES

m:-::n Iunﬁl‘h; " ‘?ri ! mrmﬂnr-nnmmmhmu:m overview Of the Chapter-
pormtn. (ien whet 4 s & * raluate Magarithenic hunctivas for paricalat values and understand the charscteriasics of

i A i o e sacangeind Y. - the graph of a kogatithic lunttisn.

Snettes bei, R0 3 . Hunet  maponential funets

properties of logarithms.
* Solve expemential and Iogarishmic equations.
* Use the eaponentisl growth, exponestisl decay, legarithmic, logists growth, md Grevlas

1 the Wiktssle 14 1f sndangeene and Buntiened specie fo uss. 3 ool

-]
!
s e -
-

===

Exivted in Wrarsin n the Latp winher of 20ad.

s bt s .
At

Skills and Conceptual Objec-
tives

SKILLS OBJECTIVES
Leam ihe irigonometric luncikms as rafbos of shdes Unnilerstand that right ringle rathos are based on the

CONCEPTUAL OBJECTIVES

ofaight tiangle. progeniesof inilae trianghes For every section, objectives are further
Evaluate trigonometric functios exacily for Understand the difference hetween evalusting .. .
s wrigonoaiciric functions exacily und using 4 calcultor, divided by skills and concepts so you can see

the difference between solving problems and
truly understanding concepts.

xvii



xviii A NOTE FROM THE AUTHOR TO THE STUDENT

Examples ExamMPLE 9 Using the Change-of-Base Formula
Examples pose a SpeCifiC pl‘Oblem USing concepts Use the change-of-base formula to evaluate log, 17. Round to four decimal places.
already presented and then work through the solution. Solution:
€Sse serve (0 enhance your understan in [0) c We will tllusiraie this in two ways (choosing common and natoral logarithms) psing a
Th t h y derstanding of th
subject matter. scientifie calculator,
Common Logarithms
log 17
Your' Tu rn Uise the chunge-of-base forrnula with base 10, log, 17 = ;14
%
Immediately following many examples, you are Approximate with a ealeulator, = D3T3
given a similar problem to reinforce and check your = [Z0437]
understanding. This helps build confidence as you Natural Logarithms
progress in the chapter. These are ideal for in-class i s e i g 1 = t:]l:
activity or for preparing for homework later. Answers
5 o . . Approximate with a caleulator, = 2043731421
are provided in the margin for a quick check of your i
= | 23T |

work.

B YOUR TURN Use the change-of-base formula 1o approximate log, 34, Roand 1o
four decimal places

CommonN MISTAKE

A common mistake 15 to write the sum of the logs as o log of the sum.

log, M + logy N # log (M + N)

g:f;:f;wm [N ARREGT Common Mistake/

R =R A E Correct vs. Incorrect

Simplify. In addition to standard examples, some problems are worked

Togs 9+ logy u' #Lg/o+ ) ERROR out both correctly and incorrectly to highlight common

el gt ey errors students make. Counter examples like these are often
L= louytouy an effective learning approach for many students.

Woros MaTH

Parallel Words and Math e, T g
This text reverses the common textbook presentation Since (1, ¥) = (cos8, sin#), the
of examples by placing the explanation in words on following holds. l=cosd=]land -1 =sinf =1
the left and the mathematics in parallel on the right. State the donmin and range of the

. . . cosing and sine fanctions. Domain: {-=,=) Range: [-1, 1]
This makes it easier for students to read through
examples as the material flows more naturally from left Since cotfl = ﬁ and s = —,
to right and as commonly presented in class. the values for @ that make sin = 0

Study Tips and

Caution Notes Technology Tips H
These marginal reminders call out important These marginal notes provide problem J:::::::T_l;’;mm
hints or warnings to be aware of related to solving instructions and visual examples fors,

. . . ¥ = (6500 km)457)—— |
the topic or problem. using graphing calculators. 150

Prees [20d] [A] for . Type
(59 3] (5] ) B

6800+45+n.180
534@. 787511

: CAUTION
Study Tip
i byt e low, M — log, N = | M
Both the initial side {(initial ry) and ! O i [A.}
the terminal side (terminal my) of log, M

am anghe are rays, foga M - bog, N # 2=y
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! IN THIS CHAPTER

SECTION
SUMMARY

In this sectdon, logaridumic fmetions were defined as inverses of Evaluating Logarithms
exponential functions Exact: Converl loexponentinl fonn firs), ten evilibe.
Approximaie: Natngal S commoen ogariihms wit

¥ = loge ¥ is-ecquivalent ox = & e

Masas
Commen loganthm Szl = logy %
MNaturad logariibm fn=log, x

Expiicir Bass |

EXAMPLE 2 Graphing Exponential Functions forb > 1
Graph the function fix) = 5.
Solution: —T
Step 1: Label the y-intercept (0, 1), fim=5"=1
Step 2: Label the point (1, 5). Ay=5=5

Video icons

Video icons appear on all chapter

. . CHAPTER 3 REVIEW
introductions, as well as selected

examples throughout the chapter to Eouctrr Kev oxanFanmias

indicate that the author has created ) e e

a video segment for that element. o A ME=E e

These video clips help you work Goghn o expomea] HDG 1) Hobow st 9= 0 e i 01,9
through the selected examples with The naeal e o=

Applications of expoe Craubting time: P = P27

the author as your “private tutor.”

Six Different Types of Exercises

Every text section ends with Skills, Applications, Catch the

L s -4 bl e Bl et b £ e 9 el e 11 9 Mistake, Conceptual, Challenge, and Technology exercises.
P il oy The exercises gradually increase in difficulty and vary in
& PN T A A v logir 1f] h mh 20 mf 15

skill and conceptual emphasis. Catch the Mistake
exercises increase the depth of understanding

Meale| Name
APPLICATIONS

L Logadtomse

Graphs 47, Populsibon Doabling Time, In 2003 feve wese 7.1 million 35, Deprecistion of Fursiiure. A couple buy 2 new hedroom

B i o s and reinforce what you have learned. Conceptual
0 London (m 20507 the bodioom set e worth in 4 mose ? . .

P A IS 758 B B R R and Challenge exercises specifically focus on
Marganion, Georgia, was 43,000 The popsiation i for S1500 when ahe arives s o frechman, A pear later, the . .
Merpaton dabled 1y 20101 e g i e 8 gt s ok appcimly 15,1 e egeesiaion assessing conceptual understanding. Technology
sune, whal is fhe expecied population in Mongsson in 20007 coutismes ol the sme mie, how mmch woold she expec o

exercises enhance your understanding

"CATCH THE MISTAKE

g AN i G S and ability using scientific and
185, Evalusie e Iogarithm log, 4 106, Evaliinte (e Sogmilim 1o, 10 graphing Calculators.

Saolmtion: Sealithon:

Bt the fogariiten equal §0 1 log;d = x Set dur Joarithum oqual w x log 10 = &

Wrile the Jogasiten in exponenisl form, =3 Fxpress the equatiin in eponeniial fom. 1 = 100

Shgtity St 2

Amwer:
*CONCEPTUAL

In Exercises 7378, deterinitie wheilier ench siolemend bs (e or Gl
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>0
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Inquiry-Based
Learning
Projects

CHAFRTEN 3 INQUIRY-BASED LEARNING PROJECT

These end of chapter what
projects enable you to
discover mathematical

concepts on your own!

1. Laf fba the base 10 exponential funciion, i = 10°,
& Graph the exporsetisl function v = 10" by pleting points.

flad = 10° has an imverss Tunction, Hew did you

imverse function. complate the table below for
Then plot the points 1 make o graph.

Modeling Our World

These unique end-of-chapter exercises
provide a fun and interesting way to take

you have learned and model a real

world problem. By using climate change
as the continuous theme, these exercises
can help you to develop more advanced
modeling skills with each chapter while
seeing how modeling can help you better
understand the world around you.

MODELING OUR WORLD

Tha follwang talila summatises the evarage yoarly temparstues in degrees
Mmﬁ:&mmmmmmmw for
Maums Lo,

10 W0 | 1975 8t | 1990 | 1906
4445|2329 | 4381 4335 #5710 | 553 | drea
a8 7| 59| 3647 | 360,
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Chapter Review,
Review Exercises,
Practice Test,
Cumulative Test

At the end of every chapter, a
summary review chart organizes
the key learning concepts in an
easy to use one or two-page
layout. This feature includes key
ideas and formulas, as well as
indicating relevant pages and
review exercises so that you can
quickly summarize a chapter
and study smarter. Review
Exercises, arranged by section
heading, are provided for extra
study and practice. A Practice
Test, without section headings,
offers even more self-practice
before moving on. A new
Cumulative Test feature offers
study questions based on all
previous chapters’ content, thus
helping you build upon
previously learned concepts.
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Review: Equations
and Inequalities

CO, pressure
I Iave you ever noticed when you open a R released

. CO, under
can of soda that more messy fizz pressue |

(carbonation) seems to be released if

the soda is warm than if it has been
. . . . CO, bubbles
refrigerated? Boyle’s law in chemistry says CO,dissolved out of solution

in solution

that the pressure of a gas (cans of

carbonated beverages contain carbon
dioxide) is directly proportional to the temperature of the gas and inversely proportional to the volume
of that gas. For example, if the volume stays the same (container of soda), and the temperature of the

soda increases, the pressure also increases (more carbonation).*

*See Section 0.7 Exercise 53.



P IN THIS CHAPTER

EQUATIONS AND INEQUALITIES

0.1 0.2 (0 JC) 0.4 0.5 0.6 0.7 0.8*

Linear Quadratic Other Types | Inequalities Graphing Lines Modeling Linear
Equations Equations of Equations Equations Variation Regression:
Best Fit

LEARNING OBJECTIVES

Solve linear equations in one variable.

Solve quadratic equations in one variable.

Solve other types of equations that can be transformed into linear or quadratic equations.
Solve inequalities in one variable.

Graph equations in two variables in the Cartesian plane.

Find the equation of a line.

Use equations to model variation.

Find the line of best fit for a given data set.*

*Optional Technology Required Section.




SECTION

0.1

SKILLS OBJECTIVES

CONCEPTUAL OBJECTIVE

Solve linear equations in one variable. Understand the mathematical modeling process.
Solve application problems involving linear equations.

Solving Linear Equations in One Variable
An algebraic expression (see Appendix) consists of one or more terms that are combined
through basic operations such as addition, subtraction, multiplication, or division; for example,

3x + 2 5—2y x+y

An equation is a statement that says two expressions are equal. For example, the following
are all equations in one variable, x:

x+7=11 x2=9 7—3x=2—3x 4 +T7=x+2+3x+5

To solve an equation in one variable means to find all the values of that variable that make
the equation true. These values are called solutions, or roots, of the equation. The first of
these statements shown above, x + 7 = 11, is true when x = 4 and false for any other values
of x. We say that x = 4 is the solution to the equation. Sometimes an equation can have more
than one solution, as in x> = 9. In this case, there are actually two values of x that make this
equation true, x = —3 and x = 3. We say the solution set of this equation is { —3, 3}. In the
third equation, 7 — 3x = 2 — 3x, no values of x make the statement true. Therefore, we say
this equation has no solution. And the fourth equation, 4x + 7 = x + 2 + 3x + 5, is true
for any values of x. An equation that is true for any value of the variable x is called an
identity. In this case, we say the solution set is the set of all real numbers.

Two equations that have the same solution set are called equivalent equations. For
example,

3x +7 =13 3x=6 x=2

are all equivalent equations because each of them has the solution set {2}. Note that x> = 4
is not equivalent to these three equations because it has the solution set {—2, 2}.

When solving equations, it helps to find a simpler equivalent equation in which the
variable is isolated (alone). The following table summarizes the procedures for generating
equivalent equations.

Generating Equivalent Equations

ORIGINAL EQuATION DESCRIPTION EQuivALENT EQUATION

3(x —6) = 6x —x m Eliminate the parentheses. 3x — 18 = 5x
m Combine like terms on one or both sides
of the equation.

Tx +8 =129 Add (or subtract) the same quantity to Tx =21
(from) both sides of the equation.
Tx+8—-8=29-8

5x =15 Multiply (or divide) both sides of the equation x=3
5x 15
by the same nonzero quantity: 5 = 5
-7=x Interchange the two sides of the equation. x=-1



0.1 Linear Equations 5

You probably already know how to solve simple linear equations. Solving a linear equation
in one variable is done by finding an equivalent equation. In generating an equivalent equation,
remember that whatever operation is performed on one side of an equation must also be
performed on the other side of the equation.

EXAMPLE 1 Solving a Linear Equation

Solve the equation 3x + 4 = 16.

Solution:
Subtract 4 from both sides of the equation. 3x + 4 = 16
-4 —4
3x =12
3 12
Divide both sides by 3. ?x =
The solution is x = 4. x=4

The solution set is {4}.

B YOUR TURN Solve the equation 2x + 3 = 9.

Example 1 illustrates solving linear equations in one variable. What is a linear equation
in one variable?

DEFINITION Linear Equation
A linear equation in one variable, x, can be written in the form
ax +b=0

where a and b are real numbers and a # 0.

What makes this equation linear is that x is raised to the first power. We can also classify
a linear equation as a first-degree equation.

Equation Degree General Name
x—7=0 First Linear
X—6x—9=0 Second Quadratic
¥+3x2-8=0 Third Cubic

E
Technology Tip

Use a graphing utility to display
graphs of y; = 3x + 4 and
y, = 16.

Flall Flang Flgkz
=4 BEE+d
Y216

ey |

The x-coordinate of the point of
intersection is the solution to the

equation 3x + 4 = 16.

n=Y =18

Y1=ZH+Y

= Answer: The solution is x = 3.
The solution set is {3}.
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E I il‘ EXAMPLE 2 Solving a Linear Equation

Technology Tip Solve the equation 5x — (7x —4) — 2 =5 — (3x + 2).

Use a graphing utility to display
graphs of y; = 5x — (7Tx — 4) — 2
andy, =5 — (3x + 2). Eliminate the parentheses. Sx—(Ix—4)—2=5—-0CBx+2)

N

Solution:

Fletl Flotz Flots Don’t forget to distribute the negative
Y - [ e . . el
n sign through both terms inside the
WY AS-C3R+20
parentheses. Sx—Tx+4—-2=5-3x—-2
The x-coordinate of the point of Combine like terms on each side. —2x +2=3—3x
intersection is the solution to the
equation 5x — (7x —4) — 2 = Add 3x to both sides. +3x + 3x
5—(0Bx+2). x+2=3
( P=ER=( PN = 1=2 ) Subtract 2 from both sides. -2 -2
x=1
Check to verify thatx = lis a 501 = (7-1—-4)—-2=5—-—03-1+2)
solution to the original equation. 5-(7T—4)—-2=5—-03B3+2)
5-3)—2=5-(5
H=i W=n 0=0
_ y,

Since the solution x = 1 makes the equation true, the solution set is {1}.

® Answer: The solution is x = 2.

The solution set is {2}. H YOUR TURN Solve the equation 4(x — 1) — 2 =x — 3(x — 2).

Study Tip To solve a linear equation involving fractions, find the least common denominator (LCD)
Prime Factors of all terms and multiply both sides of the equation by the LCD. We will first review how
2=2 to find the LCD.
6=2-3 To add the fractions % + % + %, we must first find a common denominator. Some
> = i people are taught to find the lowest number that 2, 6, and 5 all divide evenly into.
LCD =2-3-5=230 Others prefer a more systematic approach in terms of prime factors.
E
Technology Tip EXAMPLE 3 Solving a Linear Equation Involving Fractions

Use a graphing utility to display Solve the equation % p—5= % p.

graphs of y; = le —Sandy, = %pA
" FletL Flatz Plots ) Solution: | \
o = Bt . .
Nl BT Write the equation. Ep - 5= Zp
N\ J
; ; 1 3
The x-coordinate of the point of Multiply each term in the equation @-p—@D5=@d>p
intersection is the solution. 2 4
p - by the LCD, 4.
T=1/z0-5
E_.e""' The result is a linear equation
with no fractions. 2p — 20 =3p
Subtract 2p from both sides. —2p —2p
—20= p
p=-—-20
Since p = — 20 satisfies the original equation, the solution set is { —20}.

= Answer: The solution is m = —18.
The solution set is { —18}.
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Solving a Linear Equation in One Variable

STEP DESCRIPTION EXAMPLE
1 Simplify the algebraic expressions on —3x—2)+5=T7x—4) — 1
both sides of the equation. —3x+6+5="Tx—-28—-1
—3x + 11 =7x — 29
2 Gather all variable terms on one side —3x + 11 =7x — 29
of the equation and all constant terms +3x +3x
on the other side. 11 = 10x — 29
+29 +29
40 = 10x
3 Isolate the variable. 10x = 40
x=4

Applications Involving Linear Equations

We now use linear equations to solve problems that occur in our day-to-day lives. You
typically will read the problem in words, develop a mathematical model (equation) for the
problem, solve the equation, and write the answer in words.

Real-World Problem

¢ Translate Words to Math
Mathematical Model
Solve Using Standard Methods ¢

Solve Mathematical Problem

l Translate from Math to Words

Solution to Real-World Problem

You will have to come up with a unique formula to solve each kind of word problem, but
there is a universal procedure for approaching all word problems.

PROCEDURE FOR SOLVING WORD PROBLEMS

Step 1: Identify the question. Read the problem one time and note what you are
asked to find.

Step 2: Make notes. Read until you can note something (an amount, a picture,
anything). Continue reading and making notes until you have read the
problem a second* time.

Step 3: Assign a variable to whatever is being asked for. If there are two choices,
then let it be the smaller of the two.

Step 4: Set up an equation. Assign a variable to represent what you are asked to find.

Step 5: Solve the equation.

Step 6: Check the solution. Substitute the solution for the variable in the
equation, and also run the solution past the “common sense department”
using estimation.

*Step 2 often requires multiple readings of the problem.
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EXAMPLE 4 How Long Was the Trip?

During a camping trip in North Bay, Ontario, a couple went one-third of the way by boat,
10 miles by foot, and one-sixth of the way by horse. How long was the trip?

Solution:

Ster 1 Identify the question.
How many miles was the trip?

Step 2 Make notes.

Read Write
... one-third of the way by boat BOAT: % of the trip
... 10 miles by foot FOQOT: 10 miles
... one-sixth of the way by horse HORSE: % of the trip

Step 3 Assign a variable.
Distance of total trip in miles = x

Step 4 Set up an equation.
The total distance of the trip is the sum of all the distances by boat, foot, and
horse.
Distance by boat + Distance by foot + Distance by horse = Total distance of trip
boat foot horse total
—~ —~ —~

1

Distance by boat = %x 1
x + 10 + gx =x

Distance by foot = 10 miles 3

Distance by horse = %x

Step 5 Solve the equation. %x + 10 + éx =x
Multiply by the LCD, 6. 2x + 60 + x = 6x
Collect x terms on the right. 60 = 3x
Divide by 3. 20 =x
The trip was 20 miles. x =120

Ster 6 Check the solution.
Estimate: The boating distance, % of 20 miles, is approximately 7 miles; the riding
distance on horse, % of 20 miles, is approximately 3 miles. Adding these two
distances to the 10 miles by foot gives a trip distance of 20 miles.
= Answer: The distance from their

car to the gate is 1.5 miles. B YOUR TURN A family arrives at the Walt Disney World parking lot. To get from

their car in the parking lot to the gate at the Magic Kingdom, they
walk i mile, take a tram for % of their total distance, and take a
monorail for % of their total distance. How far is it from their car to
the gate of the Magic Kingdom?
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Geometry Problems

Some problems require geometric formulas in order to be solved.

EXAMPLE 5 Geometry

A rectangle 24 meters long has the same area as a square with 12-meter sides. What are

the dimensions of the rectangle?
Solution:

Ster 1 Identify the question.

What are the dimensions (length and width) of the rectangle?

Ster 2 Make notes.
Read

A rectangle 24 meters long

A square with 12-meter sides

Ster 3 Assign a variable.

Step 4 Set up an equation.

The area of the rectangle is
equal to the area of the square.

Substitute in known quantities.
Ster 5 Solve the equation.

Divide by 24.

Write/Draw

w

=124

area of rectangle =1+ w = 24w

144 m? 12 m

12m
area of square = 12 - 12 = 144

Let w = width of the rectangle.

rectangle areéa = Square area

2w = 144
_
YTy

The rectangle is 24 meters long and 6 meters wide.

Step 6 Check the solution.

A 24 meter by 6 meter rectangle has an area of 144 square meters.

B YOUR TURN A rectangle 3 inches wide has the same area as a square with 9-inch

® Answer: The rectangle is 27 in.
long and 3 in. wide.

sides. What are the dimensions of the rectangle?

Interest Problems

In our personal or business financial planning, a particular concern we have is interest.
Interest is money paid for the use of money; it is the cost of borrowing money. The total
amount borrowed is called the principal. The principal can be the price of our new car;
we pay the bank interest for loaning us money to buy the car. The principal can also be the
amount we keep in a CD or money market account; the bank uses this money and pays us





