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Preface 

TO THE INSTRUCTOR 

As the authors, we want to let you, the faculty member teaching this course, know that in this book you will 
find all the resources needed for your students to be successful. We have spent our careers in the classroom 
talking to students and hearing from them what they need to find success in mathematics. This revision reflects 
their ideas and suggestions. You can honestly tell students that this book was constructed to really help them. 

Developmental mathematics course structures, trends, and dynamics continue to evolve and change, 

as course redesign trends continue to evolve and change, including the introduction of new pathways-type 
courses. Developmental mathematics instructors are increasingly challenged with helping their students 
navigate career-oriented math tracks (including non-STEM and STEM pathways) plus helping students think 
about selecting a major and workforce readiness. To help instructors on this front, you'll find an emphasis on 
and integration of Career Explorations throughout the text and MyLab Math course. 

Additionally, the program retains its hallmark characteristics that have always made the text so easy to 
learn and teach from, including its building-block organization. Each section is written to stand on its own, 
and every homework set is completely self-testing. Exercises are paired and graded and are of varying levels 
and types to ensure that all skills and concepts are covered. As a result, the text offers students an effec- 
tive and proven learning program suitable for a variety of course formats—including lecture-based classes; 
computer-lab based or hybrid classes; discussion-oriented, activity-driven classes; modular and/or self-paced 
programs; and distance-learning, online programs. 

We have visited and listened to teachers across the country and have incorporated a number of sugges- 
tions into this edition to help you with the particular learning-delivery system at your school. The following 
pages describe the key changes in this sixth edition. 

KEY ELEMENTS OF THE SIXTH EDITION 
New Look 

We have updated this title to now have a hard cover for a more durable text experience. We are also asking students 
to work problems on separate sheets of paper rather than in the text. We encourage the use of MyLab Math, so each 
student will have their own algorithmically generated version of the question to answer. 

New Course Organizer 

To learn more about each supporting element of this text and how to use them in all modes of learning (online, 
hybrid, lecture, self paced) without losing classroom time, view a video provided by the author team in the 
Course Organizer in MyLab Math. 

Becoming a Study Skills Coach with Just 2 to 3 Minutes of Class Time 

Steps to Success have been integrated throughout the text. You can display these study skills on the classroom 
screen as students enter and settle in class. In just a few minutes you can encourage and coach your students 
on the Steps to Success. If you teach online placing the Steps to Success Box at the beginning of your online 
material will help the student see the importance of these skills. 

l od STEPS TO SUCCESS What Are the Absolute Essentials to Succeed in This Course? 
Students who are successful in this course find there are six a personal commitment to doing that one thing consistently for 

absolute essentials. the next two weeks? You will be amazed at the results. 

Here they are: 
" If you are in an online class or a nontraditional class: 

Attend every class session. 
Read the textbook for every assigned section. 

Take notes in class. 

Do the assigned homework for every class. 

Get help immediately when you need assistance, 

Review what you are learning. 

Students in an online class or a self-paced class find it really 
helps to spread the homework and the reading over five dif- 
ferent days each week, 

ee 
Making It personal: Will you try to do your homework for 

five days each week over the next two weeks? You will be 
Making it personal: Which of the six suggestions above is the amazed at the results. Write out a study plan for the next 
one you have the greatest trouble actually doing? Will you make two weeks, 

- - E- - e- 
vii 



viii Preface 

New Midterm Material to Bridge the Gap between Elementary 
and Intermediate Algebra 

Based on faculty feedback, Appendix A: Foundations of Intermediate Algebra: A Transition 
from Beginning Algebra to Intermediate Algebra was moved to the middle of the book imme- 

diately after Chapter 7 In this transition chapter you will notice objectives that are similar to 
those studied in earlier chapters. Although the objective names and content may seem similar, 
the material in this chapter not only reviews some of the key objectives, but also raises the skill 
level and introduces additional objectives necessary for the upcoming chapters. 

A Transition from Beginning 
to Intermediate Algebra 

[1.1] Integer Exponents, Square Roots, Order 

of Operations, and Scientific Notation ® 

Graphing Organizer 

Chapter 3 includes a Graphing Organizer. This organizer summarizes the graphing methods 

presented in the chapter and notes the advantages and disadvantages of each. The complete 
Graphing Organizer can be found on page 232. 

Graphing Organizer 

Method 1: Find Any Three 

Ordered Pairs 

Graph 2y — x = 2 by plotting three 
points, 

Choose any value for either x or y. 

x wv 

2 
-4 

Factoring Organizer 

Method 2: Find the x- and y-Intercepts 

and One Additional Ordered Pair 

Graph 2y — x = 2. State the x- and 

y-intercepts. 
Choose x = 0 and y = 0, and any other 
yalue for either x or y. 

ing 3 values, but to get 
0 the intercepts we must 

0 pick x = 0 and y = 0. 

Notice we are still choos- 

Method 3: Write the Equation in 

Slope-Intercept Form, y = mx + b 

Graph 2y — x = 2. State m and b, 

Solve for y, 
ay=x+2 

= Le = ge! eG, 
Once we solve for y we can choose any 

method to graph. 
Option 1, Use the slope-intercept 

method, y = $e +1. 

Chapter 6 includes a Factoring Organizer that summarizes all of the factoring methods covered 
in the chapter. The complete Factoring Organizer can be found on page 406. 

Factoring Organizer 

Number of Terms 

in the Polynomial | Identifying Name and/or Formula 

A. Any number of | Common factor 

terms The terms have a common factor con- 
sisting of a number, a variable, or both. 

B. Two terms Difference of two squares 

First and last terms are perfect squares. 

a — b = (a+ b)(a—b) 

Perfect-square trinomial 
First and last terms are perfect squares. 

a + 2ab + b? = (a + b)? 

a? — 2ab + b? = (a — b)? 

C. Three terms 

Example 

2x? — 16x = 2x(x — 8) 
3x? + Dy — 12 = 3(x? + 3y — 4) 

4x?y + Qxy? — wxy + xyz = xy(4x + 2y — w + z) 

16x? — 1 = (4x + 1)(4x — 1) 

25y? = 9x7 = (Sy + 3x) (Sy — 3x) 

25x? — 10x + 1 = (Sx — 1)? 

16x? + 24x + 9 = (4x + 3)? 



Career Explorations Interactions for Students 

Each chapter begins with a Career Opportunities feature that enables students to per- 

sonally investigate possible future career options while putting the math into context. 
Students are asked simple, interactive questions prompting them to consider employ- 

ment opportunities that perhaps they had never thought possible. 
Then students are directed to the corresponding Career Exploration Problems 

where they can actually solve problems that help them visualize what work would 
be like in that career field. This feature opens up possibilities for personal success in 
future employment. 

The Career Exploration Problems are also assignable in MyLab Math, allowing 
this feature to be seamlessly integrated with the technology. The problems help to 
foster active learning and better understanding of the math concepts. 

Guided Learning Videos 

Faculty have asked for specific interactive videos that will clearly show each step of the key 
concepts of each chapter. With this revision, you'll find a new series of Guided Learning Videos 

that show in a powerful, interactive way how to solve the most important types of problems 
contained in each chapter. For student ease, icons throughout the eText indicate where the 

videos are available. The eText is clickable, opening the videos on the spot. 

ACTIVE VIDEO LESSON #2 

|) A quilt is partly made up of large squares and 
|| smaller squares. The sides of the larger squares 

are one inch shorter than triple the sides of the 
smaller squares and the area of the larger 

| squares is 21 square inches greater than the 
| area of the smaller squares. Find the dimensions 

of each square. 

Extensive Video Program 

In addition to the Guided Learning Videos with icons throughout the eText, objective- 

level video clips have also been added to the MyLab Math course with accompanying 
icons throughout the eText. These video additions expand upon an already complete video 
lecture series available in MyLab Math. Students and instructors will also find complete 
Section Lecture Videos, Math Coach Videos, and Chapter Test Prep Videos. 

¢ The Math Coach is available within the MyLab Math course, with even more stepped-out, 

guided Math Coach problems assignable in MyLab Math. Within the text, following each 
Chapter Test, the Math Coach provides students with a personal office-hour experience by 
walking them through problems step-by-step and pointing out some helpful hints to keep them 

from making common errors on test problems. For additional help, students can also watch the 
authors work through these problems on the accompanying Math Coach videos in the MyLab 

Math course. Instructors can also assign the Math Coach problems in MyLab Math. 

e Fifteen percent of the exercises throughout the text have been refreshed. 

e Real-world application problems have been updated throughout the text. 

¢ Use Math to Save Money Animations are available in the MyLab Math course. The 
animations expand upon a favorite feature from the text, allowing students to put the 
math they just learned into context. These newly created animations are set to music 
and depict real-life scenarios and real-life people using math to cut costs and spend less. 
To ensure that students watch and understand the animations, there are accompanying 
Use Math to Save Money homework assignments available in MyLab Math, which are 

prebuilt for instructor convenience. 
To make sure you and your students are getting the most out of the text and 

the MyLab Math course, see the following MyLab Math feature descriptions. 

Preface ix 
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MyLab Math Resources for 

Success 
MyLab Math is available to accompany Pearson's market-leading text options, 

including Beginning and Intermediate Algebra, 6th Edition, 9780135839881. 

MyLab™ is the teaching and learning platform that empowers you to reach every 

student. MyLab Math combines trusted author content—including full eText and 

assessment with immediate feedback—with digital tools and a flexible platform to 

personalize the learning experience and improve results for each student. 

Student Resources 

Each student learns at a different pace. 
Personalized learning though MyLab Math 
pinpoints the precise areas where each 
student needs practice, giving all students 
the support they need—when and where 
they need it—to be successful. 

New Steps to Success Index Found before the 

table of contents this index highlights study skills 

to help students successfully complete the course. 

Real-World Application Problems and Examples 

have been updated throughout the text. 

New Assignable MyLab Math Questions bring video 

content to life for easy concept mastery. 

Student Success Module, an interactive module 

built into the MyLab navigation bar, includes videos, 

activities, and post-tests for Math-Read Connections, 

Study Skill, and College Success, 

Exercises with Immediate Feedback in MyLab 

Math reflect the approach and learning style of 

this text and regenerate algorithmically to give 

students unlimited opportunity for practice and 

mastery. Most exercises include learning aids, such 

as guided solutions and sample problems, and 

they offer helpful feedback when students enter 

incorrect answers. 

Exercises and Mixed Practice Problems have been 

revised in the textbook and in MyLab Math, so that 

students have adequate practice on all objectives. 

All concepts are fully represented, with every Exam- 

ple from the section covered by a group of exercis- 

es. The Mixed Practice problems require students 

to identify the type of problem and the best method 

they should use to solve it so students have a better 

understanding of the concepts in the section. 

Skill Builder offers adaptive practice that is de- 

signed to increase students’ ability to complete 

their assignments. By monitoring student perfor- 

mance on their homework, Skill Builder adapts to 
each student's needs and provides just-in-time, 

in-assignment practice to help them improve their 

proficiency of key learning objectives. 

NEW Personal Inventory Assessments are a 

collection of online exercises designed to promote 

self-reflection and engagement in students. These 

33 assessments include topics such as a Stress Man- 

agement Assessment, Diagnosing Poor Performance 

and Enhancing Motivation, and Time Management 

Assessment. 

With Learning Catalytics™, you'll hear from every 

student when it matters most. You pose a variety 

of questions that help students recall ideas, apply 

concepts, and develop critical-thinking skills. Your 

students respond using their own smartphones, 
tablets, or laptops. 

pearson.com/mylab/math 



MyLab Math Resources for 

Success 

The Student Solutions Manual provides worked-out 

solutions to all odd-numbered section exercises, even 

and odd exercises in the Quick Review, mid-chapter 

reviews, chapter reviews, chapter tests, Math Coach, 

and cumulative reviews. 

Instructor Resources 

Your course is unique. So whether you'd 
like to build your own assignments, teach 
multiple sections, or set prerequisites, 
MyLab gives you the flexibility to easily 
create your course to fit your needs. 

Enhanced Assignments, created at the section level, 

are geared to maximize students’ performance with 

just-in-time prerequisite review. They help keep skills 

fresh with spaced practice of key concepts and pro- 

vide opportunities to work exercises without learning 

aids, so students can check their understanding. 

Pearson and ProctorU have partnered to provide 

customers with the first seamless, integrated 

proctoring service within MyLab™. This artificially 

intelligent proctoring service gives students the 

flexibility to take MyLab quizzes and tests on their 

own schedule and at their location of choice, while 

allowing the institution to maintain academic integ- 

rity. This exclusive opportunity is available to both 

new or existing partners of ProctorU. 

Performance Analytics enable instructors to see 

and analyze student performance across multiple 

courses. Based on their current course progress, 

individuals’ performance is identified above, at, or 

below expectations through a variety of graphs and 

visualizations. Now included with Performance Ana- 

lytics, Early Alerts use predictive analytics to identify 

struggling students—even if their assignment scores 

Pearson 
MyLab 

are not a cause for concern. In both Performance 

Analytics and Early Alerts, instructors can email stu- 

dents individually or by group to provide feedback. 

Accessibility Pearson works continuously to ensure 

our products are as accessible as possible to all stu- 

dents. Currently we work toward achieving WCAG 

2.0 AA for our existing products (2.1 AA for future 

products) and Section 508 standards, as expressed 

in the Pearson Guidelines for Accessible Educational 

Web Media, 

Instructor’s Solution Manual includes detailed 

step-by-step solutions to the even-numbered section 

exercises as well as solutions to every exercise in the 

Classroom Quiz, mid-chapter reviews, chapter reviews, 

chapter tests, cumulative tests, and practice final. 

Instructor's Resource Manual with Tests and 

Mini Lectures includes a mini lecture for each 

text section, two short group activities per chapter, 

three forms of additional practice exercises, two 

pretests, six tests, and two final exams for every 

chapter, both free response and multiple choice, 

as well as two cumulative tests for every even- 

numbered chapter. 

Course Organizer to provide key teaching tools and 

guidance to maximize the many resources. 

PowerPoint Lecture Slides are fully editable and 

include definitions, key concepts, and examples for 

use in a lecture setting. 

TestGen® enables instructors to build, edit, print, 

and administer tests using a computerized bank of 

questions developed to cover all the objectives of 

the text. TestGen is algorithmically based, allowing 

instructors to create multiple but equivalent ver- 

sions of the same question or test with the click 

of a button. Instructors can also modify test bank 

questions or add new questions. 

To learn more about each supporting element of this text, view a video provided by the author team in the 

the Course Organizer in MyLab Math. 

pearson.com/mylab/math 
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Diagnostic Pretest: 
Beginning and Intermediate Algebra 

Answer the following test questions on a separate sheet of paper. Follow the directions 

for each problem. Simplify each answer. 

Chapter 0 

1 7245-7 2, So 42 3 Sx= 

4, 5 + 4 5. 23 41.522 + 0.088 6. 81.4 X 0.05 

7 0.2496 + 0.12 8. What is 4% of 120.8? 9, 55 is what percent of 220? 

Chapter 1 

10. Add. —3 + (—4) + (12) LE (Subtract; +20, = (—23) 

2. Combine. Sx — 6xy — 127 — Sey 13. Evaluate 2x? — 3x — 4whenx = —3. 

14, Remove the grouping symbol and simplify. 2 — 3{5 + 2[x — 4(3 — x)]} 

15. Evaluate. —-3(2 — 6) -igy ee) 

Chapter 2 

In questions 16-19, solve each equation for x. 

16. 40 + 2x = 60 — 3x TI Ck) Sore 4x > 3) 

18 =v = = = =x + 19, 2x + 4) = 20 

20. Solve for x. —16x = 9 + 2x 

21. Solve for x and graph the result on a sheet of paper, using a number line similar to 
the one shown. 42 — 18x < 48x — 24 

sa), =i 0 1 ae 

22. The length of a rectangle is 7 meters longer than the width. The perimeter is 
46 meters. Find the dimensions. 

23. The drama club put on a play for Thursday, Friday, and Saturday nights. The total 
attendance for the three nights was 6210. Thursday night had 300 fewer people 
than Friday night. Saturday night had 510 more people than Friday night. How 
many people came each night? 

24, Two men travel in separate trucks. They each travel a distance of 225 miles on a country 
road. Art travels at exactly 60 mph and Lester travels at 50 mph. How much time did 
the trip take each man? (Use the formula distance = rate + time or d = rt.) 

25. Each of the equal angles of an isosceles triangle is twice as large as the third angle. 
What is the measure of each angle? 



} ee i eae 

Chapter 3 26. 

Graph each of the following on a sheet of graph paper, using a coordinate system 
similar to the one shown. 

26. y = 2x — 4 27. 3x + 4y = -12 
27. 

y y 
f ry 

—_——_—_—— > «x yt 28 

28. What is the slope of a line passing through (6, —2) and (—3, 4)? 29. 

29. If f(x) = 2x? — 3x + 1,find f(3). 

30. Graph the region on a sheet of graph paper using a coordinate system similar to 

the one shown. y = > + 2 ‘ 30. 

op 

31. 

: : ; : a ‘ 
31. Find an equation of the line with a slope of 5 that passes through the point 32. 

(=1; 3). 

Chapter 4 

Solve each system of equations. 33 

32. 3x + 5y = 30 33. 2x -y+2z= 8 

Sx + 3y = 34 bh ah fs BE ee 

4x+y>3z = -6 

34. A speedboat can travel 90 miles with the current in 2 hours. It can travel up- 34, 
stream 105 miles against the current in 3 hours. How fast is the boat in still 

water? How fast is the current? 

35. Graph the system of inequalities. Use a sheet of graph paper and a coordinate 
system similar to the one shown. 
ey = —42 A 35. 

oat Ven 

UL deen ener 
36. 

Chapter 5 37 

ne wl, apn cae ab 
36. Multiply. (—2xy*)(—4x”y") 37. Divide. — 

18x3y1? xiii 



38. 38. Raise to the indicated power. 39. Evaluate. (—3)~* 

ie? Gs tae ea (—2x7y4)? 

39. 40. Multiply. 41. Divide. 
(3x? + 2x — 5)(4x = 1) (x? + 6x? — x — 30) + (x — 2) 

40. 

ne Chapter 6 

Factor completely. 

ue Azwix 5 (AB eae 32 

a. 44, 8x2 - 2x - 3 45. 3ax — 8b - 6a + 4bx 
44, 

Solve for x. 
45. 2 + 

46. 16x? — 24x +9 =0 a, 7 = -3 

ek Chapter 7 

41. 24 3x —1 
ee 48. Simplify. wos 49. Multiply. 

a Oe ee 12 
48. 6x + 4 2x? — 2x — 12 

50. Divide and simplify. 51. Add. 
49. Xe i ee KR 3 4 
ee ee it wep 

x?-4 x? -— Sx +6 , x?-—7Tx+12 x?- 9x +20 

- 5 2X a ; 
a 52... Solve for2. 2 = PPh 8G 53. Simplify. we 

x x2 

52. s . 

Transition Chapter T 

53. 54. Simplify. Write your answer with 55, Multiply. 

Le Uk © a oe et are positive exponents only. (—2r? + 3)(7r - 2) 

64 ec ie 
aos ea TR ae 2xy~4 

ae 56. For the polynomial p(x) = —5x? + x? — 3x + 2, evaluate p(2). 

56. 
Completely factor each of the following. 

57. 
57, 4x? + l1xy + Ty? 58. 2x? — 12x” + 18% 

58. 
59, 125x° + 64 

59. 
Chapter 8 

60. Assume that all expressions under radicals represent nonnegative numbers. 

60. Multiply and simplify. 61. Rationalize the denominator. 

61. (V3 + V2x)(V7 - V2) 3Vx + Vy 

62. oe 
63 62. Solve and check your solutions.2Vx — 1 = x — 4 

64. Chapter 9 

63. Solve for x. x? — 2x -4=0 64. Solve for x. x* — 12x? + 20 =0 

xiv 



65. Graph f(x) = (x — 2)? + 3 ona sheet of graph paper using a coordinate sys- 
tem similar to the one shown. Label the vertex. 

ie 

66. Solve for x. 
2 

(2: - 4) = 12 67. Solve for y. |}3y - 2} +5 =8 
3 

Chapter 10 

68. Write in standard form the equation of the circle with center at (5, -2) and a 
radius of 6. 

69. Write in standard form the equation of the ellipse whose center is at (0,0) and 
whose intercepts are at (3, 0), (—3, 0), (0, 4), and (0, —4). 

70. Solve the following nonlinear system of equations. x? + 4y? = 9 

G2 = 3 

Chapter 11 

71. If f(x) = 2x” — 3x + 4, find f(a + 2). 

72. Graph on one set of axes. Use a sheet of graph paper and a coordinate system 
similar to the one shown. f(x) = |x + 3] and g(x) = |x + 3| - 3 

| 

73,1 f(x) = : > and g(x) = 3x? — 1, find g[f(x)]. 
x 

TA) = x — 5, find f-'(x). 

Chapter 12 
Ze 

75. Find y if logs125 = y. 76. Find b if log,4 = a 

77, What is log 10,000? 78. Solveforx. logs(5 + x) + logex = 2 

65. 

67. 

68. 

70. 

71, 

72. 

73. 

74, 

75, 

76. 

71. 

78. 

XV 
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CHAPTER 

} Prealgebra 
Review 

CAREER OPPORTUNITIES 

Banking and Financial 
Services 

Careers in the banking and financial 

services industries offer challenging 

and enriching experiences. Whether it 

is providing information to consumers 

about checking account plans best 

suited to their needs, qualifying 

someone for a mortgage, or guiding a 

client through the intricacies of financial 

planning, these services require math 

skills of varying levels. 

To investigate how the mathematics in this chapter 

can help with this field, see the Career Exploration 

Problems on page 55. 
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[0.1] Simplifying Fractions 

Student Learning Objectives 

After studying this section, you will 

be able to: 

1 | Understand basic mathematical 
definitions. @® 

Simplify fractions to lowest terms 
using prime numbers. @® 

Convert between improper 
fractions and mixed 
numbers. @® 

4 | Change a fraction to an 
equivalent fraction with a given 
denominator. 

Chapter 0 is designed to give you a mental “warm-up.” In this chapter you'll be able 
to step back a bit and tone up your math skills. This brief review of prealgebra will 
increase your math flexibility and give you a good running start into algebra. 

EW Understanding Basic Mathematical Definitions 

Whole numbers are the set of numbers 0, 1, 2, 3, 4, 5, 6, 7,.... They are used to 

describe whole objects, or entire quantities. 
Fractions are a set of numbers that are used to describe parts of whole quan- 

tities. In the object shown in the figure there are four equal parts. The three of the 
four parts that are shaded are represented by the fraction . In the fraction } the 
number 3 is called the numerator and the number 4, the denominator. 

a 
3 <— Numerator is on the top 

4 — Denominator is on the bottom 

The denominator of a fraction shows the number of equal parts in the whole and the 
numerator shows the number of these parts being talked about or being used. 

Numerals are symbols we use to name numbers. There are many differ- 
ent numerals that can be used to describe the same number. We know that 5 = 3. 
The fractions + and 7 both describe the same number, 

Usually, we find it more useful to use fractions that are simplified. A fraction 
is considered to be in simplest form or reduced form when the numerator (top) and 
the denominator (bottom) have no common divisor other than 1, and the denomi- 
nator is greater than 1. 

is in simplest form. 

is not in simplest form, since the numerator and the denominator can 

both be divided by 2. 

If you get the answer { to a problem, you should state it in simplest form, i, The 

FIN Nie 

process of changing to 4 is called simplifying or reducing the fraction. 

2. Simplifying Fractions to Lowest Terms Using 

Prime Numbers 

Natural numbers or counting numbers are the set of whole numbers excluding 0. 
Thus the natural numbers are the numbers 1, 2, 3, 4,5, 6,.... 

When two or more numbers are multiplied, each number that is multiplied is 
called a factor. For example, when we write 3 x 7 X 5, each of the numbers 3, 7, and 
5 is called a factor. 

Prime numbers are natural numbers greater than 1 whose only natural num- 
ber factors are 1 and themselves. The number 5 is prime. The only natural number 
factors of 5 are 5 and 1. 

5 = 3.% 1 

The number 6 is not prime. The natural number factors of 6 are 3 and 2 or 6 and 1. 

=3xXx2 6=6xXx1 

The first 15 prime numbers are 

25.9) Ss MLS 11519, 23, 29, S137, 41. A847: 
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Any natural number greater than 1 either is prime or can be written as the 
product of prime numbers. For example, we can take each of the numbers 12, 30, 14, 
19, and 29 and either indicate that they are prime or, if they are not prime, write them 
as the product of prime numbers. We write as follows: 

a= 2 xX 2 xX 3 30=2x3xX5 14=2x7 

19isaprime number. 29 is a prime number. 

To reduce a fraction, we use prime numbers to factor the numerator and the 

denominator. Write each part of the fraction (numerator and denominator) as a 
product of prime numbers. Note any factors that appear in both the numerator (top) 
and denominator (bottom) of the fraction. If we divide numerator and denominator 

by these values we will obtain an equivalent fraction in simplest form. When the new 
fraction is simplified, it is said to be in lowest terms. Throughout this text, to simplify 
a fraction will always mean to write the fraction in lowest terms. 

Example 1 Simplify each fraction. 

14 15 20 
— b = —- 

Dwr ass ihe70 
Solution 

(a) 14 a A X2 a 2 We factor 14 and factor 21. Then we divide numerator 
* Pit ea x3 3 and denominator by 7 

(b) IS_#xX3_3 We factor 15 and factor 35. Then we divide numerator 
Bs ie ere and denominator by 5. 

(c) 20 2X2 X SX _ 2 We factor 20 and factor 70. Then we divide numerator 

‘ 70 7x 2x & 7 and denominator by both 2 and 5. Oo 

Student Practice 1 Simplify each fraction. 

10 24 36 
@) 56 (b) 3 Os 

Sometimes when we simplify a fraction, all the prime factors in the top (nu- 
merator) are divided out. When this happens, we must remember that a 1 is left in 
the numerator. 

Example 2 Simplify each fraction. 

i iis 
(a) A (b) 105 

Solution 

fe text 1 
Bie XS (3 

(5% ex Baxedoo! 4 
105.5). Tae ORR 

(a) (b) 

deee2 Student Practice 2 Simplify each fraction. 

a3 
Ure GS beeps 

4 

@ 146 12 125 

If all the prime numbers in the bottom (denominator) are divided out, we do 
not need to leave a 1 in the denominator, since we do not need to express the answer 

as a fraction. The answer is then a whole number and is not usually expressed as a 
fraction. 
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Example 3 Simplify each fraction. 

35 70 
(a) 7 (b) 10 

Solution 

35° 5 xX 70 wats SAR SAG ol . 
(> -B@xi Oto gxex1 ! ¥ 

Student Practice 3 Simplify each fraction. 

18 146 28 
(a) en (b) [7 (c) 7 

Sometimes the fraction we use represents how many of a certain thing are 
successful. For example, if a baseball player was at bat 30 times and achieved 12 hits, 
we could say that he had a hit 34 of the time. If we reduce the fraction, we could say 
he had a hit 2 of the time. 

Example 4 Cindy got 48 out of 56 questions correct on a test. Write this as a frac- 

tion in simplest form. 

Solution Express as a fraction in simplest form the number of correct responses 
out of the total number of questions on the test. 

48 2K SX 2k ee ee pb 
AP OU StS ee ce. Cae 7 

Cindy answered the questions correctly $ of the time. oO 

Student Practice 4 The major league pennant winner in 1917 won 
56 games out of 154 games played. Express as a fraction in simplest form the 

number of games won in relation to the number of games played. 

The number one can be expressed as 1, 1 z e, 5. and so on, since 

Leeda eae 

We say that these numerals are equivalent ways of writing the number one because 
they all express the same quantity even though they appear to be different. 

Sidelight: The Multiplicative Identity 
When we simplify fractions, we are actually using the fact that we can multiply any 
number by 1 without changing the value of that number. (Mathematicians call the 
number 1 the multiplicative identity because it leaves any number it multiplies with 
the same identical value as before.) 

Let’s look again at one of the previous examples. 

14 OM: IB 2 

21, 9263 We 3 

Zen 2 
—) xX == = 

/ Si. 3 

So we see that 

14. 2 

3 
When we simplify fractions, we are using this property of multiplying by 1. 

Converting Between Improper Fractions 

and Mixed Numbers @® 

If the numerator is less than the denominator, the fraction is a proper fraction. 
A proper fraction is used to describe a quantity smaller than a whole. 



Fractions can also be used to describe quantities larger than a whole. The fol- 
lowing figure shows two bars that are equal in size. Each bar is divided into 5 equal 

pieces. The first bar is shaded completely. The second bar has 2 of the 5 pieces shaded. 
The shaded-i -in region can be represented by i since 7 of the pieces (each 

of which is ¢ of a whole box) are shaded. The fraction 2 5 1s called an improper 
fraction. An improper fraction is one in which the numerator is larger than or 
equal to the denominator. 

ees a | CT 
The shaded-in region can also be represented by 1 whole added to ¢ 2 of a whole, 

or 1+ 2. This is written as 12. The fraction 12 is called a mixed pune A mixed 
slonher consists of a whole amber added to a proper fraction (the numerator is 

smaller than the denominator), The addition is Uncierstood but oy written. When 

we write 12, it represents 1 + 2. The numbers 1%, 23, 83, and 126;5 are all mixed 
numbers. From the preceding Gout it seems clear that £ 5 = 12. This suggests that we 
can change from one form to the other without changing the male of the fraction. 

From a picture it is easy to see how to change improper fractions to mixed 
numbers. For example, suppose we start with the fraction 1 and represent it by the 
showing fig figure (where 11 of the pieces, each of which is 3 + of a box, are shaded). We 
see that + = 33, since 3 whole boxes and § of a box are shaded. 

ees ees ees Ee 
Changing Improper Fractions to Mixed Numbers You can follow the 
same procedure without a picture. For example, to change + to a mixed number, we 
can do the following: 

SSE 
SaesrOn si 1k 3 eng 

Use the rule for adding fractions (which is discussed 
in detail in Section 0.2). 

2 3 3 
= sed seal oe 3 Write 1 in place of >, since 5 =1. 

2 
ag ae) Write 3 in place of 1 + 1 + 1. 

2 ’ 
= 3 Use the notation for mixed numbers. 

Now that you know how to change improper fractions to mixed numbers and why 
the procedure works, here is a shorter method. 

TO CHANGE AN IMPROPER FRACTION TO A MIXED NUMBER 

1. Divide the denominator into the numerator. 

2. The quotient is the whole-number part of the mixed number. 

3. The remainder from the division will be the numerator of the fraction. 

The denominator of the fraction remains unchanged. 

We can write the fraction as a division statement and divide. The arrows show 

how to write the mixed number. 

7 1 Whole-number part 5 Numerator of fraction 

5 
2 Remainder 

Thus le i 

Section 0.1 Simplifying Fractions 5 
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ae) 3 Whole-number part A Numerator of fraction 

3 sia il | covert Laeips a ei 

2 
ms Remainder 

11 2 
ea 3— Thus, 3 3 

Sometimes the remainder is 0. In this case, the improper fraction changes to a 
whole number. 

Example 5 Change to a mixed number or to a whole number. 

7 15 
(a) “ (b) 3 

Solution 

A 1 15 5 
(a) -=7+4 4/7 (b) — =15+3  3)15 

4 3) 
- us) 
3 Remainder Q Remainder 

7 3 115) 
Thus 7 = 1 Thus 3 = 5. oO 

Gee 4 Student Practice 5 Change to a mixed number or to a whole number. 

1, , 20 
(a) 7 (b) i 

Changing Mixed Numbers to Improper Fractions It is not difficult to 
see how to change mixed numbers to improper fractions. Suppose that you wanted 

to write 23 as an improper fraction. 

2 2 : , 
Pde ci The meaning of mixed number notation 
3 3 

a. 
= Litas Since 1 +1 =2 

- doe die acu tee 
3 3 3 ince = 3 

When we draw a picture of 3 + } + 3, we have this figure: 

| eh 
3 3 

If we count the shaded parts, we see that 

wl 

Sapa a Se == Mit Vee Ss 

Now that you have seen how this change can be done, here is a shorter method. 

TO CHANGE A MIXED NUMBER TO AN IMPROPER FRACTION 

1. Multiply the whole number by the denominator. 

2. Add this to the numerator. The result is the new numerator. The denomi- 

nator does not change. 
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Example 6 Change to an improper fraction. 

1 4 
(a) 37 (b) 55 

Solution 

eet te 22 
AB Oa ary icine fees 

4 (5X5)+4 25+4 29 
(b) 55 = = 5 Se oO 

ime Student Practice 6 Change to an improper fraction. 

(a) 3 
3 6 2 

(b) 15 (©) 257 (d) 43 

4 Changing a Fraction to an Equivalent Fraction 

with a Given Denominator @® 

A fraction can be changed to an equivalent fraction with a different denominator by 
multiplying both numerator and denominator by the same number. 

6 

SS Kk Be 10 

: : 10 
is equivalent to — 

bs aa ial Be oe oh 
ack est glamereual Maley Sa. wiley 

3: : e 
and <=is equivalent to —. 

LW ‘ aL 

We often multiply in this way to obtain an equivalent fraction with a particular 
denominator. 

Example 7 Find the missing numerator. 

S 2 

(@) 5 = 95 

Solution 

3 ? 
(a) 5 5 

oes. 15 
Ses) 25 

4 ? 

(b) a 14 

aK? 18 
ue 2 14 

2 2 
(c) a 36 

A 8. 
9x4 36 

14 
() o=5 4 

Ob) 5 36 

Observe that we need to multiply the denominator by 5 to obtain 25. 

So we multiply the numerator 3 by 5 also. 

The desired numerator is 15. 

Observe that 7 X 2 = 14. We need to multiply the numerator by 2 to 

get the new numerator. 

The desired numerator is 8. 

Observe that 9 X 4 = 36. We need-to multiply the numerator by 4 to 

get the new numerator. 

The desired numerator is 8. o 

Student Practice 7 Find the missing numerator. 

cea 

ey ok 
9 

2 ) 
(7% 

5 ? 
(b) = 55 



o.1) Exercises MyLab™ Math 

Verbal and Writing Skills, Exercises 1-4 

1. In the fraction /4, what number is the numerator? 

3. What is a factor? Give an example. 

2 
5. Draw a diagram to illustrate ar 

Simplify each fraction. 

9 20 AD; 

tas a Gas 

24 30 sy) 
13. 6 14, 35 15. 6A 

Change to a mixed number. 

i07/ I, 47 
Stier Be ae 08 I 19 6 20 5 5 

41 2) 32 
7 Rear Me Se 25 5 26 3 5 

Change to an improper fraction or whole number. 

i 2 3 
31. 35 32. 4 33. 65 

5 2 1 
SO = Ae ba « 2h= 7 38 3 39. 24 4 

Find the missing numerator. 

3 y 5 ? 
1 — ——— 

8 64 7 O54 

5 ? 4 ? 
46. SSS Saat he ———— 

OAS 4 le 209) 

3 ? 10 ? 
AN SS SS = —— 

ye 2) ay 1S 60) 

i ? 35 9 
S323 = = ae 

8) 40 33 40 80 

Applications 

Solve. 

55. Women’s Professional Basketball During a WNBA 
basketball season, Maya Moore of the Minnesota 
Lynx scored 799 points in 34 games. Express as a 
mixed number in simplified form how many points 
she averaged per game. 

10. 

16. 

227 

28. 

34, 

40. 

56. 

. In the fraction 3, what number is the denominator? 

. Give some examples of the number 1 written as a 

fraction. 

. Draw a diagram to illustrate 35. 

8 60 We 
48 11. D 12. 18 

33 42 63 
55 17. 7 18. 9 

54 38 41 
7 23. F 24. 6 

72 tL 124 
7 29. re 30. a 

Hl Bs 5 
345 35. 19 36. a 

1 72 78 
105 41. 9 42. 6 

3 u 
45. 5 —— 35 

13 y 
48. 17 5 

3) ? 
51. A 30 

45 ? 
54. 50 100 

Kentucky Derby Nominations In a recent year, 424 

horses were nominated to compete in the Kentucky 
Derby. Only 20 horses were actually chosen to compete 

in the Derby. What simplified fraction shows what por- 
tions of the nominated horses actually competed? 
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57. Income Tax Last year, my parents had a combined 58. Employment A large employment agency was able 
income of $64,000. They paid $13,200 in federal to find jobs within 6 months for 1400 people out of 
income taxes. What simplified fraction shows how 2420 applicants who applied at one of its branches. 
much my parents spent on their federal taxes? What simplified fraction shows what portion of appli- 

cants gained employment? 

Trail Mix The following chart gives recipes for two trail mix blends. 

The Rocking & trail mix 59, What fractional part of the premium blend is nuts? 

Premium blend High-energy blend 

Gate Ghakower 60. What fractional part of the high-energy blend is 
a pede raisins? 

Nuts Nuts 

61. What fractional part of the premium blend is not sun- 
flower seeds? 

62. What fractional part of the high-energy blend does 
not contain nuts? 

Raisins 

College Enrollment The following chart provides statistics about the total enrollment of male and female students in U.S. 
colleges for specific years during the period from 1984 to 2014. 

63. What fractional part of the number of students enrolled U.S. Students in College 
in 2014 are female? 

64. What fractional part of the number of students enrolled 
in 1994 are male? 

Number of students (in millions) 

1984 1994 2004 2014 

Year 

M Male students J Female students 

Source: Digest of Education statistics, 2014 

Quick Quiz 0.1 

9 
1. Simplify. = 2. Write as an improper fraction. On 

3. Write as a mixed number. a 4. Concept Check Explain in your own words how to 
of change a mixed number to an improper fraction. 
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[0.23 Adding and Subtracting Fractions ® 

Student Learning Objectives 

After studying this section, you will 

be able to: 

1 | Add or subtract fractions with a 
common denominator. @® 

Use prime factors to find the least 
common denominator of two or 
more fractions. @® 

Add or subtract fractions with 

different denominators. @® 

4 | Add or subtract mixed 

numbers. @® 

Bl Adding or Subtracting Fractions with a Common 

Denominator @® 

If fractions have the same denominator, the numerators may be added or subtract- 
ed. The denominator remains the same. 

TO ADD OR SUBTRACT TWO FRACTIONS WITH A COMMON 
DENOMINATOR 

1. Add or subtract the numerators. 

2. Keep the same (common) denominator. 

3. Simplify the answer whenever possible. 

Example 1 Add the fractions. Simplify your answer whenever possible. 

Sip poll Pie pi! Uh alee Pd 3 4 

Re oe i ru Os 
Solution 

5 1 Se eo 2p wi 2uc> bene 

SOA or paar ela ee 3 Sara 
Woe uk 2) reo ee Oe OF A SAS el 2 

Tea BE Rl a OR 4 ees en 

Student Practice 1 Add the fractions. Simplify your answer whenever 
possible, 

ci a 

lee EG 
3 8 

Oath 
i a 

(©) 5. gute 
5s 8 

i), Suliae 

Example 2 Subtract the fractions. Simplify your answer whenever possible. 

9 Z J we 
(a) ets (Qo 

Solution 

9 a p= 2 a Sted = 1. 4" eg 

Pi i Ugimeay 3-6 6 6) 
Student Practice 2 Subtract the fractions. Simplify your answer when- 

ever possible. 

6 Ni 
(a) i a 

Sania 
b et Seat hee 5-5 

Although adding and subtracting fractions with the same denominator is fairly 
simple, most problems involve fractions that do not have a common denominator. 
Fractions and mixed numbers such as halves, fourths, and eighths are often used. To 
add or subtract such fractions, we begin by finding a common denominator. 

Using Prime Factors to Find the Least Common 

Denominator of Two or More Fractions @® 

Before you can add or subtract fractions, they must have the same denominator. To 
save work, we select the smallest possible common denominator. This is called the 
least common denominator or LCD (also known as the lowest common denominator). 
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The LCD of two or more fractions is the smallest whole number that is Be 
divisible by each denominator of the fractions. 

Example 3 Find the LCD. {and + 

Solution The numbers are small enough to find the LCD by inspection. The 
LCD is 12, since 12 is exactly divisible by 4 and by 3. There is no smaller number 
that is exactly divisible by 4 and 3. oO 

Student Practice 3 Find the LCD. }and$ 

In some cases, the LCD cannot easily be determined by inspection. If we write 
each denominator as the product of prime factors, we will be able to find the LCD. 

We will use (+) to indicate multiplication. For example, 30 = 2-3-5. This means 
30=2x3x5. 

PROCEDURE TO FIND THE LCD USING PRIME FACTORS 

. Write each denominator as the product of prime factors. 

. The LCD is a product containing each different factor. 

. If a factor occurs more than once in any one denominator, the LCD will 

contain that factor repeated the greatest number of times that it occurs 
in any one denominator. 

Example 4 Find the LCD of? and ; using the prime factor method. 

Solution 

6 = 2:3 Write each denominator as the product of prime factors. 

15 = | 3+5 
1 

EED = 2°3°5 The LCD is a product containing each different prime factor. 
LCD = 2-3-5 = 30 _ The different factors are 2,3, and 5, and each factor appears at 

most once in any one denominator. oO 

Student Practice 4 Find the LCD of & and & using the prime factor 
method. 

Great care should be used to determine the LCD in the case of repeated factors. 

Example 5 Find the LCD of $ and %. 

Solution 

27 = 3:3°3 Write each denominator as the product of prime factors. 
We observe that the factor 3 occurs three times in the 

factorization of 27. 

18 = 3°3°2 

Lid 
LCD = 3-3'-3-2 
LCD = 3+3+3+2 = 54 

The LCD is a product containing each different factor. The factor 3 occurred most 
in the factorization of 27, where it occurred three times. Thus the LCD will be the 

product of three 3s and one 2. o 

= Student Practice 5 Find the LCD of > and i. 
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Example 6 Find the LCD of %,;5, and 3. 

Solution 

12 = 2+2°3 Write each denominator as the product of prime factors. 
Notice that the only repeated factor is 2, which occurs 

15 = s}05) twice in the factorization of 12. 

30 oP os 

dotbed 
LCD = 2:2°3+5 

LCD = 2°2°3*5 = 60 The LCD is the product of each different factor, with the 
factor 2 appearing twice since it occurred twice in one 

denominator. oO 

awe Student Practice 6 Find the LCD of ¥, ¥, and 3. 

Adding or Subtracting Fractions with 

Different Denominators @® 

Before you can add or subtract them, fractions must have the same denominator. 
Using the LCD will make your work easier. First you must find the LCD. Then 
change each fraction to a fraction that has the LCD as the denominator. Sometimes 

one of the fractions will already have the LCD as the denominator. Once all the 
fractions have the same denominator, you can add or subtract. Be sure to simplify 
the fraction in your answer if this is possible. 

TO ADD OR SUBTRACT FRACTIONS THAT DO NOT HAVE A 

COMMON DENOMINATOR 

. Find the LCD of the fractions. 

. Change each fraction to an equivalent fraction with the LCD for a 

denominator. 

. Add or subtract the fractions. 

4. Simplify the answer whenever possible. 

Let us return to the two fractions of Example 3. We have previously found that 
the LCD is 12. 

Example 7 Bob picked § of a bushel of apples on Monday and j of a bushel of 
apples on Tuesday. How much did he pick in total? 

Solution To solve this problem we need to add 3 and }, but before we can do so, 
we must change g and i to fractions with the same denominator. We change each 
fraction to an equivalent fraction with a common denominator of 12, the LCD, 

Qo i 2h. eS PN | 

3° ees. > 13 
Pee es es 943 

4-125 4% 12 Amy 12 

Then we rewrite the problem with common denominators and add. 

eee ee it 
eg pi Atay a EE 

In total Bob picked 15 of a bushel of apples. Oo 

Student Practice 7 Carol planted corn in 3 of the farm fields at the Old 
Robinson Farm. Connie planted soybeans in ; of the farm fields. What fractional part 
of the farm fields of the Old Robinson Farm was planted in corn or soybeans? 
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Sometimes one of the denominators is the LCD. In such cases the fraction that 

has the LCD for the denominator will not need to be changed. If every other de- 
nominator divides into the largest denominator, the largest denominator is the LCD. 

Example 8 Find the LCD and then add. : + a 4 ; 

Solution Wecan see by inspection that both 5 and 2 divide exactly into 20. Thus 
20 is the LCD. Now add. 

Sheil hott 
Siam 2 

We change 2 and } to equivalent fractions with a common denominator of 20, the LCD. 

od Se 12 3 2 

5 oe se) ap “O's 29 
aes is 20) 10 1 evil 

oo 0 
Then we rewrite the problem with common denominators and add. 

Ory A lol 2oe om eic + 7 +10 28 9 — +2 = 4+-—-4—s = o 
Po one 20 720) 30 20 30 % 159 

dee Student Practice 8 Find the LCD and then add. 

4 

5 

Now we turn to examples where the selection of the LCD is not so obvious. In 
Examples 9 through 11 we will use the prime factorization method to find the LCD. 

7 38 
Example 9 Add. eb) 

Solution First we find the LCD. 

18 = 3°3+2 

12 = | Ore? 
Li) 

ECDs 3 +3°2-2 = 36 

Now we change # and ;5 to equivalent fractions that have the LCD. 

a 2 ae 14 

13, Bae e HexD 236 
5 by rs) 005 
179936 10 G36 

Now we add the fractions. 

Pg hte 140 ie 229 
ie 36. 36386 

This fraction cannot be simplified. og 

Student Practice 9 Add. 
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25 5 
Example 10 Subtract. kee 

Solution First we find the LCD. 

48 = 2+2+2:2°3 

matted tals 
LCD = 2°2:2°2+3-3 = 144 

Now we change 33 and = to equivalent fractions that have the LCD. 

ya a SR 9 
aga! 1480 8P Papa 
5 ? 5x BH . 20 
36° 1dA 360 es 

Now we subtract the fractions. 

25 5 WS 20 55 
= = = = This fraction cannot be simplified. oO 

48 36 144 144 144 

: lst al 
Example 11 Combine. re fleets 

Solution First we find the LCD. 

Now we change 5, 4 and ii to equivalent fractions that have the LCD for a 

denominator. 

‘TM eal 1x @ . 6 

5 1nB0: ) «Sone BO 
i ahaa xt 3 

Gee $80 * oh 6965 230 
noe? 3. KS 9 

10 “30 10% e830 

Now we combine the three fractions. 

ae 3 6 5 9 2 1 

56 io 30 So 0h soc 15 

Note the important step of simplifying the fraction to obtain the final answer. 

Student Practice 11 Combine. 

ghy3 e 
Se te} 
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Adding or Subtracting Mixed Numbers @® 

If your addition or subtraction problem has mixed numbers, change them to im- 
proper fractions first and then combine (add or subtract), As a convention in this 
book, if the original problem contains mixed numbers, express the result as a mixed 
number rather than as an improper fraction. 

Example 12 Combine. Simplify your answer whenever possible. 

1 1 1 3 5 7 
(a) 55 + 2 (b) 25 17 (c) 155+. 39 

Solution 

(a) First we change the mixed numbers to improper fractions. 

ee ee 2 ks 
7) 2 2 3 3 3 

Next we change each fraction to an equivalent form with the common denom- 
inator of 6. 

le aes ie & 33 

irra SG 
DF 1 ae 

[rex 2G 
Finally, we add the two fractions and change our answer to a mixed number. 

SED 08 ge LE 
ae 6 re 

il i 5 
~+2-=75, Thus 55 2; Ur 

(b) First we change the mixed numbers to improper fractions. 

pe eee Xt 1 ett 1 1X4 

5 5 5 4 4 4 

Next we change each fraction to an equivalent form with the common denom- 
inator of 20. 

Li 11x4_ 44 

Romany at Sx) —' 20 
pan at ee ae 

= fxm 20 

Now we subtract the two fractions. 

44 35 9 

20 20 20 

1 Breve? 
Bis cy 1 =, 

2 4 20 
Note: It is not necessary to use these exact steps to add and subtract mixed 

numbers. If you know another method and can use it to obtain the correct an- 
swers, it is all right to continue to use that method throughout this chapter. 

5 é/ 
a oe —, (c) Now we add 1 12 * 30 

The LCD of 12 and 30 is 60. Why? Change the mixed number to an improp- 
er fraction. Then change each fraction to an equivalent form with a common 

denominator. 

Be 17 ey 85 7Xx@ | 14 
1D 10. -— 60-30 -X B----60 

Continued on next page 

15 
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Then add the fractions, simplify, and write the answer as a mixed number. 

om 4 fo ee 
607) 60... 60. 20 20 

5 if 13 
—_+—= —— | Thus 15, 30 15 

Student Practice 12 Combine. Simplify your answer whenever possible. 

2 4 1 i; 
(a) ee (b) a 

AExample 13 Manuel is enclosing a triangle-shaped exercise yard for his new dog. 
He wants to determine how many feet of fencing he will need. The sides of the yard 
measure 20} feet, 154 feet, and 18% feet. What is the perimeter of (total distance 
around) the triangle? 

Solution Understand the problem. Begin by drawing a picture. 

3 
204 ft 

We want to add up the lengths of all three sides of the triangle. This distance 
around the triangle is called the perimeter. 

5) i! iL 83% SP a t45 
+ E— 207, 1S 18S per 

Be UE een 

He will need 542 feet of fencing. Oo 

A Student Practice 13 Find the perimeter of a rectangle with sides of 

4t cm and 65 cm. Begin by drawing a picture. Label the picture by including the 
measure of each side. 

l od STEPS TO SUCCESS Faithful Class Attendance Is Well Worth It. 

If you attend a traditional mathematics class that meets one Meet a friend. You will soon discover that other students 

or more times each week: are also coming to class every single class period. It is easy to 

strike up a friendship with students like you who have this 

common commitment. They will usually be available to answer 
a question after class and give you an additional source of help 

when you encounter difficulty. 

Get started in the right direction. Make a personal com- 

mitment to attend class every day, beginning with the first 

day of class. Teachers and students all over the country have 

discovered that faithful class attendance and good grades go 

Use ae Making it personal: Write down what you think is the most 
The vital content of class. What goes on in class is de- | compelling reason to come to every class meeting. Make that 

signed to help you learn more quickly. Each day significant | commitment and see how much it helps you. 
information is given that will truly help you to understand 

concepts. There is no substitute for this firsthand learning 
experience. 
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Verbal and Writing Skills, Exercises 1 and 2 

1. Explain why the denominator 8 is the least common 2. What must you do before you add or subtract frac- 

denominator of } and 3. tions that do not have a common denominator? 

Find the LCD (least common denominator) of each set of fractions. Do not combine the fractions, only find the LCD. 

3. = and > 4, = and 5 5. Zand 5 

z a ty 8 >and = 9 -: and = 

11. “ and a 12. ‘ and = 13. _ - and 3 

15. 2 ~ and a 16. > =. and 5 17. > = and = 

Combine. Be sure to simplify your answer whenever possible. 

+= 20, = +2 

2, = - = 23, 242 

2s, > - = 26, == 

28, = +2 29, 24> 

», B23 2 2-2 

ace 3 roe 

>) ae eae 

40. + +5 a. 5+ 57% 

21. 

24. 

27. 

30. 

ee ines 

36. 

39. 

42. 

5) 1 
6. ig 84 54 

let 7 
10. 7, and 55 

i og 9 
14. a qq and 35 

a ita! 
18. 3 14 Mie 

agen 
14 14 

Sig old 
20ers 

tee 
ees 

peat de 
lar AG 

16 1 
24 6 

eS 
— + — 

Ain 19 

mo) Bet 
30 40 8 

ly Ye ee 
jes 15 

17 
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a3. 2+ 2-3 44, 2+ = 

46. 35 +25 47. 12+ 

49. 12 « 2 50. 72 2 3 

52, 1 : 22 53, 2 = 35 

55. 11 : 62 56. 125 a 55 

58. y= + 9= 

s9, 24 0, 24S 

67. > 2 68. - 5 

mn. =+2 Te += 

Applications 

75. Inline Skating Nancy and Sarah meet three morn- 
ings a week to skate. They skated 84 a miles on Mon- 
day, 10} miles on Wednesday, and 5} miles on 
Friday. What was their total distance for those three 
days? 

45. 45+ 3 

48, 65 + ; 

51. 82 ~ 22 

54, 37+ 45 

57, 33 + si 

61. a= 4 62. 5 ~ 7% 

65. 5 ~ 2 66. 65 - : 

69. 1+ 70. +2 

73. 36 - 25 74, 28 - 32 

76. Marathon Training Paco and Eskinder are training 
for the Boston Marathon. Their coach gave them the 
following schedule: a aicolum run of 105 miles on 
Thursday, a short run of 5+ z miles on Friday, a rest 
day on Saturday, and a long run of 183 miles on Sun- 
day. How many miles did they run over these four 
days? 



77. Restaurant Management The manager of a Boston 

restaurant must have his staff replace unsafe and 
rusted knives and replace tables and chairs in the din- 
ing area on Monday when the restaurant is closed. 
He has scheduled the ae for 154 hours of work. He 
estimates it will take 3 hours to replace the unsafe 
and rusted knives. He estimates it will take 9 hours 
to replace the tables and chairs in the dining area. In 
the time remaining, he wants them to wash the front 
windows. How much time will be available for wash- 
ing the front windows? 

To Think About 

Carpentry Carpenters use fractions in their work. The picture below is a diagram of a spice cabinet. The symbol" means 
inches. Use the picture to answer exercises 79 and 80. 

79. Before you can determine where the cabinet will fit, you 

80. 

81. 

need to calculate the height, A, and the width, B. Don’t 

forget to include the 5-inch thickness of the wood where 
needed. 

Look at the close-up of the drawer. The width is 
4n" ". In the diagram, the width of the opening for the 
drawer is 43" What is the difference? 

Why do you think the drawer is smaller than the 
opening? 

Facilities Management The Falmouth Country Club 
mainains the putting greens with a grass height of 
8 2 inch. The grass on the fairways is maintained at a 

height of 2} inches. How much must the mower blade 
be lowered by a person mowing the fairways if that 

person will be using the same mowing machine on the 
putting greens? 

Cumulative Review 

83. 
as My SO 

[0.1.2] Simplify. 44 

Section 0.2 Adding and Subtracting Fractions 19 

78. Aquariums Carl bought a 20-gallon aquarium. He 

put 17} ; gallons of water into phe aquarium, but it 
looked too low, so he added 1; more gallons of wa- 
ter. He then put in the artificial plants and the gravel 
but now the water was too high, so he siphoned off 

2% gallons of water. How many gallons of water are 
now in the aquarium? 

hardwood for all framing 
and drawer fronts 

1 plywood for all drawer 

sides, back, and bottom 

82. Facilities Management The director of facilities 
maintenance at the club in Exercise 81 discovered that 
due to slippage in the adjustment lever, the lawn mow- 

er actually cuts the grass C7 of an inch too long or too 

short on some days. What is the maximum height that 
the fairway grass could be after being mowed with this 

machine? What is the minimum height that the putting 
greens could be after being mowed with this machine? 

3 
84. [0.1.3] Change to an improper fraction. 265 

Quick Quiz 0.2 Perform the operations indicated. Simplify your answers whenever possible. 

5) 14 
+ eas 2. a5 475 

4. Concept Check Explain how you would find the LCD 

of the fractions + and 3. 
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[0.3] Multiplying and Dividing Fractions ® 

EI Multiplying Fractions, Whole Numbers, 
After studying this section, you will 

be able to: 

| Multiply fractions, whole 

numbers, and mixed 
numbers. @® 

[es Divide fractions, whole 
numbers, and mixed 
numbers. @® 

and Mixed Numbers @® 

Multiplying Fractions During a recent snowstorm, the runway at Beverly 
Airport was plowed. However, the plow cleared only 2 5 of the width and 4 of the 
length. What fraction of the total oy area was cleared? To answer this question, 
we need to multiply 3 5 Xx r 

The answer is that & of the total runway area was cleared. 
The multiplication rule for fractions states that to multiply two fractions, we 

multiply the two numerators and multiply the two denominators. 

TO MULTIPLY ANY TWO FRACTIONS 

1. Multiply the numerators. 

2. Multiply the denominators. 

Example 1 Multiply. 

3.2 ts 1 ae) 
(a) 5 x 7 (b) 5 A (c) = Xx 5 (d) a5 

Solution 

a) >, 3G Neetu Sees 
() 5X7 5.7 35 (Dt, © aie tae aio. 

eealick Teil Te 6 bs ae 
Geese 3-5 ee (Oy Sonia amivtn als aie 

Note ei we must simplify this fraction. © 

) 
(a; 9 * 10 

It is possible to avoid having to simplify a fraction as the last step. In many 
cases we can divide by a value that appears as a factor in both a numerator and a 
denominator. Often it is helpful to write the numbers as products of prime factors 
in order to do this. 

Example 2 Multiply. 

SI aes 4 5 ily, 

Oy () 77% 9 3 Xo9 
Solution 

1 
3.5 _3:5 3: _3 Note that here we divided numerator and 

(a) =X== = — = 3 
ae 9 Bie 7: Be 7 denominator by S. 

If we factor each number, we can see the common factors. 
1 1 1 

“ues 0 : . pixie ae 
Lis 2 ia a il “77 22+ 4° A393 36 

After dividing out common factors, the resulting multiplication problem involves 
smaller numbers and the answers are in simplified form. Oo 
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See q Student Practice 2 Multiply. 

Si 4 9 5 

eee 5 0) 0 * 

Sidelight: Dividing Out Common Factors 
Why does this method of dividing out a value that appears as a factor in both nu- 
merator and denominator work? Let’s reexamine one of the examples we solved 
previously. 

1 
DS maha 25 LS: 2 3 

Se oc, Ts 7 
1 

Consider the following steps and reasons. 

Beet ete StS aN ee 
rar = 5.7 Definition of multiplication of fractions. 

3°5 Change the order of the factors in the denominator, 

= 7.5 since 5:7 = 7-5. This is called the commutative property 
of multiplication. 

ie! 
= 7 : 5 Definition of multiplication of fractions. 

3 : 4 Kyes é 5 
a 7 ‘1 Write 1 in place of §, since 1 is another name for §. 

= 3 3. 1= 3 since any number can be multiplied by 1 without 

Gf changing the value of the number. 

Think about this concept. It is an important one that we will use again when we 
discuss rational expressions. 

Multiplying a Fraction by a Whole Number Whole numbers can be 
named using fractional notation. 3, 3, g and ; are ways of expressing the number 

three. Therefore, 

When we multiply a fraction by a whole number, we merely express the whole number 

as a fraction whose denominator is 1 and follow the multiplication rule for fractions. 

Example 3 Multiply. 

3 3 
x = —— (a) 7x3 (b) 2 x4 

Solution 

le ee ae 3 5 oe 4 3 
eg ps OS Dig ot t= 76 eee ae Oy 

Notice that in(b) we did not use prime factors to factor 16. We recognized that 

16 = 4:4, This is a more convenient factorization of 16 for this problem. Choose 
the factorization that works best for each problem. If you cannot decide what is 
best, factor into primes. oO 

de Student Practice 3 Multiply. 
2 8 

(a) 4x7 (by) tex 

Multiplying Mixed Numbers When multiplying mixed numbers, we first 
change them to improper fractions and then follow the multiplication rule for fractions. 
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A Example 4 How do we find the area of a rectangular field 3} miles long and 
25 miles wide? 

Solution To find the area, we multiply length times width. 

1 glee ME, 25 ee 
x = x DO es = 

73 25 3a" 82 3 sae HS 3 

The area is 8+ square miles. oO 

A Student Practice 4 Delbert Robinson has a farm with a rectangular 
field that measures 52 miles long and 3} miles wide. What is the area of that 
field? 

Oneal 
Example 5 Multiply. 25% 4X6 

Solution 

Nw 
22 x 2X 6=5x 7X o= 

2 

oe ae. S WwW 

Student Practice 5 Multiply. 

hate bt 
=xK=x4 
35 14 

Dividing Fractions, Whole Numbers, 

and Mixed Numbers @® 

Dividing Fractions To divide two fractions, we invert the second fraction (that 
is, the divisor) and then multiply the two fractions. 

TO DIVIDE TWO FRACTIONS 

1. Invert the second fraction (that is, the divisor). 

2. Now multiply the two fractions. 

Example 6 Divide. 

ve hed ei 
52 DD) 5 Rei0 ORE Str 
Solution 

1 1 Le fe ; f 
(a) 3 = 3 =—xX q = — Note that we always invert the second fraction. 

2 3 2a 10 , ee, 4 il ee eel AS) 10 

Uy) 5, 10. aed 25 oMlintS  weaune Sunn. eae 

Student Practice 6 Divide. 

5 sh { 
Cae ie 

Dividing a Fraction and a Whole Number The process of inverting the 
second fraction and then multiplying the two fractions should be done very carefully 
when one of the original values is a whole number. Remember, a whole number such 
as 2 is equivalent to 2. 
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Example 7 Divide. 

(a) 5 +2 (b) 5 +> 

-s oheat 

wbeaebetebide! 
dee Student Practice 7 Divide. 

(a) = +6 (b) 8 += 

Sidelight: Number Sense 
Look at the answers to the Pieoea! in Example 7 In part (a), you will notice that 
i is less than the original number 3 }. Does this seem reasonable? Let's see. If } is 
divided by 2, it means that } will Be divided into two equal parts. We would expect 
that each part would be less than }. 7 is a reasonable answer to this division problem. 

In part (b), 15 is greater ‘han he original number 5. Does this seem reason- 
able? Think of what 5 + ; means. It means that 5 will be divided into thirds. Let’s 
think of an easier Broplen. What happens when we divide 1 into thirds? We get three 
thirds. We would expect, therefore, that when we divide 5 into thirds, we would get 

5 X 3 or 15 thirds. 15 is a reasonable answer to this division problem. 

Complex Fractions Sometimes division is written in the form of a complex 
fraction with one fraction in the numerator and one fraction in the denominator. It 
is best to write this in standard division notation first; then complete the problem 
using the rule for division. 

Example 8 Divide. 

: a! 
7 9 

(a) 3 (b) 5 

5 7 

2 
2 Ang 50 ee 28 
OS O° 7 Ales 

7 

12 

(b) 

cl 2 
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Student Practice 9 Divide. 

Sidelight: Invert and Multiply 
Why does the method of “invert and multiply” work? The division rule really 
depends on the property that any number can be multiplied by 1 without changing 

the value of the number. Let’s look carefully at an example of division of fractions: 

- 
ok ae : : : 
5 + 7 = e We can write the problem using a complex fraction. 

z 

8 
Fe 5) x1 We can multiply by 1, since any number can be multiplied 

3 by 1 without changing the value of the number. 
7 

a Gl f 
. We write 1 in the form —, since any nonzero number 

2 divided by itself equals 1. We choose this value as a 
he aS multiplier because it will help simplify the denominator. 

29.5, 7) 

5.16 
= Bivity Definition of multiplication of fractions. 

— x —, 

jae ae 

ae) 
== x< — 

5 Sa) ec ed F ; 
= 1 = 5 x 3 The product in the denominator equals 1. 

Thus we have shown that 2 + 7 is equivalent to 2 x } and have shown justification 
for the “invert and multiply rule.” 

Dividing Mixed Numbers This method for division of fractions can be used 
with mixed numbers. However, we first must change the mixed numbers to improper 
fractions and then use the rule for dividing fractions. 

Me Example 9 Divide. 

2 1 9 1 2 2 
—+2- —+ (ay "253, by @ ie +2, (hye 7 rae ( a 

1 : : 
5 Solution 

(c) a5 
1] oa eal ie Ge Te 

= =—4 =—X = — 
7 @) 25 2 3303 a at 

For all Student Practice problems, write out 

the steps on a separate sheet of paper. Check (b) ee pee AE es a L.@ x : 
the step-by-step solutions in the back of the 3 2) 1 29) eT 
textbook. 2 Oo 

Example 10 A chemist has 96 fluid ounces of a solution. She pours the solution 
into test tubes. Each test tube holds ; fluid ounce. How many test tubes can she fill? 

Solution We need to divide the total number of ounces, 96, by the number of 
ounces in each test tube, ?. 

= +28 < 198 Siorggtiae Maes A 
eB i 

vo 2 
06 a <= 
6 4 ih 4 i. 8) il 

She will be able to fill 128 test tubes. 
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Check: Pause for a moment to think about the answer. Does 128 test tubes 

filled with solution seem like a reasonable answer? Did you perform the correct 

operation? Oo 

ieee 4 Student Practice 10 A chemist has 64 fluid ounces of a solution. He 
wishes to fill several jars, each holding 5} fluid ounces. How many jars can he fill? 

Sometimes when solving word problems involving fractions or mixed numbers, 

it is helpful to solve the problem using simpler numbers first. Once you understand 
what operation is involved, you can go back and solve using the original numbers in 
the word problem. 

Example 11 A car traveled 301 miles on 107 gallons of gas. How many miles per 
gallon did it get? 

Solution Use simpler numbers: 300 miles on 10 gallons of gas. We want to find 
out how many miles the car traveled on 1 gallon of gas. You may want to draw a 

25 

picture. 

10 gallons 

ay PVN NG Vo VV TV) 
———_——__, 

300 miles 

Now use the original numbers given in the problem. 

S01 43 S01 3 4 — 1204 _ 3 
Se sae a 1 43 

The car got 28 miles per gallon. 

—> Divide. 300 + 10 = 30. 

28 

Oo 

ie=eq Student Practice 11 A car traveled 126 miles on 5} gallons of gas. 
How many miles per gallon did it get? 

——-—---- 

Many students in the class ask the question, “Is homework 

really that important? Do | actually have to do it?” 

You learn by doing. \t really makes a difference. Mathe- 

matics involves mastering a set of skills that you learn by prac- 

ticing, not by watching someone else do it. Your instructor 

may make solving a mathematics problem look very easy, but 

for you to learn the necessary skills, you must practice them 

over and over. 

The key to success is practice. Learning mathematics is 
like learning to play a musical instrument, to type, or to play 

a sport. No matter how much you watch someone else do 

mathematical calculations, no matter how many books you 

read on “how to” do it, and no matter how easy it appears 

ee 

! od STEPS TO SUCCESS Doing Homework for Each Class Is Critical. 
to be, the key to success in mathematics is practice on each 

homework set. 

Do each kind of problem. Some exercises in a homework 

set are more difficult than others. Some stress different con- 

cepts. Usually you need to work at least all the odd-numbered 

problems in the exercise set. This allows you to cover the full 

range of skills in the problem set. Remember, the more exercises 

you do, the better you will become in your mathematical skills. 

Making it personal: Write down your personal reason for why 

you think doing the homework in each section is very import- 

ant for success. Which of the three points given do you find is 

the most convincing? 
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Verbal and Writing Skills, Exercises 1 and 2 

1. Explain in your own words how to multiply two 2. Explain in your own words how to divide two proper 
mixed numbers. fractions. 

Multiply. Simplify your answer whenever possible. 

ee qe Tae ae 

mee oo peg x8 

nox 2. 2 xs 13 poe 14 ay X55 

1s. 9 x = 16, = x3 

8 8 13-3 3 7 5 
17. Senn : = See Shae ae ° = — 7 18 9 74 19 7 3 20 7 4 21. 1 7 

2 6.3 8 5 a 9 9 4 
22, 18 > = 0 aa . = iS . —= Sepa is 

9 14 8 a 1733 a 24 «8 oe 237) ae 

Z 5 5 3 
8 6 6 4 3 it 

2s =P hears Che ape" . eo ° ae ae 3 28 10 29 7 30 i 31 17 6 r 

4 il 9 12 

il 3 1 1 iI 3 1 3 1 i; 
Boa so . 3- +2= . 5- + 3- Out em “fa 5 3 Said 3 2! 5 34. 5 5 3 4 35. 6 3 4 36 4 1 3 

2 5 
15 6 

37, ear 38. “ 39. ~ 40. - 
2-— coat = —< 

5 4 2 } 4 é 2 

Mixed Practice Perform the proper calculations. Simplify your answer whenever possible. 

4 21 129 79 5 2 ell 
al. = os PY Eee cope ‘eee . ote 

a) 1S Se . 14 7 2 6 618 

26 



3 1 2 1 
45. 10- x 5— CN eo 5 107 34 6 105 25 

2, at 
49. 6 xX 4— kK. (F=eN 3 50 65 2 

al 25 1 24 
, acevish ' peas 53. (a) 15 1 54. (a) 6 x 5 

i 25 il 24 
(b) 1s oT (b) Cas 

Applications 

57. Shirt Manufacturing A denim shirt at the Gap requires 

A 59. 

23 yards of material. How many shirts can be made 

from 715 yards of material? 

Window Construction Jesse needs to find the area 

of a large window he has been hired to build so 
that he can order enough glass. The window measures 

114 feet long and 12 feet wide. What is the area of this 
window? 

47. 

51. 

55. 

58. 

A 60. 
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5 p. 
ad AS,A15 he le Phe, 3 3 

lipeee oe> 3 | ayaa pee 
~x—x- » 2-xX=XS 
7) ii 10 4 “ 23 Bi ad 

2 ae Sig oh 

i ga 2 ae 
ari 12 ee gel 

(0) oe? 2k (b) eS 25 

Pullover Manufacturing A fleece pullover requires 
13 yards of material. How many fleece pullovers can 

be made from 29 yards of material? 

Gardening Sara must find the area of her flower gar- 

den so that she can determine how much fertilizer 

to purchase. What is the area of her rectangular gar- 

den, which measures 15 feet long and 104 feet wide? 

Cumulative Review In exercises 61 and 62, find the missing numerator. 

61. 

11 Z 
[0.1.4] 1s ~ 75 62. 

i 
[0.1.4] anes 

Quick Quiz 0.3 Perform the operations indicated. Simplify answers whenever possible. 

3. 

25 
14 

suo) 4 

2. 

4. 

‘el 
ak de 
ja 

Concept Check Explain the steps you would take to 

perform the calculation 35 + 23. 
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{04} Using Decimals 

EN Understanding the Meaning of Decimals @® 
After studying this section, you will 

be able to: 

1 | Understand the meaning 
of decimals. @® 

Change a fraction to a 
decimal. @® 

Change a decimal to a 
fraction. @® 

4 | Add and subtract 
decimals. @® 

Ey Multiply decimals. @® 

[El Divide decimals. @® 

Multiply and divide a decimal 
by a multiple of 10. @® 

We can express a part of a whole as a fraction or as a decimal. A decimal is another 
way of writing a fraction whose denominator is 10, 100, 1000, and so on. 

3 ae A172 58 

0 93 700 000 atone 

The period in decimal notation is known as the decimal point. The number of 
digits in a number to the right of the decimal point is known as the number of decimal 
places of the number. The place value of decimals is shown in the following chart. 

= 0.0058 

<— Decimal point Hundred-thousands Ones Hundred-thousandths Ten-thousands = 
isles 

1000 
- 

100 10,000 100,000 000 
100,000 | 10,000 | 1000 feelers 

Example 1 Write each of the following decimals as a fraction or mixed number. 
State the number of decimal places. Write out in words the way the number would 
be spoken. 

(a) 0.6 (b) 0.29 (c) 0.527 (d) 1.38 (e) 0.00007 

Solution 

Decimal Fraction Number The Words Used to 

Form Form of Decimal Describe the Number 
Places 

(a) 0.6 a one six tenths 
\ 10 

29 : 
(b) 0.29 700 two twenty-nine hundredths 

S27) ; 
(ce) 0.527 7000 three five hundred twenty-seven thousandths 

38 ‘ , 
(d) 1.38 il 700 two one and thirty-eight hundredths 

7 : 
0.000 f - (e) (07 100,000 ive seven hundred-thousandths o 

Student Practice 1 State the number of decimal places. Write each 
decimal as a fraction or mixed number and in words. 

(a) 0.9 (b) 0.09 (c) 0.731 (d) 1.371 (e) 0.0005 



You have seen that a given fraction can be written in several different but 

equivalent ways. There are also several different equivalent ways of writing the 
decimal form of a fraction. The decimal 0.18 can be written in the following equiv- 
alent ways: 

18 _ 180 _ 1800 _ 18,000 
100 1000 10,000 100,000 

Fractional form: 

Decimal form: 0.18 = 0.180 = 0.1800 = 0.18000 

Thus we see that any number of terminal zeros may be added to the right-hand side 
of a decimal without changing its value. 

0.13 = 0.1300 0.162 = 0.162000 

Similarly, any number of terminal zeros may be removed from the right-hand side of 
a decimal without changing its value. 

Changing a Fraction to a Decimal @® 

A fraction can be changed to a decimal by dividing the denominator into the 
numerator. 

Example 2 Write each of the following fractions as a decimal. 

3 Pi il 3 
(a) ve (b) 0 (c) 8 (d) 200 

Solution 
: 0.75 or 1.05 

(a) a 0.75 since 4) 3.00 (b) Bae 1.05 since 20) 21.00 

28 20 
20 1 00 

20 100 
0 0 

{ 0.125 ; 0.015 
(c) — = 0.125 since 8) 1.000 (d) ——~ = 0.015 since 200) 3.000 

8 200 
_8 200 
20 1000 

16 1000 
40 0 

40 
0 o 

ieee Student Practice 2 Write each of the following fractions as a decimal. 

5) (a) = b) 5 © > 

Section 0.4 Using Decimals 29 
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Sometimes division yields an infinite repeating decimal. We use three dots to 
indicate that the pattern continues forever. For example, 

UR) 
3) 1.000 1 

03333... 3 = 0.333 

4 
10 
e 
1 

An alternative notation is to place a bar over the repeating digit(s): 

0.3333. 4.103 0575757 057 

Example 3 Write each fraction as a decimal. 

Zz 5 
—— b = @ (b) 6 

Solution 

2 ei 5 s 
(a) cw 0.181818... or 0.18 (b) re O.g33355.. of 0.85 

0.1818 0.8333 
11 ) 2.0000 6) 5.0000 Note that the 8 does not repeat. 

Calculator 11 48 Only the digit 3 is repeating. 

Fraction to Decimal 90 20 
88 18 

You can use a calculator to os —= 
change ? to a decimal. 20 20 

Enter: i 18 

3 Els Fl 90 20 
| 88 18 The display should read 5 , oO 

Try the following. Student Practice 3 Write each fraction as a decimal. 

Lg 2 1 5 
(a) 5 (b) 9 (a) 2 (b) 11 

13 15 
© 5 @) 56 

Sometimes division must be carried out to many places in order to observe the 
repeating pattern. This is true in the following example: 

= = 0.285714285714285714... This can also be written as : = 0.285714) 

It can be shown that the denominator determines the maximum number of decimal 
places that might repeat. So 2 must repeat in the seventh decimal place or sooner. 

Changing a Decimal toa Fraction @® 

To convert from a decimal to a fraction, merely write the decimal as a fraction with 

a denominator of 10, 100, 1000, 10,000, and so on, and simplify the result when 

possible. 
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Example 4 Write each decimal as a fraction and simplify whenever possible. 

(a) 02 (035 (©) 0516 ~= (0.74 ~—(e) 0.138 _—(f)_0.008 
Solution 

(a) 02-2 == (b) 035 = > = 7 

(©) 0.516 = a = a (d) 0.74 = a 4 = 

(e) 0.138 = rr = a (f) 0.008 = om 2 a ci 

Smeg Student Practice 4 Write each decimal as a fraction and simplify 
whenever possible. 

(a) 0.8 (b) 0.88 (c) 0.45 (d) 0.148 = (e) 0.612 ~—s (f):«0.016 

All repeating decimals can also be converted to fractional form. In practice, 
however, repeating decimals are usually rounded to a few places. It will not be nec- 
essary, therefore, to learn how to convert 0.033 to ra for this course. 

Adding and Subtracting Decimals @® 

Last week Bob spent $19.83 on lunches purchased at the cafeteria at work. During 
this same period, Sally spent $24.76 on lunches. How much did the two of them 
spend on lunches last week? 

Adding and subtracting decimals is similar to adding and subtracting whole 
numbers, except that it is necessary to line up decimal points. To perform the opera- 
tion 19.83 + 24.76, we line up the numbers in column form and add the digits: 

19,83 

+ 24.76 

44,59 

Thus Bob and Sally spent $44.59 on lunches last week. 

ADDITION AND SUBTRACTION OF DECIMALS 

1. Write in column form and line up the decimal points. 

2. Add or subtract the digits. 

Example 5 Add or subtract. 
(a) 3.6+2.3 (b) 127.32 — 38.48 (c) 3.1 + 42.36 + 9.034 (d) 5.0006 — 3.1248 

Solution 

(a) 3.6 (b) 127.32 (c) seal (d) 5.0006 

+ 2.3 — 38.48 42.36 — 3.1248 

5.9 88.84 + 9,034 1.8758 

54,494 oO 

ie’ Student Practice 5 Add or subtract. 

(a) 3.12 + 5.08 (b) 152.003 — 136.118 

(minis s16 — 5.123 (d) 1.0052 — 0.1234 
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Sidelight: Adding Zeros to the Right-Hand Side of the Decimal 
When we added fractions, we had to have common denominators. Since decimals 
are really fractions, why can we add them without having common denominators? 
Actually, we have to have common denominators to add any fractions, whether they 
are in decimal form or fraction form. However, sometimes the notation does not 

show this. Let’s examine Example 5(c). 

Original Problem We are adding the three numbers: 

1 36 34 
3.1 356 + 42700 + 9id00 

42.36 100 360 34 
37000 + 42 i000 + i000 

peat AEs 3.100 + 42.360 +. 9.084. ‘Thisis the new probleme 
54.494 

Original Problem New Problem 

Syll 3.100 We notice that the results are the same. The only 
42.36 42,360 difference is the notation. We are using the prop- 

+ 9.034 4+ 9.034 erty that any number of zeros may be added to 

the right-hand side of a decimal without chang- 
54.494 54.494 ing its value. 

This shows the convenience of adding and subtracting fractions in decimal 
form. Little work is needed to change the decimals so that they have a common de- 
nominator. All that is required is to add zeros to the right-hand side of the decimal 
(and we usually do not even write out that step except when subtracting). 

As long as we line up the decimal points, we can add or subtract any decimal 
fractions. 

In the following example we will find it useful to add zeros to the right-hand 
side of the decimal. 

Example 6 Perform the following operations. 

(a) 1.0003 + 0.02 + 3.4 (b) 12 — 0.057 

Solution We will add zeros so that each number shows the same number of 
decimal places. 

(a) 1.0003 (b) 12.000 

0.0200 = 057 

+ 3.4000 11.943 Oo 

4.4203 

Student Practice 6 Perform the following operations. 

(a) 0.061 + 5.0008 + 1.3 (b) 18 — 0.126 

Multiplying Decimals @® 

MULTIPLICATION OF DECIMALS 

To multiply decimals, you first multiply as with whole numbers. To determine 

the position of the decimal point, you count the total number of decimal 
places in the two numbers being multiplied. This will determine the number 
of decimal places that should appear in the answer. 
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Example 7 Multiply. 0.8 x 0.4 

Solution 

0.8 (one decimal place) 

x 0.4 (one decimal place) 

0.32 (two decimal places) Cl 

i= Student Practice 7 Multiply. 0.5 x 0.3 

Note that you will often have to add zeros to the left of the digits obtained in 
the product so that you obtain the necessary number of decimal places. 

Example 8 Multiply. 0.123 x 0.5 

Solution 

0.123 (three decimal places) 

x 0.5 (one decimal place) 

0.0615 (four decimal places) Oo 

Student Practice 8 Multiply. 0.12 x 0.4 

Here are some examples that involve more decimal places. 

Example 9 Multiply. 

(a) 2.56 X 0.003 (b) 0.0036 x 0,008 

Solution 

(a) 2.56 (two decimal places) 

x 0.003 (three decimal places) 

0.00768 (five decimal places) 

(b) 0.0036 (four decimal places) 

x 0.008 (three decimal places) 

0.0000288 (seven decimal places) Oo 

Gee Student Practice 9 Multiply. 
(a) 1.23 x 0.005 (b) 0.003 x 0.00002 

Sidelight: Counting the Number of Decimal Places 
Why do we count the number of decimal places? The rule really comes from the 
properties of fractions. If we write the problem in Example 8 in fraction form, we have 

eye 615 
1000 ~~ 10 10,000 

0.123 X 0.5 = = 0.0615. 

[Al Dividing Decimals @® 

When discussing division of decimals, we frequently refer to the three primary 
parts of a division problem. Be sure you know the meaning of each term. 

The divisor is the number you divide into another. 
The dividend is the number to be divided. 
The quotient is the result of dividing one number by another. 

33 
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In the problem 6 + 2 = 3 we represent each of these terms as follows: 

quotient 
gigi quotient 

divisor ——== Nekane: divisor ) dividend 
dividend 

When dividing two decimals, count the number of decimal places in the 
divisor. Then move the decimal point to the right that same number of places 
in both the divisor and the dividend. Mark that position with a caret (,). 
Finally, perform the division. Be sure to line up the decimal point in the quo- 
tient with the position indicated by the caret. 

Example 10 Four friends went out for lunch. The total bill, including tax, was $32.68. 

How much did each person pay if they shared the cost equally? 

Solution To answer this question, we must calculate 32.68 + 4. 

8.17 Since there are no decimal places in the divisor, we do 
4) 32.68 not need to move the decimal point. We must be careful, 

29) however, to place the decimal point in the quotient directly 
06 above the decimal point in the dividend. 

28 
0 

Thus 32.68 + 4 = 8.17, and each friend paid $8.17 oO 

Student Practice 10 Sally Keyser purchased 6 boxes of paper for a laser 
printer. The cost was $31.56, There was no tax since she purchased the paper for a 
charitable organization. How much did she pay for each box of paper? 

Note that sometimes we will need to place extra zeros in the dividend in order 
to move the decimal point the required number of places. 

Example 11 Divide. 16.2 + 0.027 

Solution 

There are three decimal places in the divisor, so we move 
0.027,) 16.200 ), _ the decimal point three places to the right in the divisor 

and dividend and mark the new position by a caret. Note 
that we must add two zeros to 16.2 in order to do this. 

three decimal places 

600. 
0.027, ) 16.200, Now perform the division as with whole numbers. 

162 The decimal point in the answer is directly above the caret. 
000 

Thus 16.2 + 0.027 = 600. a 

b= Student Practice 11 Divide. 1800. + 0.06 
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Special care must be taken to line up the digits in the quotient. Note that some- 

times we will need to place zeros in the quotient after the decimal point. 

Example 12 Divide. 0.04288 + 3.2 

Solution 

There is one decimal place in the divisor, so we move the 

3.2 A) 0.0,4288 decimal point one place to the right in the divisor and 

dividend and mark the new position by a caret. 

one decimal place 

0.0134 
oe a ) 0.04288 Now perform the division as for whole numbers. The decimal 

2) point in the answer is directly above the caret. Note the need for 
108 the initial zero after the decimal point in the answer. 

96 

128 

128 
0 

Thus 0.04288 + 3.2 = 0.0134. oO 

Bo Student’Practice 12 Divide. 0.01764 = 4.9 

Sidelight: Dividing Decimals by Another Method 
Why does this method of dividing decimals work? Essentially, we are using the steps we 
used in Section 0.1 to change a fraction to an equivalent fraction by multiplying both 
the numerator and denominator by the same number. Let’s reexamine Example 12. 

0.04288 

eo 
0.04288 x 10 Multiply the numerator and denominator by 10. 

= Since this is the same as multiplying by 1, we are not 

0.04288 + 3.2 = Write the original problem using fraction notation. 

22 Xx changing the fraction. 

0.4288 é oe 
= 39 Write the result of multiplication by 10. 

= 0.4288 + 32 Rewrite the fraction as an equivalent problem with 
division notation. 

Notice that we have obtained a new problem that is the same as the problem in 
Example 12 when we moved the decimal one place to the right in the divisor and 
dividend. We see that the reason we can move the decimal point as many places as 
necessary to the right in the divisor and dividend is that this is the same as multi- 
plying the numerator and denominator of a fraction by a power of 10 to obtain an 
equivalent fraction. 

Multiplying and Dividing a Decimal by a 

Multiple of 10 @® 

When multiplying by 10, 100, 1000, and so on, a simple rule may be used to obtain 
the answer. For every zero in the multiplier, move the decimal point one place to 

the right. 

35 



36 Chapter O Prealgebra Review 

Example 13 Multiply. 

(a) 3.24 x 10 

Solution 

(a) 3.24 x 10 = 32.4 
(b) 15.6 x 100 = 1560 

(c) 0.0026 X 1000 = 2.6. Three zeros—move decimal point three places to the right. 
oO 

(b) 15.6 x 100 (c) 0.0026 x 1000 

One zero—move decimal point one place to the right. 

Two zeros—move decimal point two places to the right. _ 

Student Practice 13 Multiply. 

(a) 0.0016 x 100 (b) 2.34 x 1000 (c) 56.75 X 10,000 

The reverse rule is true for division. When dividing by 10, 100, 1000, 10,000, 

and so on, move the decimal point one place to the left for every zero in the divisor. 

Example 14 Divide. 

(a) 52.6 + 10 

Solution 

52.6 
(a) 0 = 5.26 

0.0038 

100 

2936.2 

(b) 

(C= = 5.9362 
1000 

(b) 0.0038 + 100 (c) 5936.2 + 1000 

Move decimal point one place to the left. 

= 0.000038 Move decimal point two places to the left. 

Move decimal point three places to the left. 

Student Practice 14 Divide. 

5.82 
(a) 0 (b) 123.4 + 1000 (c) 

0.00614 

10,000 

l od STEPS TO SUCCESS Do You Realize How Valuable Friendship Is? 
In a math class a friend is a person of fantastic value. Rob- 

ert Louis Stevenson once wrote “A friend is a gift you give 

yourself.” This is especially true when you take a mathematics 

class and make a friend in the class. You will find that you en- 

joy sitting together and drawing support and encouragement 

from each other. You may want to exchange phone numbers 

or e-mail addresses. You may want to study together or review 

together before a test. 

How do you get started? Try talking to the students seat- 

ed around you. Ask someone for help about something you 

did not understand in class. Take the time to listen to them 

and their interests and concerns. You may discover you have 

a lot in common. If the first few people you talk to seem un- 

interested, try sitting in a different part of the room and talk 

to those students who are seated around you in the new lo- 

cation. Don’t force a friendship on anyone but just look for 

chances to open up a good channel of communication. 

Making it personal: What do you think is the best way to 

make a friend of someone in your class? Which of the given 

suggestions do you find the most helpful? Will you take the 
time to reach out to someone in your class this week and try to 

begin a new friendship? 
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Verbal and Writing Skills, Exercises 1-4 

1, A decimal is another way of writing a fraction whose denominator is 

2. We write 0.42 in words as ’ 

3. When dividing 7432.9 by 1000 we move the decimal point places to the 

4, When dividing 96.3 by 10,000 we move the decimal point places to the 

Write each fraction as a decimal. 

i 18 3 
5, aes Cees . ° 

8 : 25 1S 15 el 

Write each decimal as a fraction in simplified form. 

11. 0.8 12. 0.5 13. 0.25 14. 0.35 15. 0625 16. 0.775 

17. 0.06 18. 0.08 19. 3.4 20. 4.8 74 igre ye 22. 6.25 

Add or subtract. 

23. 1.71 + 0.38 24. 4.64 + 0.23 25. 2S S42) 4.9 26. 6,31 4.2485 

27, 46.03 + 215.1 + 0.078 28. 33.01+0.38+ 175.401 29, 147.18 — 15.39 30,121.52) 79.85 

31. 6.0054 — 2.0257 32. 5.0032 — 3.0036 33. 125.43 = 2.8 34. 212.54 — 3.6 

Multiply or divide. 

aoe 21x 4.2 36. 6.12 x 3.4 37. 0.04 X 0.08 38. 6.32 X 1.31 

39. 4.23 x 0.025 40. 3.84 x 0.0017 41. 58,200 x 0.0015 42. 23,000 x 0.0042 

43. 3.616 + 64 44, 12.6672 + 39 45. 7.9728 + 3.02 46. 6.519 + 2.05 

47, 0.5230 + 0.002 48. 0.031 + 0.005 49. 0.03048 + 0.06 50. 0.00855 + 0.09 

Multiply or divide by moving the decimal point. 

$1. 3.45 x 1000 §2. 1.36 x 1000 53. 0.76 =" 100 $4. 175,318 + 1000 

55. 7.36 < 10,000 56. 0.00243 x 100,000 57. 73,892 + 100,000 §8. 3.52 + 1000 

59, 0.1498 x 100 60. 85.54 10,000 61S Osi 100 62. 96.12 + 10,000 

3e 
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Mixed Practice Perform the calculations indicated. 

63. 54.8 x 0.15 

66. 1.109 + 0.088 + 16.4 

69. 0.7683 x 1000 

72. 14.3 — 0.68 1B NSBR Mn 

Applications 

75. Measurement While mixing solutions in her chemis- 

try lab, Mia needed to change the measured data from 

pints to liters. There is 0.4732 liter in one pint and the 
original measurement was 5.5 pints. What is the mea- 

sured data in liters? 

77. Wages Harry has a part-time job at Stop and Shop. He 

earns $9 an hour. He requested enough hours of work 
each week so that he could earn at least $185 a week. 
How many hours will he have to work to achieve his 

goal? By how much will he exceed his earning goal of 
$185 per week? 

64. 8.252 x 0.005 

67. 0.05724 + 0.027 68. 

70. 25.62 x 10,000 

65. 13:73 4. 2:65 470.078 

TTA3O "0.003 

TL. 36.37 — 4.29 

74. 0.58 + 1000 

76. Mileage of Hybrid Cars In order to minimize fuel 

costs, Chris Smith purchased a used Honda Civic Hy- 
brid that averages 44 miles per gallon in the city. The 

gas tank holds 13.2 gallons of gas. How many miles can 

Chris drive the car in the city on a full tank of gas? 

78. Drinking Water The EPA standard for safe drinking 
water is a maximum of 1.3 milligrams of copper per li- 
ter of water. A water testing firm found 6.8 milligrams 

of copper in a S-liter sample drawn from Jim and Sha- 
ron LeBlanc’s house. Is the water safe or not? By how 

much does the amount of copper exceed or fall short of 
the maximum allowed? 

Cumulative Review Perform each operation. Simplify all answers. 

80. [0.3.1] ame 
1 t 

TEE (OS) S= = De 
[oS 2 oF 2a 

Quick Quiz 0.4 Perform the calculations indicated. 

1. 8.0567 — 2.3489 

3. 4.608 + 0.16 

12 Fe '¥9 3 
1 10:2:3)| 5 = . (0.2. = 81. [0.2.3] os OG 82. [0.2.4] 15 

NlR 

- 58.7 X 0.06 

. Concept Check Explain how you would place the 
decimal points when performing the calculation 
0.252 10,0035; 
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_ Use Math to Save Money 

Did You Know? Managing your debts can save you money over time. 

Live Debt Free 

Understanding the Problem: 

Tracy and Max are in debt. 

e Each of their three credit cards is maxed out to the limit of 

$8000, 
© They owe $12,000 in hospital bills and $2000 for their car 

loan. 

e After borrowing from friends, they still owe $100 to one 
friend and $300 to another. 

Before they can save for a much-needed vacation, they must 
pay off their debts. 

Making a Plan: 

Tracy and Max come up with a plan for tackling their debt. 

Step 1: They list all of their debts, ordered from smallest to 

largest. 

Task 1: Complete Step 1 for Tracy and Max. Remember that 
there are three credit cards. 

Step 2: They make minimum monthly payments on each debt. 

e Each credit card has a minimum monthly payment of $25. 

e The hospital expects a payment of $50 per month. 

e The monthly car payment is $200. 

® Tracy and Max arrange to pay $20 per month for each loan 

from friends. 

Task 2: What is the total amount of their minimum monthly 

payments? 

Step 3: They pay off their three smallest debts first. 

Task 3: What are their three smallest debts? 

Finding a Solution: 

Step 4: Tracy and Max decide to eliminate any 

unnecessary spending until the three smallest debts 
are paid off. By doing this, they can pay off the two smallest 
debts in only two months while still making the minimum 

payments on the other debts. 
Task 4: What is the total amount of the minimum monthly 

payments for the two smallest debts? 
Step 5: Each month, Tracy and Max take the amount that they 

would have used to pay the two smallest debts and apply 
it toward the third smallest, all while paying the minimum 

monthly payments on the remaining debts. 

Task 5: How many more months will it take Tracy and Max to 

pay off the third smallest debt if they follow Step 5? Round 

your answer to the nearest whole number when you perform 

division operations. 

Step 6: After the three smallest debts are paid off, Tracy and 

Max take the money that they would have spent per month to 

pay those debts and use it on the principal of the remaining 

debts. To pay the debts more quickly, Tracy and Max decide 

to stop using credit cards for new purchases. After a few years 

of careful budgeting, not using credit cards, and paying more 
than the minimum payment on their credit card debt, they 

finally pay off their debts. 

Task 6: Besides avoiding credit cards for new purchases, can 

you think of other ways that Tracy and Max could have bud- 

geted their money and paid off the debt more quickly? 

Applying the Situation to Your Life: 

Debt counselors often provide this simple, practical plan for 

people in debt: 

e Arrange debts in order. 

e Pay off the smallest debt first. 

e Let the consequences of paying off the smallest debt help 
you to pay off the rest of the debts more quickly. 

e Avoid unnecessary spending and incorporate budgeting 

strategies into your daily life. 

39 
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[053 Percents, Rounding, and Estimating ® 

ER Changing a Decimal to a Percent @® 
After studying this section, you will 

be able to: 

| Change a decimal to a 
percent. @® 

Change a percent to a 

decimal. @® 

Find the percent of a given 
number. @&® 

4 | Find the missing percent when 

given two numbers. @® 

5 | Use rounding to 
estimate. @® 

A percent is a fraction that has a denominator of 100. When you say “sixty-seven 
percent” or write 67%, you are just expressing the fraction a in another way. The 
word percent is a shortened form of the Latin words per centum, which means “by 

the hundred.” In everyday use, percent means per one hundred. 
Russell Camp owns 100 acres of land in Montana. 49 of the acres are covered 

with trees. The rest of the land is open fields. We say that 49% of his land is covered 
with trees. 

It is important to see that 49% means 49 parts out of 100 parts. It can also be 
written as a fraction, aah or as a decimal, 0.49. Understanding the meaning of the 

notation allows you to change from one form to another. For example, 

49 
49% = 49 out of 100 parts = —— = 0.49. 

100 

Similarly, you can express a fraction with denominator 100 as a percent or a decimal. 

Sean 11 parts out of 100 or 11%. So ae ee 11% = 0.11 100 4 To eae 
Now that we understand the concept, we can use some quick procedures to change 

from a decimal to a percent, and vice versa. 

CHANGING A DECIMAL TO A PERCENT 

1. Move the decimal point two places to the right. 

2. Add the % symbol. 

Sometimes percents are less than 1%. When we follow the procedure above, 

we see that 0.01 is 1%.Thus we would expect 0.001 to be less than 1%.0.001 = 0.1% 
or one-tenth (0.1) of a percent. 

Example 1 Change to a percent. 

(a) 0.0364 (b) 0.0008 (c) 0.4 

Solution We move the decimal point two places to the right and add the % 
symbol. 

(a) 0.0364 = 3.64% (b) 0.0008 = 0.08% (c) 0.4 = 0.40 = 40% O 

Student Practice 1 Change to a percent. 

(a) 0.92 (b) 0.0736 (c) 0.7 (d) 0.0003 

Percents can be greater than 100%. Since 1 = 1.00 = 100%, we would expect 
1.5 to be greater than 100%. In fact, 1.5 = 150%. 

Example 2 Change to a percent. 

(a) 1.48 (b) 2.938 (c) 4.5 

Solution We move the decimal point two places to the right and add the % 
symbol. 

(a) 1.48 = 148% (b) 2.938 = 293.8% (c) 4.5 = 4.50 = 450% Oo 

a==94 Student Practice 2 Change to a percent. 

(a) 3.04 (b) 5.186 (c) 2.1 
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Changing a Percent to a Decimal @® 

In this procedure we move the decimal point to the left and remove the % symbol. 

CHANGING A PERCENT TO A DECIMAL 

1. Move the decimal point two places to the left. 

2. Remove the % symbol. 

Example 3 Change to a decimal. 

(a) 4% (b) 0.6% (c) 254.8% 

Solution First we move the decimal point two places to the left. Then we re- 
move the % symbol. 

(a) 4% = 4.% = 0.04 

The unwritten decimal point is understood to be here. 

(b) 0.6% = 0.006 

(c) 254.8% = 2.548 o 

Student Practice 3 Change to a decimal. 

(a) 7% (b) 9.3% (c) 131% (d) 0.04% 

Finding the Percent of a Given Number @® 

How do we find 60% of 20? Let us relate it to problems we did in Section 0.3 involv- 
ing multiplication of fractions. 

Consider the following problem. 

What is 2 of 20? 

| | J | $ 

= : he 120 

= =x 27 = 12 
af 

Since a percent is really a fraction, a percent problem i is solved similarly to the way 

a fraction pablo is solved. Since 2 = 3-7 = t, = 60%, we could write the prob- 

lem what is 3 of 20? as 

The answer is 12. 

What is 60% of 20? Replace 2 with 60%. 

{ ee ee ae 
eT ON RMWH Kivi 20 

= 0,60 x 20 
= 12.0 The answer is 12. 

Thus we have developed the following rule. 

FINDING THE PERCENT OF A NUMBER 

To find the percent of a number, change the percent to a decimal and multi- 
ply the number by the decimal. 

41 

Calculator 

Percent to Decimal 

You can use a calculator to 

change 52% to a decimal. 
If your calculator has a key, 

do the following: 

Enter: 52 

The display should read: 

If your calculator does not 
have a key, divide the 

number by 100. 

Enter: 52 [+] 100 [=] 
Try the following: 

(a) 46% (b) 137% 

(c) 9.3% (d) 6% 

Note: The calculator divides by 
100 when the percent 

Key is pressed. 

Calculator 

Finding the Percent 

of a Number 

You can use a calculator to find 

12% of 48. 

Enter: 12 48 [=] 
The display should read 

If your calculator does not have 

a key, do the following: 

Enter: 0.12 48 [=| 
What is 54% of 450? 
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Example 4 Find. 

(a) 10% of 36 (b) 2% of 350 (c) 182% of 12 (d) 0.3% of 42 

Solution 

(a) 10% of 36 = 0.10 X 36 = 3.6 (b) 2% of 350 = 0.02 « 350 = 7 

(c) 182% of 12 = 1.82 X 12 = 21.84 (d) 0.3% of 42 = 0.003 X 42 =0.126 Oo 

tee Student Practice 4 Find. 

(a) 18% of 50 (b) 4% of 64 (c) 156% of 35 

There are many real-life applications for finding the percent of a number. 
When you go shopping in a store, you may find sale merchandise marked 35% off. 
This means that the sale price is 35% off the regular price. That is, 35% of the regular 
price is subtracted from the regular price to get the sale price. 

Example 5 A store is having a sale of 35% off the retail price of all sofas, Melissa 
wants to buy a particular sofa that normally sells for $595. 

(a) How much will Melissa save if she buys the sofa on sale? 

(b) What will the purchase price be if Melissa buys the sofa on sale? 

Solution 

(a) To find 35% of $595 we willneed (b) The purchase price is the difference 

to multiply 0.35 x 595. ~ between the original price and the 
595 amount saved. 

~ 035 595.00 

2975 = 208.25. 
1785 _ 386.75 

208,25 If Melissa buys the sofa on sale, she 

Thus Melissa will save $208.25 if will pay $386.75. 
she buys the sofa on sale. oO 

Student Practice 5 John received a 4.2% pay raise at work this year. 
He had previously earned $38,000 per year. 

(a) What was the amount of his pay raise in dollars? 

(b) What is his new salary? 

4 | Finding the Missing Percent When Given 

Two Numbers @® 

Recall that we can write } as 74; or 75%. If we were asked the question, “What 
percent is 3 of 4?” we would say 75%. This gives us a procedure for finding what 
percent one number is of a second number. 

FINDING THE MISSING PERCENT 

. Write a fraction with the two numbers. The number after the word of is 

always the denominator, and the other number is the numerator. | 

. Simplify the fraction (if possible). 

. Change the fraction to a decimal. 

4. Express the decimal as a percent. 
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Example 6 What percent of 24 is 15? 

Solution This can be solved quickly as follows. 

Step 1 15 Write the relationship as a fraction. The number after “of” is 24, so 

P 24 24 is the denominator. 

Step 2 z z z Simplify the fraction (when possible). 

Step3  =0.625 Change the fraction to a decimal. 

Step 4 =62.5% Change the decimal to percent. oO 

Student Practice 6 What percent of 148 is 37? 

The question in Example 6 can also be written as “15 is what percent of 24?” 
To answer the question, we begin by writing the relationship as 47. Remember that 
“of 24” means 24 will be the denominator. 

Mg Example 7 [fay Student Practice 7 
(a) What percent of 16 is 3.8? (b) $150 is what percent of $120? (a) What percent of 48 is 24? 

Solution (b) 4 is what percent of 25? 

(a) What percent of 16 is 3.8? 

3.8 
va Write the relationship as a fraction. 

You can divide to change the fraction to a decimal and then 
change the decimal to a percent. For all Student Practice problems, write out 

the steps on a separate sheet of paper. Check 
0.2375 — 23.75% the step-by-step solutions in the back of the 

16 ) 3.8000 textbook. 

(b) $150 is what percent of $120? 

150 _ 5 Reduce the fraction whenever possible to make the 
120 ~ 4 division easier. 

OS Alda 

4) 5.00 oO 

Example 8 Marcia made 29 shots on goal during the last high school field hock- 
ey season. She actually scored a goal 8 times. What percent of her total shots were 

goals? Round your answer to the nearest whole percent. 

Solution Marcia scored a goal 8 times out of 29 tries. We want to know what 
percent of 29 is 8. 

Step 1 8 Express the relationship as a fraction. The number after the 
29 word of is 29, so 29 appears in the denominator. 

8 8 ' 
Step 2 39 ~ 29 Note that this fraction cannot be reduced. 

Step3) =0.2758... The decimal equivalent of the fraction has many digits. 

Step4. = 27.58...% Change the decimal to a percent, rounded to the nearest whole Pp g P 
percent. 

= 28% (The ~ symbol means approximately equal to.) 

Therefore, Marcia scored a goal approximately 28% of the time she made a shot 
on goal. Oo 
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Calculator 

Finding the Percent Given 

Two Numbers 

Student Practice 8 Roberto scored a basket 430 times out of 1256 
attempts during his high school basketball career. What percent of the time did he 
score a basket? Round your answer to the nearest whole percent. 

You can use a calculator to find 

a missing percent. 
What percent of 95 is 19? 

fd Using Rounding to Estimate @® 

Before we proceed in this section, we will take some time to be sure you understand 

the idea of rounding a number. You will probably recall the following simple rule 
1. Enter as a fraction. ; : 

from your previous mathematics courses. 

19 [ + ] 95 

2. Change to a percent. 

19 [+] 95 [x] 100 [=] 

ROUNDING A NUMBER 

If the first digit to the right of the round-off place is 

The display should read 1. less than 5, we make no change to the digit in the round-off place. 

2. 5 or more, we increase the digit in the round-off place by 1. 

This means 20%. 
What percent of 625 is 250? To illustrate, 4689 rounded to the nearest hundred is 4700. Rounding 233,987 

to the nearest ten thousand, we obtain 230,000. We will now use our experience in 

rounding as we discuss the general area of estimation. 
Estimation is the process of finding an approximate answer. It is not designed 

to provide an exact answer. Estimation will give you a rough idea of what the answer 

might be. For any given problem, you may choose to estimate in many different ways. 

ESTIMATION BY ROUNDING 

1. Round each number so that there is one nonzero digit. 

2. Perform the calculation with the rounded numbers. 

Example 9 Use estimation by rounding to find the product. 5368 x 2864 

Solution 

Step 1 Round 5368 to 5000. 

Round 2864 to 3000. 

Step 2 Multiply. 

5000 x 3000 = 15,000,000 

An estimate of the product is 15,000,000. oO 

Student Practice 9 Use estimation by rounding to find the product. 

128,621 x 378 

A Example 10 The four walls of a college classroom are 224 feet long and 83 feet 
high. A painter needs to know the area of these four walls in square feet. Since paint 
is sold in gallons, an estimate will do, Use estimation by rounding to approximate the 
area of the four walls. 

Solution 

Step 1 Round 22} feet to 20 feet. 

Round 83 feet to 9 feet. 

Step 2 Multiply 20 x 9 to obtain an estimate of the area of one wall. 

Multiply 20 x 9 X 4 to obtain an estimate of the area of all four walls. 

20 X 9 X 4 = 720 

Our estimate for the painter is 720 square feet of wall space. oO 
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Student Practice 10 Mr. and Mrs. Ramirez need to carpet two rooms 
of met house. aks room measures 124 feet by 9+ feet. The other room measures 
11} feet by 185 feet. Use estimation ff founding to approximate the number of 

Example 11 Won Lin has a small compact car in Honolulu. He drove 396.8 miles 
in his car and used 8.4 gallons of gas. 

(a) Estimate the number of miles he gets per gallon. 

(b) Estimate how much he will pay for fuel to drive 2764 miles in the next month 
if gasoline usually costs $3. 597 per gallon. 

Solution 

(a) Round 396.8 miles to 400 miles. Round 8.4 gallons to 8 gallons. Now divide. 

50 
8 ) 400 

Won Lin’s car gets about 50 miles per gallon. 

(b) We will need to use the information we found in part (a) to determine how 
many gallons of gasoline Won Lin will use. Round 2764 miles to 3000 miles 
and divide 3000 miles by 50 miles per gallon. 

60 
50 ) 3000 

Won Lin will use about 60 gallons of gas for traveling next month. 
To estimate the cost, we need to ask ourselves, “What kind of an estimate 

are we looking for?” It may be sufficient to round $3.594 to $4.00 and multiply. 

60 X $4.00 = $240.00 

Keep in mind that this is a broad estimate. You may want an estimate that will 
be closer to the exact answer. In that case round $3.59;4 to $3.60 and multiply. 

60 X $3.60 = $216.00 Oo 

Student Practice 11. Roberta drove 422.8 miles in her truck in Alaska 
and used 19.3 gallons of gas. Assume that gasoline costs $3.6975 per gallon. 

(a) Estimate the number of miles she gets per gallon. 

(b) Estimate how much it will cost her to drive this winter if she drives 3862 

miles. 

! od STEPS TO SUCCESS What Happens When You Read a Mathematics Textbook? 
Reading a math book can give you amazing insight. Always 

take the time at the start of a homework section by reading 

the section(s) assigned in your textbook. 
Remember this book was written to help you become suc- 

cessful in this mathematics class. However, you have to read it 

if you want to take advantage of all its benefits. 
Always read your book with a pen and notebook at 

hand. Especially watch for helpful hints and suggestions as 

you look over the sample explanations. Note any step that 
you think is hard or not clear to you. Also note words you do 

not understand. You may want to write down a list of these 

in your notebook. Ask your instructor about items you do not 

understand. 

When you come to a sample example, make your mind 

work it through step by step. Write down steps that you think 

are especially important. 

Make sure you are thinking about what you are reading. 

If your mind is wandering, get up and get a drink of water or 

walk around the room—anything to help you get your mind 

back on track. 

Making it personal: Look over the given suggestions. Pick one 
or two ideas that you think will be the most helpful to you. Use 

them this week as you read the book carefully before doing 

homework assignments. 
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Verbal and Writing Skills, Exercises 1 and 2 

1. When you write 19%, what do you really mean? De- 
scribe the meaning in your own words. 

Change to a percent. 

. When you try to solve a problem like “What percent 
of 80 is 30?” how do you know if you should write 

the fraction as 39 Or as 39! 

0.568 6. 0.063 

Zoo) 10. 7.49 

3.672 14. 8.674 

0.4% 18. 0.62% 

7.4% 22. 8.7% 

100% 26. 200% 

29, 

32. 

35. 

What is 10% of 130? 

What is 154% of 270? 

What percent of 340 is 17? 

38. 48 is what percent of 600? 

Assembly Line Supervisor Ken Thompson is super- 
vising the production line. He conducted a random 
inspection of 440 units as they came off the assembly 
line. A total of 11 of those units were defective. What 
percent of the units were defective? 

Startup Business Success Rate The Knoxville Better 
Business Bureau examined the records of 350 new 

businesses that started up last year in Knoxville, TN. 
It discovered that there was a failure rate of 28%. If 

that statistic is true, how many of those 350 new busi- 

nesses in Knoxville failed? 

Survey A college survey found that 137 out of 180 stu- 
dents had a grandparent not born in the United States. 
What percent of the students had a grandparent not 
born in the United States? (Round your answer to the 
nearest hundredth of a percent.) 

3. 0:79 4, 0.54 Fi 

7. 0.076 8. 0.046 9, 

Lis 3.6 12. Sy 13. 

Change to a decimal. 

15. 3% 16. 6% 17. 

19. 250% 20. 175% 21. 

23. 0.52% 24. 0.1% 25. 

Find the following. 

27. What is 8% of 65? 28. What is 7% of 69? 

30. What is 25% of 600? 31. What is 112% of 65? 

33. 36 is what percent of 24? 34. 49 is what percent of 28? 

36. What percent of 35 is 28? 37. 30 is what percent of 500? 

39. 80 is what percent of 200? 40. 75 is what percent of 30? 

Applications 

41. Exam Grades Dave took an exam with 80 questions. 42. 
He answered 68 correctly. What was his grade for the 

exam? Write the grade as a percent. 

43. Tipping Diana and Russ ate a meal costing $32.80 44. 
when they went out to dinner. If they want to leave 

the standard 15% tip for their server, how much will 

they tip and what will their total bill be? 

45. Food Budget The Gonzalez family has a combined 46. 
weekly income of $1850. Their food budget is $380 per 

week. What percent of their weekly income is budget- 
ed for food? (Round your answer to the nearest whole 
percent.) 

47. Gift Returns Last Christmas season, the Jones Mill 48. 

46 

Outlet Store chain calculated that they sold 36,000 gift 

items. If they assume that there will be a 1.5% return 
rate after the holidays, how many gifts can they expect 
to be returned? 

Rent The total cost of a downtown Boston apartment, 
including utilities, is $3690 per month. Sara’s share is 
17% of the total cost each month. What is her monthly 
cost? 



49, Computer Hardware Sales Abdul sells computers 
for a local computer outlet. He gets paid $450 per 
month plus a commission of 3.8% on all the computer 
hardware he sells. Last year he sold $780,000 worth of 
computer hardware. 

(a) What was his sales commission on the $780,000 
worth of hardware he sold? 

(b) What was his annual salary (that is, his monthly 

pay and commission combined)? 
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50. Medical Supply Sales Bruce sells medical supplies on 
the road. He logged 18,600 miles in his car last year. 
He declared 65% of his mileage as business travel. 

(a) How many miles did he travel on business last 
year? 

(b) If his company reimburses him 31 cents for each 
mile traveled, how much should he be paid for 
travel expenses? 

In exercises 51-62, use estimation by rounding to approximate the value. Do not find the exact value. 

51. 586 X 421 52. 729 X 688 53. 3547 x 4693 

54. 8192 x 5984 55.. 14+ 73 + 80 +21 + 56 56. 318 + 494 + 613 + 243 

2714 
57. 41) 829,346 58. 16) 5,846,213 * 31500 

53,610 ‘ 
60. 61. Find 17% of $21,365.85. 62. Find 4.9% of $9321.88. 

786 

Applications Jn exercises 63-66, use estimation by rounding to approximate the answer. Do not find the exact value. 

63. 

65. 

Checkout Sales A typical customer at the local Piggly 
Wiggly supermarket spends approximately $82 at the 
checkout register. The store keeps four registers open, 
and each handles 22 customers per hour. Estimate the 
amount of money the store receives in one hour. 

Gas Mileage Rod’s trip from Salt Lake City to his 
cabin in the mountains was 117.7 miles. If his car used 
3.8 gallons of gas for the trip, estimate the number of 
miles his car gets to the gallon. 

Cumulative Review 

67. [0.4.6] Gas Mileage Dan took a trip in his Ford 

Taurus. At the start of the trip his car odometer read 
68,459.5 miles. At the end of the trip his car odometer 
read 69,229.5 miles. He used 35 gallons of gas on the 
trip. How many miles per gallon did his car achieve? 

Quick Quiz 0.5 

64, Weekend Spending Money The Westerly Credit 
Union has found that on Fridays, the average custom- 
er withdraws $85 from the ATM for weekend spend- 
ing money. Each ATM averages 19 customers per 
hour. There are five machines. Estimate the amount of 
money withdrawn by customers in one hour. 

66. Bookstore Manager Betty is transferring her stock of 

68. 

books from one store to another. If her car can trans- 

port 430 books per trip and she has 11,900 books to 
move, estimate the number of trips it will take. 

[0.4.4] Rainfall In Hilo, Hawaii, Brad spent three 

months working in a restaurant for a summer job. In 
June he observed that 4.6 inches of rain fell. In July 
the rainfall was 4.5 inches and in August it was 2.9 
inches. What was the average monthly rainfall that 
summer for those three months in Hilo? 

1. What is 114% of 85? 2. 63 is what percent of 420? 

4. Concept Check Explain how you would change 0.0078 
to a percent. 

3. Use estimation by rounding to find the quotient. 
34,987 ) 567,238 



48 Chapter 0 Prealgebra Review 

fos} Using the Mathematics Blueprint 
for Problem Solving 

ee ecekescaeee — Using the Mathematics Blueprint to Solve 
After studying this section, you will Real-Life Problems @® 
be able to: 

When a builder constructs a new home or office building, he or she often has a blue- 

1 Use the Mathematics print. This accurate drawing shows the basic form of the building. It also shows the 
Blueprint to solve real-life dimensions of the structure to be built. This blueprint serves as a useful reference 

problems. @® throughout the construction process. 
Similarly, when solving real-life problems, it is helpful to have a “mathematics 

blueprint.” This is a simple way to organize the information provided in the word 
problem in a chart or in a graph. You can record the facts you need to use. You can 
determine what it is you are trying to find and how you can go about actually find- 
ing it. You can record other information that you think will be helpful as you work 
through the problem. 

As we solve real-life problems, we will use three steps. 

Step 1. Understand the problem. Here we will read through the problem. We draw 
a picture if it will help, and use the Mathematics Blueprint as a guide to 
assist us in thinking through the steps needed to solve the problem. 

Step 2. Solve and state the answer. We will use arithmetic or algebraic procedures 
along with problem-solving strategies to find a solution. 

Step 3. Check. We will use a variety of techniques to see if the answer in step 2 is 
the solution to the word problem. This will include estimating to see if the 
answer is reasonable, repeating our calculation, and working backward from 

the answer to see if we arrive at the original conditions of the problem. 

AExample 1 Nancy and John want to install wall-to-wall carpeting in their living 
room. The floor of the rectangular living room is 112 feet wide and 19} feet long. 
How much will it cost if the carpet is $18.00 per square yard? 

Solution 

1. Understand the problem. First, read the prob- 195 ft 
lem carefully. Drawing a sketch of the living 
room may help you see what is required. The 
carpet will cover the floor of the living room, 

so we need to find the area. Now we fill in the 
Mathematics Blueprint. 192 ft 

2 2 
11; ft 115 ft 

Mathematics Blueprint for Problem Solving 

Gather the Facts [What Am Solving For? | What Must Calculate? | 
(a) the area of the room in (a) Multiply 115 ft by 19} ft to The living room 

measures 114 ft by 195 ft. square feet get area in square feet. 3 feet x 3 feet, in 1 square 
The carpet costs $18.00 per (b) the area of the room in (b) Divide he mumberiot yard; therefore, we must divide 

square yard. square yards square feet by 9 to get the ihe muniber Or Squat or eeney 
(the co Porthe carne! number of square yards, 9 to obtain square yards. 

(c) Multiply the number of 

square yards by $18.00. 

2. Solve and state the answer. 

(a) To find the area of a rectangle, we multiply the length times the width. 

2 (eee 51) 
= 19> =< i, 195 3% 5 

455 il 

Z 15 
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A minimum of 2274 square feet of carpet will be needed. We say a minimum 
because some carpet may be wasted in cutting. Carpet is sold by the square 
yard. We will want to know the amount of carpet needed in square yards. 

(b) To determine the area in square yards, we divide 2275 by 9. (9 ft? = 1 yd) 

1 a5. OD 
Uae 9) aN ea 
tie sir 2 1 

5g 2, 405 5 
= x= = cae 

Z aga: 7 Om 18 

A minimum of 25 #5 square yards of carpet will be needed. 

(c) Since the carpet costs $18.00 per square yard, we will multiply the number of 

square yards needed by $18.00. 

5 4 " ee ee 455, 18 _ 455 Remember 

18 1 to estimate. 

The carpet will cost a minimum of $455.00 for this room. It will save you 

3. Check. We will estimate to see if our answers are reasonable. time and money!" 

(a) We will estimate by rounding each number to the nearest 10. 

Z ih 
11; x 195 -— 10 X 20 = 200 

This is close to our answer of 227; ft. Our answer is reasonable. / 

(b) We will estimate by rounding to the nearest hundred and ten, respectively. 

2075 + 9 —» 200 + 10 = 20 

This is close to our answer of 25;4 yd”. Our answer is reasonable. / 

(c) We will estimate by rounding each number to the nearest 10. 

25. x 18 —> 30 x 20 = 600 

This is close to our answer of $455. Our answer seems reasonable. oO 

A [34 Student Practice 1 Jeff went to help Abby pick out wall-to-wall 
ca for her new house. Her rectangular living room measures 165 feet by 

7 feet. How much will it cost to carpet the room if the carpet costs $20 per 

atte yard? 

Mathematics eeprint for Problem Solving 

| What Must | Key Points 
i | Calculate? to Remember 

To Think About: Example 1 Follow-Up Assume that the carpet in Example 1 
comes in a standard width of 12 feet. How much carpet will be wasted if it is laid 
out on the living room floor in one strip that is 194 feet long? How much carpet 
will be wasted if it is laid in two sections side by side that are each 114 feet long? 
Assuming you have to pay for wasted carpet, what is the minimum cost fo carpet the 
room? 
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Example 2 The following chart shows the 2019 sales of Business Max Computer 
Software for each of the four regions of the United States. Use the chart to answer 
the following questions (round all answers to the nearest whole percent): 

(a) What percent of the sales personnel are assigned to the Northeast? 

(b) What percent of the volume of sales is attributed to the Northeast? 

(c) What percent of the sales personnel are assigned to the Southeast? 

(d) What percent of the volume of sales is attributed to the Southeast? 

(e) Which of these two regions of the country has sales personnel that appear to 
be more effective in terms of the volume of sales? 

ie eax ierea Pa idhsdhchcmesetis 

| Northeast 12 1,660,000 

| Southeast 18 4,300,000 | 

| Northwest 10 3,660,000 © 

Southwest 15 3,720,000 | 

Solution 

1. Understand the problem. We will only need to deal with figures from the North- 
east region and the Southeast region. 

Mathematics SURED for Problem seins 

| What Am 
| 'Solving For? ; 

(a) the percent of the total 

Gather 

the Facts _ 
Personnel: a 121 is Ghat percent sf 55? ? We do not sige to use the 

12 Northeast personnel in the Northeast Divide. 12 + 55 numbers for the North- 
18 Southeast (b) the percent of the total sales in (b) 1,560,000 is what percent west or the Southwest. 
BS tan the Northeast of 13,240,000? 

Seles Woliene (c) the percent of the total 1,560,000 + 13,240,000 
Sapte personnel in the Southeast (c) 18 + 55 

$1,560,000 NE (d) the percent of the total sales in | (d) 4,300,000 + 13,240,000 
$4,300,000 SE the Southeast 

$13,240,000 Total (e) compare the percentages from the 
two regions 

2. Solve and state the answer. 

12 1,560,000 156 a) => = 0.21818 a. UE Tae 8 (®) 73,240,000 ~ 1324 ~ 01178 
~ 22% = 12% 

18 4,300,000 430 2033707 ae ee es ee ea ©) 55 (4) +3.240,000 ~ 1324 ~ 99248 
= 33% = 32% 



Section 0.6 Using the Mathematics Blueprint for Problem Solving 

(e) We notice that the Northeast sales force, 22% of the total personnel, made 

only 12% of the sales. The percent of the sales compared to the percent of the 

sales force is about half (12% of 24% would be half) or 50%. The Southeast 
sales force, 33% of the total personnel, made 32% of the sales. The percent 

of sales compared to the percent of the sales force is close to 100%. We must 

be cautious here. /f there are no other significant factors, it would appear that 

the Southeast sales force is more effective. (There may be other significant 
factors affecting sales, such as a recession in the Northeast, new and inexpe- 

rienced sales personnel, or fewer competing companies in the Southeast.) 

3. Check. You may want to use a calculator to check the division in step 2, or you 

may use estimation. 

2 10 1,560,000 1,600,000 
Bie ene = 17 aa pe ee (0.12 
(a) 35 60 () +3940,000 ~ 13,000,000 

yams 9% / 
18 20 4,300,000 4,300,000 
oO eee Vick, eae eee eee 33 

() 35 60 (4) 73,240,000 — 13,000,000 
=133%) V = 33% 7 

= Student Practice 2 Using the chart for Example 2, answer the follow- 
ing questions. (Round all answers to the nearest whole percent.) 

(a) What percent of the sales personnel are assigned to the Northwest? 

(b) What percent of the sales volume is attributed to the Northwest? 

(c) What percent of the sales personnel are assigned to the Southwest? 

(d) What percent of the sales volume is attributed to the Southwest? 

(e) Which of these two regions of the country has sales personnel that appear to 
be more effective in terms of volume of sales? 

Mathematics Blueprint for Problem Solving 

G ther | What Am What Must Key Points 

| | Solving For? | Calculate? to Remember 

To Think About: Example 2 Follow-Up Suppose in 2019 the number of sales per- 
sonnel (55) increased by 60%. What would the new number of sales personnel be? 
Suppose in 2020 the number of sales personnel decreased by 60% from the number 
of sales personnel in 2019. What would the new number be? Why is this number not 
55, since we have increased the number by 60% and then decreased the result by 

60%? Explain. 

Bl 



[os] Exercises MyLab™ Math 

Applications Use the Mathematics Blueprint for Problem Solving to help you solve each of the following exercises. 

Al. Mustang Parking Area Richard Penta recently re- 
stored a 1965 Mustang Coupe. He will park it on a 
new parking area in his backyard that uses concrete 
pavers. The parking area is rectangular and measures 
7; yards by 4 yards . The concrete pavers each mea- 
sure 1 square foot and cost $4.50 each. How much 
will the pavers cost that he will need to complete his 
parking area? 

A3. Swimming Pool Estimates Wally and Mike install 
swimming pools in the summer in Manchester-by- 
the-Sea. They are building a swimming pool for Kevin 
Baird that measures 143 feet wide and 235 feet long. 

(a) At the outside edge of the pool is a protective 

fence. How many feet of fencing would be need- 
ed to surround the pool area? 

(b) Kevin discovers that he can buy a packaged box 
of 90 feet of fencing for $859 or he can buy cut- 
to-order fencing that costs $11.20 per foot. Which 
type of fencing should he buy? How much money 
does he save? 

A2. 

A4. 

. (b 

Carpentry Estimates Samuel is a carpenter, and he 
recently completed an estimate to build a new deck 
fou Russ and Norma Camp. The deck measures 
225 feet by 124 feet. He estimated the new decking 
would cost $8.00 per square foot. What are the esti- 
mated costs of the decking for this new deck? 

Swimming Pool Maintenance Wally and Mike rec- 
ommend to their customers that they add the proper 
amount of granular chlorinator to their swimming 
pool each day. 

(a) The swimming pool that they built a exercise 
3 has an interior measurement of 123 feet wide 
by 205 feet long. The pool is 5 feet deep. How 
much water (in cubic feet) will it take to fill the 
pool? Round your answer to the nearest cubic 
foot. 

— If each cubic foot of water is 7.5 gallons, how 
many gallons of water will the swimming pool 
hold? Round your answer to the nearest 1000 
gallons. 

(c) If every 5000 gallons should have 4 ounces of 
granular chlorinator added to the pool, how 

many ounces of chlorinator should be added to 
this pool each day? 

Exercise Training The following directions are posted on the wall at the gym. 

5. 

52 

Beginning exercise 
training schedule 

On day 1, each athlete 

will begin the morning 
as follows: 

ot minutes } 

Betty’s athletic trainer told her to follow the begin- 
ning exercise training schedule on day ’ On day 2, she 
is to increase all distances and times by 4 3 that of day 1. 

On day 3, she is to increase all distances and times by 
§ that of day 2. What will be her training schedule on 
day 3? 

6. Melinda’s athletic trainer told her to follow the be- 
ginning exercise training schedule on day 1. On day 
2, she is to increase all distances and times by } that 
of day 1. On day 3, she is to once again increase all 
distances and times by } that of day 1. What will be 
her training schedule on day 3? 



2) Section 0.6 Using the Mathematics Blueprint for Problem Solving 53 

To Think About Refer to exercises 5 and 6 in working exercises 7-10. 

7. Who will have a more demanding schedule on day 3, 
Betty or Melinda? Why? 

8. If Betty kept up the same type of increase day after 
day, how many miles would she be jogging on day 5? 

9. If Melinda kept up the same type of increase day 10. Which athletic trainer would appear to have the best 
after day, how many miles would she be jogging on 
day 7? 

11. Snickers Bars Franklin Clarence Mars invented the 

Snickers Bar and introduced it in 1930. More than 15 
million Snickers Bars are produced each day. Each 
week approximately 6,300,000 pounds of this popular 
bar are produced. 

(a) In 1 day, how many pounds of Snickers Bars are 

produced? 

(b) What percent of the total weekly pounds of Snick- 

ers Bars are produced in 1 day? Round to the near- 
est hundredth of a percent. 

12. 

plan for training athletes if they used this plan for 
14 days? Why? 

Egg Weight Chicken eggs are classified by weight 
per dozen eggs. Large eggs weigh 24 ounces per doz- 

en and medium eggs weigh 21 ounces per dozen. 

(a) If you do not include the shell, which is 12% of 

the total weight of an egg, how many ounces of 

eggs do you get from a dozen large eggs? From a 

dozen medium eggs? 

(b) Ata local market, large eggs sell for $2.79 a doz- 
en and medium eggs for $2.39 a dozen. If you 

do not include the shell, which is a better buy, 

large or medium eggs? 

Family Budgets For the following exercises, use the chart below. 

Michael and Dianne have been married for two years. Michael has graduated from community college. Dianne is still 
attending community college. Michael works full time and Dianne part time. 

Rent 22% | Clothing 7% 

Food 29% | Medical 8% 

Utilities 8% | Savings 4% 

Entertainment 6% | Loan and credit payments 8% 

Cell phones 4% | Charitable contributions 4% 

13. Their combined annual income from their two jobs 
is $68,500. 

(a) If29% of their salary is withheld for various taxes, 
how much money do Michael and Dianne have 
available for their budget? 

14, They want to pay off one large credit card account. 

(a) They determine that if they eat out less and 

cook more meals at home, they can save 20% 

of their food costs. If they achieve that goal, 
what is their new annual food budget in dollars? 

(b) How much of their take-home pay is available 
for food? 

(b) If they use all that savings to pay down their cred- 
it card, how much would be available to reduce 

their debt? 



54 Chapter O Prealgebra Review 

Paycheck Stub Use the following information from a paycheck stub for a part-time worker to solve exercises 15-18. 

TOBEY & SLATER INC. 
5000 Stillwell Avenue 
Queens, NY 10001 

Name 

Fred J. Gilliani 

Current Year to Date 

GROSS 
FEDERAL 
FICA 

W-2 GROSS 

1,150.00 
138 . 97 
87.98 

6 , 670.00 
781 . 07 
510. 28 

6 , 670.00 

Earnings 

Type Hours Rate Amount 

REGULAR 1,150 . 00 

Social Security No. 1.D, Number File Number Rate/Salary Department 

012-34-5678 01 1379 1150.00 0100 

Payroll Period ie oh Maeda 
From Date To Date 

495885 10-31-20 11-30-20 

Pay Date 

12-01-20 

Current Year to Date 

STATE 
LOCAL 
DIS-SUI 

NET 

67 . 76 
5.18 

. 00 

388 . 45 
30, 04 

. 00 

4,960.16 

Special Deductions 

Description Dept/Job No, 

0100 

Amount 

12.56 

36. 28 
10.80 

Retirement 
Medical 
Union Dues 

Gross pay is the pay an employee receives for his or her services before deductions. Net pay is the pay the employee actually 

gets to take home. You may round each amount to the nearest whole percent for exercises 15-18. 

15. What percent of Fred’s gross pay is deducted for 

federal, state, and local taxes? 

17. What percent of Fred’s gross pay does he actually get 

to take home? 

Quick Quiz 0.6 

Al. The college courtyard has 525 square yards of space. 

Itis being paved with squares made of Vermont gran- 
ite stone. Each stone has an area of 1.5 square yards. 
How many stones will be required to pave the 

courtyard? 

A carpenter is building a fence for a rectangular 
yard that measures 40 feet by 95 feet. The fence 

material costs $4.50 per foot. If he makes a fence 
large enough to surround the yard, how much will 

the fence cost? 

16. What percent of Fred’s gross pay is deducted for 
retirement and medical? 

18. What percent of Fred’s deductions are special 
deductions? 

2. Melinda is paid $16,200 per year. She is also paid a: 
sales commission of 4% of the value of her sales. Last 

year she sold $345,000 worth of products. What per- 

cent of her total income was her commission? Round 
to the nearest whole percent. 

Concept Check Hank knows that 1 kilometer ~ 

0.62 mile. Explain how Hank could find out how many 
miles he traveled on a 12-kilometer trip in Mexico. 



CAREER EXPLORATION PROBLEMS 

Background: Financial Counselor 
As a college student, Sybelle had an internship with the federal government at a 
local Social Security Administration office. Upon graduation, she was offered a full- 
time position as a financial counselor. Today, she is meeting with Cora, who wants to 
understand how monthly retirement benefits are calculated. 

Facts 
Cora is 62 years old in 2020. 

Full retirement age is 67 years old. 

At age 66, the percent reduction in monthly benefits is about 6.7%. 
At age 65, the percent reduction in monthly benefits is about 13.3%. 
Cora’s average monthly earnings are $4200. 
The guidelines used for calculating a monthly benefit are as follows: 

90% of the first $826 of average monthly earnings 
+32% of the average monthly earnings between $826 and $4980 
+15% of the earnings over $4980 

Tasks 
1. Sybelle must explain to Cora the calculations involved in determining the 

monthly benefit she'll receive at the full retirement age of 67. What does 
Sybelle calculate Cora’s monthly benefit to be? 

2. Sybelle also wants to express Cora’s monthly benefit as a percent of her average 

monthly pre-retirement earnings. What is this percentage? 

3. Finally, Sybelle wants to calculate Cora’s monthly benefit if her client retires early. 
(a) By what amount would Cora’s monthly benefit be reduced if she began col- 

lecting it at age 66? 

(b) By what amount would it be reduced if she began collecting it at age 65? 

55 



Chapter 0 Organizer 

Topic and Procedure Examples hie a You Try It 
(on a separate sheet of paper) 

Simplifying fractions, p. 2 Simplify. 1. Simplify. 

: : 1S) 5 23073 ee 18 
1. Write the numerator and denominator as (a) a6 eR (a) 7 

products of prime factors. 
2. Use the basic rule of fractions that ‘ 36 oer () 45, 

axe @ Dig 2a ae 60 

eases! 26 (2+ Aa wes 34 
for any factor that appears in both the nu- © mo 3.474 () 35 
merator and the denominator. 

3. Multiply the remaining factors for the numer- 

ator and for the denominator separately. 

Changing improper fractions to mixed Change to a mixed number. 2. Change to a mixed number. 

numbers, p. 5 14 2 19 3 20 

ae ‘ : (a) — = 45 (b) — = 2= (a) 
1, Divide the denominator into the numera- a) 3 8 8 

tor to obtain the whole-number part of the 4 Zs 37 
mixed number. since 3 )14 since 8 )19 (b) ‘A 

2. The remainder from the division will be the 12 16 
numerator of the fraction. 2 3 

3. The denominator remains unchanged. 

Changing mixed numbers to improper 

fractions, p. 6 

1. Multiply the whole number by the denomina- 

tor and add the result to the numerator. This 

will yield the new numerator. 

2. The denominator does not change. 

Change to an improper fraction. 

@ 4 (4 X 6) + Seg @Aceoen 129 
evga 6 6 6 

1. (3.%-7) et Tei rd ae 
G2, 7 Pea eS! 

Changing fractions to equivalent fractions with 

a given denominator, p. 7 

1, Divide the original denominator into the new 

denominator. This result is the value that we 

use for multiplication. 

Multiply the numerator and the denominator 

of the original fraction by that value. 

L 

3. Change to an improper fraction. 

(a) 2 

1 
(b) 65 

Find the missing numerator. 4. Find the missing numerator. 

aoe ee 
Pal 

4x3 IB 
3 i iply ——— = —. “Tot aes this to multiply - x3 21 

Finding the LCD (least common denominator) 

of two or more fractions, p. 11 

1. Write each denominator as the product of 

prime factors. 

2. The LCD is a product containing each 

different factor. 

If a factor occurs more than once in any 

one denominator, the LCD will contain that 

factor repeated the greatest number of times 

that it occurs in any one denominator. * 

3. 

3 2 
8 40 

— 

(a) Find the LCD of each pair of fractions. « and = 

15 =5:3 35=5:7 LCD =3:-5°7 = 105 

7 
4s 18 = 3:3+2 (factor 3 appears twice ) 

11 
(b) 18 and 

45 = 3-3-5 (factor 3 appears twice ) 

LCD = 2:3-3-5 = 90 

Adding and subtracting fractions that do not 

have a common denominator, p. 12 

1, Find the LCD. 

2. Change each fraction to an equivalent frac- 

tion with the LCD for a denominator. 

Add or subtract the fractions and simplify the 

answer if possible. 

3. 

Adding and subtracting mixed numbers, p. 15 

. Change the mixed numbers to improper 
fractions. 

Follow the rules for adding and subtracting 
fractions. 

If necessary, change your answer to a mixed 

number. 

Perform the operation indicated. 

4° 1. 3-3 ea Re ee eT le 
@) 53 3-5 seg ge y  s 

yo 1 oe 
12, 4 “19 a3 a a tones 

2 Vf sock W/o 
(a) Add. 17 +1 = ate seed ae 

202i 41 _ 45 

129 12 2 12 

1 3 Si ae il 
tb) Subtract, 27 — 17 Poa tee 

5. Find the LCD of each pair of 
fractions. 

3 Gi 
(a) 10 and Dp 

ikl 9 
75 and) —— (b) 20 

6. Perform the operation indicated. 

1 2) 
7. (a) Add. 23 + 39 

(b) Subtract. 32 = it 
Gs: 



Topic and Procedure Examples dee You Try It 
(on a separate sheet of paper) 

Multiplying fractions, p. 20 Multiply. 8. Multiply. 

1. If there are no common factors, multiply the | (a) 2 x ee (a) a x Z 
numerators. Then multiply the denominators. eer. Bh ee 

2. If possible, write the numerators and denom- 6 aS 2% Weer 9) 9 15 

inators as the prod i ee of “ = ) 50 X a7 product of prime factors. Use 15 Ol 3s eS 10°21 
the basic rule of fractions to divide out any 

value that appears in both a numerator anda | @ 3x2 =3 45-15 4.47 () 6 x 3 
denominator. Multiply the remaining factors Sia Ss 8 5 

in the numerator. Multiply the remaining 
factors in the denominator. 

Dividing fractions, p. 22 Divide. 9. Divide. 

1. Invert the second fraction. (a) e + at = Z x 3 = Be (a) = + Z 

2. Multiply the fractions. eS 7 Tia Laser 

Sy. 2. Se VES 
b += =— See hoe 
(b) oi. 9 a eS © iis 5 

Multiplying and dividing mixed numbers, (a) Multiply. 10. (a) Multiply. 1 v nt 
pp. 21, 22, 24 1 aihva 6 4 

1. Change each mixed number to an improper af f 35 4 
fraction. atc ea 1 3 

2. Use the rules for multiplying or dividing =e (b) Divide. 35 + 1 
fractions. 1 

3. Ifnecessary, change your answer to a mixed (b) Divide. 1— + 1 : 

number. 4 2 

Changing fractional form to decimal 
form, p. 29 

Divide the denominator into the numerator. 

spe 

Changing decimal form to fractional 
form, p. 30 

1, Write the decimal as a fraction with a denom- 

inator of 10, 100, 1000, and so on. 

2. Simplify the fraction, if possible. 

Adding and subtracting decimals, p. 31 

1, Carefully line up the decimal points as 
indicated for addition and subtraction. (Extra 

zeros may be added to the right-hand side of 

the decimals if desired.) 

2. Add or subtract the appropriate digits. 

Multiplying decimals, p. 32 

1, First multiply the digits, 

2. Count the total number of decimal places in 
the numbers being multiplied. This number 
determines the number of decimal places in 

the answer. ; 

x 0.7 (one place) 

0.63 (two places ) 

X_0.07 (two places) 

0.00063 (five places ) 

5 0.625 11. Write as a decimal. = 
Write as a decimal. > = 0.625 since 85.000 8 

Write as a fraction. 12. Write as a fraction. 

37 375 3 Bll 315 = == 0.29 (a) 0.37 100 (b) 0.375 1000" 8 (a) 

(b) 0.175 

(a) Add. (b) Subtract. 13. (a) Add. 2.338 + 6.195 

1.236 + 7.825 De IeSD, (b) Subtract. 6 — 2.54 

1.236 2.00 

aes PS) =e 

9.061 0.68 

Multiply. 14. Multiply. 

(a) 0.9 (one place) (b) 0,009 (three places) @> 15250), 935.2 
x 0.9 Xx 0.67 

Dividing decimals, p. 33 

1. Count the number of decimal places in the 
divisor. 

Move the decimal point to the right the same 

number of places in both the divisor and 
dividend. 
Mark that position with a caret (a). 

Perform the division. Line up the decimal 
point in the quotient with the position indi- 
cated by the caret. 

2. 

T 

Divide. 7.5 + 0.6 

Move decimal point one place to the right. 

12.5 Therefore, 

0.6,) 75,0 7.5 + 0.6 = 12.5 

6 
iS 

ia 
30 

30 
0 

— 

15. Divide. 9.25 + 0.5 

G7 



Topic and Procedure Examples dee You Try It 
(on a separate sheet of paper) 

Changing a decimal to a percent, p. 40 . 

1. Move the decimal point two places to the 
right. 

2. Add the % symbol. 

Changing a percent to a decimal, p. 41 

1. Move the decimal point two places to the left. 
2. Remove the % symbol. 

Finding a percent of a number, p. 41 

1, Convert the percent to a decimal. 
2. Multiply the decimal by the number. 

16. Write as a percent. 
(a) 0.52 (b) 0.008 

(c) 1.86 (d) 0.077 

(e) 0.0009 

Write as a percent, 

(a) 0.46 = 46% 

(c) 0.013 = 1.3% 

(e) 0.0007 = 0.07% 

(b) 0.002 = 0.2% 

(d) 1.59 = 159% 

17. Write as a decimal. 

(a) 28% (b) 7.42% 

(c) 165% (d) 0.25% 

18. Find 15% of 92, 

Write as a decimal. 

(a) 49% = 0.49 
(c) 180% = 1.8 

(b) 59.8% = 0.598 
(d) 0.13% = 0.0013 

Find 12% of 86, 

12% = 0.12 0.12 X 86 = 10,32 

Therefore, 12% of 86 is 10,32. 

Finding what percent one number is of another 

number, p. 42 

1. Place the number after the word of in the 
denominator. 
Place the other number in the numerator. 

If possible, simplify the fraction. 
Change the fraction to a decimal. 
Express the decimal as a percent. aewr 

Estimation, p. 44 

1, Round each number so that there is one 

nonzero digit. 

2. Perform the calculation with the rounded 

numbers. 

19. (a) What percent of 12 is 10? 
Round to the nearest tenth 

of a percent. 

(b) 50 is what percent of 40? 

(a) What percent of 8 is 7? 

j = 0.875 = 87.5% 

(b) 42 is what percent of 12? 

42 7 
— = - = = 9 22 3.5 = 350% 

Estimate the number of square feet in a room that is 

22 feet long and 13 feet wide. Assume that the room is 

rectangular. 

We round 22 to 20. We round 13 to 10. 

To find the area of a rectangle;we multiply length times 

width. 

. Estimate the number of square 
feet in a rectangular game 

room that measures 27 feet 
long by 11.5 feet wide. 

20 x 10 = 200 

We estimate that there are 200 square feet in the room, 

Problem solving, p. 48 

In solving a real-life problem, you may find it 
helpful to complete the following steps. You will 

not use all of the steps all of the time. Choose the 
steps that best fit the conditions of the problem. 

1, Understand the problem. 
(a) Read the problem carefully. 

(b) Draw a picture if this helps you. 
(c) Use the Mathematics Blueprint for 

Problem Solving. 

2. Solve and state the answer. 
3. Check, 

(a) Estimate to see if your answer is 

reasonable. 

(b) Repeat your calculation. 
(c) Work backward from your answer. Do 

you arrive at the original conditions of 
the problem? 

58 

Susan is installing wall-to-wall carpeting in her 21. 
104-ft-by-12-ft bedroom, How much will it cost at $20 a 
square yard? 

Wayne is installing new tile in 
his basement, which measures 

15 feet by 217 feet. How much 

will the tile cost at $4.25 per 
square yard? Round to the 
nearest cent. 

1. Understand the problem. 
We need to find the area of the room in square yards, 

Then we can find the cost. 

2. Solve and state the answer. 
Area: 105 x 12 = 4 x 2 = 126 ft? 
126 + 9 = 14 yd? 
Cost: 14 x 20 = $280 
The carpeting will cost $280. 

3. Check. 
Estimate: 10 x 10 = 100 ft? 

100 + 10 = 10 yd? 
10 X 20 = $200 

Our answer is reasonable. / 
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\ Chapter 0 Review Problems 
Section 0.1 

In exercises 1-4, simplify. 

36 15 

ys 48 sy 50 

5. Write 7 as an improper fraction. 

Find the missing numerator. 

5 2 9 il % 

Sar 54 35 

Section 0.2 

Combine. 

Choe al ( 5 
~=t+- . te 

a Src i 1D? (cd 

il 3 I 3 
° a aig eee ° ee = 16 35 25 17. 2597 34 

Section 0.3 

Multiply. 

5 il i 
20. Ox 21. 24% 4, 

Divide. 

8 
3 8 

24. — +6 — 3 25 5 

9 

Section 0.4 

Combine. 

28. 1.634 + 3.007 + 2.560 29. 24.831 — 17.094 

Multiply. 

32. 0.007 X 5.35 33. 362.341 x 1000 

Divide. 

SG.en 32+ ' 1000 37. 0.523 + 0.4 

40. Write as a decimal: - 

Section 0.5 

In exercises 42-45, write each percent as a decimal. 

42. 1.4% 43. 36.1% 

In exercises 46-49, write each decimal in percent form. 

46. 0.0025 47, 0.325 

3. 

3 2 
10. 5 75 

7 1 
14. 50 = D 

2 5 
18. 65 — 375 

iL 
22 LO aa 

8 

[59. al 
26. 16 = fl 

30. 47.251 — 17.69 

34, 2:6, 0.03) -<_1.02 

38.91 350=10.015 

41. 

44. 0.02% 

48. 0.9 

36 

82 

ny Sit 
6. Write 7 as a mixed number. 

i. 2= = 

15. a= 

1, 34-13 

23. =x 5 

27. 23+ > 

31, 1.9 + 2.53 + 0.006 

35. 2.51 x 100 X 0.5 

39. 4.186 + 2.3 

Write as a fraction in simplified form: 0.36. 

45. 125.3% 

49, 0.1 



lr 
50. 

§2. 

54. 

What is 30% of 400? 

76 is what percent of 80? 

Cell Phones 80% of Del Mar Community College 
students have a cell phone. If there are 16,850 stu- 
dents in the college, how many students have cell 
phones? 

In exercises 56-61, estimate. Do not find an exact value. 

56. 

59. 

62. 

234,897 x 1,936,112 

ene para Dela ae 

Salary Estimate Carmen’s salary for the week if she 
earns $8.35 per hour and worked 38.5 hours. 

Section 0.6 

Solve. You may use the Mathematics Blueprint for Problem Solving. 

51. 

53. 

SH 

57. 357 + 923 4) 168 e4d7 

60. Find 18% of $56,297 

63. 

Find 7.2% of 55. 

What percent of 1250 is 750? 

Math Deficiency In a given university, 720 of the 960 
freshmen had a math deficiency. What percent of the 
class had a math deficiency? 

58. 634,318 — 284,000 

61. 12,482 + 389 

Vacation Cost Estimate the weekly amount owed by 
each of five families who are renting a resort that costs 
$3875 per week. 

Gas Mileage A six-passenger Piper Cub airplane has a gas tank that holds 240 gallons. Use this information to answer 

exercises 64 and 65. 

64. 

A 66. 

68. 

60 

When flying at cruising speed, the plane averages 

7% miles per gallon. How far can the plane fly at 
cruising speed? If the pilot never plans to fly more 

than 80% of his maximum cruising distance, what is 
the longest trip he would plan to fly? 

Carpeting Mr. and Mrs. Carr are installing wall-to-wall 
carpeting in a room that measures 125 ft by 94 ft. 
How much will it cost if the carpet is $26.00 per 
square yard? 

Car Loan Dick and Ann Wright purchased a used 
car. They took out a loan of $9214.50 to help pay for 

the car and paid the rest in cash. They paid off the 
loan with payments of $225 per month for four years. 
How much more did they pay back than the amount 
of the car loan? (This is the amount of interest they 
were charged for the car loan.) 

65. 

67. 

69. 

When flying at maximum speed, the plane averages 
6} miles per gallon. How far can the plane fly at max- 
imum speed? If the pilot never plans to fly more than 
70% of his maximum flying distance when flying at 
full speed, what is the longest trip he would plan to fly 
at full speed? 

Sales Commission Mike sells sporting goods on an 
8% commission. During the first week in July, he sold 
goods worth $5785. What was his commission for the 
week? 

Wages Kevin works as an overnight stocker at Target. 
He is paid $750 an hour for a 40-hour week. For any 
additional time he gets paid 1.5 times the normal rate. 
Last week he worked 49 hours. How much did he get 
paid last week? 
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. How Am | Doing? Chapter 0 Test 

MATH COACH MyLab™ Math (£9)rearsonmathstats 

Answer the following test questions on a separate sheet of paper. After you take this test, read through 
the Math Coach on pages 62-63. Math Coach videos are available via MyLab Math and YouTube. 
Step-by-step test solutions on the Chapter Test Prep Videos are also available via MyLab Math 
and YouTube. (In the YouTube channel, PearsonMathStats, go to Playlist “Tobey Beginning and 

Intermediate Algebra, 6e.”) i et 2. L 

In exercises 1 and 2, simplify. 

1, 16 , #8 3. ee 
48 2536 

3 105 
3. Write as an improper fraction. 6 7 4, Write asa mixed number: oo 

In exercises 5-12, perform the operations indicated. Simplify answers whenever possible. 

Poe 5 gh ABS) 1 3 2 5 3) eds. § +545 ~1-4+3- Mex 3=-25 .axs eG 8 whe Qomitind dG 5 g, LI] 10 

ie 

ai uM ene: hoe) 8 a eaeet nl I tee 
a 3 C10. 55+ 27 ll. 2, x 37 Ma 

4 
13. LI] 1, 

In exercises 13-18, perform the operations indicated. 

13. 1.6 + 3.24 + 9.8 14. 7.0046 — 3.0149 15. 32.8 < 0.04 15, [| 16. 

16. 0.07385 x 1000 Me 17. 12.88 + 0.056 18. 26,325.9 = 100 
11. L] 18. 

19. Write as a percent. 0.073 20. Write as a decimal. 196.5% 

19. LJ 20. 
21. What is 3.5% of 180? Mie 22, 39 is what percent of 650? 

21. [J 29. 
23. A 4-inch stack of computer chips is on the table. Each computer chip is 3 of an 

inch thick. How many computer chips are in the stack? 

x 8 8 (6. 8. 8 78 8) bes Ue 

23. 
In exercises 24-25, estimate. Round each number to one nonzero digit. Then calculate. 

24. 52,344 ) 4,678,987 25, 285.30 + 311,85 aaliSio Cc 
24. 25. 

Solve. You may use the Mathematics Blueprint for Problem Solving. 

26. Allison works part-time and is paid $14,000 per year plus a sales commission of 3% 6. 
of the value of her sales. Last year she sold $870,000 worth of products. What per- 
cent of her total income was her commission? Round to the nearest whole percent. 

vai 
A 27. Fred and Melinda are laying wall tile in the kitchen. Each tile covers 35 square —_ 

inches of space. They plan to cover 210 square inches of wall space. How many Tomicorect |_| 
tiles will they need? 
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The following problems are from the Chapter 0 Test. Here are some helpful hints to keep you 

from making common errors on test problems. 

2 5 
Chapter 0 Test, Problem 7 Subtract. 33 = 25 

MAI COACH 
Mastering the skills you need to do well on the test. 

HELPFUL HINT First change the mixed numbers to improper fractions. Next find the LCD of the two denominators. Then 

change the fractions to an equivalent form with the LCD as the common denominator before subtracting. 

Sag Ee ; a) Did you change 33 to 3 and 7 to 6: 

Yes No 

If you answered No, stop and change the two mixed num- 
bers to improper fractions. 

Did you find the LCD to be 6? 

Yes No 

If you answered No, consider how to find the LCD of the 

two fractions. Once the fractions are written as equivalent 
fractions with 6 as the denominator, the two like fractions 

can be subtracted. 

If you answered Problem 7 incorrectly, go back and re- 
work the problem using these suggestions. 

3 3 
Chapter 0 Test, Problem 10 Divide. 53 a 27 

) HELPFUL HINT Be sure to change the mixed numbers to improper fractions before dividing. | 

3 iba 
and 24 to 

5 eS) 
Di h id you change 53 to 3 4 
other steps? 

before doing any 

Yes No 

If you answered No, stop and change the two mixed num- 
bers to improper fractions. 

Next did you change the division to multiplication to obtain 
43 4 
— >< a 

8 il 

Yes No === 

If you answered No, stop and make this change. 

Did you simplify the product? 

Yes No 

If you answered No, try dividing a 4 from the second nu- 
merator and first denominator before multiplying. The 
product will be an improper fraction that can be converted 
to a mixed number. 

Now go back and rework the problem using these 
suggestions. 

Need more help? Watch the MAT isl COACH videos in MyLab™ Math or on YouTube. 
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Chapter 0 Test, Problem 17 Divide. 12.88 + 0.056 

HELPFUL HINT Be careful as you move the Social point in nite divisor to the fights Rake sure athe the eae ailiak 
is an integer. Then move the decimal point in the dividend the same number of places to the right. Add 
zeros if necessary. 

Did you move the decimal point in the divisor three places If you answered No, perform this step now. Be careful of 
to the right to get 56? calculation errors as you perform the division. 

Yes No 

If you answered No, stop and perform this step first. 

If you answered Problem 17 incorrectly, go back and re- 
work the problem using these suggestions. 

Did you move the decimal point in the dividend three 
places to the right and add one zero to get 12880? 

Yes No 

Chapter 0 Test, Problem 22 39 is what percent of 650? 

HELPFUL HINT Write a fraction with hat two numbers. The meee after ‘Ke Greed of is Sats the Mehomninetet and 

the other number is the numerator. 

If you answered No, consider that simplifying the fraction 
first makes the division step a little easier. Be sure to place 
the decimal point correctly in your quotient. 

39 . . is OF) 

Did you write the fraction 650. 

Yes No 

If you answered No, stop and ee this step. 
Did you change the quotient from a decimal to a percent? 

Yes No 

Did you simplify the fraction to = before changing the jf you answered No, stop and perform this final step. 
fraction to a decimal? 

Now go back and rework the problem using these 
Ves No suggestions, 

Need more help? Look for section examples marked with Me to review. 
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CHAPTER 

Real Numbers 
and Variables 

le 
Js 

CAREER OPPORTUNITIES 

Electrical Engineer 
When we think of electrical work, 

mathematics isn’t necessarily the first thing 

that comes to mind. Instead, we envision 

electricians running cable through walls, 

wiring outlets, and installing appliances. In 

reality, though, the field is broader than 

this. Electrical engineers and their assistants 

use quite a bit of math to create, install, 

or repair electrical systems. They perform 

calculations using ratios, formulas, and 

geometry to perform a wide range of tasks. 
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fi.1} Adding Real Numbers @ 

El identifying Different Types of Numbers @® 

Let’s review some of the basic terms we use to talk about numbers. 

Whole numbers are numbers such as 0,1,2,3,4,.... 

Integers are numbers such as..., —3, —2, -1,0,1,2,3,.... 
‘ a oes) WG 8 Rational numbers are numbers such as 5, >, — 3, — 75, 7, and —5. 

Rational numbers can be written as one integer divided by another integer (as 
long as the denominator is not zero!). Integers can be written as fractions (3 = 2, 
for example), so we can see that all integers are rational numbers. Rational num- 
bers can be expressed in decimal form. For example, : =F 5; -} =F (i375, and 

} = 0.333... or 0.3. It is important to note that rational numbers in decimal form 
are either terminating decimals or repeating decimals. 

Irrational numbers are numbers that cannot be expressed as one integer divided 
by another integer. The numbers 77, V 2, and /7 are irrational numbers. 

Irrational numbers can be expressed in decimal form. The decimal form of 
an irrational number is a nonterminating, nonrepeating decimal. For example, 

2 = 1.414213...can be carried out to an infinite number of decimal places with 
no repeating pattern of digits. 

Finally, real numbers are all the rational numbers and all the irrational numbers. 

Example 1 Classify as an integer, a rational number, an irrational number, and/ 

or a real number. 

(a) 5 (b) -+ (c) 2.85 (d) 2 CeO LT 

Solution Make a table. Check off the description of the number that applies. 

Real 

Number 

Irrational 

Number 

Rational 

Number Number Integer 

(a) 

(b) 

(c) 

(d) 
(e) tad 

Student Practice 1 Classify as an integer, a rational number, an irra- 
tional number, and/or a real number. 

(a - (by T515I51... (c) —8 (d) 7 

SSS SSS =i are > 

Falsine ho) A A le ea 
Vs 4 (a0 225 

= — js ve ee) 

Negative numbers ° Positive numbers 

Positive numbers are to the right of 0 on a number line. 

Negative numbers are to the left of 0 on a number line. 

The real numbers include the positive numbers, the negative numbers, and zero. 

Student Learning Objectives 

After studying this section, you will 

be able to: 

| Identify different types 
of numbers. @® 

Use real numbers in real-life 

situations. @® 

Add real numbers with the 
same sign. @® 

Add real numbers with 
different signs. @® 

5 | Use the addition properties 

for real numbers. @® 
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Using Real Numbers in Real-Life Situations @® 

We often encounter practical examples of number lines that include positive and 
negative rational numbers. For example, we can tell by reading the accompanying 
thermometer that the temperature is 20° below 0. From the stock market report, we see 

that the stock opened at 36 and closed at 34.5, so the net change for the day was —1.5. 

Temperature in degrees 
Fahrenheit 

Stock value in dollars. 

The stock opened at 36. 

The stock closed at 34.5. 

The temperature 
is 20° below zero. A stock market report 

In the following example we use real numbers to represent real-life situations. 

Example 2 Use areal number to represent each situation. 

(a) A temperature of 128.6°F below zero is recorded at Vostok, Antarctica. 

(b) The Himalayan peak K2 rises 29,064 feet above sea level. 

(c) The Dow gains 10.24 points. 

(d) An oil drilling platform extends 328 feet below sea level. 

Solution A key word can help you to decide whether a number is positive or 
negative. 

(a) 128.6°F below zero is —128.6. 

(b) 29,064 feet above sea level is +29,064. 

(c) A gain of 10.24 points is +10.24. 

(d) 328 feet below sea level is —328. o 

Student Practice 2. Use areal number to represent each situation. 

(a) A population growth of 1259 

(b) A depreciation of $763 

(c) A wind-chill factor of minus 10° F 

In everyday life we consider positive numbers the opposite of negative numbers. 
For example, a gain of 3 yards in a football game is the opposite of a loss of 3 yards; a 
debit for $2.16 in a debit account is the opposite of a deposit of $2.16. 

Each positive number has an opposite negative number. Similarly, each nega- 
tive number has an opposite positive number. Opposite numbers, also called additive 
inverses, have the same magnitude but different signs and can be represented on a 
number line. 

Wien Oe Opposites Bie 

arent Opposites _ oie 
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Example 3 Find the additive inverse (that is, the opposite). 
il 

(a) —7 (bi (c) A temperature rise of 40° 

Solution 

(a) The opposite of —7 is +7. 

; i ecapy 
(b) The opposite of a 

(c) The opposite of +40° is —40°. o 

Student Practice 3. Find the additive inverse (the opposite). 

p 
(a) 5 (b) —1.92 (c) A loss of 12 yards on a football play 

Adding Real Numbers with the Same Sign @® 

To use a real number, we need to be clear about its sign. When we write the number 
three as +3, the sign indicates that it is a positive number. The positive sign can be 
omitted. If someone writes three (3), it is understood that it is a positive three (+3). 
To write a negative number such as negative three (—3), we must include the sign. 

A concept that will help us add and subtract real numbers is the idea of abso- 

lute value. The absolute value of a number is the distance between that number and 
zero on a number line. The absolute value of 3 is written |3). 

distance 3 . distance 3 

| | | | 

La +" + | > « + =i eee i 
a Beal 0 (0) 1 2 3 4 

3] =3 Bl =3 

Distance is always a positive number regardless of the direction of travel. This means 

that the absolute value of any number will be a positive value or zero. We place the 
symbols | and | around a number to mean the absolute value of the number. 

The distance from 0 to 3 is 3,so |3| = 3. This is read “the absolute value of 3 is 3.” 
The distance from 0 to —3 is 3,so |—3| = 3. This is read “the absolute value of 

Jas) 3." 
Some other examples are 

(22 = 22,ce 5:6) 5.60) cand >. |Of 0: 

Thus, the absolute value of a number can be thought of as the magnitude of the 

number, without regard to its sign. 

Example 4 Find the absolute value. 

(a) |-4.62 cb) | {2 
Solution 

2 Ae Oi # | 
(a) |—4.62| A100) (b) 3 = 7 (c) 2 = oO 

f= Student Practice 4 Find the absolute value. 

5 0 
(a) |—7.34| (b) 4 (c) A 

Now let’s look at addition of real numbers when the two numbers have the same 

sign. Suppose that you are keeping track of your checking or debit account at a local 

67 
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bank. When you make a deposit of 5 dollars, you record it as +5. When you write 
a check for 4 dollars, you record it as —4, as a debit. (If you do not have a checking 
account but have a debit card, think of depositing 5 dollars in your account and then 

making a purchase of 4 dollars.) 

Situation 1: Total Deposit You made a deposit of 20 dollars on one day and a de- 
posit of 15 dollars the next day. You want to know the total value of your deposits. 

Your record for situation 1. 

——— 
ja —————>|—_— 15 ss 

| 

0 5 10 15 20 25 30 35 40 

20 + 15 = 35 

The amount of the deposit on the first day added to the amount of the deposit on the 
second day is the total of the deposits made over the two days. 

Situation 2: Total Debit You write a check or use your debit card for 25 dollars to 
pay one bill and two days later spend 5 dollars. You want to know the total value of 
the debits to your account. 

Your record for situation 2. 

| 
| 

=A0\ = =350e 50 208 20) lee ay 0 

—25 + (-5) = =30 
The value of the first check added to the value of the second amount spent 

two days later is the total debit to your account. 
In each situation we found that we added the absolute value of each number. 

(That is, we added the numbers without regarding their sign.) The answer always 
contained the sign that was common to both numbers. 

We will now state these results as a formal rule. 

ADDITION RULE FOR TWO NUMBERS WITH THE SAME SIGN 

To add two numbers with the same sign, add the absolute values of the 
numbers and use the common sign in the answer. 

Example 5 Add. 

(a) 14 + 16 (b) Siete) 
Solution 

(a) 14 + 16 

14 + 16 = 30 Add the absolute values of the numbers. 
14+ 16 = +30 Use the common sign in the answer. Here the common sign 

is the + sign. 

(be =8 47) 

8 + 7 =15 Add the absolute values of the numbers. 

—8+ (-—7) =~-—15 Use the common sign in the answer. Here the common sign 
is the — sign. oO 

Student Practice 5 Add. 

(a) 37 + 19 (b) —23 + (-35) 



\ 
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Section 1.1 Adding Real Numbers 

he el 
Example 6 Add. ue 

Solution 

a+ 1 
i 

i ¢ 2 Change each fraction to an equivalent fraction with 
pil 21 a common denominator of 21. 

14 3 17 17 Add the absolute values of the numbers. Use the 
21 D1 Sees | 31 common sign in the answer. Note that if no sign is 

written, the number is understood to be positive. oO 

Student Practice 6 Add. 

Example 7 Add. —4.2 + (-3.94) 

Solution 

pad me” (.=-3.94 } 

4.20 + 3.94, = 8.14 Add the absolute values of the numbers. 

—4,20 + (—3.94) = —8.14 Use the common sign in the answer. o 

b= Student Practice 7 Add. —12.7 + (—9.38) 

The rule for adding two numbers with the same sign can be extended to more 
than two numbers. If we add more than two numbers with the same sign, the answer 

will have the sign common to all. 

Example 8 Add. —7 + (-2) + (-5) 

Solution 

7 +*( ) + (—5) Weare adding three real numbers, all with the same sign. 
\ ise We begin by adding the first two numbers. 

= -9 + (-5) Add =7 + (<2) = -9. 
= -14 Add -9 + (-5) = -14. 

Of course, this can be shortened by adding the three numbers without regard to 
sign and then using the common sign for the answer. oO 

b= Student Practice 8 Add. —7 + (—11) + (-33) 

E49 Adding Real Numbers with Different Signs 

What if the signs of the numbers you are adding are different? Let’s consider our 
checking account again to see how such a situation might occur. 

Situation 3: Net Increase You made a deposit of 30 dollars on one day. On the 
next day you write a check for 25 dollars. You want to know the result of your two 

transactions. 
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70 Chapter 1 Real Numbers and Variables 

Calculator 

Negative Numbers 

Your record for situation 3. 

| ee 
| | | 
| | | 
J 8 | 
| | 
| | 

0 5 10 15 20 25 30 35 40 

30 + (=25) =5 

To enter a negative number 
on most scientific calculators, 

find the key marked ee 
To enter the number —2, 

press the key 2 and then the 
key +/—. The display 

should read 

To find —32 + (—46), enter 

32 [+/=] [4] 46 + /-] 
= 

A positive 30 for the deposit added to a negative 25 for the check, which is a 
debit, gives a net increase of 5 dollars in the account. 

Situation 4: Net Decrease You made a deposit of 10 dollars on one day. The next 
day you write a check for 40 dollars. You want to know the result of your two 

transactions. 

Your record for situation 4. 

ar 
The display should read 

Try the following. 

(a) —256 + 184 

(b) 94 + (-51) 

(c) —18 + (—24) 

(G65, (10) eS) 

Note: The key 

changes the sign of a number 
3H 0) ONE = 1K) (Che — 10) a, 
On some calculators the 

negative sign must be entered 
first, followed by the number. 

Ans: : 

(a) —72 (b) 43 

(c) —42 (d) —31 

| 

| ana 
| 

-30 -25 -20 -15 -10 -5 0 5. 10 

10 + (—40) = -30 

A positive 10 for the deposit added to a negative 40 for the check, which is a 
debit, gives a net decrease of 30 dollars in the account. 

The result is a negative thirty (—30), because the check was larger than the de- 

posit. If you did not have at least 30 dollars in your account at the start of situation 4, 

you have overdrawn your account. 

What do we observe from situations 3 and 4? In each case, first we found the 
difference of the absolute values of the two numbers. Then the sign of the result was 

always the sign of the number with the greater absolute value. Thus, in situation 3, 
30 is larger than 25. The sign of 30 is positive. The sign of the answer (5) is positive. 
In situation 4, 40 is larger than 10. The sign of 40 is negative. The sign of the answer 
(—30) is negative. 

We will now state these results as a formal rule. 

ADDITION RULE FOR TWO NUMBERS WITH DIFFERENT SIGNS 

1. Find the difference between the larger absolute value and the smaller 

absolute value. 

2. Give the answer the sign of the number having the larger absolute value. 

Example 9 Add. 8 + (-7) 

Solution 

Site ay ) We are to add two numbers with different signs. 

5 — jal Find the difference between the two absolute values, 
which is 1. 

+8 + (—7) = +1lorl1 The answer will have the sign of the number with the larger 
absolute value. That number is +8. Its sign is positive, so 
the answer will be +1. | 

Student Practice 9 Add. —9 + 15 
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Using the Addition Properties for Real Numbers @® 

It is useful to know the following three properties of real numbers. 

1. Addition is commutative. 
This property states that if two numbers are added, the result is the same 
no matter which number is written first. The order of the numbers does 

not affect the result. 

-7 + (-8) = (-8) + (-7) = -15 
—15+3=3+ (-15) =-12 

2. Addition of zero to any given number will result in that given number again. 

0+5=5 

-8+0=-8 

3. Addition is associative. 
This property states that if three numbers are added, it does not matter 
which two numbers are grouped by parentheses and added first. 

3+ (5+7) = (3+ 5) +7 First combine numbers inside parentheses; then 
3+ (12) =(8) +7 combine the remaining numbers. The results are 

the same no matter which numbers are grouped 
15 = 15 and added first. 

We can use these properties along with the rules we have for adding real numbers 
to add three or more numbers. We go from left to right, adding two numbers at a time. 

2 8 1 
Example 10 Add. ed (-4) has 

Solution 

Sees osdds + (—5) = —$. 
15 15 The answer is negative since the larger of the two absolute 

values is negative. 

ee Add -% + is = — = —3: 
3 The answer is negative since the larger of the two absolute 

values is negative. oO 

see Student Practice 10 Add. 

3) Fi 11 

ie" 12° ( 5) 

Sometimes the numbers being added have the same signs; sometimes the signs 
are different. When adding three or more numbers, you may encounter both situations. 

Example 11 Add. -1.8 + 1.4 + (-2.6) 

Solution 

—0.4 + (—2.6) Add —1.8 + 1.4. We take the difference of 1.8 and 1.4 and use the sign 
of the number with the larger absolute value. 

= —3.0 Add —0.4 + (—2.6) = —3.0. The signs are the same; we add the 
absolute values of the numbers and use the common sign, oO 

Student Practice 11 Add. —6.3 + (8.0) + 3.5 
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72 Chapter 1 Real Numbers and Variables 

If many real numbers are added, it is often easier to add numbers with the 

same sign in a column format. Remember that addition is commutative and associa- 
tive; therefore, real numbers can be added in any order. You do not need to combine 
the first two numbers as your first step. 

Example 12 Add. -8 + 3 + (—5) + (-2) +6+5 

Solution 

—8 ae. 

—5 All the signs are the same. +6 All the signs are the same. 

_—2 Add the three negative __+5 Add the three positive 
—15 numbers to obtain —15. +14 numbers to obtain +14. 

Add the two results. 

—-15+14=-1 

The answer is negative because the number with the larger absolute value is 
negative. oO 

b= Student Practice 12 Add. —6 + 5 + (-7) + (-2) +5 +3 

A word about notation: The only time we really need to show the sign of a 
number is when the number is negative, for example —3. The only time we need to 
show parentheses when we add real numbers is when we have two different signs 

preceding a number. For example, —5 + (—6). 

Example 13 Add. 

2 3 
(a) 2.8 + (-1.3) b) <= + (-2) 

Solution 

(a) 28+ (-13) =15 
2 ch Weleda jos: i meer =_— 

(b) -2+(-3)- = +( | = mis ke a 

Student Practice 13 Add. 

(a) -2.9 + (—5.7) (b) 2 + (-1) 



| [Ga] Exercises mytab™ math 

Verbal and Writing Skills, Exercises 1-10 

Copy this table in your notebook. Check off any description of the number that applies. 

Number Integer Rational Number | _ Irrational Number Real Number 

A Be Ed TS 

Integer Rational Number Irrational Number Real Number 

D2 S229222355 

Use a real number to represent each situation. 

11. Jules Verne wrote a book with the title 20,000 12. The value of the dollar is up $0.07 with respect to the 
Leagues under the Sea. yen. 

1 
13, Charlie lost? pounds on Weight Watchers. 14. The scouts hiked from sea level to the top of a 

3642-foot-high mountain. 

15. The temperature rises 7°F. 16. The lowest point in Australia is Lake Eyre at 52 feet 
below sea level. 

Find the additive inverse (opposite). 

es 18. -5 1993-273 20. 85.4 

Find the absolute value. 

5 3 
21. |=1.3| 22. '(+5.9| 23. P| 24. a 

Add. 

25. —8 + (-7) 26. —14 + (-3) 27, —20 + (—30) 28. (—17) + (—23) 

q i183 3 D 2 5 3 S 
. at ea Beene a=. 2. -— += as 30. + ( 2) 31 2 +( 5) edges 

O iged 2 3 
cS (== 45 == 35. -103'-- (=8.9 BGr ae ee 2S 

ae 5: ee “ 7 14 ( ) ( ) 

37. 0.6 + (-0.2) 38. —0.8 + 0.5 39. —5.26 + (-8.9) 40. —6.48 + (-3.7) 

41, —8 + (-5) + (-3) 42, -3 + (-9) + (-2) 43, -2 + (-8) + 10 44, -8 +7 + (-15) 
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45. 

Chapter 1 Real Numbers and Variables 

a3 Said 
“io (ea SE aa, 

Mixed Practice Add. 

49, 

57. 

60. 

63. 

8 + (=11) 

5.18 + (-7.39) 58. 

=74 (=15) + (—6) 61. 

17.85 + (—2.06) + 045 64. 

Applications 

65. 

67. 

69. 

71. 

72 ° 

Profit/Loss Holly paid $47 for a vase at an estate 
auction. She resold it to an antiques dealer for $214. 
What was her profit or loss? 

Home Equity Line of Credit Ramon borrowed $2300 
from his home equity line of credit to pay off his car 
loan. He then borrowed another $1500 to pay to have 

his kitchen repainted. Represent how much Ramon 
owed on his home equity line of credit as areal number. 

Football During the Homecoming football game, 
Quentin lost 15 yards, gained 3 yards, and gained 21 
yards in three successive running plays. What was his 
total gain or loss? 

Butterfly Population The population of a particular 
butterfly species was 8000. Twenty years later there 
were 3000 fewer. Today, there are 1500 fewer. Study 
the graph to the right. What is the new population? 

Credit Card Balance Aaron owes $258 to a credit 
card company. He makes a purchase of $32 with the 
card and then makes a payment of $150 on the ac- 
count. How much does he still owe? 

8.33:+.(—14,2) 

47. 

51. 

55. 

26 + (19) se 1a 31) 

~14 +9 + (-3) 48, -18 +10 + (-5) 

83 + 142 52, -114 + 186 

ae 2 1 
a —_ oak aaa + nes 

102 sc ( i) 

50,048) to) 

62, =16 412 + (26) ee 

28.37 + 4.08 + (—16.98) 

66. Temperature When we skied at Jackson Hole, Wyo- 

68. 

70. 

ming, yesterday, the temperature at the summit was 
—12°F. Today when we called the ski report, the tem- 
perature had risen 7°F, What is the temperature at the 
summit today? 

Time Change During the winter, New York City is on 

Eastern Standard Time (EST). Melbourne, Australia, 
is 15 hours ahead of New York. If it is 11 p.m. in 

Melbourne, what time is it in New York? 

School Fees Wanda’s financial aid account at school 
held $643.85. She withdrew $185.50 to buy books for 
the semester. Does she have enough left in her ac- 

count to pay the $475.00 registration fee for the next 
semester? If so, how much extra money does she 
have? If not, how much is she short? 

Butterfly populations 

Today’s 
observation 

Twenty years 

later 
Original 

observation 
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Profit/Loss During the first five months of 2020, a regional Midwest airline posted profit and loss figures for each month 
of operation, as shown in the accompanying bar graph. 

(Ce) 
“Airlines 

Stockholders 
Report 

73. For the first three months of 2020, what was the total 

earnings of the airline? 
30 

74. For the first five months of 2020, what was the total a 

earnings for the airline? 10 
5 
— 

(in millions of dollars) 

| S 

Airline’s monthly earnings | N S 

= Jan. Feb, Mar. Apr. May 

Month in 2020 

To Think About 

75. What number must be added to —13 to get 5S? 76. What number must be added to —18 to get 10? 

Cumulative Review Perform the calculations indicated. 

i aeeee | Sinral 4. 
. Lee | Shi f ait = 77. [0.2.3] ae 78 [0.3.1] = 9 

2 1 1 2 
79. [0.2.3] slap 80. [0.3.2] 25 + 35 

\ 

81. [0.4.4] 0.72 + 0.8 82. [0.4.4] 1.63 — 0.98 

83. [0.4.5] 1.63 x 0.7 84. [0.4.6] 0.208 + 0.8 

Quick Quiz 1.1 Add. 

1 =18 + (-16) » 2.7 + 8.6 + (-5.4) 

. Concept Check Explain why when you add two neg- 

ative numbers, you always obtain a negative number, 
but when you add one negative number and one posi- 

tive number, you may obtain zero, a positive number, 

or a negative number. 
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[1.2] Subtracting Real Numbers @ 

El Subtracting Real Numbers with the Same 
After studying this section, you will 

be able to: 

1 Subtract real numbers with 

the same or different 

signs. @® 

or Different Signs @® 

So far we have developed the rules for adding real numbers. We can use these rules 
to subtract real numbers. Let’s look at a bank account situation to see how. 

Situation 5: Subtract a Deposit and Add a Debit You have a balance of 20 dollars 
in your debit card account. The bank calls you and says that a deposit of 5 dollars 
that belongs to another account was erroneously added to your account. They say 
they will correct the account balance to 15 dollars. You want to keep track of what’s 
happening to your account. 

Your record for situation 5. 

20'— (+5) = 

From your present balance subtract the deposit to get the new balance. 

This equation shows what needs to be done to your account. The bank tells you that 
because the error happened in the past, they cannot “take it away.” However, they 
can add to your account a debit of 5 dollars. Here is the equivalent addition. 

20 + (-5) = 15 

To your present balance add a debit to get the new balance. 

We see that subtracting a positive 5 has the same effect as adding a negative 5. 

SUBTRACTION OF REAL NUMBERS 

To subtract real numbers, add the opposite of the second number (that is, 
the number you are subtracting) to the first. 

The rule tells us to do three things when we subtract real numbers. First, change 
subtraction to addition. Second, replace the second number by its opposite. Third, 

add the two numbers using the rules for addition of realnumbers. 

Example 1 Subtract. 6 — (-2) 

Solution 6 = 

‘ Change Write the opposite 
' subtraction of the second 

to addition. number. 

= 6 - (+2) 

Add the two real numbers with the same sign. 

= 8 o 

b= Student Practice 1 Subtract. 9 — (—3) 
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Example 2 Subtract. -8 — (-6) 

Solution =8 5 (-6) 

Change subtraction Write the opposite of 
to addition. the second number. 

Add the two real numbers with different signs. 

= -2 o 

Student Practice 2 Subtract. -12 — (—S) 

Example 3 Subtract. 
eo i 1 SS. -- (b) -7-(-§) 
Rapa s 18 9 

Solution 

oe eee) 6 Change the subtraction problem to one of adding the 
(a) “ole Mali Ao AIT a opposite of the second number. We note that the 

3 problem has two fractions with the same denominator. 

=- 7 Add two numbers with different signs. Calculator 

7 1 q 4 More with Negative 
(b) 18 ( 5) ae + 9 Change subtracting to adding the opposite. Numbers 

ii Subtract. Remember to use Z ae 
a See 18 Change j to 4 since LCD = 18. the key to change the 

sign of a number from + 
tO OF om) = toa 

(a) —18 — (—24) 

(P= ole (10) as) 

Ans: 

eee Add two numbers with different signs. oO 

Student Practice 3 Subtract. 

eae WEBBING: (a) 6 = (by -1 
08 0) 31 ( “4 

Example 4 Subtract. —5.2 — (en) 

Solution 

—5.2 — (—5.2) = —5.2 + 5.2 Change the subtraction problem to one of adding the 
opposite of the second number. 

=0 Add two numbers with different signs. o 

Student Practice 4 Subtract. —17.3 — (-17.3) 

Example 4 illustrates what is sometimes called the additive inverse property. 
When you add two real numbers that are opposites of each other, you will obtain 

zero. Examples of this are the following: 

1 
5 + (-5) =0 -186 + 186 =0 Sot ae 

Boi | 



78 Chapter 1 Real Numbers and Variables 

Example 5 Subtract. ; 

ayes = 2 (by) 23 28 () 58) (d) 7-8 

Solution To subtract, we add the opposite of the second number to the first. 

(a) -8 #2'= —8 (2) = 10 
In a similar fashion we have 

(b) 23 = 28 = 23 + (=28) = —5 
() 53(3) =5 938 

a (238) =14(-2)=-2or-7 Oo 
il 1 

ON oma 

Student Practice 5 Subtract. 

(a) -21 -9 (b) 17 — 36 (c) 12 — (-15) (d) = D 

Example 6 A satellite is recording radioactive emissions from nuclear waste buried 
3 miles below sea level. The satellite orbits Earth at 98 miles above sea level. How far 

is the satellite from the nuclear waste? 

Solution We want to find the difference between +98 miles and —3 miles. This 
means we must subtract —3 from 98. 

98 — (-3) = 98 +3 = 101 

The satellite is 101 miles from the nuclear waste. oO 

fe=4 Student Practice 6 A helicopter is directly over a sunken vessel. The 
helicopter is 350 feet above sea level. The vessel lies 186 feet below sea level. How 
far is the helicopter from the sunken vessel? 

! od STEPS TO SUCCESS What Are the Absolute Essentials to Succeed in This Course? 
Students who are successful in this course find there are six 

absolute essentials. 

Here they are: 

a personal commitment to doing that one thing consistently for 

the next two weeks? You will be amazed at the results. 

: If you are in an online class or a nontraditional class: 
. Attend every class session. 
. Read the textbook for every assigned section. Students in an online class or a self-paced class find it really 

. Take notes in class. 

. Do the assigned homework for every class. 

. Get help immediately when you need assistance. 

. Review what you are learning. aOuhWHDN = 

Making it personal: Which of the six suggestions above is the 

one you have the greatest trouble actually doing? Will you make 

> fa —> [ie > [i 

helps to spread the homework and the reading over five dif- 
ferent days each week. 

Making it personal: Will you try to do your homework for 

five days each week over the next two weeks? You will be 

amazed at the results. Write out a study plan for the next 

two weeks. 
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Verbal and Writing Skills, Exercises 1 and 2 

1, Explain in your own words how you would perform the necessary steps to find -8 — (—3). 

2. Explain in your own words how you would perform the necessary steps to find -10 — (—15). 

Subtract by adding the opposite. 

3. 

Te 

1; 

15. 

23 

Mixed Practice Calculate. 

27. 

31. 

35. 

39. 

43. 

47. 

51. 

ai — 49 

eta (23) 

Ole) 

Site (-20) 

=v.0.— 0:3 

3 ee 
5 

2.3 — (-4.8) 

135 — (~126,5) 

4.5 — (-1.56) 

Subtract —9 from —2. 

4. 

16. 

24. 

28. 

32. 

36. 

FBS ey 5, Seema 

-17 — (-13) 9, —52 — (-60) 

0 - (-7) 13. —18 — (18) 

2 4 
—11- (-1 .i-c (-19) ie 

eer oe 

<e4 7h eae 

-0.9 - 0.5 25, 2.64 — (—-1.83) 

5 2 
6 =a5 29. 3 4 

19 — 76 33. —2) = 48 

3 
8.4 — (-2.7) 37. 8 - (- 3) 

2 Qo 

cae! 4. Tag 

1 
-97,6 — (-146) ey 

5.2 = (==5 88 ) 49, —3 — 2.047 

52. Subtract —12 from 20. 

10. —48 — (—80) 

14, 24 =, (= 24) 

ota 
18. 9 9 

22, -—-— 

26. —0.03 — 0.06 

, —=-—5 30 6 

34. —74 — 11 

2 
hh Se 18 38, 2 — (6) 

Pp al 
42. ere: 

2 Mb aces é. 2- (23) 

50. —1.043 — 4 

53. Subtract 13 from —35. 

79 



80 ~~ Chapter 1 Real Numbers and Variables 

One Step Further Change each subtraction operation to “adding the opposite.” Then combine the numbers. 

54. 9+ (-7) -—5 55. 7+ (-6) -3 56. —18 + 12 — (-6) 

57, -13 + 12 — (-1) 58. —23 — (-12) - (-4) +17 59. 16 + (-20) — (-15) -1 

60. —8.3 — (-2.6) + 1.9 61. —7.8 — (—5.2) + 3.7 

Applications 

62. Sea Rescue A rescue helicopter is 300 feet above sea 
level. The captain has located an ailing submarine 
directly below it that is 126 feet below sea level. How 
far is the helicopter from the submarine? 

+600 feet + 

63. Sea Rescue Suppose a rescue helicopter 600 feet 
above sea level descends 300 feet to search for debris 
or any other signs of a submarine in trouble. When 

the captain does not see anything, he ascends 200 feet 
and stays at that altitude while he tries to get a radio 
signal from the submarine. A few moments later he 
speaks to the captain and is informed that the subma- 
rine is 126 feet below sea level. How far is the heli- 
copter from the submarine? 

+300 feet + 

Sea level + 

* 

64. Debit Card Account Balance Yesterday Jackie had 

$156 in her debit card account. Today her account —126 feet + 
reads “balance —$37.” Find the difference in these 
two amounts. 

Cumulative Review In exercises 65-69, perform the operations indicated. 

65. [1.1.4] —37 + 16 66. [1.1.3] —37 + (-14) G7] (LES "=3 > (—6) 40) 

68. [1.1.4] Temperature On a winter morning, Alisa no- 69. [0.3.1] Hiking Sean and Khalid went hiking in the 
ticed that the outside temperature was —5°F. By the Blue Ridge Mountains. During their 84-mile hike, t 
afternoon the temperature had risen 20°F. What was of the distance was covered with snow. How many 
the afternoon temperature? miles were snow covered? 

Quick Quiz 1.2 Subtract. 

1 dre U6 

. Concept Check Explain the different results that are 
possible when you start with a negative number and 
then subtract a negative number. 
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a 3} Multiplying and Dividing Real Numbers @ 

EI Multiplying Real Numbers @® 
After studying this section, you will We are familiar with the meaning of multiplication for positive numbers. For exam- Pekee 

ple,5 < 90 = 450 might mean that you receive five weekly checks of 90 dollars each 

and you gain $450. Let’s look at a situation that corresponds to 5 X (—90). What 1 | Multiply real numbers. @® 
might that mean? 

Use the multiplication 

Situation 6: Checking an Account Balance You write a check for five weeks in a properties for real numbers. @® 

row to pay your share of weekly grocery expenses of 90 dollars. If you do not have a 3 
checking account and instead have a debit card account, a similar result would occur 3) ee ae 
if you were charged $90 each week for five weeks. You want to know the total impact 
on your account balance. 

Your record for situation 6. 

CF5) x (—90) = —450 

The number of times negative 90, the gives negative 450 
checks you value of each check dollars, a net 

have written that was a debit debit to your 

to your account, account 

Note that a multiplication symbol is not needed between the (+5) and the (—90) 
because the two sets of parentheses indicate multiplication. The multiplication 
(5)(—90) is the same as repeated addition of five (—90 )s. Note that 5 multiplied by 
—90 can be written as 5(—90) or (5)(—90). 

(-90) + (-90) + (-90) + (-90) + (-90) = —450 

This example seems to show that a positive number multiplied by a negative number 
is negative. 

What if the negative number is the one that is written first? If (5)(—90) = 
—450 then (—90)(5) = —450 by the commutative property of multiplication. This 
is an example showing that when two numbers with different signs (one positive, one 
negative) are multiplied, the result is negative. 

But what if both numbers are negative? Consider the following situation. 

Situation 7: Meal Card Last year at college your meal card cost 90 dollars per 

week for 36 weeks, which included two semesters and summer school. This year you 
will not attend the summer session, so you will buy a meal card for only 30 weeks. 

Thus the number of weeks needing a meal card will be six less than last year. You 
are making out your budget for this year. You want to know the financial impact of 
buying a meal card for six fewer weeks. - 

Your record for situation 7. 

(-6) x (—90) - 540 
The differenceinthe times | -—90,the weekly gives +540 dollars. The 
number of weeks cost of meal product is positive, 
this year compared cards, because your 
to last year is —6, financial situation 

which is negative to will be 540 dollars 

show a decrease, better this year. 

You could check that the answer is positive by calculating the total meal card expenses. 

Cost of meal card last year (36)(90) = 3240 

(subtract) Cost of meal card this year — (30)(90) = —2700 

Extra dollars available this year +540 

This agrees with our previous answer: (—6)(—90) = +540. 
Note that —6 times —90 can be written as —6(—90) or (—6)(—90). 
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In this situation it seems reasonable that a negative number times a negative 
number yields a positive answer. We already know from arithmetic that a positive 
number times a positive number yields a positive answer. Thus we might see the gen- 
eral rule that when two numbers with the same sign (both positive or both negative) 
are multiplied, the result is positive. 

We will now state our rule. 

MULTIPLICATION OF REAL NUMBERS 

To multiply two real numbers with the same sign, multiply the absolute values. 

The sign of the result is positive. 

To multiply two real numbers with different signs, multiply the absolute 
values. 

The sign of the result is negative. 

Example 1 Multiply. 

@ a6  m(-3)(-§) ©-«) @ (2) 
Solution 

(a) (3)(6) = 18 When multiplying two numbers 
with the same sign, the result is a 
positive number. 

When multiplying two numbers 
with different signs, the result is a 

negative number. # (2)e9-(64)--! 
Student Practice 1 Multiply. 

@ (-6(-2) Mm — © (-3)(2) @ (2\-7) 

To multiply more than two numbers, multiply two numbers at a time. 

Example 2 Multiply. (—4)(-3)(-2) 

Solution 

(4) (3) (-2) (+12)(-—2) We begin by multiplying the first two numbers, (—4) 
and (—3). The signs are the same. The answer is 
positive 12. 

= —24 Now we multiply (+12) and (—2). The signs are 

different. The answer is negative 24. oO 

= Student Practice 2. Multiply. (—5)(—2) (6) 
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Example 3 Multiply. 

@ -3(-15) (=F )(-1)(-8)—@ ~2(-2)(-2)(-2) 
Solution Multiply two numbers at a time. See if you find a pattern. 

(a) —3(-1.5) = 45 Be sure to place the decimal point in your answer. 

(b) (-S)-v-4) = +3 (-4) ==) 

(c) —2(-2)(-2)(-2) = +4(-2)(-2) = -8(-2) = +16 or 16 

What kind of answer would we obtain if we multiplied five negative num- 
bers? If you guessed “negative,” you probably see the pattern. oO 

iis Student Practice 3 Determine the sign of the product. Then multiply 
to check. 

(a) —2(-3) Cb) (=1)(-3) (aie 

(©) -4(-4)(-2)(-9) 

When you multiply two or more nonzero real numbers: 

1. The result is always positive if there is an even number of negative signs. 

2. The result is always negative if there is an odd number of negative signs. 

Using the Multiplication Properties for Real Numbers @® 

For convenience, we will list the properties of multiplication. 

. Multiplication is commutative. 
This property states that if two real numbers are multiplied, the order of 
the numbers does not affect the result. The result is the same no matter 

which number is written first. 

WEE PW sim=me= ((3)-2\) 
. Multiplication of any real number by zero will result in zero. 

(5)(0) =0, }=0, (0)(0) =o 
. Multiplication of any real number by 1 will result in that same number. 

5 5 
on =* Spf (u)(—7) 2147; (1)(-2) = -2 

. Multiplication is associative. 
This property states that if three real numbers are multiplied, it does not 
matter which two numbers are grouped by parentheses and multiplied first. 

2 X (3 X 4) = (2 X 3) X 4 _First multiply the numbers in parentheses. 
Then multiply the remaining numbers. 

2 x (12) = (6) x 4 The results are the same no matter which 
Ac 24 numbers are grouped and multiplied first. 

83 
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Dividing Real Numbers @® 

What about division? Any division problem can be rewritten as a multiplication 
problem. 

We know that 20 + 4 = 5 because 4(5) = 20. 

Similarly, -20 + (—4) = 5 because —4(5) = —20. . 

In both division problems the answer is positive 5. Thus we see that when you divide 
two numbers with the same sign (both positive or both negative), the answer is posi- 
tive. What if the signs are different? 

We know that —20 + 4 = —5 because 4(—-5) = —20. 

Similarly, 20, = (-4) = —5 because aid (en) =a ()) 

In these two problems the answer is negative 5. So we have reasonable evidence 
to see that when you divide two numbers with different signs (one positive and one 
negative), the answer is negative. 

We will now state our rule for division. 

DIVISION OF REAL NUMBERS 

To divide two real numbers with the same sign, divide the absolute values. 
The sign of the result is positive. 

To divide two real numbers with different signs, divide the absolute values. 

The sign of the result is negative. 

Example 4 Divide. 

- 42 @2s4 m(2s)+(-3) OS wt 
Solution 

(a) 12+4=3 
When dividing two numbers with the 
same sign, the result is a positive number. 

(b) (—25) + (—5) =5 

©) ae iy When dividing two numbers with differ- 
(a) aa ~ ent signs, the result is a negative number. 

Oo 

Student Practice 4 Divide. zs =n 

(a) —36 + (-2) (b) 49 +7 (c) —“t0 (d) ce 

Example 5 Divide. (a) —36 + 0.12 (b) —2.4 + (-0.6) 

Solution 

(a) —36 + 0.12 Look at the problem to determine the sign. When dividing two numbers 
with different signs, the result will be a negative number. 

We then divide the absolute values. 

3 00. 
0.12, ) 36.00, 

36 

00 

Thus —36 + 0.12 = —300. The answer is a negative number. 



Section 1.3 Multiplying and Dividing Real Numbers 

(b) —2.4 + (—0.6) Look at the problem to determine the sign. When dividing two 
numbers with the same sign, the result will be positive. 

We then divide the absolute values. 

4. 
0.6, )24, 

24 

Thus —2.4 + (—0.6) = 4. The answer is a positive number. o 

dey Student Practice 5 Divide. 

(a) -12.6 = (-1.8) (b) 0.45 + (-0.9) 

Note that the rules for multiplication and division are the same. When you 
multiply or divide two numbers with the same sign, you obtain a positive number. 
When you multiply or divide two numbers with different signs, you obtain a negative 
number. 

Example 6 Divide. -" M : 

Solution 

in 12 3 Divide two fractions. We invert the second 

fraction and multiply by the first fraction. 

I | 

alls SF 
) Divide out common factor. 

18 3 The answer is negative since the two numbers 

5 5 divided have different signs, oO 
ll | | g | 

Ww 
| 

=e Student Practice 6 Divide. 

Note that division can be indicated by the symbol + or by the fraction bar —. 
#means 2 + 3. 

7 _2 
ou 8 3 

Example 7 Divide. (a) ner (b) cam 

13 
Solution 

i 
8 

(a) =Ory 

7 pit er 21 
=e) Change —21 toa fraction; -21 =>, 

8 il 

1 

= ie (- =) Change the division to multiplication. 
8 at Divide out common factor. 

rye tee oy 
24 age 

Continued on next page 
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Operation 

Addition 

Subtraction 

Multiplication 

Division 

2 

{D) eS 13 QB Org 21 21 
13 oO 

[ims Student Practice 7 Divide. 

_ 
12 9 

ors meng 
5 13 

0 0 

Be 2 1000 

You can divide zero by 5, Z, 5.6, 1000, or any number (except 0). 

. Division of any real number by 0 is undefined. 

64 
7+0 0 

Hine ah 

0+5=0, 0 

Neither of these operations is possible. Division by zero is undefined. 

You may be wondering why division by zero is undefined. Let us think about it 
for a minute. We said that 7 + 0 is undefined. Suppose there were an answer. Let us 
call the answer a. So we assume for a minute that 7 + 0 = a. Then it would have to 
follow that 7 = 0(a). But this is impossible. Zero times any number is zero. So we 
see that if there were such a number, it would contradict known mathematical facts. 

Therefore there is no number a such that 7 + 0 = a. Thus we conclude that division 

by zero is undefined. 
When combining two numbers, it is important to be sure you know which rule 

applies. Think about the concepts in the following chart. See if you agree with each 
example. 

Two Real Numbers with the Same Sign Two Real Numbers with Different Signs 

Result may be positive or negative. Result may be positive or negative. 

OD =r -3+7=4 

5) ar (=o) = ill 4 (12) = =8 

Result may be positive or negative. Result may be positive or negative. 

15 — 6 = 15) (—6) 9 =P) <= 3) = Wee (8h) = = i115 

le (3) 12 5 -— (-6) =5+6=11 

Result is always positive. Result is always negative. 

9(3) = 27 —6(12) = -72 

—8(—-5) = 40 8(-3) = —24 

Result is always positive. Result is always negative. 

150 + 6 = 25 —60 + 10 = -6 

-72 + (-2) = 36 30 + (-6) = -5 
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Example 8 The Westman High football team recently analyzed the 48 plays their 
team made while in possession of the football during their last game. The bar graph 

illustrates the number of plays 

made in each category. The team 
statistician prepared the following 
chart indicating the average num- 

in Possession hile 
Plays Md all Analysis of of the Footb 

Large gain 

Medium gain 
a 

z ber of yards gained or lost during 
i) each type of play. 
oD 
£ 

5 Average Yards 

g Gained or 
& Type of Play Lost for Play 

i 
E 
Z Small gain 

Zero gain 

Small loss 
loss 

Medium eae gain Medium loss 
ain 

loss < Large loss 

Type of Play 

(a) How many yards were lost by the team in the plays that were considered small 
losses? 

(b) How many yards were gained by the team in the plays that were considered 
small gains? 

(c) Ifthe total yards gained in small gains were combined with the total yards lost 
in small losses, what would be the result? 

Solution 

(a) We multiply the number of small losses by the average number of total yards 
lost on each small loss: 

The team lost approximately 40 yards with plays that were considered small 
losses. 

(b) We multiply the number of small gains by the average number of yards gained 
on each small gain: 

12(5) = 60. 

The team gained approximately 60 yards with plays that were considered small 
gains. 

(c) We combine the results for (a) and (b): 

—40 + 60 = 20. 

A total of 20 yards was gained during the plays that were small losses and small 
gains, o 

die Student Practice 8 Using the information provided in Example 8, 
answer the following: 

(a) How many yards were lost by the team in the plays that were considered 
medium losses? 

(b) How many yards were gained by the team in the plays that were considered 
medium gains? 

(c) Ifthe total yards gained in medium gains were combined with the total yards 
lost in medium losses, what would be the result? 
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Verbal and Writing Skills, Exercises 1 and 2 

1, Explain in your own words the rule for determining 2. Explain in your own words the rule for determining 

the correct sign when multiplying two real numbers. the correct sign when multiplying three or more real 

numbers. j 

Multiply. Be sure to write your answer in the simplest form. 

3. 8(—5) 4. 9(-9) 5. 0(—12) 6. 0(136) 

7. 14(3.5) 8. 7.5(8) 9. (=1.32)(—0.2) 10. (—2.3)(—0.11) 

1. 1.8(-2.5) 12. (3.4)(-2.2) LB. (3)c-4) 14. (5)(-) 

hi) 15 4 3 12 —5 14 3} 

= Glen = Ee us Ce i Cale, 

Divide. 

19. 0 + (-9) 20. 0 + (=13) 21, -48 + (-8) 22. -64+8 

23, -120 = (-8) | 24, —180 = (—4) 25, = 

26, 27. —9.1 = 0.07 28. 81 = (—0.03) 

29. 0.54 = (-0.9) 30. -72 +8 31. 63 +7 

ag) #()-@) «(9-8 
=) “C9 

of 
i ~6 8 

8. ——— a 2 3 40 a 

5 7 3 

72 s) 8 
3 2 3 

Ai Tell we A a a 43. = 

15 

Multiply. You may want to determine the sign of the product before you multiply. 

44. —6(2)(-3)(4) A512 oe) 
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47. 

= LN) 
CHO 

—2(4) (3)(-1)(-3) 
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48. —6(2)(—3) (0)(-9) 

CEN 
= ICAI) 

Mixed Practice Take a minute to review the chart before Example 8. Be sure that you can remember the sign rules for 

each operation. Then do exercises 56-65. Perform the calculations indicated. 

56, <5 (=2) 57.. ~36 (4) 

60. (—30) +5 61. 8 — (9) 

64. 18 + (—18) 65,4- 37 + 37 

Applications 

66. Stock Trading During one day in October 2019, the 

value of one share of Alamo Group stock opened at 
$50.46. At the end of the day, it closed at $47.24. If 

you owned 90 shares, what was your profit or loss 

that day? 

68. Student Loans Ramon will pay $6480 on his student 
loan over the next three years. If $180 is automati- 

cally deducted from his bank account each month to 

pay the loan off, how much does he still owe after one 

year? 

58. —4(-8) 59. 12 + (-8) 

62, —6+ (—3) G3." 6( 12) 

67. Equal Contributions Ed, Ned, Ted, and Fred went 

camping. They each contributed an equal share of 
money toward food. Fred did the shopping. When 

he returned from the store, he had $17.60 left. How 
much money did Fred give back to each person? 

69. Car Payments Muriel will pay the Volkswagen deal- 
er a total of $14,136 to be paid in 60 equal monthly 
installments. What is her monthly bill? 

Football The Beverly Panthers recently analyzed the 37 plays their team made while in possession of the football during 
their last game. The team statistician prepared the following chart indicating the number of plays in each category and the 

average number of yards gained or lost during each type of play. Use this chart to answer exercises 70-75. 

Type of Play 

Large gain 

Number of Plays 

Medium gain 

Small gain 

Zero gain 

Small loss 1 

Medium loss 

Large loss 

70. How many yards were lost by the Panthers in the 
plays that were considered small losses? 

72. Ifthe total yards gained in small gains were combined 

with the total yards lost in small losses, what would be 

the result? 

Average Yards Gained or Lost per Play 

+25 

71. How many yards were gained by the Panthers in the 
plays that were considered small gains? 

73. How many yards were lost by the Panthers in the 

plays that were considered medium losses? 
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74, How many yards were gained by the Panthers in the 
plays that were considered medium gains? 

Cumulative Review 

76. [1.1.5] —17.4 + 8.31 + 2.40 

78. [1.2.1] -47 — (—32) 

Quick Quiz 1.3 Perform the operations indicated. 

75. If the total yards gained in medium gains were com- 
bined with the total yards lost in medium losses, what 
would be the result? 

3 2 5 
77, [1.1.5] -7 + (- 2) Ee (- =) 

“79, [1.2.1] -37 - 51 

» ~4(3)(—5)(—2) 

. Concept Check Explain how you can determine the 
sign of the answer if you multiply several negative 
numbers. 

Read the textbook first before doing the homework. Take 
some time to read the text and study the examples. Try work- 

ing out the Student Practice problems. You will be amazed at 

the amount of understanding you will obtain by studying the 

book before jumping into the homework exercises, 

Take your time. Read the directions carefully. Be sure you un- 

derstand what is being asked. Check your answers with those 
given in the back of the textbook. If your answer is incorrect, 
study similar examples in the text. Then redo the problem, 
watching for errors. 

Sunday Monday Tuesday 

GOP STEPS TO SUCCESS Getting the Greatest Value from Your Homework 

Wednesday 

Make a schedule. You will need to allow two hours outside of 

class for each hour of actual class time. Make a weekly sched- 

ule of the times you have class. Now write down the times 

each day you will devote to doing math homework. Then 

write down the times you will spend doing homework for your 

other classes. If you have a job be sure to write down all your 

work hours. 

Making it personal: In your notebook, write down your own 

schedule of class, work, and study time. 

Thursday Friday Saturday 
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_ [4] Exponents @& 

Ei Writing Numbers in Exponent Form @® 
In mathematics, we use exponents as a way to abbreviate repeated multiplication. Tae aailte ales section youn 

Long Notation Exponent Form 
a Write numbers in exponent 

OV 20D 24202 0 ze 2° form. @® 

There are two parts to exponent notation: (1) the base and (2) the exponent. The Evaligate numerical 
base tells you what number is being multiplied and the exponent tells you how many expressions that contain 
times this number is used as a factor. (A factor, you recall, is a number being multiplied.) exponents. 

2:2°2:2:2°2 = Saas 

The base is 2 yl The exponent is 6 
(the number being multiplied) (the number of times 2 is used as a factor) 

If the base is a positive real number, the exponent appears to the right and 
slightly above the level of the number as in, for example, 5° and 8°. If the base is a 
negative real number, then parentheses are used around the number and the expo- 

nent appears outside the parentheses. For example, (—2)(—2)(—2) = (—2)?. 
In algebra, if we do not know the value of a number, we use a letter to represent 

the unknown number. We call the letter a variable. This is quite useful in the case of 
exponents. Suppose we do not know the value of a number, but we know the num- 

ber is multiplied by itself several times. We can represent this with a variable base 
and a whole-number exponent. For example, when we have an unknown number, 
represented by the variable x, and this number occurs as a factor four times, we have 

ae 
(x(x )(e)(x) = 2°. 

Likewise, if an unknown number, represented by the variable w, occurs as a factor 

five times, we have 

(w)(w)(w)(w)(w). = w”. 

Example 1 Write in exponent form. 

(a) 9(9)(9) (b) 13(13)(13)(13) (c). 7 Diet Ol-7) 
(Ueto 4 )( —4)(—4)(—4)(—-4) (e) (x)(x) () (y)(y)(y) 

Solution 

(a) 9(9)(9) = 9 (b) 13(13)(13)(13) = 13+ 

(c) The —7 is used as a factor five times. The answer must contain parentheses. 

Thus —7(—7)(—7)(-7)(-7) = (-7)°. 

(d) —4(—4)(—4)(—4)(—4)(—4) = (~4)° 
(ey (x)(x) = 2 ® (yyy) =y° a 

Student Practice 1 Write in exponent form. 

(a) 6(6)(6)(6) (b) —2(—2)(—2)(-2)(—2) 
(c) 108(108)(108) (Qe teeth 11 (11) 
(e) (w)(w)(w) (f) (z)(z)(z)(z) 

If the base has an exponent of 2, we say the base is squared. 

If the base has an exponent of 3, we say the base is cubed. 

If the base has an exponent greater than 3, we say the base is raised to the 

(exponent)-th power. 

x? is read “x squared.” 

y? is read “y cubed.” 
3° is read “three to the sixth power” or simply “three to the sixth.” 
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Evaluating Numerical Expressions That 

Contain Exponents @® 

Example 2 Evaluate. 

(a) 2° (b) 2° + 44 

Solution 

(a) 2° = (2)(2)(2)(2)(2)e 932 
(b) First we evaluate each power. 

es 4 se 

Then we add. 8 + 256 = 264 o 

Student Practice 2. Evaluate. 

(a) 3° (b) 27+ 3° 

If the base is negative, be especially careful in determining the sign. Notice the 
following: 

(3), (3) Gepost tes iT ake ee home) Ga ae 
From Section 1.3 we know that when you multiply two or more real numbers, first 
you multiply their absolute values. 

Calculator 

Exponents 

You can use a calculator 
to evaluate 3°, Press the 

following keys: ; ear oi 
[=] e The result is positive if there is an even number of negative signs. 

The display should read ¢ The result is negative if there is an odd number of negative signs. 

a Me ~ erie RE SIGN RULE FOR EXPONENTS 

(c) 18° (d) 3” Suppose that a number is written in exponent form and the base is negative. 
The result is positive if the exponent is even. The result is negative if the 
exponent is odd. 

Ans: 

(a) 4096 (b) 0.00032 

(c) 34,012,224 (d) 531,441 

Be careful how you read expressions with exponents and negative signs. 

(—3)* means (—3) (—3) (—3) (—3) or +81. 

—34 means — (3) (3) (3) (3) or —81. 

The steps needed to raise a 

number to a power are slightly 
different on some calculators. 

Example 3 Evaluate. 

(a) (-2)° (b) (-4)° (Obes (d) -(5") 
Solution 

(a) (-2)? = -8 The answer is negative since the base is negative and the exponent 
3 is odd. 

(b) (—4)° = +4096 The answer is positive since the exponent 6 is even. 

(c) —3° = —729 The negative sign is not contained in parentheses. Thus we find 3 
raised to the sixth power and then take the negative of that value. 

(d) —(5*) = —625 The negative sign is outside the parentheses. Oo 

f=’ Student Practice 3 Evaluate. 

(a) (-3)3 (b) (-2)° (c) -24 (d) —(6°) 



) 

MeExample 4 Evaluate. 

ih RES (5) 
(d) (3)7(2)° 
Solution 

4 

«ONS 6 GIG IG ier 
(b) (0.2)4 = (0.2) (0.2) (0.2) (0.2) = 0.0016 

© (3) = (5)(5)5) = 5 S/ No \5 125 

(d) First we evaluate each power. 
Bo OT oe, 2a 32 

Then we multiply. (27) (32) = 864 

(b) (0.2)4 (©) (2) 
(e) 2° — 34 

(e) 22 — 3* = 8 - 81 = -73 
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Student Practice 4 Evaluate. 
1 3 

@ (5) 
(b) (0.3)4 

4 

© (5) 

(d) (3)*(4)? 

(e) 4? — 24 

For all Student Practice problems, write 
out the steps on a separate sheet of paper. 
Check the step-by-step solutions in the back 
of the textbook. 

PP STEPS TO SUCCESS Helping Your Accuracy 
It is easy to make a mistake. But here are five ways to cut down 
on errors. Look over each one and think about how each sug- 

gestion can help you. 

1. Work carefully and take your time. Do not rush through a 

problem just to get it done. 

2. Concentrate on the problem. Sometimes your mind starts 

to wander. Then you get careless and will likely make a 

mistake. 
3. Check your problem. Be sure you copied it correctly from 

the book. 

4. Check your computations from step to step. Did you do 

each step correctly? 

5. Check your final answer. Does it work? Is it reasonable? 

Making it personal: Look over these five suggestions, Which 

one do you think will help you the most? Write down how 

you can use this suggestion to help you personally as you try 

to improve your accuracy. 

ne 
ee ee a en aes) 
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Verbal and Writing Skills, Exercises 1-6 

1. Explain in your own words how to evaluate 3°. 

3. Explain how you would determine whether (—5)? is 
negative or positive. 

5. Explain the difference between (—2)* and —2', 
What answers do you obtain when you evaluate the 
expressions? 

Write in exponent form. 

7. (6)(6)(6)(6)(6) 

Evaluate. 

15. 3° 16. 9 

19. 6° 20. 12? 

23. —(47) 24. —(53) 

n. (2) as. (3) 

31a (24 )- 32. (ie 

35. (-16)? 36. (-7)* 

94 

10. 

12. 

14, 

17. 

21. 

25. 

29. 

33. 

37. 

Explain in your own words how to evaluate 97. 

Explain how you would determine whether (—2)° is 
negative or positive. 

Explain the difference between (—3)* and —3*, 
What answers do you obtain when you evaluate the 
expressions? 

(8)(8)(8)(8)(8)(8) 

(x)(x)(*)(*) 

MMMM G)(1) 

(2w)(2w)(2w)(2w)(2w) 

33 18. 7° 

(-3)3 22, {=2)° 

—5? 26. —47 

2\° As\4 (5) (3) 
(0.2)° 34. (0.7)? 

iG 387 7° 
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Evaluate. 

39, 5° + 6 40. 6? + 23 41, 10? - 11? 

42, 5° — 2° 43, (—4)? -— (12)? 44, 14 — (-6)? 

45. 2° — (-3)? 46. 7° — (-2)4 47, (-5)3(-2)? 

Cumulative Review Evaluate. 
9 Annis) (11) + (—13) + 6 £9) 4's 49, [1.3.3] z+ (-3) 

50, [1.2.1] +17 —(=9) 51. [1.3.1] (—2.1)(-1.2) 

52. [0.5.3] Amanda decided to invest her summer job earnings of $1600. At the end of the year she earned 6% on her 
investment. How much money did Amanda have at the end of the year? 

Quick Quiz 1.4 Evaluate. 

1. (-4)4 2. (1.8)? 

4, Concept Check Explain the difference between 
(—2)° and —2°. How do you decide if the answers are 
positive or negative? 
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[15] The Order of Operations @ 

El Using the Order of Operations to Simplify Numerical 
After studying this section, you will 

be able to: 

1 | Use the order of operations 
to simplify numerical 
expressions. @® 

Expressions @® 

It is important to know when to do certain operations as well as how to do them. For 
example, to simplify the expression 2 — 4-3, should we subtract first or multiply 

first? 
Also remember that multiplication can be written several ways. Thus 

4+3,4 x 3, 4(3), and (4)(3) all indicate that we are multiplying 4 times 3. 
The following list will assist you. It tells which operations to do first: the correct 

order of operations. You might think of it as a list of priorities. 

ORDER OF OPERATIONS FOR NUMBERS 

Follow this order of operations: 

Do first 1. Do all operations inside parentheses. 

. Raise numbers to a power. 2 

3. Multiply and divide numbers from left to right. 

4 Do last . Add and subtract numbers from left to right. 

Let’s return to the problem 2 — 4-°3. There are no parentheses or numbers 
raised to a power, so the first thing we do is multiply. Then we subtract since this 
comes last on our list. 

2—4+3 =2-— 12 Follow the order of operations by first multiplying 4-3 = 12. 

= -10 Combine 2 — 12 = —10. 

Example 1 Evaluate.8 + 2-3 + 4° 

Solution 

8 +2+34+ 47 =8+2+3+16 Evaluate 42 = 16 because the highest priority in 
this problem is raising to a power. 

= 4-3 + 16 Next multiply and divide from left to right. We 
have 8 + 2 = 4, 

= 12+ 16 4-3 = 12 

= 28 Finally, add. oO 

ba Student Practice 1 Evaluate. 25 + 5-6 + 2? 

Note: Multiplication and division have equal priority. We do not do multiplica- 
tion first. Rather, we work from left to right, doing any multiplication or division that 
we encounter. Similarly, addition and subtraction have equal priority. 

Example 2 Evaluate. (—3)? — 24 

Solution The highest priority is to raise the expressions to the appropriate powers. 

(—3)? — 24 = -27 — 16 In (—3)3 we are cubing the number —3 to obtain —27. 
Be careful; —2* is not (—2)*! We raise 2 to the fourth power. 

= —43 The last step is to add and subtract from left to right. oO 

Bove Student Practice 2 Evaluate. (—4)° — 2° 
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Mg Example 3 Evaluate.2-(2 — 3)? +6 +3 + (8-5)? Student Practice 3 Evaluate. 

Solution eee ae 
2° (2—.3)° + 6 > 3-+.(8 — 5)? 

=2- (-1)3 + 6+ 3+ 3? Combine the numbers inside the 

parentheses. Note that we need 

parentheses for —1 

because of the negative sign, but For all Student Practice problems, write out 
they are not needed for 3. 

the steps on a separate sheet of paper. Check 
=2-(-1)+6+3+9  Next,raise to a power. the step-by-step solutions in the back of the 

=—2- 2 9 Next, multiply and divide from left textbook. 
to right. 

=0+9 

=9 Finally, add and subtract from left 

to right. o 

WEAN 3\2 
Example 4 Evaluate. (-2)(3) as (3) 

Solution The highest priority is to raise 3 to the second power. 

() = Ga) =3 
-i | rR ae _ NR a 

| 

os N|w Se ee 

nN 

ll | 

M| RR See es NI] Re eee, 

| 

|. Calculator 

1 9 j 
ry Next we multiply. Order of Operations 

ws tah ol 9:5 We need to write each fraction as an Use es SNe eet 
~ 40-2 4-5 equivalent fraction with the LCD of 20. 3 a il 

eee 45 If the display is[__23], the 
sO 0 correct order of operations is 

built in. If the display is not 23, 
nt WES 47 or wa Le Add o you will need to modify the way 

20 20 you enter the problem. You 
should use 

dee Student Practice 4 Evaluate. 4x15 3(=] 
1 14 1 3\2 Try 6 + 3-4 — 8 = 2. 

alga i SS) : @ ie 
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Verbal and Writing Skills, Exercises 1-4 

Game Points You have lost a game of UNO and are counting the points left in your hand. You announce that you have 

three fours and six fives. 

1. 

3. What answer would you get for the number expression 

Write this as a number expression. 

if you simplified it by 

(a) performing the operations from left to right? 

(b) following the order of operations? 

Evaluate. 

Se 

13. 

17. 

21. 

23. 

P48 

(7-9)? +2x5 6. (5-8)? +3x6 

8—-23-543 10. 7-—37-44+5 

3°5+7:3-—5:3 14, 2°6+5°3 — 7°4 

3(5 — 7)? = 6(3) 18.02) 34=16)4 — (<2) 

Mixed Practice 

27. (3-7)? 48 +3 

2. 

4. 

11. 

19. 

22. 

24. 

26. 

28. 

. 8 — 5(2)? + (-8) 16. 

How many points do you have in your hand? 

Which procedure in exercise 3 gives the correct num- 
ber of total points? 

9 4-4/5 +28) 8. 13 + 2(-8 + 6 — 3) 

A 42 392 18 12. 7 36 = 123 ee 

11 — 3(4)? + (-6) 

5-6 — (3 = 5)* 48.2 20. (—5)?+ (15 +3) +4eo 
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Sit 2.6 — (1,8)(23)i+°(4.1)? 32. 5.15 + 4.2 + (-0.3) — (3.5)? 

Applications Often in golf, it becomes important to keep track of eagles, bogies, pars, and birdies. Consider the following 
example during a year when Tiger Woods won the Buick Invitational. The following scorecard shows the results of Round 4. 
There are 18 holes per round and the table shows the number of times Woods got each type of score. 

Score on a Hole Number of Times the Score Occurred 

Eagle (—2) 1 

Birdie (—1) 5) 

Par (0) 10 

Bogey (+1) 2 

35. Write his score as the sum of eagles, birdies, pars, and bogeys. 

36. What was his final score for the round, when compared to par? 

37. What answer do you get if you do the arithmetic left to right? 

38. Explain why the answers in exercises 36 and 37 do not match. 

Cumulative Review Simplify. 
3 1 

39, [1.4.2] (0.5)? 40. [1.2.1] - ite Al, [1.4.2] —17° 42. [0.3.2] 35 + o, 
Nn 

Quick Quiz 1.5 Evaluate. 

1.7-34+2-5 2. (0.3)? — 4.2(—4) + 0.07 

3. (7 — 9)* + 22 + (-2) + 6 4, Concept Check Explain in what order you would 
perform the calculations to evaluate the expression? 

4— (-3 + 4)? + 12 + (-3). 



Use Math to Save Money 

Did You Know? Having a budget can help you control 
how you spend and save your money. 

Time to Budget 

Understanding the Problem: 

One way to improve your financial situation is to learn to 

manage the money you have with a budget. A budget can 
maximize your efforts to ensure you have enough money to 

cover your fixed expenses, as well as your variable expenses. 

Michael is a teacher. One of Michael’s goals is to go back 
to school to earn his master’s degree in education. He knows 

that this will not only help him further his career but also pro- 

vide better financial stability in the long run. His net monthly 
income is currently $2500. So, Michael knows he'll need to 

put himself on a budget for a period of time in order to save 

money to go back to school. 

Making a Plan: 

Michael needs to budget his expenses to help control his 

spending and to save for college. He wants to see how long it 

will take to save up the needed money. 

Step 1: Research shows that consumer credit counseling ser- 

vices recommend allocating the following percentages for each 

category of the monthly budget: 

Debt Payments 

Food 15% 

mE 
Task 1: If Michael follows this plan, how much will he put 

away in savings at the end of one year? 

Task 2: If Michael follows this plan, how much will he spend 

on food by the end of one year? 

Step 2: After investigating several schools in his area, Michael 

chooses to attend a state college that offers a one-year pro- 

gram for the degree he wishes to pursue. Michael will need 

$3000 for tuition and fees the first semester, and $450 for 
textbooks. 

Task 3: What is the total cost for books and fees, and textbooks 

for one semester? 

Finding a Solution: 

Step 3: By controlling his spending Michael is able to save for 
his master’s degree. 

100 

Task 4: How many months will Michael have to save to pay for 

one semester at this college? Round to the nearest month. 

Task 5: If Michael can increase his savings to 10% of his 

monthly budget by making cuts in other areas, how long 

would he have to save to pay for one semester? Round to the 

nearest month. 

Step 4: Once Michael earns his advanced degree, his salary 

will increase on the following schedule: 

e Year 1 an additional $4200 

e Year 2 an additional $4800 

e Year 3 an additional $5200 

e Year 4 an additional $5500 

¢ Year 5 an additional $5800 

Task 6: If Michael goes back to his original budget, how much 

will he be saving with his new income after five years? 

Task 7: How much will he have available for misc. spending? 

Applying the Situation to Your Life: 

Having a budget can help you control your spending. 

Task 8: Do you have a budget? 

Task 9: How would you adjust Michael’s budget to fit your 

needs? 

Task 10: You may not be planning to get a master’s degree 

but probably you are thinking of saving up for some 

important purchase. Are you thinking of buying a new car 

that is more fuel-efficient? Are you planning a special trip? 

How could you adjust Michael’s budget to help you with 

your goal? 
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[1.6] Using the Distributive Property to Simplify 
Algebraic Expressions 

El) Using the Distributive Property to Simplify 
Algebraic Expressions @® 

As we learned previously, we use letters called variables to represent unknown num- 
bers. If a number is multiplied by a variable, we do not need any symbol between 
the number and variable. Thus, to indicate (2)(x), we write 2x. To indicate 3+ y, we 
write 3y. If one variable is multiplied by another variable, we place the variables 
next to each other. Thus, (@)(b) is written ab. We use exponent form if an unknown 

number (a variable) is used several times as a factor. Thus, x-x+x = x°, Similarly, 

(y)(y) (vy) (y) = y%*. 
In algebra, we need to be familiar with several definitions. We will use them 

throughout the remainder of this book. Take some time to think through how each 
of these definitions is used. 

An algebraic expression is a quantity that contains numbers and variables, such 
as a + b,2x — 3, and S5ab~. In this chapter we will be learning rules about adding 

sand multiplying algebraic expressions, A term is a number, a variable, a product, or 
a quotient of numbers and variables. 17, x, Sxy, and 22xy? are all examples of terms. 

We will refer to terms when we discuss the distributive property. 
An important property of algebra is the distributive property. We can state it 

in an equation as follows: 

DISTRIBUTIVE PROPERTY 

For all real numbers a, 6, and c, 

a(b +c) =ab + ac. 

A numerical example shows that it does seem reasonable. 

5(3 + 6) = 5(3) + 5(6) 

5(9) = 15 + 30 

45 = 45 

We can use the distributive property to multiply any term by the sum of two 

or more terms. In Section 0.1, we defined the word factor. Two or more algebraic 

expressions that are multiplied are called factors. Consider the following examples 
of multiplying algebraic expressions. 

Example 1 Multiply. 

(a) 5(a + b) (b) —3(3x + 2y) 

Solution 

(a) 5(a + b) = 5a + 5b Multiply the factor (a + b) by the factor 5. 

(b) —3(3x + 2y) = —3(3x) + (-—3)(2y) Multiply the factor (3x + 2y) by the 
factor (—3). 

= —9x — 6y oO 

tem Student Practice 1 Multiply. 

(a) 3(x + 2y) (b) —2(a + 3b) 

If the parentheses are preceded by a negative sign, we consider this to be the 
product of (—1) and the expression inside the parentheses. 

Student Learning Objective 

After studying this section, you will 

be able to: 

ie Use the distributive property 

to simplify algebraic 

expressions. @® 
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Example 2 Multiply. —(a — 2b) 

Solution 

~(a — 2b) ="—-Di(a = 2b y= (9) (a) Fe ob eee 

me Student Practice 2 Multiply. —(—3x + y) 

In general, we see that in all these examples we have multiplied each term of 
the expression in the parentheses by the expression in front of the parentheses. 

Example 3 Multiply. 

(a) = (x? — 6x + 8) (b) 1.4(a* + 2.5a + 1.8) 

Solution 

2 2 al = Ware (2) a (=) (a) race 6x + 8) ele Ve 3 (6x) ct 5 (8) 

2 Sybian. 16 = 3% sis le 9 ia 3 

wenige 16 = 3 Ax + 3 

(b) 1.4(a? + 2.5a + 1.8) = 1.4(1a”) + (1.4) (2.5a) + (1.4) (1.8) 

= 14a? + 3.5a + 2.52 oO 

Student Practice 3 Multiply. 

(a) =(a" — 5a + 25) (b) 2.5(x? — 3.5x + 1.2) 

There are times we multiply a variable by itself and use exponent notation. For 
example, (x)(x) = x? and (x)(x)(x) = x°. In other cases there will be numbers 
and variables multiplied at the same time. 

We will see problems like (2x)(x) = (2)(x)(x) = 2x”. Some expressions 
will involve multiplication of more than one variable. We will see problems like 
(3x)(xy) = (3)(x)(x)(y) = 3x’y. There will be times when we use the distributive 
property and all of these methods will be used. For example, 

2x (Bye) eee (ON (ayy a toe) 

= 2x? + (-6)(xy) + 4(x) 

= 2x? — 6xy + 4x. 

We will discuss this type of multiplication of variables with exponents in more detail 
in Section 5.1. At that point we will expand these examples and other similar exam- 

ples to develop the general rule for multiplication (x*) (x°) = x°*?. 

Example 4 Multiply. —2x(3x + y — 4) 

Solution 

—2x( 3x sya) ll —2(x)(3)(x) + (-2)(x)(y) 
—2(3)(x)(x) + (-2)(xy) + 

= —6x" — 2xy + 8x oO 

Student Practice 4 Multiply. —4x(x — 2y + 3) 

ll 
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The distributive property can also be presented with the a on the right. 

(b +c)a = ba+ca 

The a is “distributed” over the b and c inside the parentheses. 

Example 5 Multiply. (2x? — x)(-3) 

Solution 

eee yr )o= 2xi(~3) (+ (x) (—3} 
—6x? + 3x oO 

Student Practice 5 Multiply. 

(3x? — 2x) (-4) 

A Example 6 A farmer has a rectangular field that is 300 feet wide. One portion of 
the field is 2x feet long. The other portion of the field is 3y feet long. Use the distrib- 
utive property to find an expression for the area of this field. 

Solution First we draw a picture of a field that is 300 feet wide and 2x + 3y 
feet long. 

To find the area of the field, we multiply the width times the length. 

300(2x + 3y) = 300(2x) + 300(3y) = 600x + 900y 

Thus the area of the field in square feet is 600x + 900y. o 

A Student Practice 6 A farmer has a rectangular field that is 400 feet 
wide. One portion of the field is 6x feet long. The other portion of the field is 9y feet 
long, Use the distributive property to find an expression for the area of this field. 

PP STEPS TO SUCCESS Review a Little Every Day 
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Successful students find that review is not something you topics in the chapter. A little review of each idea and each 

do the night before the test. Take time to review a little kind of problem will enable you to feel confident. You will 

each day. When you are learning new material, take a little think more clearly and have less tension when it comes to 

time to look over the concepts previously learned in the test time. 
chapter. By this continual review you will find the pressure 
is reduced to prepare for a test. You need time to think Making it personal: Which of these suggestions is the one you 

about what you have learned and make sure you really most need to follow? Write down what you need to do to 

understand it. This will help to tie together the different improve in this area. 
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Verbal and Writing Skills, Exercises 1-6 

In exercises 1 and 2, complete each sentence. 

1, A is a symbol used to represent an 
unknown number. 

Explain in your own words how we multiply a problem 
like (4x) (x). 

Does the following distributive property work? 

a(b —c) =ab-— ac 

Why or why not? Give an example. 

Multiply. Use the distributive property. 

ie 

11. 

15. 

19, 

23. 

25. 

29. 

5( 2% = Sy) 8. 6(3% — 6y) 

3 (3x Fy} 12. 8(5x + y) 

(coy) 16. = 3y +x) 

1.3(-5x + y= 4) 20. 1.5(2x — 6y — 5) 

iE ea 
=(x + 10y — Hint: = = = 5 (x +"10y — 4) ( int 5 er) 

Nitec e2 yea) 26. 3a(2a + b — c) 

(On Vi LG) SO (Ze 2y © 6)i( 3x) 
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When we write an expression with numbers 
and variables such as 7x, it indicates that we are 

7 by x. 

Explain in your own words why you think the property 
a(b +c) =ab + ac is called the distributive property. 
What does “distribute” mean? 

6. Susan tried to use the distributive property and wrote 

== Di Xai Aan ON ne OX LY oes 0) 

What did she do wrong? 

9. =2( 4a 3b') 10. —3(2a — 4b) 

IB S(=1' = Sn} 14. 10(-—2m — n) 

LT. -2Ow Sy aS) 18. —3(4x + 8 — 6y) 

21. 

24. 

HA fe 

> (12%? — 24x + 18) 22, =(-2704 + 9a? — 21) 

wo |X 
oy es Gy—4x= 6) (vin: * >) 

(—4.5x + 5) (-3) 28. (—3.2x + 5)(=4) 



Section 1.6 Using the Distributive Property to Simplify Algebraic Expressions 

Mixed Practice Multiply. Use the distributive property. 

Ste ar er 2y = 1) (—xy) 32. (Sa — 3b — 1)(-ab) 

34. (2a — b — 5)3ab 35. (84° — 16a — 5) 

37. —0.3x(—1.2x? — 0.3x + 0.5) 38. —0.6q(1.2q? + 2.5r — 0.75) 
Aint x(x") = x(x)(e)y se Hint: q(q?) = 

Applications 

A 40. Geometry Gary Roswell owns a large rectangular 
field where he grows corn and wheat. The width of the 

field is 850 feet. The portion of the field where corn 
grows is 10x feet long and the portion where wheat 

grows is 7y feet long. Use the distributive property to 
find an expression for the area of this field. 

To Think About 

A 42. Athletic Field The athletic field at Gordon College 
is 2x feet wide. It used to be 1800 feet long. An old, 

rundown shed was torn down, making the field 

3y feet longer. Use the distributive property to find 

an expression for the area of the new field. 

Cumulative Review In exercises 44-48, evaluate. 

44, [1.1.5] -18 + (—20) + 36 + (-14) 

46. [1.2.1] —27 — (—41) 

48, [1.5.1] (12 — 10)? + (—3)(-2) 

Quick Quiz 1.6 Multiply. Use the distributive property. 

15(—3a — 7b) 

3. —3ab(4a — 5b — 9) 
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33. (=a — 2b +4)5ab 

1 
36. 3 (~15a° = 2ha + A} 

39. 0.4q(—3.3q? — 0.7r — 10) 

a(q)(q) =@ Hint: q(q°) = q(a)(q) =@ 

A 41. Geometry Kathy Maris has a rectangular field that 

is 800 feet wide. One portion of the field is 5x feet 
long. The other portion of the field is 14y feet long. 

Use the distributive property to find an expression 
for the area of this field. 

A 43. Airport Runway The runway at Beverly Airport is 
4x feet wide. Originally, the airport was supposed 
to have a 3000-foot-long runway. However, some of 

the land was wetland, so a runway could not be built 

on all of it. Therefore, the length of the runway was 

decreased by 2y feet. Use the distributive property to 
find an expression for the area of the final runway. 

45. [1.4.2] (—2)° 

Qos 1.25 5(2) + (=6) 

2. 20x — 4y'+ 8) 

4. Concept Check Explain how you would multiply to 

obtain the answer for (—3) (21x? — 14x + 3). 
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[1.7] Combining Like Terms @ 

El Identifying Like Terms @® 
After studying this section, you will 
be able to: 

1] Identify like terms. @® 

Combine like terms. @® 

We can add or subtract quantities that are like quantities. This is called combining 
like quantities. 

5 inches + 6 inches = 11 inches 

20 square inches — 16 square inches = 4 square inches 

However, we cannot combine things that are not the same. 

16 square inches — 4inches (Cannot be done! ) 

Similarly, in algebra we can combine like terms. This means to add or subtract 
like terms. Remember, we cannot combine terms that are not the same. Recall that 
a term is a number, a variable, a product, or a quotient of numbers and variables. 
Like terms are terms that have identical variables and exponents. In other words, 
like terms must have exactly the same letter parts. 

Example 1 List the like terms of each expression. 

(a) Sx — 2y + 6x (b) 2x? — 3x — 5x” — 8x 

Solution 

(a) 5x and 6x are like terms. These are the only like terms in this expression. 

(b) 2x? and —5x? are like terms. 

—3x and —8x are like terms. 

Note that x? and x are not like terms. o 

Student Practice 1 List the like terms of each expression. 

(a) Sa + 2b + 8a — 4b (b) x? + y* + 3x — Ty? 

Do you really understand what a term is? A term is a number, a variable, a 
product, or a quotient of numbers and variables. Terms are the parts of an algebraic 
expression separated by plus or minus signs. The sign in front of the term is consid- 
ered part of the term. 

Combining Like Terms 

It is important to know how to combine like terms. Since 

4 inches + S inches = 9 inches, 

we would expect in algebra that 4x + Sx = 9x. 

Why is this true? Let’s take a look at the distributive property. 

Like terms may be added or subtracted by using the distributive property: 
ab + ac=a(b+c) and ba+ca=(b+c)a. 

For example, 

—1x + Ox= (=7 4.9) x 2x 

5x" 125?" (S512) x2 = ae 
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Example 2 Combine like terms. 

(a) —4x? + 8x? (b) 5x + 3x + 2x 

Solution 

(a) Notice that each term contains the factor x”. Using the distributive property, 

we have 

—4x? + 8x? = (-4 + 8)x? = 4y?. 

(b) Note that each term contains the factor x. Using the distributive property, 
we have 

ox Se HZ) (5 HS 2)x = 108! o 

Gea Student Practice 2 Combine like terms. 

(a) 16y> + 9y3 (b) Sa + 7a + 4a 

In this section, the direction simplify means to remove parentheses and/or 
combine like terms. 

Example 3 Simplify. 5a? — 2a? + 6a’ 

Solution 

Sa” — 2a? + 6a = (5 — 2 + 6)a* = 9a? o 

ie Student Practice 3 Simplify. —8y? — 9y” + 4y’ 

After doing a few problems, you will find that it is not necessary to write out 
the step of using the distributive property. We will omit this step for the remaining 

examples in this section. 

Example 4 Simplify. 

(a) 5.6a + 2b + 7.3a — 6b 

(b) 3x*y — 2xy? + 6x?y 

(c) 2a*b + 3ab* — 6a*b? — 8ab 

Solution 

(a) 5.6a + 2b + 7.3a — 6b = 12.9a — 4b We combine the a terms and the b terms 
separately. 

(b) 3x*y — 2xy? + 6x2y = 9xy — 2xy? —_— Note: x’y and xy” are not like terms 
because of different powers. 

(ce) 2a*b + 3ab* — 6a*b? — 8ab These terms cannot be combined; there 
are no like terms in this expression. oO 

deep Student Practice 4 Simplify. 

(hlest ee Sa 9:6x 20 

(b) Sab — 2ab* — 3a*b + 6ab 

(c) 7x*y — 2xy* — 3x*y* — 4xy 
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The two skills in this section that a student must practice are identifying like 
terms and correctly adding and subtracting like terms. If a problem involves many 
terms, you may find it helpful to rearrange the terms so that like terms are together. 

Example 5 Simplify. 3a — 2b + 5a” + 6a — 8b — 12a? 

Solution There are three pairs of like terms. 

3a + 6a — 2b — 8b + S5a* — 12a” Youcan rearrange the terms so that like 
——— feo! ——_| terms are together, making it easier to 

a terms b terms a? terms combine them. 

= 9a — 10b — 7a? Combine like terms. 

Because of the commutative property, the order of terms in an answer to this prob- 
lem is not significant. These three terms can be rearranged in a different order. 
—10b + 9a — 7a” and —7a? + 9a — 10b are also correct. Later, we will learn the 
preferred way to write the answer. Oo 

i= Student Practice 5 Simplify. S5xy — 2x?y + 6xy” — xy — 3xy” — 7x’y 

Use extra care with fractional values. 

3 1 
Example 6 Simplify. roa — Sy - 3” 2 

Solution We need the least common denominator for the x? terms, which is 8. 
3 

Change 4 to eighths by multiplying the numerator and denominator by 2. 

3) fp wadee BS 2 hie Dee ir eee 

Ais ge Sie dD Sia Sem Rae 
The least common denominator for the y terms is 3. Change —S to thirds. 

_S tt eee 
{°° 37% hegre a = Sa ae 3 

Re) 14 
Thus, our solution is ra reek oO 

Student Practice 6 Simplify. 

il 5 il aA eae 2s 74 19) + 24 3° 

Example 7 Simplify. 6(2x + 3xy) — 8x(3 — 4y) 

Solution First remove the parentheses; then combine like terms. 

6(2x + 3xy) — 8x(3 — 4y) = 12x + 18xy — 24x + 32xy Use the distributive 
property. 

SAVE sie Si vay Combine like terms. © 

= Student Practice 7 Simplify. 5a(2 — 3b) — 4(6a + 2ab) 



— Ga] Exercises Mytab™ math 
Verbal and Writing Skills, Exercises 1-6 

1. Explain in your own words the mathematical mean- 
ing of the word term. 

Explain which terms are like terms in the expression 
Sie = TE teh. 

Explain which terms are like terms in the expression 
Txy — 9x*y — 15xy? — 14xy. 

Combine like terms. 

he 

11. 

14, 

17. 

20. 

23. 

25. 

27. 

29. 

31. 

16x? — 15x? 8. —14x? — 21x 

BM ce ZY | 8X S—7y) 

aaa = 0.25 = 0.8a +.5.3b 

3D = Hep ae PADS 8) a OGp a Al 

Tha? = BING = WTO Sa terse) 

2y? — 8y + 9 — 12y? - 8y +3 

Bus os Ors + LON — 5 

eee) Sa ee gay Pay ary 

9. 5a° — Ta* + a? 

122, 5% — 9b — 6458 

$5, 1.60 — 2.8y = 3,Gue ey 16. 

18, 6x — Sy — 3y 7 i 19, 

41. 2x? — 3x —-5 —- 7x + 8 — x? 

24. 

26. 

28. 

30. 

32. 

Explain in your own words the mathematical mean- 
ing of the phrase like terms. 

Explain which terms are like terms in the expression 
Za oy = 9a. 

Explain which terms are like terms in the expression 
—3a’b — 12ab + Sab? + 9ab. 

10. 2b° + 8b? — 9b3 

ib ieshe = Bony ap Stopes — OE), 

WON 24D i) 3. Oe Oo. 

2ab + Sbc — 6ac — 2ab 

22. Sx +7 — 6x? + 6 — 11x + 4x’ 

3y? + Sy — 12 — 4y? - 6y +2 

se Os OF — rs 68 — 2r 

3 25 on, 
ab = —a"b + 2ab + = ab gab 2ab + a°b 

Simplify. Use the distributive property to remove parentheses, then combine like terms. 

33. 5(2a — b) — 3(5b — 6a) 34. BQk eeey a+ 4(3y — Sx) 
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35. 

37. 

39. 

—3b(Sa — 3b) + 4(-3ab — 5b?) 

6(c — 2d”) — 2(4c — d?) 

3(4 — x) — 2(—4 — 7x) 

To Think About 

A 41. 

A 43. 

Fencing in a Pool Mr. Jimenez has a pool behind his 
house that needs to be fenced in. The backyard is an° 
odd quadrilateral shape. The four sides are 3a, 2b, 4a, 
and 76 in length. How much fencing (the length of the 

perimeter) would he need to enclose the pool? 

Geometry A rectangle is 5x — 10 feet long and 

2x + 6 feet wide. What is the perimeter of the rect- 

angle? 

Cumulative Review Evaluate. 

45, 

47. 

aa 24) -= - = pom 

4 1 3 
[1.1.4] 5 Sie (- x) ae (- =) 

Quick Quiz 1.7 Combine like terms. 

1. 

3. 

ax aa ao eee y ae” 6r 3° Y 

2KBK = SY) rae 

36. 

38. 

40. 

A 42. 

A 44, 

46. 

48. 

2. 

4. 

3a(2a — 3b) — 3(—Sa* + ab) 

—4(3cd + 2c?) + 2c(5d — c) 

5(6 = x) — 2(9 = 11x) 

Framing a Masterpiece The new Degas masterpiece 
purchased by the Museum of Fine Arts in Boston 
needs to be reframed. If the rectangular picture meas- 
ures 6x — 3 wide by 8x — 7 high, what is the perime- 
ter of the painting? 

Geometry A triangle has sides of length 3a + 8 me- 
ters, Sa — b meters, and 12 — 2b meters. What is the 

perimeter of the triangle? 

8.2a2b + 5.5ab? — 7.6a2b — 9.9ab? 

Concept Check Explain how you would remove 
parentheses and then combine like terms to obtain 
the answer for 1.2(3.5x% —-2.2y) — 4.5(2.0% = Toye 
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ti 8]) Using Substitution to Evaluate Algebraic 
Expressions and Formulas @® 

4 Evaluating an Algebraic Expression Student Learning Objectives 

fora Specified Value After studying this section, you will 
be able to: 

You will use the order of operations to evaluate variable expressions. Suppose we 
are asked to evaluate 1 | Evaluate an algebraic expression 

for a specified value. @® 
6 + 3x for x = —4, 

Evaluate a formula by 
In general, x represents some unknown number. Here we are told x has the value substituting values, @® 
—4, We can replace x with —4. Use parentheses around —4. Note that we always put 
replacement values in parentheses. 

6 +3(-4) =6+ (-12) =- 

When we replace a variable by a particular value, we say we have substituted the 
value for the variable. We then evaluate the expression (that is, find a value for it). 

Example 1 Evaluate on — § for x = -6, 

Solution 

y 2 
tac 5 = 3 (-) — 5 Substitute —6 for x. Be sure to enclose the —6 in 

parentheses. 

, 2 6 
= 4 5 Multiply (2)(- 5 = —4. 

= -9 Combine. 

Ee Student Practice 1 Evaluate 4 — 4x for x = —8. 

Compare parts (a) and (b) in the next example. The two parts illustrate that 
you must be careful what value you raise to a power. Note: In part (b) we will need 
parentheses within parentheses. To avoid confusion, we use brackets [ | to represent 
the outside parentheses. 

Example 2 Evaluate for x = —3. 

(a) 2x? (b) (2x)? 
Solution 

(a) Here the value x is squared. (b) Here the value (2x )is squared. 

2x? = 2 (-3)? (2x)? = [2 (=3)/ 
= 2(9) First square —3. = (-6)? First multiply the 

numbers inside the 
brackets. 

= 18 Then multiply. = 36 Then square -6. O 

Gees Student Practice 2 Evaluate for x = —3. 

(a) 4x? (b) (4x)? 

Carefully study the solutions to Example 2(a) and Example 2(b). You will find 
that taking the time to see how and why they are different is a good investment 

of time. 
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Student Practice 3 Me Example 3 Evaluate x7 + 3x for x = —4. 

Evaluate 2x” — 3x for x = —2. Solution 

2 Sige s we x ; 
For all Student Practice problems, write x* + 3x = (-4)* + 3(-4) pig ha each x by —4 in the original expression. 

out the steps on a separate sheet of paper. = 16 + (3)(—4) _ Raise to a power. 

Check the step-by-step solutions in the = 16-12 Multiply. 

back of the textbook. =4 Finally, we add the opposite of 12. ‘od 

This is the altitude. 

2 \ this is the base. 

: 1 
Example 4 Evaluate x? + 2xy — 3x + 1 forx =2andy = ae 

Solution 

x+2xy -—3x+1= eo \(- +) =3( ) +1. Replace x by 2 and y by —— 

=8 + ( == (paca Calculate 27 = 8, and multiply 
1 1 

2(2)( ;) = 4( ;) =—1. Also, 

multiply —3(2) = — 

=8+(-1) +(-—6)+1 Change subtracting to 
adding the opposite. 

= 9+ (-7) Find the sum of the positive 
numbers and find the sum 
of the negative numbers. 

=2 We take the difference of 9 and 7 
and use the sign of the number with 

the larger absolute value. Oo 

f=’ Student Practice 4 ‘ 

Evaluate 6a + 4ab* — 5 fora= me and b=3. 

HM] Evaluating a Formula by Substituting Values 

We can evaluate a formula by substituting values for the variables. For example, the 
area of a triangle can be found using the formula A = ab, where b is the length of 
the base of the triangle and a is the altitude of the triangle (see figure). If we know 
values for a and b, we can substitute those values into the formula to find the area. 

The units for area are square units. 

Because some of the examples and exercises in this section involve geometry, 
it may be helpful to review this topic. 

The following information is very important. If you have forgotten some of this 
material (or if you have never learned it), please take the time to learn it completely 
now. Throughout the entire book we will be using this information in solving applied 
problems. 

Perimeter is the distance around a plane figure. Perimeter is measured in linear 
units (inches (in.), feet (ft), centimeters (cm), miles (mi)). Area is a measure of the 
amount of surface in a region. Area is measured in square units (square inches (in.”), 
square feet (ft”), square centimeters (cm?)). 

In our sketches we will show angles of 90° by using a small square (b.). This 
indicates that the two lines are at right angles. All angles that measure 90° are called 
right angles. An altitude is perpendicular to the base of a figure. That is, the altitude 
forms a right angle with the base. The small corner square in a sketch helps us iden- 
tify the altitude of the figure. 

The following box provides a handy guide to some facts and formulas you will 
need to know. Use it as a reference when solving word problems involving geometric 
figures. 
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GEOMETRIC FORMULAS: TWO-DIMENSIONAL FIGURES 

A parallelogram is a four-sided figure with opposite A trapezoid is a four-sided figure with two sides par- 
sides parallel. In a parallelogram, opposite sides are allel. The parallel sides are called the bases of the 

equal and opposite angles are equal. trapezoid. 

bi = base one Perimeter = the sum of all 
Perimeter = the sum of all 

ial 
: 

Area = ab by = base two Area = 5a(b, + bp) 
A rectangle is a parallelogram with all interior angles 
measuring 90°. A triangle is a closed plane figure with three sides. 

i a = altitude ' Bahinateme 2) 2 Perimeter = the sum of all 

w = width three sides 
Area = Iw 

b = base 1 
1 = length Area = zab 

A square is a rectangle with all four sides equal. A circle is a plane curve consisting of all points at an 

equal distance from a given point called the center. 
Perimeter = 4s Circumference is the distance around a circle. 

Area = 52 r = radius 

d=diameter Circumference = 2zr or ad 

secad Area = 7° 

a (the number pi) is a constant associated with circles. It is an irrational number that is approximately 

3.141592654. We usually use 3.14 as a sufficiently accurate approximation. Thus we write 7 ~ 3.14 for most of 
our calculations involving 7. 

S 

s = side 

AExample 5 Find the area of a triangle with a base of 16 centimeters (cm) and an 
altitude of 12 centimeters (cm). 

: 1 
Solution Substitutea@ = 12cmandb = 16cminA = 5b. 

A= >(12 cm)(16 cm) 

= (6)(16)(cm)? = 96 square centimeters 

The area of the triangle is 96 square centimeters or 96 cm”. o 

A|t=4 Student Practice 5 Find the area of a triangle with an altitude of 

3 meters and a base of 7 meters. 

The area of a circle is given by A = mr”. We will use 3.14 as an approximation 

for the irrational number 7. 

AExample 6 Find the area of a circle if the radius is 2 inches. 

Solution 

A = ar’ ~ (3.14)(2 inches)? Write the formula and substitute the given values for 
the letters. 

= (3.14)(4)(in.)? | Raise to a power. Then multiply. 

~ 12.56 square inches or 12.56 in.” o 

afte Student Practice 6 Find the area of a circle if the radius is 3 meters. 
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The formula C = 3(F — 32) allows us to find the Celsius temperature if we 
know the Fahrenheit temperature. That is, we can substitute a value for Fin degrees 
Fahrenheit into the formula to obtain a temperature C in degrees Celsius. 

Example 7 What is the Celsius temperature when the Fahrenheit temperature 
is F = —22°? 

Solution Use the formula. 

C= 2 (= 32) 
9 

- >(-22) — 32] Substitute —22 for F in the formula. 

= > —54) Combine the numbers inside the brackets. 

= (5)(-6) Simplify. 

= —30 Multiply. 

The temperature is —30° Celsius or —30°C. Oo 

Student Practice 7 What is the Celsius temperature when the 
Fahrenheit temperature is F = 68°? Use the formula C = 3(F — 32). 

When driving in Canada or Mexico, we must observe speed limits posted in 
kilometers per hour. A formula that converts r (miles per hour) to k (kilometers per 
hour) is k ~ 1.617. Note that this is an approximation. 

Example 8 You are driving on a highway in Mexico. It has a posted maximum 
speed of 100 kilometers per hour. You are driving at 61 miles per hour. Are you 
exceeding the speed limit? 

Solution Use the formula. 

k = 1.61r 

~ (1.61)(61) Replace r by 61. 

= 98,21 Multiply the numbers. 

You are driving at approximately 98 kilometers per hour. You are not exceed- 
ing the speed limit. o 

Student Practice 8 You are driving behind a heavily loaded truck on 
a Canadian highway. The highway has a posted minimum speed of 65 kilometers 
per hour. When you travel at exactly the same speed as the truck ahead of you, 
you observe that the speedometer reads 35 miles per hour. Assuming that your 
speedometer is accurate, determine whether the truck is violating the minimum 
speed law. 
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Evaluate. 

1, =3e"— S for x= 4 Zee OPlOr ¢ = 6 3, =y — 8 for y = -10 4. 2y 5 for y= ~6 

1 3} 
5. Sx + 10 for x= 5 Bie a PO ar — 5 7. 2 A LOG Xx = 7 8. 3 — 5x for x = 8 

9, 3.5 — 2x for x = 2.4 TOMO ste Oxalor i= 2.3 18. Sy se13 for x= 5 12. Sx +7 for x= —5 

13, x? — 3x for x = —2 14, x* + 3x for x =4 154 5y? for y.=.-1 16. 8y* for y = —-1 

Vireo. tor. 2 18. —5x° for x =3 19, —5x? for x = —2 20. —2x? for x = -3 

Oi av tor w= —3 22. 18 +)3x* forx=-—3 23): (2e)? + x for x= 3 24. 2 — x’ for x = -2 

25. 2 — (—x)? for x = -2 26. 2x — 3x’ for x = —4 27. 10a + (4a)* for a = -2 

2 = 2 F _f 2 el 28. 9a — (2a)* for a = —3 29. 4x° — 6x for x = 5 30, 5 = Ox" for xz = 3 

Sis — Ty + 3 for «= 2andy = 5 32. a° + 2b — 4 for a=1andb = —4 

lithe 2 ln 3 
33. 74 — 3b +9 for a= wand b= 7 34. 3% way = > tor x= ~Sandy =7 

35. 2r* + 3s* — rs for r = —lands = 3 36. —r? + 5rs + 4s” for r = —2ands = 3 

37. a? + 2abc — 3c? for a= 5,b = 9,andc = —1 38. a? — 2ab + 2c* for a = 3,b = 2,andc = —4 

2 + ab ee ap eee 80 gtiekg and p= 42 40. ~ Ee for x = —2andy = -3 
3b 2y 

Applications 

A 41. Geometry A sign is made in the shape of a parallel- A42. Geometry A field is shaped like a parallelogram. The 
ogram. The base measures 22 feet. The altitude mea- base measures 92 feet. The altitude measures 54 feet. 

sures 16 feet. What is the area of the sign? What is the area of the field? 
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A 43. 

A 45. 

A 47. 

A 49, 

TV Parts A square support unit in a television is made 
with a side measuring 3 centimeters. A new model 
being designed for next year will have a larger square 
with a side measuring 3.2 centimeters. By how much 
will the area of the square be increased? 

Carpentry A carpenter cut out a small trapezoid as a 
wooden support for a front step. It has an altitude of 
4 inches. One base of the trapezoid measures 9 inch- 
es and the other base measures 7 inches. What is the 
area of this support? 

Landscape Architect Assistant Lexi works as an as- 

sistant for a landscape architect in West Chicago, Illi- 
nois. The center of the flower garden at a new estate 
has a circular concrete platform for an elaborate wa- 
ter fountain. The circular platform has a diameter of 
12 feet. What will be the area of the circular platform? 
(Use 7 ~ 3.14.) 

Geometry The radius of a circular tablecloth is 3 feet. 
What is the area of the tablecloth? (Use 7 ~ 3.14.) 

A 44, 

A 46. 

A 48. 

A 50. 

Computer Chips A square computer chip for last 
year’s computer had a side measuring 23 millimeters. 
This year the computer chip has been reduced in size. 
The new square chip has a side of 20 millimeters. By 
how much has the area of the chip decreased? 

Cable Television Technician Dan is a Comcast cable 
technician. He works on a signal tower that has a small 
trapezoid frame on the top of the tower. The frame has 
an altitude of 9 inches. One base of the trapezoid is 20 
inches and the other base measures 17 inches. What is 
the area of this small trapezoidal frame? 

Roofing The ceiling in the Madisons’ house has a leak. 
The roofer exposed a triangular region that needs to 
be sealed and then reroofed. The region has an alti- 
tude of 14 feet. The base of the region is 19 feet. What 

is the area of the region that needs to be reroofed? 

Geometry Bradley Palmer State Park has a triangu- 
lar piece of land on the border. The altitude of the tri- 
angle is 400 feet. The base of the triangle is 280 feet. 
What is the area of this piece of land? 

5 
Temperature For exercises 51 and 52, use the formula C = oF — 32) to find the Celsius temperature. 

51. Dry ice is solid carbon dioxide. Dry ice does not 

melt, it goes directly from the solid state to the gas- 
eous state. Dry ice changes from a solid to a gas at 
—109.3°F. What is this temperature in Celsius? 

Solve. 

A 53. Sail Dimensions Find the total cost of making a tri- 

angular sail that has a base dimension of 12 feet and 

an altitude of 20 feet if the price for making the sail is 
$19.50 per square foot. 

52. 

A 54, 

Winter Jogging Jenny went jogging in January on a 
trail in Minneapolis when the weather outside was 
—12 degrees Celsius. Her outside winter jogging coat 

is rated for —3 degrees Fahrenheit. Is the coat going 
to be warm enough? What is the outside winter jog- 
ging coat rated for in degrees Celsius? 

Replacement Window Technician Caleb works for 

a company that installs energy-efficient replacement 
windows. He installed a new semicircular window in 
a large dining room. The owners want the window 
coated with a layer of sunblocking material. The 
semicircular window has a radius of 14 inches. The 
sunblock coating costs $1.15 per square inch to apply. 
What is the total cost of coating the window to the 
nearest cent? (Use 7 ~ 3.14.) 



Section 1.8 Using Substitution to Evaluate Algebraic Expressions and Formulas 

55. Temperature Extremes on the Moon The results of 

Cumulative Review In exercises 57 and 58, simplify. 

measurements made by NASA with the Lunar Or- 

biter show that the coldest temperature recorded on 
the surface of the moon was —238°C. The warmest 
temperature recorded on the surface of the moon was 
123°C, What are the corresponding temperatures in de- 

grees Fahrenheit? (Use the formula F = =C zy) 

57, [1.5.1] (—2)* - 4 +2 -—- (-2) 

Quick Quiz 1.8 Evaluate. 

1. 2x? — 4x — 14 for x = -2 

3. x? + 2x*y + Sy + 2 for x = —2andy = 3 
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56. Tour de France A recently completed Tour de France 
was 3642 kilometers long and was completed in 20 stag- 
es. What was the average length of each stage in miles? 

Use the formula r ~ 0.62k, where r is the number of 

miles and k is the number of kilometers. Round to the 

nearest tenth of a mile. 

Rieti eleas — 2y) — (x7 — y) = (x —y) 

2 ODI OL a = Sand b = oe 
3 

4. Concept Check Explain how you would find the area 
of a circle if you know its diameter is 12 meters. 

! bod STEPS TO SUCCESS What Is the Best Way to Review Before a Test? 
Here is what students have found, 

1. Read over your textbook again. Make a list of any terms, 

rules, or formulas you need to know for the exam. Make 

sure you understand all of them. 

. Go over your notes. Look back at your homework and quiz- 

zes. Redo the problems you missed. Make sure you can get 

the right answer. 

. Practice some of each type of problem covered in the chap- 

ter(s) you are to be tested on. 

. At the end of the chapter are special sections you need to 
complete. Study each part of the Chapter Organizer and do 

the You Try It problems. Be sure to do the Chapter Review 

Problems. 

5. When you think you are ready take the How Am | Doing? 

Chapter Test. Make sure you study the Math Coach notes 

right after the test. 

. Get help with concepts that are giving you difficulty. Don't 

be afraid to ask for help. Teachers, tutors, friends in class, 

and other friends are ready to help you. Don’t wait. Get 

help now. 

Making it personal: Which of the six steps do you most need 

to follow? Take some time today to start doing these things. 

These methods of review have helped thousands of students! 

They can help you—NOW! 
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fis] Grouping Symbols 

El simplifying Algebraic Expressions by Removing 
After studying this section, you will 

be able to: 

1 | Simplify algebraic expressions 
by removing grouping 

symbols. @® 

Grouping Symbols 

Many expressions in algebra use grouping symbols such as parentheses, brackets, and 
braces. Sometimes expressions are inside other expressions. Because it can be con- 
fusing to have more than one set of parentheses, brackets and braces are also used. 
How do we know what to do first when we see an expression like 2[5 — 4(a + b)]? 

To simplify the expression, we start with the innermost grouping symbols. Here 

it is a set of parentheses. We first use the distributive property to multiply. 

2[5 — 4(a + b)] = 2[5 — 4a — 4b] 

We use the distributive law again. 

= 10 — 8a — 8b 

There are no like terms, so this is our final answer. 

Notice that we started with two sets of grouping symbols, but our final answer 

has none. So we can say we removed the grouping symbols. Of course, we didn’t just 
take them away; we used the distributive property and the rules for real numbers 
to simplify as much as possible. Although simplifying expressions like this involves 
many steps, we sometimes say “remove parentheses” as a shorthand direction. Some- 

times we say “simplify.” 
Remember to remove the innermost grouping symbols first. Keep working 

from the inside out. 

Example 1 Simplify. 3[6 — 2(x + y)] 

Solution We want to remove the innermost parentheses first. Therefore, we first 
use the distributive property to simplify —2(x + y). 

3[6 — 2(x + y)] = 3[6 — 2x — 2y] Use the distributive property. 

= 18-— 6x -—6y Use the distributive property again. oO 

ee Student Practice 1 Simplify. 5[4x — 3(y — 2)] 

You recall that a negative sign in front of parentheses is equivalent to having 
a coefficient of negative 1. You can write the —1 and then multiply by —1 using the 

distributive property. 

= (eR Dy) 1 Dy aay. 

Notice that this has the effect of removing the parentheses. Each term in the result 
now has its sign changed. 

Similarly, a positive sign in front of parentheses can be viewed as multiplication 

bya l: 

+(5x — 6y) = +1(5x — 6y) = Sx — by 

If a grouping symbol has a positive or negative sign in front, we mentally mul- 
tiply by +1 or —1, respectively. 

Fraction bars are also considered grouping symbols. In exercises 39 and 40 of 

Section 1.8, your first step was to simplify expressions above and below the fraction 
bars. Later in this book we will encounter further examples requiring the same first 

step. This type of operation will have some similarities to the operation of removing 
parentheses. 



Example 2 Simplify. -2[3a — (b + 2c) + (d — 3e)] 

Solution 

Section 1.9 Grouping Symbols 119 

= —2[3a — b — 2c + d — 3e] Remove the two innermost sets of parentheses. 
Since one is not inside the other, we remove both 

sets at once. 

== ee 4. — 2d + Ge 
each term by —2., 

Now we remove the brackets by multiplying 

b= Student Practice 2 Simplify. —3[2a — (3b — c) + 4d] 

Example 3 Simplify. 2[3x — (y + w)] — 3[2x + 2(3y — 2w)] 

Solution 

= 2[3x — y — w] — 3[2x + 6y — 4w] Ineach set of brackets, remove the inner 
parentheses. 

6x — 2y — 2w — 6x — 18y + 12w = Remove each set of brackets by multiplying 
by the appropriate number. 

~20y + 10w or 10w — 20y Combine like terms:6x — 6x = 0x =0. O 

b= Student Practice 3 Simplify. 3[4x — 2(1 — x)] — [3x + (x — 2)] 

You can always simplify problems with many sets of grouping symbols by the 
method shown. Essentially, you just keep removing one level of grouping symbols at 
each step. Finally, at the end you combine any like terms remaining if possible. 

Sometimes it is possible to combine like terms at each step. 

Mg Example 4 Simplify. —3{7x — 2[x — (2x - 1)]} 

Solution 

= -3 { ieee 2k 1 } Remove the inner parentheses by multiplying 
each term within the parentheses by —1. 

—3{7x — 2[-x + 1]} 
= -3 {7x Bue 2} Remove the brackets by multiplying each 

term within them by —2. 

= -3 { or = 2 } Combine the x terms. 

= —27x + 6 Remove the braces by multiplying each 
term by —3. 

At the end of each exercise set is a Quick Quiz. Please be sure 
to do that. You will be amazed how it helps you in proving 
that you have mastered the homework. Make sure you do that 

each time as a necessary part of your homework. It will really 

help you gain confidence in what you have learned. The Quick 

Quiz is essential. 
Here is a fun way you can use the Quick Quiz. Ask a friend 

in the class if he or she will “quiz you” about 5 minutes before 
class by asking you to work out (without using your book) the 

Combine like terms by combining +x — 2x. 

GPP STEPS TO SUCCESS How Important Is the Quick Quiz? 

Student Practice 4 

Simplify. —2{5x — 3[2x — (3 — 4x)]} 

For all Student Practice problems, write 
out the steps on a separate sheet of paper. 
Check the step-by-step solutions in the 
back of the textbook. 

oO 

solution to one of the problems on the Quick Quiz. Tell your 

friend you can do the same thing for him or for her. This will 

force you to “be ready for anything” when you come to class. 
You will be amazed how this little trick will keep you sharp 

and ready for class. 

Making it personal: Which of these suggestions do you find 

most helpful? Use those suggestions as you do each section. 



{is} Exercises = MyLab™ math 

Verbal and Writing Skills, Exercises 1-4 

1. Rewrite the expression —3x — 2y using a negative 
sign and parentheses. 

3. To simplify expressions with grouping symbols, we 

use the property. 

Simplify. Remove grouping symbols and combine like terms. 

5. 8x — 4(x — 3y) 

7. 5(c — 3d) — (3c + d) 

9, —3[2(3a + b) — 5(a — 2b)] 

11. 2x[4x? — 2(x - 3)] 

13. 2[5(x + y) — 2(3x - 4y)] 

15. [10 — 4(x — 2y)] + 3(2x + y) 

17. 5[3a — 2a(3a + 6b) + 6a7] 

19, 6a(2a? — 3a — 4) — a(a — 2) 

21. 3a” — 4[2b — 3b(b + 2)] 
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10. 

14. 

16. 

18. 

20. 

22. 

Rewrite the expression —x + Sy using a negative sign 

and parentheses. 

When an expression contains many grouping symbols, 
remove the___——————S—.-seS TOUPing symbols first. 

—6y — 2(x — Sy) 

6(2c — d) — (4c + d) 

=A(x + Sy) + 3( Gy = 3x} 

4y[—3y? + 2(4 —y)] 

=3(x% + 3y) + 2(2x sy) 

[-5(—x + 3y) - 12] — 4(2x — 3) 

see (Oe tay dae 

7b(3b? — 2b — 5) — 2b(4 — b) 

2b? — 3[5b + 2b(2 — b)] 



Section 1.9 Grouping Symbols iil 

23. 5b + {—[3a + 2 (Sa - 2b)] - 1} 24, 3a — {-2[a - 4(3a + b)] - 2} 

25. 2{3x? + 5[2x — (3 — x)]} 26. 4{4x? + 2[3x — (4- x)]} 

27. —4{3a? — 2[4a* — (b + a?)]} 28. —3{x? — 5[x — (x — 3x”)]} 

Cumulative Review 

29. [1.8.2] Melting Point of Gold The melting point of A 30, [1.8.2] Geometry Use 3.14 as an approximation for 7 
pure gold is 1064.18°C. Use F = 1.8C + 32 to find the to compute the area covered by a circular irrigation sys- 
melting point of pure gold in degrees Fahrenheit. Round tem with radial arm of length 380 feet. Use A = ar. 

to the nearest hundredth of a degree. 

31. [1.8.2] Dog Weight An average Great Dane weighs 
between 120 and 150 pounds. Express the range of 
weight for a Great Dane in kilograms. Use the formula 

k = 0.45p (where k = kilograms, p = pounds). 

32. [1.8.2] Dog Weight An average Miniature Pinscher 

weighs between 9 and 14 pounds. Express the range of 

weight for a Miniature Pinscher in kilograms. Use the for- 
mula k = 0.45p (where k = kilograms, p = pounds). 

Quick Quiz 1.9 Simplify. 

Bex = 2(5x + y) | 2. Bike aie +4) + Sy] 

3 —4{2a aie p(t — a)|} 4. Concept Check Explain how you would simplify the 
following expression to combine like terms whenever 
possible. 3 { 2 ~ 148 2s) 5x]} 



CAREER EXPLORATION PROBLEMS 

r 

Background: Electrical Engineering Assistant 
Dan Silva is employed as an electrical engineering assistant. In order to finish a bid 
for anew client, Dan's manager has given him a few problems to solve involving the 
use of math and formulas. 

Facts 
e Each of two conductors carries 12A (amps) and has a voltage drop of 1.8V (volts). 

The formula used to calculate power loss is P = / x E,, where Pis the power loss 
in watts (W), / is the current, and E is the voltage. 

e Athird conductor has a voltage drop of 3% in a 240V circuit carrying a current 
of 24A. 

e An electrical circuit supply is 120V and its resistance is 200 ohms. The formula for 

current flow is / = ., where / is the current flow, E& is the voltage, and R is the 
resistance. 

e A circuit box has the dimensions 4 inches by 4 inches by 15 inches, and 
volume (V) = length (L) xX width (W) x height (H). 

Tasks 
1. Dan must calculate the power loss of each conductor that carries 12A (amps) and 

has a voltage drop of 1.8V (volts) along with the total power loss. What are these 
amounts? 

2. Dan needs to calculate the power loss in watts for the conductor having a voltage 
drop of 3% in the 240V circuit carrying a current of 24A. What is this amount? 

3. Dan must determine the amount of current flow in amps (A) in the circuit where 

the supply is 120V and the resistance is 200 ohms using the formula / = é, where 

/is the current flow, E is the voltage, and R is the resistance. What is this amount? 

4. Dan’s final calculation involves a little geometry. He needs to determine the total 

space inside seven a-by-4-by-15-inch circuit boxes. What is this total volume? 
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Chapter 1 Organizer 
Topic and Procedure 

Absolute value, p. 67 

The absolute value of a number is the distance 

between that number and zero on the number 

line. The absolute value of any number will be 

positive or zero. 

Adding real numbers with the same sign, p. 68 

If the signs are the same, add the absolute values of 
the numbers. Use the common sign in the answer. 

Adding real numbers with different signs, p. 70 

If the signs are different: 

1, Find the difference between the larger and the 

smaller absolute values. 

2. Give the answer the sign of the number having 

the larger absolute value. 

Adding several real numbers, p. 71 

When adding several real numbers, separate them 

into two groups by sign. Find the sum of all the 

positive numbers and the sum of all the negative 

numbers, Combine these two subtotals by the 

method described above. 

Subtracting real numbers, p. 76 

Add the opposite of the second number. 

Multiplying and dividing real numbers, 
pp. 82, 84 

1, Ifthe two numbers have the same sign, 
multiply (or divide) the absolute values. 

The result is positive. 
2. Ifthe two numbers have different signs, 

multiply (or divide) the absolute values. 

The result is negative. 

Exponent form, p. 91 

The base tells you what number is being 

multiplied. The exponent tells you how many 
times this number is used as a factor. 

Raising a negative number to a power, p. 92 

When the base is negative, the result is positive for 

even exponents and negative for odd exponents. 

Order of operations, p. 96 

Remember the proper order of operations: 

1, Perform operations inside parentheses. 

2. Raise to powers. 
3. Multiply and divide from left to right. 
4, Add and subtract from left to right. 

Removing parentheses, p. 101 

Use the distributive property to remove 
parentheses. a(b + c) = ab + ac 

Combining like terms, p. 106 

Combine terms that have identical variables and 

exponents, 

Examples 

Find the absolute value. 

(a) |3)=3 (b)|-2| =2 

5 5 
0| =0 -j=5 (e) |0| @| 4 ; 

(e) |—1.38| = 1.38 

Add. -3 + (—7) = =10 

Add. 
(a) (-7) + 13 =6 
(b) 7 + (-13) = -6 

Add. —7 + 6 +8 + (1 )ee ee tapee 22 
=] +6 

ili! +8 

-13 422 
oil +36 
————— nd 

—31 + 36=5 

The answer is positive since 36 is positive. 

Subtract. 
=3 — (=13)\ =a ees) a0 

Multiply or divide. 

(a) -5(-3) = +15 

(b) -36 + (-4) = +9 

(c) 28 + (-7) = -4 

(a) -6(3) = -18 

Evaluate. 

(a)! 2? = 2-2-2 Oe? 932) 

(b) 4 = 4-4-4 = 64 

(2) (=3)"= (=3)(-3) eset 

Evaluate. 

(ata 8)" = 227 
(b) (=2)* = 16 

Evaluate. 

a(S + 4)" = 24-8 == 

= 3-9? 4-3 + (9 —8) 

= 3-81 — 12 #1 

= 243 — 12 = 231 

Multiply. 

(a) 3(5x + 2) = 15x + 6 

| (b) —4(x — 3y) = —4x + 12y 

Simplify. 

7x? — 3x + 4y + 2x? — 8x — Oy = 9x? — 11x —- Sy 

ieee You Try It 
(on a separate sheet of paper) 

1. 

10. 

11. 

Find the absolute value. 

(a) |5 (b) |-1| 
(c) |0.5| @|-4| 
(e) |—4.57| 

. Add. -10 + (—4) 

. Add. 

(a) (-5) + 11 
(by Se (=i) 

. Add. 

= Arai nt aS) 12etan((e=a)) tad 

Sersiblonmyesiy ty (7) 

. Multiply or divide. 

(a) 9(—6) 

(b) 24 = (3) 

(c) —48 + (—8) 

(d) —3(-7) 

. Evaluate. 

(a) 37 (b) (1.5)? 
1 4 

(c) (3) 

. Evaluate. 

(a) (-2)° (b) (4)? 

. Evaluate. 

4 + 2(6 — 3)? -— (5-2)? +3 

Multiply. 

(a) 4(2a — 3) 

(b) =5(5x = 1) 

Simplify. 

9a? — 10a + 3ab + 7a — 12a* + Sab 
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Substituting into variable expressions, p. 111 

1, Replace each variable by the numerical value 
given for it. 

2. Follow the order of operations in evaluating 
the expression. 

Using formulas, p. 112 

1. Replace the variables in the formula by the 
given values, 

2. Evaluate the expression. 

3. Label units carefully. 

Topic and Procedure 

Removing grouping symbols, p. 118 

1. Remove innermost grouping symbols first. 

2. Then remove remaining innermost grouping 

symbols, 

3. Continue until all grouping symbols are 

removed. 

4, Combine like terms. 

Evaluate. 2x? + 3xy + 4y? for x = —3 and y = 2, 

2(-3)3 ==) Gey ate 4(2)? 

= 2(—27) + 3(-3)(2) + 4(4) 
=a Best 16 

—56 

Find the area of a circle with radius 4 feet. 
Use A = ar, with 7 as approximately 3.14. 

A = (3.14)(4 ft) - 

=~ (3.14) (16 ft?) 

= 50.24 ft? 

The area of the circle is approximately 50.24 square feet. 

Simplify. 

5{3x — 2[4 + 3(x — 1)]} 
= 5{3x — 2[4 + 3x — 3]} 
= 5{3x — 8 - 6x + 6} 
= 15x — 40 — 30x + 30 
= -—15x — 10 

Gee a You Try it 
on a separate sheet of paper 

12. Evaluate. 6x? — xy + 3y? 
forx =4andy=-—1. 

13. Find the area of a trapezoid whose 
altitude is 50 feet and whose bases 

are 40 feet and 60 feet. 

14. Simplify, 
4 {9x — [2(x + 3) — 8]} 

Chapter 1 Review Problems 
Section 1.1 

Add. 

Section 1.2 

Add or subtract. 

oF OS aan 

Section 1.3 

Multiply or divide. 

V7 Silas 6=-20) 

Section 1.4 

Evaluate. 

25. (-3)° 

29, —9 
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10. 

14, 

18. 

22. 

26. 

30. 

— (-15) 11, —30 - (+3) 

- > 15. —20.8 - 1.9 

—10.4 + (-0.8) 19 = 

a 

—6(3) (4) 23. —1(—4)(—3)(—5) 

(-2)§ 27. (-5)* 

16. 

20. 

24, 

28. 



\ Section 1.5 

Simplify using the order of operations. 

33. 5(-4) + 3(-2)° 

Section 1.6 

Use the distributive property to multiply. 

36. Tax Pry) Sie otG= 7 + By) 

Section 1.7 

Combine like terms. 

40. 

42. 

3a*b — 2bc + 6bc? — 8a*b — 6bc? + S5bc 

4x? — 13x + 7 — 9x? — 22x — 16 

Section 1.8 

Evaluate for the given value of the variables. 

44, 

47. 

49, 

ix — Ofor = —7 

—x? + 5x — 9forx =3 

b? — 4ac fora = —1,b = 5,andc = —2 

Solve. 

51. 

A $3. 

A55. 

Simple Interest Find the simple interest on a loan of 
$6000 at an annual interest rate of 18% per year for j of 
a year. Use J = prt, where p = principal, r = rate per 

year (in decimal form), and t = time in years. 

Sign Painting How much will it cost to paint a circu- 
lar sign with a radius of 4 feet if the painter charges 
$1.50 per square foot? Use A = mr”, where 7 is ap- 

proximately 3.14. 

Parking Lot Sealer A parking lot is in the shape of a 
trapezoid. The altitude of the trapezoid is 200 feet, and 
the bases of the trapezoid are 300 feet and 700 feet. 
What is the area of the parking lot? If the parking lot 
had a sealer applied that costs $2 per square foot, what 
was the cost of the amount of sealer needed for the 
entire parking lot? 

34. 8+ 04+ 0.1 x (0.2)? 

38. 

41. 

43. 

3 
45. 7 —-xtorx = 8 

4 

48. 

50. 

52. 

54. 

A 56. 

35. (3 — 6)? + (-12) + (-3)(-2) 

— (7x” — 3x-+ 11) 39, (2xy + x — y)(-3y’) 

Davee ay — Sy 

it 
—¥ +5 + 14x? — Tx — 1 — 4x? 

46. x? + 3x — 4forx = -3 

2x3 — x? + 6x + 9forx = —1 

MG eo form = -4,M = 15,G = -1, andr = -2 : 

Medication The label of a medication warns the user 

that it must be stored at a temperature between 20°C 
and 25°C, What is this temperature range in degrees 

9C + 160 
Fahrenheit? Use the formula F= 5 

Profit Find the daily profit P at a furniture factory if 
the initial cost of setting up the factory is C = $1200, 
rent R = $300, and sale price of furniture S = $56. 

Use the profit formula P = 1805S — R — C. 

Signal Paint The Green Mountain Telephone Compa- 

ny has a triangular signal tester at the top of a commu- 
nications tower. The altitude of the triangle is 3.8 feet 
and the base is 5.5 feet. What is the area of the triangu- 

lar signal tester? If the signal tester was painted with a 
special metallic surface paint that costs $66 per square 
foot, what was the cost of the amount of paint needed 
to paint one side of the triangle? 
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Section 1.9 

Simplify. 

57.15%) x ae 6) 

61. 2xy? — 6x%y — 4x2y? + 3 (xy? — 2x2y — 3x2y?) 

63. —(a 3b) + 32a b — 24a — d)| 

65. —3{2x — [x — 3y(x — 2y)]} 

Mixed Practice 

Simplify the following. 

67. -—6.3 + 4 68. 4.4 (—8) + 12 

The 3 = (a4) ee 

75. —144 + (—0.06) 76. (—8.2)(3.1) 

58.93(4 = 2) = 4(Sece3) 

7. 11 — (0.2) +04 

59. 

62. 

64. 

66. 

69. 

73. 

Zise (ae 5x) | 60. —3x|[x + 3(x = 7)] 

=o Lyle oe Cay) 

—5{2a - [5a — b(3 + 2a)]} 

2{3x + 2[x + 2y (x - 4)]} 

77. Jeopardy A Jeopardy quiz show contestant began the second round (Double Jeopardy) with $400. She buzzed in on 
the first two questions, answering a $1000 question correctly but then giving the incorrect answer to a $800 question. 

What was her score? 

Simplify the following. 

78. (—0.3)4 79, —0.54 

81. 3.8x — 0.2y — 87x + 4.3y 

4S it 
83. Evaluate for s = —3 and t = —2. 

85. —7(x — 3y? + 4) + 3y(4—- 6y) 
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82. 

84. 

86. 

80. 9(5) — 5(2)3 +5 

+ 2 
Evaluate amie! for p = —2andq = 3. 

Dog Body Temperature The normal body tempera- 
ture of a dog is 38.6°C. Your dog has a temperature of 
101.1°F. Does your dog have a fever? Use the formula 

F=2C +32 

724 Grim Sly = 23 ei} 
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| How Am | Doing? Chapter 1 Test 

MATH COACH MyLab™ Math (£9) rearsonmathstats 

Answer the following test questions on a separate sheet of paper. After you take this test read through 
the Math Coach on pages 62-63. Math Coach videos are available via MyLab Math and YouTube. 
Step-by-step test solutions on the Chapter Test Prep Videos are also available via MyLab Math 
and YouTube. (In the YouTube channel, PearsonMathStats, go to Playlist "Tobey Beginning and 
Intermediate Algebra, 6e.”) 

Simplify. 

1. -2.54+63+(-41) 2 -5- (-7) 3. (-2)n 

4, —5(-2)(7)(-1) 5, -12 + (-3) 6. —1.8 + (0.6) 

4 

7,.(-4)3 8. (1.6)? Mg 9, (2) 

10. (0.2)? — (2.1)(-3) + 0.46 Meu. 3(4 — 6)? +12 + (-4) +2 

12, —5x(x + 2y — 7) 13. —2ab? (—3a — 2b + Tab) 

1 2 3 5 Z 2 yo 2) 2 14. 6ab — 74 B+ 0b =" 74 b 15, 2.3x*y — 8. xya saa ax y 

IGt2 = 7) — 4(—6 — 22) 17. $(3x—,2y) = {eee 

In questions 18-20, evaluate for the values of the variables indicated. 

18. 

Me 19, 

20. 

21. 

A 22. 

A 23. 

A 24. 

x? — 3x’y + 2y — Sforx = 3andy = —4 

3x? — 7x — 11 for x = —3 

i) if 
2a — 3b fora = 3 and b a) 

If you are traveling 60 miles per hour on a highway in Canada, how fast are you 
traveling in kilometers per hour? (Use k = 1.61r, where r = rate in miles per 
hour and k = rate in kilometers per hour.) 

A field is in the shape of a trapezoid. The altitude of the trapezoid is 120 feet and 
the bases of the trapezoid are 180 feet and 200 feet. What is the area of the field? 

Jeff Slater’s garage has a triangular roof support beam. The support beam is 
covered with a sheet of plywood. The altitude of the triangular region is 6.8 feet 
and the base is 8.5 feet. If the triangular piece of plywood was painted with 
paint that cost $0.80 per square foot, what was the cost of the amount of paint 
needed to coat one side of the triangle? 

You wish to apply blacktop sealer to your driveway but do not know how much to 
buy. If your rectangular driveway measures 60 feet long by 10 feet wide, and a can 
of blacktop sealer claims to cover 200 square feet, how many cans should you buy? 

Simplify. 

25. 3[x — 2y(x + 2y) — 3y?] Me 26. -3{a + b[3a - b(1 -a)]} 

25. 

26. Bf 68) 8 oe 2 eee ee ee ee ee ee ee 

Total Correct: es 
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The following problems are from the Chapter 1 Test. Here are some helpful hints to keep you 

from making common errors on test problems. 

4 

Chapter 1 Test, Problem 9 Simplify. Ag 

number appearing as a factor a total of four times. 

Busey ar elu STE) 

ZN ZN ZANT 2 : : 2\(2\(2\(2)\, 
Did you rewrite the problem as (2)(2)(2)(2): 

Yes No 

If you answered No to this question, please complete this 
step now. 

cb 1 Test, Problem 11 chad 3(4 — 6)? 

MNT COACH! 
Mastering the skills you need to do well on the test. 

~ HELPFUL HINT ninaioos write out the ee \nUniBlecetion: 

e lf anumber is raised to the fourth power, then we write out the multiplication with that 

e When the base is a fraction, this means that we must multiply the numerators and then 

Did you multiply 2 x 2 x 2 X 2 in the numerator and 
3 X 3 X 3 X 3 in the denominator? 

Yes No 

If you answered No, make this correction and complete 

the calculations. 

If you answered Problem 9 incorrectly, go back and rework 
the problem using these suggestions. 

T darter 

| “HELPFUL HINT F First, do all operations nce RE yee) raise muaabers to a power. Then aultoly and divide 

| _ numbers from left to right. As the last step, add and subtract numbers from left to right. 

Did you first combine 4 — 6 to obtain —2? 

Yes No 

If you answered No, perform the operation inside the 
parentheses first. 

Next, did you calculate (—2)? = —8 before multiplying by 3? 

Yes No 

If you answered No, go back and evaluate the exponential 
expression. 

Did you multiply and divide before adding? 

Yes No 

If you answered No, remember that multiplication and di- 
vision must be performed before addition and subtraction 
once the operations inside the parentheses are done and 
exponents are evaluated. 

Now go back and rework the problem using these 
suggestions. 

Need more help? Watch the MAT] COACH videos in MyLab™ Math or on YouTube. 
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\ Chapter 1 Test, Problem 19 Evaluate 3x? — 7x — 11 forx = —3. 
\ 

HELPFUL HINT When you ieecan: a riisble & a er value, he Be eses af Sioa that value. Then use the 

order of ep Tage to evaluate the expression. 

Did you first rewrite the expression as 3(—3)? — 
using parentheses to complete the substitution? 

TB) 1h 

Yes No 

If you answered No, please go back and perform that sub- 
stitution step using parentheses around the specified value. 

Did you next raise —3 to the second power to obtain 
3(9) St iG=6)) "11 7 

Yes Nos 

If you answered No, review the order of operations and 
complete this step. 

Remember that multiplication must be performed before addition and subtraction. 

If you answered Problem 19 incorrectly, go back and rework this problem using these suggestions. 

Chapter 1 Test, Problem 26 Simplify. ae + b[Ba — b(1 = a 

HELPFUL HINT Work from ie te out. Remove eS: innermost A yin O, first. thear remove fhe next ‘level of j 

innermost suis) lib pushy remove the: Ole ee: Symbols, { je = SN to fous Sia errors. 

Did you first obtain the expression —3 {a + b[3a-— bt ab]} 

when you removed the innermost parentheses? 

If you answered No, use the distributive property to dis- 

tribute the b on the outside of the bracket, [ ], to each term 
inside the bracket. 

ies No 

Finally, use the distributive property in the last step to 
distribute the —3 across all of the terms inside the outer- If you answered No, go back to the original problem and 
most brackets, { i Be careful with the +/— signs. use the distributive property to remove the innermost 

grouping symbol, the parentheses. 
Now go back and rework the problem using these sugges- 

Did you next obtain the expression tions. 
-3 {a + 3ab — b? + ab”} when you removed the brackets? 

Yes No 

Need more help? Look for section examples marked with Me to review. 
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CHAPTER 

Equations, | 
Inequalities, 
and 
Applications 

CAREER OPPORTUNITIES 

Dietitian, Nutritionist 

Dietitians and nutritionists design food 

programs that promote healthy eating habits 

and lifestyles. They play important roles in 

assisting health care professionals by evaluating 

patients’ nutritional needs and implementing 

individualized dietary plans. The mathematics 

covered in this chapter can be applied to the 

development of treatment plans for maintaining 

healthy, balanced lifestyles. 

To investigate how the mathematics in this 

chapter can help with this field, see the Career 

Exploration Problems on page 193. 
a 
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‘(py The Addition Principle of Equality & 

El Using the Addition Principle to Solve Equations 
ofthe Formx+b=c @® 

When we use an equals sign (=), we are indicating that two expressions are equal in 
value. Such a statement is called an equation. For example, x + 5 = 23 is an equa- 
tion. A solution of an equation is a number that when substituted for the variable 

makes the equation true. Thus 18 is a solution of x + 5 = 23 because 18 + 5 = 23. 
Equations that have exactly the same solutions are called equivalent equations. 
By following certain procedures, we can often transform an equation to a simpler, 
equivalent one that has the form x = some number. Then this number is a solution 

of the equation. The process of finding all solutions of an equation is called solving 
the equation. 

One of the first procedures used in solving equations has an everyday appli- 

cation. Suppose that we place a 10-kilogram box on one side of a seesaw and a 
10-kilogram stone on the other side. If the center of the box is the same distance 
from the balance point as the center of the stone, we would expect the seesaw to 
balance. The box and the stone do not look the same, but their weights are equal. If 
we add a 2-kilogram lead weight to the center of each object at the same time, the 
seesaw would still balance. The weights are still equal. 

2kg 2kg 

Same = / \¢ ¥ 

There is a similar principle in mathematics. We can state it in words as follows. 

THE ADDITION PRINCIPLE 

If the same number is added to both sides of an equation, the results on both 
sides are equal in value. 

We can restate it in symbols this way. 

For realnumbersa,b,andc, ifa=b, thena+c=b+ ec. 

Here is an example. 

6 6 
se = ary If 3 > then 3-2 5 5 5) 

Since we added the same amount, 5, to both sides, the sides remain equal to each 

other. 

6 
all. es Bar S 5 Hb 5) 

6 10 
Eee a 

2, 2 

16 
3=— 

2, 

8=8 

Student Learning Objective 

After studying this section, you will 

be able to: 

1 | Use the addition principle to 
solve equations of the form 

x+b=c. @D 
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We can use the addition principle to solve certain equations. 

Example 1 Solve for x. x + 16 = 20 

Solution x +16 + (—-16) =20+(-16) Use the addition principle to add 
—16 to both sides. 

x+0=4 Simplify. 
x=4 The value of x is 4. 

We have just found a solution of the equation. A solution is a value for the 
variable that makes the equation true. We then say that the value 4 in our example 
satisfies the equation. We can easily verify that 4 is a solution by substituting this 
value into the original equation. This step is called checking the solution. 

Check. x + 16 = 20 
4+ 16 = 20 

20=20 7 

When the same value appears on both sides of the equals sign, we call the 
equation an identity. Because the two sides of the equation in our check have the 
same value, we know that the original equation has been solved correctly. We have 
found a solution, and since no other number makes the equation true, it is the only 

solution. Oo 

Student Practice 1 Solve for x and check your solution. 

x + 14 = 23 

Notice that when you are trying to solve these types of equations, you must add 
a particular number to both sides of the equation. What is the number to choose? 
Look at the number that is on the same side of the equation with x, that is, the 

number added to x. Then think of the number that is opposite in sign. This is called 
the additive inverse of the number. The additive inverse of 16 is —16. The additive 
inverse of —3 is 3. The number to add to both sides of the equation is precisely this 
additive inverse. 

It does not matter which side of the equation contains the variable. The x-term 
may be on the right or left. In the next example the x-term will be on the right. 

Example 2 Solve for x. 14 = x — 3 

Solution 14+3=x-—3+3 Notice that —3 is being added to x in the original 
equation. Add 3 to both sides, since 3 is the additive 

inverse of —3. This will eliminate the —3 on the right 
and isolate x. 

17=x+0 Simplify. 
17=x The value of x is 17. 

Check. 14=x-3 

14 217-3. Replace x by 17. 

14=14 VY Simplify. It checks. The solution is 17. Oo 

i Student Practice 2 Solve for x and check your solution. 17 = x — 5 

Before you add a number to both sides, you should always simplify the equa- 
tion. The following example shows how combining numbers by addition —separately, 
on both sides of the equation—simplifies the equation. 
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Example 3 Solve forx. 15 +02 =03+x+02 

Solution Map 2a 10:3 ax 10.2 

y= eet 10:5 Simplify by adding. 

1.7 + (-0.5) =x + 0.5 + (-0.5) Add the value —0.5 to both sides, since 
—0.5 is the additive inverse of 0.5. 

12=x Simplify. The value of x is 1.2. 

Check we lks 20 2a 0.3.ch) x 0,2 

15+02203+12+02 Replace x by 1.2 in the original equation. 

17=17 Vv It checks. oO 

Student Practice 3 Solve for x and check your solution. 

OS a Je (23 

In Example 3 we added —0.5 to each side. You could subtract 0.5 from each 
side and get the same result. In Chapter 1 we discussed how subtracting a 0.5 is the 
same as adding a negative 0.5. Do you see why? 

Just as it is possible to add the same number to both sides of an equation, it 
is also possible to subtract the same number from both sides of an equation. This is 
so because any subtraction problem can be rewritten as an addition problem. For 
example, 1.7 — 0.5 = 1.7 + (—0.5). Thus the addition principle tells us that we can 
subtract the same number from both sides of the equation. 

We can determine whether a value is the solution to an equation by following 
the same steps used to check an answer. Substitute the value to be tested for the vari- 
able in the original equation. We will obtain an identity if the value is the solution. 

Example 4 Is 10 the solution to the equation -15 + 2 = x — 3? If it is not, find 
the solution. 

Solution We substitute 10 for x in the equation and see if we obtain an identity. 

(15) Sky Spe 8) 

-15+2+410-3 
=I3 4 7 The values are not equal. 

The statement is not an identity. 

Thus, 10 is not the solution. 
Now we take the original equation and solve to find the solution. 

=| bye PRRs ata 

SS eas Simplify by adding. 

—-13 +3 =x-—3+3 Add 3 to both sides. 3 is the 
additive inverse of —3. 

LO, =.x 

Check. Replace x with —10 and verify that it is a solution. oO 

Look at the solution above. Notice that if you make a sign error you could 
obtain 10 as the solution instead of —10. As we saw above, 10 is not a solution. We 
must be especially careful to write the correct sign for each number when solving 

equations. 

Student Practice 4 Is —2 the solution to the equation x + 8 = —22 + 6? 
If it is not, find the solution. 
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Example 5 Find the value of x that satisfies the equation. 

Sia Ae 
5 2 

Solution To be combined, the fractions must have common denominators. The 

least common denominator (LCD) of the fractions is 10. 

1 spear as —1 1:5 Change each fraction to an equivalent 

522 10 2-5 fraction with a denominator of 10. 

z oe u a This i uivalent equation aN SS Se s is an equivalent equation. L0.cicn Maleate 3 - 

2 te Xs a Simplify by addin ane Sa naa impu ing. 10 10 pully by & | 

2) ( 6) ) 4 ( 5} ) Add the additive inverse of 7) to each side. 
Sb | | ee Ne Yourcould alsosay thatyouaresubtacin: 

te ~ ee At in from each side. 
2 

36 = 10 Add the fractions. 

1 Roe. 
Se 5 Simplify the answer. 

Check. We substitute ¢ for x and see if we obtain an identity. 

ey : Es Write the original equation = = Ssh rite the original equation. 5 hes” ng a 

Ly pees bag gt Rc ae = ubstitute = for x. 
5) yd 10 sui ; 

2, gue 5 

5 NO 1) 

Quah AY 
Sha 1) 

Zee 
maar v It checks. 

Student Practice 5 Find the value of x that satisfies the equation. 

tele ee 
205 2 5 

GPP STEPS TO SUCCESS Taking Good Notes in Every Class Session 
Don’t copy down everything the teacher says. You will get 

overloaded with facts. Instead write down the important ideas 

and examples as the instructor lectures. Be sure to include any 

helpful hints or suggestions that your instructor gives you. You 

will be amazed at how easily you forget these if you do not 

write them down. 

Be an active listener. Keep your mind on what the in- 

structor is saying. Be ready with questions whenever you do 

not understand something. Stay alert in class. Keep your mind 
on mathematics. 

| 
Preview the lesson material. Before class, glance over 

the topics that will be covered. You can take better notes if 

you know the topics of the lecture ahead of time. 
Look back at your notes. Try to review them the same 

day sometime after class. You will find the content of your 

notes easier to understand if you read them again within a 

few hours of class. 

Making it personal: Which of these suggestions are the most 

helpful to you? How can you improve your skills in note taking? 



(21) Exercises MyLab™ Math 

Verbal and Writing Skills, Exercises 1-6 Jn exercises 1-3, complete each sentence. 

1. When we use the sign, we indicate two 2. Ifthe is added to both sides of an 

expressions are in value. equation, the results on each side are equal in value. 

3. The of an equation is a value of the variable 4. What is the additive inverse of —20? 
that makes the equation true. 

5. Why do we add the additive inverse of a to each side 6. What is the additive inverse of a? 
of x + a = b to solve for x? 

Solve for x. Check your answers. 

7 x +14 = 21 8 x + 15 = 21 9 209 x 10. 23 =8 +x 

IL x-3= 14 12. x -13 = 4 13. O=x+5 14.0=x+9 

is.-% — 6 = -19 16. % — 11 = -13 17, eZ x. = 50 18. -16 +x = 47 

ese = x= 7 4.8 —2=x+5 41, da = 17 =x —6 22, 32-ll=x-4 

24 +8 +x =6+ 6 24. 19-3+%x%=1046 Peete =f er a 

ee li oe Or xX 3 Zi 12 EX ~ Se ea eee 2860—19 type het 20yA 2 aD 

In exercises 29-36, determine whether the given solution is correct. If it is not, find the solution. 

29. Is x = 5 the solution to —-7 + x = 2? 30. Is x = 7 the solution to -13 + x = 4? 

31. Is —6 the solution to -11 +5 =x + 8? 32. Is —9 the solution to -13 — 4 = x — 8? 

33. Is —33 the solution to x — 23 = —56? 34, Is —8 the solution to —-39 = x — 47? 

35. Is 35 the solution to 15 — 3 + 20 = x — 3? 36. Is —12 the solution tox + 8 = 12 — 19 + 3? 
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Find the value of x that satisfies each equation. 

37 05 + y= 07 a8, 824-5 = 32 

30. 125x820 ta 26a 

{8 ty 2 
.x- >= ~xts=5 41 x i 4 42 Xx ie 3 

2 as: 2 7 eg 
~ftx=5+- a 

aS at ees ees in 

Mixed Practice Solve for x. 

45. 3+x= -12+8 46. 12 +x = -7 + 20 

47. ees 48. Beige 8 
6 4 

9. = -Sax-5 s. So = 1-2 

SL. Let 43.2) 2G §2. 1.84% —- 46 = —3 442 

iS x= 18.225 = 1975 fs * x — 10.012 = —16.835 

Cumulative Review Simplify by combining like terms. 

Spb [loli 38 a Sh == She = Fy ae Bye 56. [1.7.2] y? + y — 12 — 3y* — 5y + 16 

Quick Quiz2.1 Solve for the variable. 

1. x — 4.7 = 9.6 « 6.0 see Sie 121 

yo = 12 ee Oe . Concept Check Explain how you would check 
to verify whether x = 3.8 is the solution to 
=LSut L623 6.7 4632: 
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E 2] The Saisie Principle of Equality @ 

— By Solving Equations of the porn Mia b @ 
After studying this section, you will 

be able to: 

The addition principle allows us to add the same number to both sides of an equation. 
What would happen if we multiplied each side of an equation by the same number? 
For example, what would happen if we multiplied each side of an equation by 3? —x=b. @ 

To answer this question, let’s return to our simple example of the box and the 
stone on a balanced seesaw. If we triple the weight on each side (that is, multiply the Solve equations of the form 

weight on each side by 3), the seesaw would still balance. The weight values of both ax = b. @® 
sides remain equal. 

1 Solve equations of the form 

3 x 10kg 

3 x 10 kg 

Same distance Same distance 

In words we can state this principle thus. 

MULTIPLICATION PRINCIPLE 

If both sides of an equation are multiplied by the same nonzero number, the 

results on both sides are equal in value. 

In symbols we can restate the multiplication principle this way. 

For real numbers a,b, andc withe # 0, ifa=b, thenca = cb. 

Let us look at an equation where it would be helpful to multiply each side by 3. 

Example 1 Solve for x. 5 = -15 

Solution We know that (3)(3) = 1. We will multiply each side of the equation 
by 3 because we want to isolate the variable x. 

1 
a(Er) = 3 3(-15) Multiply each side of the equation by 3 since (3)($) = 1. 

G(R) --« 
lx = —45 Simplify. 

x = —45 The solution is —45. 

it 
Check. 3 (-45) = -15 Substitute —45 for x in the original equation. 

—15 = -15 V Itchecks. Oo 

Gee 2 Student Practice 1 Solve for x. 

il 
nee 

Note that £x can be written as 4. To solve the equation § = 3, we could multiply 
each side of the equation by 5. Try it. Then check your solution. 
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Solving Equations of the Form ax = b @® 

We can see that using the multiplication principle to multiply each side of an equation 
by 5 is the same as dividing each side of the equation by 2. Thus, it would seem that 
the multiplication principle would allow us to divide each side of the equation by any 
nonzero real number. Is there a real-life example of this idea? 

Let’s return to our simple example of the box and the stone on a balanced 
seesaw. Suppose that we were to cut the two objects in half (so that the amount of 
weight of each was divided by 2). We then return the objects to the same places on the 
seesaw. The seesaw would still balance. The weight values of both sides remain equal. 

10 kg 10 kg 5kg Skg 

/ 
Same distance Same distance 

In words we can state this principle thus. 

DIVISION PRINCIPLE 

If both sides of an equation are divided by the same nonzero number, the 
results on both sides are equal in value. 

Note: We put a restriction on the number by which we are dividing. We cannot 
divide by zero. We say that expressions like 4 are not defined. Thus we restrict our 
divisor to nonzero numbers. We can restate the division principle this way. 

For real numbers a,b,andc wherec # 0, ifa = 5, then © = *. 

Example 2 Solve for x. 5x = 125 

ON eles 
Solution % = g Divide both sides by S. 

xX = 25 Simplify. The solution is 25. 

Check. 5x = 125 

5(25) = 125 Replace x by 25. 

125 = 125 WwW  Itchecks. oO 

r= Student Practice 2 Solve for x. 9x = 72 

For equations of the form ax = b (a number multiplied by x equals another 
number), we solve the equation by choosing to divide both sides by a particular 
number. What is the number to choose? We look at the side of the equation that 
contains x. We notice the number that is multiplied by x. We divide by that number. 
The division principle tells us that we can still have a true equation provided that we 
divide by that number on both sides of the equation. 

The solution to an equation may be a proper fraction or an improper fraction. 

Example 3 Solve for x. 9x = 60 

; 9x 60 
Solution ic ie Divide both sides by 9. 

20 2 
x = — or6— Simplify. The solution is a or ge 

3 3 3 3 
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Check. 9x = 60 

af 20\ >» 20 
o(2) = 60 Replace x by 7 

60 = 60 Vv Itchecks. oO 

Gee Student Practice 3 Solve for x. 

6x.= 50 

In Examples 2 and 3 we divided by the number multiplied by x. This procedure 
is followed regardless of whether the sign of that number is positive or negative. In 

equations of the form ax = b,ais anumber multiplied by x. The coefficient of x is a. 
A coefficient is a multiplier. 

Sidelight As you work through the exercises in this book, you will notice that the 
solutions of equations can be integers, fractions, or decimals. Recall from page 65 
that a terminating decimal is one that has a definite number of digits. Unless 
directions state that the solution should be rounded, the decimal form of a solution 

should be given only if it is a terminating decimal. Is the decimal form of the solution 
in Example 3 a terminating decimal? 

Example 4 Solve for x. —3x = 48 

Solution —3x 48 nie x 
a = rr Divide both sides by the coefficient —3. 

x = —16 The solution is —16. 

Check. Can you check this solution? oO 

p= Student Practice 4 Solve for x. —27x = 54 

The coefficient of x may be 1 or —1. You may have to rewrite the equation so 

that the coefficient 1 or —1 is obvious. With practice you may be able to recognize 
the coefficient without actually rewriting the equation. 

Example 5 Solve for x. —x = —24. 

Solution —1x = —24 Rewrite the equation. —1vx is the same as —vx. 
Now the coefficient —1 is obvious. 

hye 0 fi 
=r = = Divide both sides by —1. 

x = 24 The solution is 24. 

Check. Can you check this solution? oO 

Student Practice 5 Solve for x. —x = 36 

The variable can be on either side of the equation. 

Example 6 Solve for x. —78 = 5x — 8x 

Solution —78 = 5x — 8x There are like terms on the right side. 

=a she Combine like terms. 

PerSqiets8x 
Se eg Divide both sides by —3. 
3) =o 

26 =x The solution is 26. 

Check. The check is left to you. oO 
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Student Practice 6 Solve for x. 

—51 = 3x — 9x 

There is a mathematical concept that unites what we have learned in this 
section. The concept uses the idea of a multiplicative inverse. For any nonzero 

number a, the multiplicative i paverse of a is 7. Likewise, for any nonzero number 
a, the multiplicative inverse of 7 is a. So to solve an equation of the form ax = 5, 
we say that we need to multiply each side by the multiplicative inverse of a. Thus 
to solve 5x = 45, we would multiply each side of the equation by the multiplica- 
tive inverse of 5, which is 4. In similar fashion, if we wanted to solve the equation 
a = 4, we would multiply each side of the equation by the multiplicative inverse 
of 4, which is 6. In general, all the problems we have covered so far in this section 
can be solved by multiplying both sides of the equation by the multiplicative in- 

verse of the coefficient of x. 

Example 7 Solve for x. 31.2 = 6.0x — 0.8x 

Solution 

31.2 = 6.0x — 0.8x There are like terms on the right side. 

31.2 = 5.2x Combine like terms. 

1 we 2 Divide both sides by 5.2 (which is the same as multiplying 
Re both sides by the multiplicative inverse of 5.2). 

6=x The solution is 6. 

Note. Be sure to place the decimal point in the quotient directly above the 
caret (, ) when performing the division. 

6. 
52/3125 

312 
0 

Check. The check is left to you. Oo 

b= Student Practice 7 Solve for x. 16.2 = 5.2x — 3.4x 

GP STEPS TO SUCCESS HELP! When Do | Get It? Where Do | Get It? 
Getting the right kind of help at the right time can be the 
key ingredient to being successful in Beginning Algebra. When 

you have made every effort to learn the math on your own 

and you still need assistance, it is time to ask for help. 

When should you ask for help? Ask as soon as you dis- 

cover that you don’t understand something. Don’t wait until 

the night before a test. When you try the homework and have 

trouble and you are unable to clear up the difficulty in the 

next class period, that is the time to seek help immediately. 

Where do you go for help? The best source is your 

instructor. Make an appointment to see your instructor and 

explain exactly where you are having trouble. If that is not 
possible, use the tutoring services at your college, visit the 

mathematics lab, watch the videos, use MyLab Math and 

let it help you, or call the 1-800 phone number for phone 
tutoring. You may also want to talk with a classmate to see if 

you can help one another. 

Making it personal: Look over these suggestions. Write down 

the one that you think would work best for you and then use 
it this week. Make it a priority in your life to get help imme- 

diately in this math course whenever you do not understand 

something. We all need a little help from time to time. 
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Verbal and Writing Skills, Exercises 1-4 

In exercises 1-4, complete each sentence with the appropriate number. 

1. To solve the equation 6x = —24, divide each side of 
the equation by : 

3. To solve the equation +x = —2, multiply each side of 
the equation by ; 

2. 

4. 

Solve for x. Be sure to simplify your answer. Check your solution. 

i 
iS gt = 6 

9, 3 = 16 

13. 13x = 52 

17, -16 = 6x 

2. -15 = -x 

25. 0.4x = 0.08 

6. 

10. 

14, 

18. 

22. 

26. 

st = 12 

g277 

15x = 60 

= shoe PA 

32.2% 

2.5x = 0.5 

Oe 

11. 

‘LS: 

19. 

23. 

27. 

To solve the equation —7x = 56, divide each side of 
the equation by ’ 

To solve the equation §x = 5, multiply each side of 
the equation by : 

> = —15 8. - = -8 

phets 2, == -2 

56 = 7x 16. 46 = 2x 

2x = 0.36 20. 1.5x = 75 

112 = 16x 24, -108 = -18x 

-3,9x = -15.6 28, -4.7x = -141 

Determine whether the given solution is correct. If not, find the correct solution. 

29. Is 7 the solution for —3x = 21? 

31. Is —15 the solution for —x = 15? 

30. 

32. 

Is 8 the solution for 5x = —40? 

Is —8 the solution for —11x = 88? 

Mixed Practice Find the value of the variable that satisfies the equation. 

33. 

35. 

37. 

39. 

41. 

43. 

Ty = —0.21 

—56 = —21t 

46y = -3.22 

4x + 3x = 21 

a= 71% = 20 

2 =r 9 

34, 

36. 

—6y = 2.16 

20 = —39t 

. ~28y = —3.08 

Sx + 4x = 36 

«oe = 97 = 18 

= = -4 

141 
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OG I = Ne) Sa re 

47. 8m = —14 + 30 

1 
49, Qe = 63 

PI 51. —2.5133x = 26.38965 

Cumulative Review Simplify. 

53. [1.7.2] —3y(2x + y) + 5(3xy — y) 

55. [0.6.1] Humpback Whales During the summer months, 
a group of humpback whales gather at Stellwagen 
Bank, near Gloucester, Massachusetts, to feed. When 

they return to the Caribbean for winter, they will lose 
up to 25% of their body weight in blubber. If a hump- 
back whale weighs 30 tons after feeding at Stellwagen 
Bank, how much will it weigh after losing 25% of its 
body weight? 

Quick Quiz 2.2 Solve for the variable. 

1, 23K =95 2. 

4. Concept Check Explain how you would check to verify whether x = 363 is the solution to —22 = —5x. 

46. 

48. 

50. 

S 52. 

54. 

56. 

—3.9x = —54.6 

24 -— 27 = -9x 

8x = 26 — 50 

il 
er 

—5,42102x = —45.536568 

[1.9.1] —{2(x — 3) + 3[x — (2x — 5)]} 

[0.6.1] Earthquakes In an average year worldwide, 
there are 20 earthquakes of magnitude 7 on the Rich- 
ter scale. If next year is predicted to be an exceptional 
year and the number of earthquakes of magnitude 7 is 
expected to increase by 35%, how many earthquakes 
of magnitude 7 can be expected? 

3. 7x — 12x = 60 

3 
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re Using the Addition and Multiplication 
Principles Together @® 

Solving Equations of the Form ax + b=c @® Student Learning Objectives 

Jenny Crawford scored several goals in field hockey during April. Her teammates lee Se bie this section, you will 
scored three more than five times the number she scored for a total of 18 goals eat eeai 
scored in April. How many did Jenny score? To solve this problem, we need to solve 1 | Solve equations of the form 
the equation Sx + 3 = 18. J axtb=. @ 

To solve an equation of the form ax + b = c, we must use both the addition 

principle and the multiplication or division principle. Solve equations with the 
variable on both sides of the 
equation. @® 

Solve equations with 
parentheses. @® 

Example 1 Solve for x in the equation Sx + 3 = 18 to determine how many goals 
Jenny scored. Check your solution. 

Solution We first want to isolate the variable term. 

oe 3 = 18 

5x +3 + (-3) =18+ (-3) Use the addition principle to add —3 
to both sides. 

5x = 15 Simplify. 

Geatiors Use the division principle to divide both 
Toe sides by 5.  ~ 

x=3 The solution is 3. Thus Jenny scored 3 goals. 

Check. 5(3) +3 +18 

15+3 418 
18 =18 VW _ Itchecks. Oo 

Student Practice 1 Solve for x and check your solution. 9x + 2 = 38 

Solving Equations with the Variable on Both Sides 

of the Equation @® 

In some cases the variable appears on both sides of the equation. We would like to 
rewrite the equation so that all the terms containing the variable appear on one side. 
To do this, we apply the addition principle to the variable term. 

Example 2 Solve for x. 9x = 6x + 15 

Solution 

9x + (—6x) = 6x + (—6x) +15 Add —6x to both sides. Notice 6x + (—6x) 
eliminates the variable on the right side. 

3x = 15 Combine like terms. 

3 il 
=~ = ge Divide both sides by 3. 
3 3 

x=5 The solution is 5. 

Check. The check is left to the student. Oo 

Student Practice 2 Solve for x. 13x = 2x — 66 
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In many problems the variable terms and constant terms appear on both sides 
of the equation. You will want to get all the variable terms on one side and all the 
constant terms on the other side. 

Example 3 Solve for x and check your solution. 9x + 3 = 7x — 2 

Solution First we want to isolate the variable term. 

9x + (-—7x) +3 = 7x + (-7x) — 2 Add —7x to both sides of the equation. 

2x 32 Combine like terms. 

24 +3+ (S3)i= —-2 3 Ge) Add —3 to both sides. 

2x = —-5 Simplify. 

z = =a Divide both sides by 2. 
2 2 

5 1 cp ct mee 1 B= ~ Ae —25 The solution is —5 or 25° 

Check. «9 9%.4-/3. 9 Je 

o(-5) +34 7( 5 —2 Replace x by —3. 

rermiie: < = Tagine Bs Simplify. 

45. 6 2 Soe Change to equivalent fractions with a common 
5 Do Dune Qe ss denominator 

39 39 be es 5 
7 aa v It checks. The solution is —5. oO 

Student Practice 3 Solve for x and check your solution. 

3x+2=5x+2 

In our next example we will study equations that need simplifying before any 
other steps are taken. Where it is possible, you should first collect like terms on one 
or both sides of the equation. The variable terms can be collected on the right side 
or the left side. In this example we will collect all the x-terms on the right side. 

Example 4 Solve for y. Sy + 26 — 6 = 9y + 12y 

Solution Sy + 26 — 6 = 9y + 12y 

Sy + 20 = 21y Combine like terms. 

Sy + (—Sy) + 20 = 21y + (—Sy) Add —Sy to both sides. 

20 = 16y Combine like terms. 

ou = aa Divide both sides by 16 
16°" 16 ; 

5 it Don’t forget to reduce the 
4 orl et: resulting fraction. 

Check. The check is left to the student. Oo 

Student Practice 4 Solve for z. 

—-z7+8-—z=3z+10-3 
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Do you really need all these steps? No. As you become more proficient you 

_ will be able to combine or eliminate some of these steps. However, it is best to write 
each step in its entirety until you are consistently obtaining the correct solution. It 

is much better to show every step than to take a lot of shortcuts and possibly obtain 
a wrong answer. This is a section of the algebra course where working neatly and 
accurately will help you—both now and as you progress through the course. 

Solving Equations with Parentheses @® 

The equations that you just solved are simpler versions of equations that we will 
now discuss. These equations contain parentheses. If the parentheses are first re- 
moved, the problems then become just like those encountered previously. We use 
the distributive property to remove the parentheses. 

Example 5 Solve for x and check your solution. 

Ae ly sie oO) = 25 

Solution 4(x +1) — 3(x — 3) =25 Multiply by 4 and —3 to remove 
Ae de Se ee 9 25 parentheses. Be careful of the signs. 

Remember that (—3)(—3) = 9. 

After removing the parentheses, it is important to combine like terms on 
each side of the equation. Do this before going on to isolate the variable. 

x +13 = 25 Combine like terms. 

x + 13 — 13 = 25 — 13 Subtract 13 from both sides to isolate 

the variable. 

x=12 The solution is 12. 

Check. 

4(12 +1) — 3(12 — 3) #25 Replace x by 12. 

4(13) — 3(9) = 25 Combine numbers inside parentheses. 

52 — 27 2 25 Multiply. 

25 =25 WV _ Simplify. It checks. Oo 

== 4 Student Practice 5 Solve for x and check your solution. 

dx — (x +3) = 12 — 3(x - 2) 

Example 6 Solve for x. 3(—x — 7) = —2(2x + 5) 

Solution See) = 2020 Ss) 

=3x — 21 =—4x = 10 Remove parentheses. 
Watch the signs carefully. 

—3x + 4x — 21 = —4x + 4x — 10 Add 4x to both sides. 

x — 21 = -10 Simplify. 
eee tel On-e Add 21 to both sides. 

x=11 The solution is 11. 

Check. The check is left to the student. oO 

r= Student Practice 6 Solve for x. 4(—2x — 3) = -5(x-2) +2 

In problems that involve decimals, great care should be taken. In some steps 
you will be multiplying decimal quantities, and in other steps you will be adding them. 

145 
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[ted] Student Practice 8 
Solve for z and check. 

S(22-— 1) + i= 12. ae 

For all Student Practice problems, 

write out the steps on a separate 
sheet of paper. Check the step-by- 
step solutions in the back of the 
textbook. 

Example 7 Solve for x. 0.3(1.2x — 3.6) = 4.2x — 16.44 

Solution 0.3(1.2x — 3.6) = 4.2x — 16.44 
0.36x — 1.08 = 4.2x — 16.44 Remove parentheses. 

0.36x — 0.36x — 1.08 = 4.2x — 0.36x — 16.44 Subtract 0.36x from both sides. 

—1.08 = 3.84x — 16.44 Combine like terms. 

—1.08 + 16.44 = 3.84% — 16.44 + 16.44 Add 16.44 to both sides. 

15.36 = 3.84x Simplify. 

22 = a Divide both sides by 3.84. 

4=x The solution is 4. 

Check. The check is left to the student. Oo 

Student Practice 7 Solve for x. 

0.3x — 2(x + 0.1) = 0.4(x - 3) - 11 

Me Example 8 Solve for z and check. 
2( 32/15 )oeeBri4e Saoz ee 8) 

Solution 2(3z — 5) + 2 = 4z — 3(2z + 8) 

62-10 2 ="47"—" 62 24 Remove parentheses. 

6z— 8 = —27 — 24 Combine like terms. 

6z + 2z — 8 = —2z + 2z — 24 Add 2z to both sides. 

8z — 8 = —24 Simplify. 
8 —-8+8=-24+8 Add 8 to both sides. 

8z = —16 Simplify. 

Be = “2 Divide both sides by 8. 

p=—2Z Simplify. The solution is —2. 

Check. 

2[3(-2) — 5] + 2 = 4(-2) — 3[2(—2) + 8] Replace z by -2. 
2[-6 — 5] +2 + -8 — 3[-4 + 8] Multiply. 

2[-11] + 2 + -8 - 3[4] Simplify. 
—22+24-8- 12 

= 20s) — 20a, It checks. oO 

can open new doors for you. 

GP STEPS TO SUCCESS Keep Trying! Do Not Quit! 
Math opens doors. We live in a highly technical world that you toward a mastery of mathematics. It may open a path for 

depends more and more on mathematics. You cannot afford you to a good paying job. Do not quit! You can do it! 
to give up. Dropping mathematics may prevent you from en- 

tering an interesting career field. Understanding mathematics Making it personal: Which of these statements do you 

Practice daily. Learning mathematics requires time and ef- master mathematics? Don’t let yourself quit or let up on 
fort. You will find that regular study and daily practice are nec- your studies. Your work now will help your financial success in 

essary. This will help your level of academic success and lead the future! 

find most helpful? What things can you do to help you 
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Find the value of the variable that satisfies each equation in exercises 1-22. Check your solution. 

1. 3x + 23 = 50 2. 4x + 7 = 35 Sree == 15 4. 5x —9 = 36 

5. 7x — 18 = —46 6. 8x — 15 = —47 7 4e ee 17 = —35 8 —6x + 25 = —83 

l 1 
9, 2x + 3.2 = 9.4 10. 4x + 4.6 = 9.2 11. as +6 = 13 12. aX +1= 

1 il 
13. Boo} =4 14. ee ST? 15. 8% = 48 + 2x 16. 5x = 22 + 3x 

E7, 6x) =27 +'3x 18. —7x = —26 + 6x 19, 44 — 2x = 6x 20. 21 — 5x = 7x 

21. 54 — 2x = —8x dae 12> 4 =-—12x 

In exercises 23-26, determine whether the given solution is correct. If it is not, find the solution. 

23. Is 2 the solution for 2y + 3y = 12 — y? 24. Is 4 the solution for 5y + 2 = 6y -6+ y? 

25. Is 11 asolution for 7x + 6 — 3x = 2x —5 +x? 26. Is +12 asolution for 9x + 2 — 5x = —8 + 5x — 2? 

Solve for the variable. You may move the variable terms to the right or to the left. 

Zilia 29 = —5x--+ 11 28. 8 — 3x = 7x +8 29 = = 8 x 

30. —-x +12 =-4+x 31. 0.6y + 0.8 = 0.1 — O.1y 32, Vly + 0,3 = 13 ce O3y 

Soin 9 = 3x + 23 34. 9x —-5 = 7x + 43 
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To Think About, Exercises 35 and 36 

For exercises 35 and 36, first combine like terms on each side of the equation. Then solve for y by collecting all the y-terms 
on the left. Then solve for y by collecting all the y-terms on the right. Which approach do you prefer? 

35,. Ty® 21 Syl Oy) a ay 36. —303 10y FOF a5 12) — 18 

Remove the parentheses and solve for the variable. Check your solution. 

37. 3(x +3) = 35 38. 7(x + 3) = 28 39. S(4x — 3). + 8= =2 

40. 4(2x +1) -7=6-5 AL. 7x = 33> 7) 42. &k& - 2(4-x) = 14 

43. 0.5x — 0.3(2 — x) = 4.6 44. 0.4x — 0.2(3 — x) = 18 45. 4(a - 3) +2 =2(a— 5) 

46. 6(a + 3) —-2 = —4(a — 4) 47, -2(x +3) +4=34+4) +2 48. -3(0 75) + 2=4(0 oe 

AS. —3(y — 3y) + 4 = —4Gy — y) +6 + 13y 50. 2(4% = 4) +6 = Zr x) 8 — x 

Mixed Practice Solve for the variable. 

Sl. 35.7x +3 =A20— 3 52. 47— Si Se 53, 5z. 4 7 +22 32522 

54. 8 — 7z + 2z = 20 + 5z So. -030 F141 07a 56. —017b + 1.6 ="=1.7 =p 
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S700 + 8 50 = 1 — 12% —W3 58...4 = 7x — 18 =§8> 3 = 31 590 Sct 3) =) =O eS 

60, 1.4x — 0.8 = 1.2x — 0.2 61. 5(4 +x) = 3(3x-1) -9 62. 5(2x — 3) = 3(3x +2) = 17 

63. —1.7x + 4.4 + 5x = 0.3x -— 0.1 64. 6x — 3.7 — 1.2x = 0.8x + 1.1 

Cumulative Review Evaluate using the correct order of operations. (Be careful to avoid sign errors.) 

G5.) sotE (—-o)(—8) + (~3)(2) 66. [1.5.1] (—3)? + (-—20) +2 67. [1.5.1] 5 + (2 - 6)? 

68. [0.6.1] Investments On March 4, 2019, Marcella 69. [0.6.1] Employee Discount Marvin works at Best 

owned three different stocks: Motorola, Barnes & Buy and gets a 10% discount on anything he buys 

Noble, and CVS. Her portfolio contained the following: from the store. A GPS navigation system that Marvin 
5 shares of Motorola valued at $141.37 per share, wishes to purchase costs $899 and is on sale at a 20% 
47 shares of Barnes & Noble valued at $6.54 per discount. 

share, and 3 shares of CVS valued at $56.81 per (a) What is the sale price if Marvin has a total dis- 
share. count of 30%? (Disregard sales tax.) 

Find the market value of Marcella’s stock holdings on (b) What is the price if Marvin gets a 10% discount 

March 4, 2019. on the 20% sale price? (Disregard sales tax.) 

Quick Quiz 2.3 Solve for the variable. 

Lie 6:= —4x — 10 20 3 Oe — 5:8 

o. Bey = 2) = 4(S5x+'3) 4. Concept Check Explain how you would solve the 
equation 3(x — 2) + 2 = 2(x — 4). 
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[24] Solving Equations with Fractions @ 

EI Solving Equations with Fractions @® 

paver studying Wiissee nor Equations with fractions can be rather difficult to solve. This difficulty is simply 

Pere due to the extra care we usually have to use when computing with fractions. The 

A Solve equations with actual equation-solving procedures are the same, with fractions or without. To avoid 

fractions. @® unnecessary work, we transform the given equation with fractions to an equivalent 
equation that does not contain fractions. How do we do this? We multiply each side 
of the equation by the least common denominator of all the fractions contained in 
the equation. We then use the distributive property so that the LCD is multiplied by 
each term of the equation. 

1 2 B) 
Example 1 Solve for x. ee 

Solution First we find that the LCD = 12. 

1 B) 5 ‘ 5 
12 (4x me 2) = 12 (3x) Multiply both sides by 12. 

LZ NA IO Wie2 12 5 May 2: 
(2)(4) (x)= ( 1 \(2) = ( i \(S)e Use the distributive property. 

3x = 8 = 3x Simplify. 

Saya (Sy ee ov ee (= on) Add —3x to both sides. 

=R= 2x Simplify. 

ee Divide both sides by 2 2 2 ivide DOtN sides Dy 2. 

—-4=x Simplify. 

Check. ‘The check is left to the student. oO 

fee’ Student Practice 1 Solve for x. 

5 3 1 

riba 

In Example 1 we multiplied both sides of the equation by the LCD. However, 
most students prefer to go immediately to the second step and multiply each term 
by the LCD. This avoids having to write out a separate step using the distributive 
property. 

Example 2 Solve for x and check your solution. - +3= 

Solution 15 (2) + 15(3) =15 (2) = (3) The LCD is 15. Use the 
multiplication principle to 
multiply each term by 15. 

SX. 45 8 5 Simplify. 

5x — 3x + 45 = 3x — 3x — 5 Subtract 3x from both sides. 

2045 — i) Combine like terms. 

2x + 45 — 45 = —-5 — 45 Subtract 45 from both sides. 

2x = —50 Simplify. 

25 0) a 5 
> = ass Divide both sides by 2. 

x = -25 The solution is —25. 
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2S ten 2S A 
Check. ees. a 

anes et Sh et 
eet eam 

6, 15 1 
amen 573 
16 16 

er 3." : 

Student Practice 2 Solve for x and check your solution. 

Sepia 2), 1 
4 eee 

5 dal! 
Example 3 Solve for x. =—+= 

8 ay a oi 

: Mee Wika th First we rewrite the left 
Solution oy aes Th side as two fractions. This is actually 

multiplying #(x + 2) =% +3 

5 f mo x = il Once we write * : 2 as two fractions 

o oe 4 3 we can simplify 3 = +. 
Boer eye? bee mae : CAUTION: We may not use slashes 

(2) +8 (3) a (2) 48 (=) Leia Hi eae is 8, so we to divide out part of an addition and 
8 4 4 2.) Sly <a subtraction problem. We may use 

x+2=2x+4 Simplify. slashes if we are multiplying factors. 

eee 2am 20 ea eet ra Subtract x from both sides. tess 7A weap il 
we ok se = THIS IS WRONG! 

2=x+4 Combine like terms. g 

2-4=x+4-4 Subtract 4 from both sides. xe = : THIS IS CORRECT. 

—2 = The solution is —2. 

Check. The check is left to the student. oO 

Student Practice 3 Solve for x. 

X26 

9 Nl 6 

If a problem contains both parentheses and fractions, it is best to remove 
the parentheses first. Many students find it is helpful to have a written procedure to 
follow in solving these more-involved equations. 

PROCEDURE TO SOLVE EQUATIONS 

1. Remove any parentheses. 

. If fractions exist, multiply all terms on both sides by the least common 
denominator of all the fractions. 

. Combine like terms if possible. 

4. Add or subtract terms on both sides of the equation to get all terms with 
the variable on one side of the equation. 

. Add or subtract a constant value on both sides of the equation to get all 
terms not containing the variable on the other side of the equation. 

. Divide both sides of the equation by the coefficient of the variable. 

. Simplify the solution (if possible). 

8. Check your solution. 
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[f=eq Student Practice 4 Solve for 
x and check your solution. 

i 1 1 
5 et Se 2) ee 

For all Student Practice problems, write 
out the steps on a separate sheet of paper. 
Check the step-by-step solutions in the 

back of the textbook. 

Me Example 4 Solve for x and check your solution. 

il a 
~(x —2) ==(x +4) + 3 i 2) 5 (* 4) +2 

Solution 
5 ae 4 

Step 1 Bis ae eeenks 
x 

= =| I Remove parcnthescom 

Step 2 Multiply by the LCD, 15. 

(2) -1(2) =(2) «(8 +90 
Step 3 

Step 4 

Step 5 

Step 6 

Step 7 

Step 8 

Sys = 10) SS Shee ID se 20) 

5x — 10) = 3x 42 

Sie == he a MQ == She = She ae aw 

Oxi 10'= 42 

2x — 10 + 10 = 42 + 10 

nme ep) 

2x _ 52 
2 

x = 26 

Check. + (26 - 2) 2 = (26 +4) +2 

(24) 2 = (30) +2 

826+2 

8.58 vf 

Simplify. 

Combine like terms. 

Subtract 3x from 

both sides. 

Simplify. 

Add 10 to both sides. 

Simplify. 

Divide both sides by 2. 

Simplify the solution. 

Replace x by 26. 

Combine values 
within parentheses. 

Simplify. 

The solution is 26. O 

Remember that not every step will be needed in each problem. You can com- 
bine some steps as well, as long as you are consistently obtaining the correct solution. 
However, you are encouraged to write out every step as a way of helping you to 
avoid careless errors. 

It is important to remember that when we write decimals, these numbers are 

really fractions written in a special way. Thus, 0.3 = 7 and 0.07 = ;4. It is possible 
to take an equation containing decimals and to multiply each term by the appropri- 
ate value to obtain integer coefficients. 

Student Practice 5 Solve for x. 
2.8 = 0.3(x - 2) + 2(0.1x — 0.3) 

For all Student Practice problems, write 

out the steps on a separate sheet of paper. 
Check the step-by-step solutions in the 
back of the textbook. 

Mg Example 5 Solve for x. 0.2(1 — 8x) + 1.1 = —5(0.4x — 0.3) 

Solution 

02 S1oxeei == =20 15 

one place to the right. 

10(0.2,). = 1001.67) 4S 10(1.1)), = O(a 210x)) ot 10125) 

2 = Woy +11 Ss 20rs 15 

=16x 4°13 = —20% 4415 

Remove parentheses. 

Next, we multiply each term by 10 to move the decimal point 

Simplify. 
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—16x + 20x + 13 = —20x + 20x + 15 Add 20x to both sides. 

4x + 13 = 15 Simplify. 

AX eee le aah) 9 15 Subtract 13 from both sides. 

4x =2 Simplify. 

4x 2 ; 
a = A Divide both sides by 4. 

1 
x= s or 0.5 Simplify. 

Earlier we stated that the decimal form of a solution should only be given if 
it is a terminating decimal. You can decide which form of the answer you want to 
use in the check. Here we use 0.5. 

Check. 

0.2[1 — 8(0.5)] + 1.1 = —5[0.4(0.5) — 0.3] 

0.2[1 — 4] + 1.1 = —5[0.2 — 0.3] 

0.2[-3] + 1.1 = —5[-0.1] 

-06+11 20.5 

S5= 05 / o 

To Think About: Does Every Equation Have One Solution? Actually, no. There 
are some rare cases where an equation has no solution at all. Suppose we try to solve 
the equation 

Sets) ee 8 + Bx. 

If we remove the parentheses and combine like terms, we have 

Sie is — Ot. — 3. 

If we add —5x to each side, we obtain 

Clearly this is impossible. There is no value of x for which these two numbers are 

equal. We would say this equation has no solution. 

One additional surprise may happen. An equation may have an infinite number 
of solutions. Suppose we try to solve the equation 

oe a oe x = 10, 

If we combine like terms on each side, we have the equation 

Be Sx 7. 

If we add —x to each side, we obtain 

p= =]. 

Now this statement is always true, no matter what the value of x. We would say this 

equation has an infinite number of solutions. 

In the To Think About exercises in this section, we will encounter some equa- 

tions that have no solution or an infinite number of solutions. 
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In exercises 1-16, solve for the variable and check your answer. 

1, arte 5 2 Grti=s 3. Sx = art 4 Ant oH ox 

s 3+2-5 6 245-3 1. S— ax = ox 8. 19 — 5x = 5x 

92th = 2-3 1. 243-742 un, ==" =1-2 2, 222 =1-2 

13. ae, 14. x2 = 542 15. 0.6x + 5.9 = 3.8 16. -3.2x - 5.1 = 2.9 

Answer Yes or No for exercises 17-20. 

17. Is 4a solution to>(y -2)+2= =(3y — 4)? 18. Is 2 a solution to=(y +2) = a ae 2? 

5 1 1 if 1 1 f tact | 
_ i _ -_- =— 9 _ i — -_- = _- 19. Is 3 a solution to (9 ;) 5 Varin.) 20. Is 5 a solution to a(x ;) 3 TP 3% 

Remove parentheses first. Then combine like terms. Solve for the variable. 

3 
21. 7 (3% + 1) = 2(3 — 2x) +1 22. 7(3r +1) = 2(2r- 4) - 8 

2 ° 
23. 2(x— 2) = F(3x +1) +2 24. ChE Boe stra alle 

25. 0.3% = 0.2(3 = Se) = DS ar 10) 26. O2(% + 1) + 05x = =—O3(x = 4) 

27. —8(0.1x + 0.4) - 0.9 = -0.1 28. 0.6x + 1.5 = 0.3x — 0.6(2x + 5) 
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. Mixed Practice Solve. 

29. zy +2) = 3y -5(y -2) 

31. I= 2h feeeee vl 

5 Se ag 

i (OnE Eee 

35. 5 (x -2) =3r-2(x-1) +2 

37. ar - 5-54 

39. 0.3x — 0.2(5x — 1) = -0.4(x + 2) 

30. 

32. 

34. 

36. 

38. 

40. 

Section 2.4 Solving Equations with Fractions 

a Oo) = 2y = 3(y— 3) 
Bile 

2 1 
per ar 67 (x= 2) = 1 

Fe +5) =3x-2(3 x) -7 

0.7(x +3) =02(x — 5) +01 
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To Think About Solve. Be careful to examine your work to see if the equation has a solution, no solution, or an infinite 
number of solutions. 

41. 

43. 

45. 

47. 

ee ie 2) = 12x +3 — Tx 

Meet 3) 6 = 24 — 2x — 3 + 11x 

apax + 1) — 2x = 2(5x — 3) 

Ate ten or ox = —1i + 7 (x + 2) 

44. 7(x + 4) —10 = 3x + 20+ 4x - 2 

46. 

48. 

liv 3s ——4(x +3) +4 

5(-3 + 4x) = 4(2x + 4) + 12x 
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Cumulative Review 

1 Pee eel 49. [0.3.1] Multiply. (-34)(s4) $0. [0.3.2] Divide. 55 + 17 

51. [0.6.1] Peregrine Falcons Peregrine falcons are the 52. [1.8.2] Auditorium Seating The seating area of an 
fastest birds on record, reaching horizontal speeds of auditorium is shaped like a trapezoid, with front and 
40-55 miles per hour. Also, they are one of the few an- back sides parallel. The front of the auditorium mea- 
imals in which the females are larger than the males. sures 88 feet across, the back of the auditorium mea- 
If female peregrine falcons are 30% larger than the sures 150 feet across, and the auditorium is 200 feet 
males and males measure 440-750 grams, what is the from front to back. If each seat requires a space that 
weight range for females? is 2.5 feet wide by 3 feet deep, how many seats will 

the auditorium hold? (This will only be an approxima- 
tion because of the angled side walls. Round off to the 
nearest whole number.) 

88 feet 

| 
| 
| 
| 

200 feet 
| 
| 
| 
| 

150 feet 

fe pee 
“eae pean ae ea 

» Concept Check Explain how you would solve the 

e ne eee 2 
4 Be grag 



' Use Math to Save Money 

Did You Know? You may be paying more than you think. 

See Through the Hidden Fees 

Understanding the Problem: 

Sam lives in California. Before taking a trip one weekend in 
June 2020 he needed to put gas in his car. 

* On his street is a Shell gas station, which charged $4.55 per 
gallon for gas. 

© There is also an ARCO gas station, which charged $4.43 per 
gallon for gas. 

e The ARCO station also charged a single “ATM Transaction 

Fee” of $0.45. 
Sam needed to decide which gas station to go to in order to 
pay the least amount for gas. 

Making a Plan: 

Sam needed to know how much gas would cost at each 

station to make a choice that would save him money. 

Step 1: Sam needed to find out how much filling up his car at 

the gas station really cost after any hidden fees. 

Task 1: Determine how much it cost Sam to buy one gallon of 

gas at each station. 

Task 2: Determine how much it cost Sam to buy three gallons 

of gas at each station. 

Task 3: Determine how much it cost Sam to buy four gallons 

of gas at each station. 

Task 4: Determine how much it cost Sam to buy 10 gallons of 
gas at each station. 

Step 2: Notice that when Sam bought more gas, it was less 
expensive to buy at the ARCO station than at the Shell station. 

The price at Shell rose faster than the price at ARCO. 

Task 5: Find the number of gallons for which the cost was 

the same. 

Making a Decision: 

Step 3: Sam needed to take into consideration the price of 

gas and any fees involved when he made his decision about 

where to buy gas. 

Task 6: Which station was less expensive if Sam only needed a 

small amount of gas, say less than four gallons? 

Task 7: Which station was less expensive if Sam needed more 

than four gallons of gas? 

Applying the Situation to Your Life: 

Some gas stations have different prices depending on whether 

you pay with cash or a credit card. 

Task 8: Does the station where you normally buy gas charge 

the same price for cash or credit? 

Task 9: Do you know if the gas station charges an ATM trans- 

action fee? 

Task 10: Have the increases in gas prices caused you to change 

your driving habits? If so, please explain. 

There is a simple plan to help you save money by avoiding 

hidden fees: 

e Always check for any hidden fees. 

e Find the real total cost for your purchases, including fees, 

taxes, shipping costs, and tips. 

e Watch for different prices for cash or credit. 
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[25] Translating English Phrases into Algebraic 
Expressions @ 

Student Learning Objectives Ht Translating English Phrases into Algebraic 

After studying this section, you will 

be able to: 

1] Translate English phrases into 
algebraic expressions. @® 

Write an algebraic expression 
to compare two or more 

quantities. @® 

Expressions @® 

One of the most useful applications of algebra is solving word problems. One of the 
first steps in solving a word problem is translating the conditions of the problem into 
algebra. In this section we show you how to translate common English phrases into 
algebraic expressions. This process is similar to translating between languages like 
Spanish and French. 

Several English phrases describe the operation of addition. If we represent an 
unknown number by the variable x, all of the following phrases can be translated 

into algebra as x + 3. 

English Phrases Algebraic 
Describing Addition Expression Diagram 

Three more than a number x 3 

The sum of a number and three —S 

A number increased by three bie Hh 

Three is added to a number. C y 
eins Three greater than a number 

A number plus three 

In a similar way we can use algebra to express English phrases that describe 
the operations of subtraction, multiplication, and division. 

CAUTION: Since subtraction is not commutative, the order is essential. A number 

decreased by five is x — 5. It is not correct to say 5 — x. Use extra care as you study 
each example. Make sure you understand the proper order. 

English Phrases Algebraic 
Describing Subtraction Expression Diagram 

A number decreased by four rt 
eee, 

Four less than a number 4 

Four is subtracted from a number. 

Four smaller than a number | 
KiaaA 

Four fewer than a number R y 

A number diminished by four sii 

A number minus 4 

The difference between a number and four 

English Phrases Algebraic 
Describing Multiplication Expression Diagram 

Double a number x x 
; (a 

Twice a number 

The product of two and a number 2x 

Two of a number EE) 
2x Two times a number 

Since division is not commutative, the order is essential. A number divided by 

aes 3 : 
3 is 3 It is not correct to say a Use extra care as you study each example. 
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\ English Phrases Algebraic 
Describing Division Expression Diagram 

A number divided by five 55 

7 —_——r 

One-fifth of a number 3 

The quotient of a number and five 5 | eee 

Se 
o9 
5 

Often other words are used in English instead of the word number. We can use 
a variable, such as x, here also. 

Example 1 Write each English phrase as an algebraic expression. 

English Phrase Algebraic Expression 

(a) A quantity is increased by five. xs 

(b) Double the value se 

(c) One-third of the weight - or ; x 

(d) Twelve more than an unknown number x + 12 

The variable or expression that follows the words more than technically comes 
before the plus sign. However, since addition is commutative, it also can be 

written after the plus sign. 

(e) Seven less than a number aay 

Note that the algebraic expression for “seven less than a number” does not follow 
the order of the words in the English phrase. The variable or expression that follows 
the words less than always comes first. 

seven less than x 

1 Seal 
oO 

feed Student Practice 1 Write each English phrase as an algebraic expression. 

(a) Four more than a number (b) Triple a value 

(c) Eight less than a number (d) One-fourth of a height 

More than one operation can be described in an English phrase. Sometimes 
parentheses must be used to make clear which operation is done first. 

Example 2 Write each English phrase as an algebraic expression. 

English Phrase Algebraic Expression 

(a) Seven more than double a number abe ae J 

Note that these are not the same. 

(b) The value of the number is increased 26x 7) 

by seven and then doubled. Note that the word then tells us to 
add x and 7 before doubling. 

(c) One-half of the sum of a number and 3 Z (xk 3) 
2 oO 
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Student Practice 2 Write each English phrase as an algebraic expression. 

(a) Eight more than triple a number 

(b) A number is increased by eight and then it is tripled. 

(c) One-third of the sum of a number and 4 

Writing an Algebraic Expression to Compare 

Two or More Quantities @® 

Often in a word problem two or more quantities are described in terms of another. 
We will want to use a variable to represent one quantity and then write an algebraic 
expression using the same variable to represent the other quantity. Which quantity 
should we let the variable represent? We usually let the variable represent the quanti- 
ty that is the basis of comparison: the quantity that the others are being compared to. 

Example 3 Use a variable and an algebraic expression to describe the two quan- 
tities in the English sentence “Mike’s salary is $2000 more than Fred’s salary.” 

Solution The two quantities that are being compared are Mike’s salary and 
Fred’s salary. Since Mike’s salary is being compared to Fred’s salary, we let the vari- 
able represent Fred’s salary. The choice of the letter fhelps us to remember that the 
variable represents Fred’s salary. 

Let f = Fred’s salary. 

Then f + $2000 = Mike’s salary, since Mike’s salary is $2000 more than Fred’s. © 

Student Practice 3 Use a variable and an algebraic expression to de- 
scribe the two quantities in the English sentence “Marie works 17 hours per week 
less than Ann.” 

Example 4 The length of a rectangle is 3 meters shorter than twice the width. Use 
a variable and an algebraic expression to describe the length and the width. Draw a 
picture of the rectangle and label the length and width. 

Solution The length of the rectangle is being compared to the width. Use the 
letter w for width. 

Let w = the width. 

3 meters shorter than twice the width 

Then 2w — 3 = the length. 

A picture of the rectangle is shown. 

1=2w —3 

Oo 

Student Practice 4 The length of a rectangle is 5 meters longer than 
double the width. Use a variable and an algebraic expression to describe the 
length and the width. Draw a picture of the rectangle and label the length and 
width. 



} 

\ Example 5 The measure of the first angle of a triangle is triple the measure of 

Section 2.5 Translating English Phrases into Algebraic Expressions 

the second angle. The measure of the third angle of the triangle is 12° more than the 
measure of the second angle. Describe each angle measure algebraically. Draw a 
diagram of the triangle and label its parts. 

Solution Since the first and third angle measures are described in terms of the 
second angle, we let the variable represent the number of degrees in the second 
angle. 

Let s = the number of degrees in 

the second angle. 
First angle 

| Then 3s = the number of degrees in 
the first angle. 

Third angle Second angle 

Ands + 12 = the number of degrees in 
the third angle. Oo 

Student Practice 5 The measure of the first angle of a triangle is 16° 
less than the measure of the second angle. The measure of the third angle is dou- 
ble the measure of the second angle. Describe each angle measure algebraically. 
Draw a diagram of the triangle and label its parts. 

Some comparisons will involve fractions. 

Example 6 A theater manager was examining the records of attendance for last 
year. The number of people attending the theater in January was one-half of the 
number of people attending the theater in February. The number of people attend- 

ing the theater in March was three-fifths of the number of people attending the 
theater in February. Use algebra to describe the attendance each month. 

Solution What are we looking for? The number of people who attended the 
theater each month. The basis of comparison is February. That is where we begin. 

Let f = the number of people who attended in February. 

1 
Then 3 f = the number of people who attended in January. 

And : f = the number of people who attended in March. o 

Student Practice 6 The college dean noticed that in the spring the 
number of students on campus was two-thirds of the number of students on cam- 

pus in the fall. She also noticed that in the summer the number of students on 
campus was one-fifth the number of students on campus in the fall. Use algebra 
to describe the number of students on campus in each of these three time periods. 
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Verbal and Writing Skills Write an algebraic expression for each quantity. Let x represent the unknown value. 

tL: 

17. 

eleven more than a number 

twelve less than a number 

one-eighth of a quantity 

twice a quantity 

three more than half of a number 

. double a quantity increased by nine 

. one-third of the sum of a number and seven 

. one-third of a number reduced by twice the same 
number 

five times a quantity decreased by eleven 

2. 

18. 

the sum of a number and five 

seven subtracted from a number 

one-sixth of a quantity 

triple a number 

. five more than one-third of a number 

ten times a number increased by 1 

one-fourth of the sum of a number and 5 

one-fifth of a number reduced by double the same 
number 

four less than seven times a number 

Write an algebraic expression for each of the quantities being compared. 

19, 

A 21. 

23. 

A 25. 

A 27. 

162 

Stock Value The value of a share of IBM stock one 

day was $74.50 more than the value of a share of 
AT&T stock. 

Geometry The length of a rectangle is 7 inches more 
than double the width. 

Cookie Sales The number of boxes of cookies sold by 
Sarah was 43 fewer than the number of boxes of cook- 
ies sold by Keiko, The number of boxes of cookies sold 
by Imelda was 53 more than the number sold by Keiko, 

Geometry The measure of the first angle of a triangle 
is 25 degrees less than the measure of the second an- 
gle. The measure of the third angle of the triangle is 
triple the measure of the second angle. 

Geometry The length of a rectangle is 3 meters more 
than triple the width. 

20. 

22. 

24. 

A 26. 

28. 

Investments One day in March 2019, the value of a 

share of Twitter stock was $47.49 less than the value 
of a share of Target stock. 

Exports The value of the exports of Japan was twice 
the value of the exports of Canada. 

April Rainfall The average April rainfall in Savan- 
nah, Georgia, is about 13 inches more than that of 
Burlington, Vermont. The average rainfall in Phoenix, 
Arizona, is about 28 inches less than that of Burlington. 

Geometry The measure of the second angle of a tri- 
angle is double the measure of the first angle. The 
measure of the third angle of the triangle is 30 degrees 
more than the measure of the first angle. 

Text Messages The number of text messages Marisol 
received was three times the number received by her 
brother. 
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, 29. Concert Tickets The price of the All Star Concert 30. Technology Convention The attendance at the Inno- 

tickets was one-half the price of the Summer on the vative Technology convention last year was one-third 
Beach Concert tickets. the attendance at the convention this year. 

To Think About 

Kayak Rentals The following bar graph depicts the number of people who rented sea kayaks at T.J. Boat Rental during the 

summer of 2019. Use the bar graph to answer exercises 31 and 32. 

31. Write an expression for the number of men who rented e Group 
sea kayaks at T.J. Boat Rental in each age category. Rental 
Start by using x for the number of men aged 16 to 24 
who rented kayaks. 

of Sea Kayaks by Ag 

32. Write an expression for the number of women who 
rented sea kayaks at T.J. Boat Rental. Start by using 

y for the number of women aged 25 to 34 who rented 
kayaks. 

Number of people renting kayaks 

Cumulative Review Solve for the variable. 

33. [2.4.1] x + (x —3) = 9 34. [2.4.1] ox pole = 1) = 9 

Quick Quiz 2.5 Write an algebraic expression for each quantity. Let x represent the unknown value. 

1. Ten greater than a number 2. Five less than double a number 

3. The measure of the first angle of a triangle is 15 de- 4. Concept Check Explain how you would decide 
grees more than the measure of the second angle. The whether to use 4 (x +7) or 3x +7 as the algebraic 
measure of the third angle of the triangle is five times expression for the phrase “one-third of the sum of a 
the measure of the second angle. Write an algebraic number and seven.” 
expression for the measure of each of the three angles. 
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[26] Using Equations to Solve Word Problems 

Student Learning Objectives 

After studying this section, you will 

be able to: 

1 | Solve number 
problems. @® 

Use the Mathematics Blueprint 
to solve applied word 
problems. @® 

In Section 0.6 we introduced a simple three-step procedure to solve applied prob- 
lems. You have had an opportunity to use that approach to solve word problems in 
Exercises 0.6 and in the Applications exercises in Chapter 1. Now we are going to 
focus our attention on solving applied problems that require the use of variables, 
translating English phrases into algebraic expressions, and setting up equations. The 
process is a little more involved. Some students find the following outline a helpful 
way to keep organized while solving such problems. 

1. Understand the problem. 

Read the word problem carefully to get an overview. 

Determine what information you will need to solve the problem. 

Draw a sketch. Label it with the known information. Determine what 

needs to be found. 

Choose a variable to represent one unknown quantity. 

If necessary, represent other unknown quantities in terms of that 
very same variable. 

. Write an equation. 

(a) Look for key words to help you to translate the words into algebraic 
symbols and expressions. 

(b) Use a given relationship in the problem or an appropriate formula to 

write an equation. 

. Solve and state the answer. 

4. Check. 

(a) Check the solution in the original equation. Is the answer reasonable? 

(b) Be sure the solution to the equation answers the question in the 

word problem. You may need to do some additional calculations if 
it does not. 

EB Solving Number Problems @® 

Example 1 Two-thirds of a number is eighty-four. What is the number? 

Solution 

1. Understand the problem. Draw a sketch. 

Let x = the unknown number. 

2. Write an equation. 

Two-thirds of a number eighty-four. 
re ae eed 

<a? a 84 
3 



3. 

4, 

Section 2.6 Using Equations to Solve Word Problems 

Solve and state the answer. 

or = 84 

2 
a(2x) = 3(84) Multiply both sides of the equation by 3. 

2x = 252 Simplify. 
rine ear hey) nes ’ Se Divide both sides by 2. 
2 2 ; 

x = 126 

The number is 126. 

Check, Is two-thirds of 126 eighty-four? 

2 
=(126) = 84 a ) 

84 = 84 Vv Oo 

Student Practice 1 Three-fourths of a number is negative eighty-one. 

What is the number? 

Learning to solve problems like Examples 1 and 2 is a very useful skill. You 
will find that learning the remaining material in this text will be much easier if you 
can master the procedure used in these two examples. 

Example 2 Five more than six times a quantity is three hundred five. Find the 
number. 

Solution 

1 

Le 

Understand the problem. Read the problem carefully. You may not need to 
draw a sketch. 

Let x = the unknown quantity. 

Write an equation. 

Five more than six times a quantity is three hundred five. 
SO Rea 

= het ac 6x = 305 

Solve and state the answer. You may want to rewrite the equation to make it 
easier to solve. 

6x + 5 = 305 

6x + 5 — 5 = 305 — 5 Subtract 5 from both sides. 

6x = 300 Simplify. 

6x — 300 
5 eee Divide both sides by 6. 
6 6 

x = 50 

The quantity, or number, is 50. 

. Check. Is five more than six times 50 three hundred five? 

6(50) + 5 = 305 

300 + 5 = 305 
305 = 305 Vv o 

he number. 

Student Practice 2 Two less than triple a number is forty-nine. Find 
t 
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Example 3 The larger of two numbers is three more than twice the smaller. The 
sum of the numbers is thirty-nine. Find each number. 

Solution 

1. Understand the problem. The problem refers to two numbers. We must write an 
algebraic expression for each number before writing the equation. If we are com- 
paring one quantity to others, we usually let the variable represent the quantity 
that the others are being compared to. In this case, the larger number is being com- 
pared to the smaller number. We want to use one variable to describe each number. 

Let s = the smaller number. 

Then 2s + 3 = the larger number. 

three more than twice the smaller number 

2. Write an equation. Thesumofthenumbers is thirty-nine. 

Sa (28-3 | = 39 

3. Solve. © lo 3) "39 
3s + 3 = 39 Combine like terms. 

3s = 36 Subtract 3 from each side. 

s = 12 Divide both sides by 3. 

4, Check. 12 + [2(12) + 3] = 39 

ci a md 

The solution checks, but have we solved the word problem? We need to find 
each number. 12 is the smaller number. Substitute 12 into the expression 2s + 3 
to find the larger number. 

25 +3 = 2(12) +3 = 27 

The smaller number is 12. The larger number is 27, Oo 

Student Practice 3 Consider two numbers. The second number is 
twelve less than triple the first number. The sum of the two numbers is twenty-four. 
Find each number. 

We frequently encounter triangles in word problems. There are four important 

facts about triangles, which we list for convenient reference. 

TRIANGLE FACTS 

1. The sum of the interior angles of any triangle is 180°. That is, 

measure of ZA + measure of 2B + measure of ZC = 180°. 

. An equilateral triangle is a triangle with three sides equal in length and Equilateral 
three angles that measure 60° each. triangle 

. An isosceles triangle is a triangle with two equal sides. The two angles G 

opposite the equal sides are also equal. Isosceles 
triangle 

measure of ZA = measure of 2B 

B A 

4. Aright triangle is a triangle with one angle that measures 90°. 
Right 
triangle 

a 
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_ Example 4 The smallest angle of an isosceles triangle measures 24°. The other 
two angles are larger. What are the measurements of the other two angles? 

Solution We know that in an isosceles triangle the measures of two angles are 
equal. We know that the sum of the measures of all three angles is 180°. Both of 
the larger angles must be different from 24°, therefore these two larger angles 
must be equal. 

Let x = the measure in degrees of each of the larger angles. 

Then we can write 24° + x - x = 180° Ee 

24° 4+ 2x = 180° Add like terme Sat 5s 
2x = 156° Subtract 24 from each side. 

x = 78° Divide each side by 2. 

Thus the measure of each of the other two angles of the triangle must be 78°. 9 

Student Practice 4 The largest angle of an isosceles triangle measures 
132°. The other two angles are smaller. What are the measurements of the other 
two angles? 

Example 5 In a triangle, the measure of the first angle is 25° more than the mea- = 
sure of the second angle. The measure of the third angle is three times the measure 
of the second angle. What are the measurements of all three angles? > 

Solution The sum of the measures of all three angles of a triangle is 180°. We 
are comparing both the first and third angles to the second, so we let x = the < 
measure of the second angle. Then x + 25° = the measure of the first angle, and 

3x = the measure of the third angle. 

Then we can write Mopeds) Gee 3x = 180° 

5x + 25° = 180° Add like terms. 

5x = 155° Subtract 25° from each side. 

x = 31° Divide each side by 5. 

Thus, the measure of the second angle is 31°, the measure of the first angle is 

31° + 25° = 56°, and the measure of the third angle is 3(31°) = 93°. 

Check. Add all three angles to verify the sum is 180°. ¥ oO 

Student Practice 5 Ina triangle, the measure of the second angle is 
five degrees more than twice the measure of the first angle. The measure of the 
third angle is half the measure of the first angle. What are the measurements of all 
three angles? 

Using the Mathematics Blueprint to Solve Applied 

Word Problems 

To facilitate understanding more involved word problems, we will use a Mathe- 
matics Blueprint similar to the one we used in Section 0.6. This format is a simple 
way to organize facts, determine what to set variables equal to, and select a meth- 
od or approach that will assist you in finding the desired quantity. You will find 

_ using this form helpful, particularly in those cases when you read through a word 
problem and mentally say to yourself, “Now where do I begin?” You begin by 
responding to the headings of the blueprint. Soon a procedure for solving the 
problem will emerge. 
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Piatnapratics Rison si Broplenm sphebs 

Sometimes the relationship between two quantities is so well understood that we 
have developed a formula to describe that relationship. The following example 
shows how you can use a formula to solve a word problem. 

Example 6 Two people traveled in separate cars. They each traveled a distance 
of 330 miles on an interstate highway. To maximize fuel economy, Fred traveled at 
exactly 50 mph. Sam traveled at exactly 55 mph. How much time did the trip take 
each person? (Use the formula distance = rate+ time or d = rt.) 

Fred. : es 

Solution 

Mathematics Blueprint for Problem Solving 

Gather theFacts  -—'| Assignthe Variable =—_| Basic Formula or. 

Each person drove Time is the unknown quantity distance = ae (time ) The time is eReAnell in 1 hours. 
330 miles. for each driver. ord = rt 

Fred drove at 50 mph. Use subscripts to denote 
Sam drove at 55 mph. different values of t. 

ty = Fred’s time 

t, = Sam’s time 

We must find ¢ in the formula d = rt. To simplify calculations we can solve for t¢ 
before we substitute values: 

d d 
—=t = =f 
if ld 

=, 330 _ 
Sle atk ae 

66=a, 6 =, 

It took Fred 6.6 hours to drive 330 miles. It took Sam 6 hours to drive 330 miles. 

Check. Is this reasonable? Yes, you would expect Fred to take longer to drive the 
same distance because Fred was driving at a slower speed. 

Note: You may wish to express 6.6 hours in hours and minutes. To change 
0.6 hour to minutes, proceed as follows: 

60 minutes 
0.6 Seep a eee SO) i = i heur ioe (0.6)(60) minutes = 36 minutes 

Thus, Fred drove for 6 hours and 36 minutes. : may «| 
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\ Student Practice 6 Sarah left the city to visit her aunt and uncle, who live 
in a rural area north of the city. She traveled the 220-mile trip in 4 hours. On her way 

home she took a slightly longer route, which measured 225 miles on the car odometer. 

The return trip took 4.5 hours. (Use the formula distance = rate+ time or d = rt.) 

(a) What was her average speed on the trip leaving the city? 

(b) What was her average speed on the return trip? 

(ec) On which trip did she travel faster and by how much? 

Example 7 A teacher told Melinda that she had a course average of 78 based 
on her six math tests. When she got home, Melinda found five of her tests. She had 

scores of 87, 63, 79, 71, and 95 on the five tests. She could not find her sixth test. 

What score did she obtain on that test? (Use the formula that an average = the 
sum of scores + the number of scores.) 

Solution 

Mathematics Blueprint for Problem Solving 

Facts —_| Assign the Variable | Basic Formula or Equation Key Points to Remember 

Her five known test scores | We do not know the score Melinda sum of scores Since there are six test scores, 
average = 

are 87, 63, 79, 71, and 95. received on her sixth test. number of scores | We will need to divide the sum 

by 6. 
Her course average is 78. | Let x = the score on the sixth test. 

When you average anything, you total up the sum of all the values and then divide 

it by the number of values. 
We now write the equation for the average of six items. This involves adding 

the scores for all the tests and dividing by 6. 

Si Oomtmoe Cbott95 Aix 
= 78 

6 

S95 ay ; 
my = 78 Add the numbers in the numerator. 

395 First we rewrite the left side as two 

ee Be 78 fractions. This is actually multiplying 

6. 6 1 305 x 
= (8395) 2) ee eee 
6 6 6 

as 395 Lines 4 = 6(78) Multiply both sides of the equation by 
6 6 to remove the fraction. 

395 +x = 468 — Simplify. 
x = 73 Subtract 395 from both sides to find x. 

Melinda’s score on the sixth test was 73. 

Check. To verify that this is correct, we check that the average of the six tests is 78. 

Olt Ose fe + ML 9S 73 y 
78 

6 

468 » 
ao LO 
6 

78 =78 vo 

The problem checks. We know that the score on the sixth test was 73. Oo 

Student Practice 7 Barbara’s math course has four tests and one final 
exam. The final exam counts as much as two tests. Barbara has test scores of 78, 80, 

100, and 96 on her four tests. What grade does she need on the final exam if she 

wants to have a 90 average for the course? (Use the formula that an average = 

the sum of scores + the number of scores.) 
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Solve. Check your solution. 

1. 

3. 

11. 

What number minus 543 gives 718? 

A number divided by eight is 296. What is the number? 

Seventeen greater than a number is 199, Find the 

number. 

A number is doubled and then increased by seven, The 

result is ninety-three. What is the original number? 

When eighteen is reduced by two-thirds of a number, 
the result is 12. Find the number. 

Eight less than triple a number is the same as five 
times the same number, Find the number. 

A number, half of that number, and one-third of that 

number are added. The result is 22. What is the number? 

10. 

14, 

Applications Solve. Check to see if your answer is reasonable. 

45. 

17. 

19, 

170 

Tablet Cases Lester orders supplies for the Tech 
Warehouse and noticed that the number of black tab- 
let cases sold this year was three times the number 
of red cases. If he orders 120 black tablet cases and 
expects the same sales pattern, how many red cases 
should he order? 

Geometry The smallest angle of an isosceles triangle 

measures 36°. The other two angles are larger. What is 
the measure of each of the other two angles? 

Parking Lot A triangular region of the community 
college parking lot was measured. The measure of 
the first angle of this triangle is double the measure 
of the second angle. The measure of the third angle is 
19° greater than double the measure of the first angle. 
What are the measurements of all three angles? 

16. 

18. 

20. 

What number added to 74 gives 265? 

. Anumber divided by nine is 189, What is the number? 

Three times a number is one. What is the number? 

Eight times a number is decreased by thirty-two. The 
result is one hundred twenty. Find the original number. 

Twice a number is increased by one-third the same 
number. The result is 42. Find the number. 

Ten less than double a number is the same as seven 

times the number. Find the number. 

A number, twice that number, and one-third of that 

number are added. The result is 20, What is the number? 

Inventory The college store maintains an inventory 
of baseball T-shirts and sweatshirts that have the team 
logo. Due to demand, the number of baseball T-shirts 
kept in inventory is four times the number of baseball 
sweatshirts. If the store has 164 T-shirts, how many 

sweatshirts are in inventory at the college store? 

TV Antenna Part of a cable TV antenna is an isosce- 
les triangle. The largest angle measures 146°. The oth- 

er two angles are smaller, What are the measurements 

of the other two angles in the triangular part of the 
cable TV antenna? 

Lobster Pot A lobster pot used in Gloucester, Mas- 

sachusetts, has a small triangular piece of wood at the 
point where the lobster enters. The measure of the first 
angle of this triangle is triple the measure of the second 
angle. The measure of the third angle of the triangle is 
30° less than double the measure of the first angle. What 
are the measurements of all three angles? 



21. 

23. 

25. 

27. 

One-Day Sale Raquelle went to Weller’s Depart- 
ment Store’s one-day sale. She bought two blouses for 

$38 each and a pair of shoes for $49. She also wanted 
to buy some jewelry. Each item of jewelry was bargain 
priced at $11.50 each. If she brought $171 with her, 
how many pieces of jewelry could she buy? 

Running Time A track star in Arizona ran the 
100-meter event in six track meets. Her average time 
for all six meets was 11.8 seconds. She could not find 

the record for her running time in the last meet, but 

she had all the other ones: 11.7 seconds, 11.6 seconds, 

12 seconds, 12.1 seconds, 11.9 seconds. What was her 

running time for her last meet? 

In-Line Skating Two in-line skaters, Nell and Kris- 
tin, start from the same point and skate in the same 

direction. Nell skates at 12 miles per hour and Kristin 
skates at 14 miles per hour. If they can keep up that 
pace for 2.5 hours, how far apart will they be at the 

end of that time? 

Travel Routes Nella drove from Albuquerque, New 
Mexico, to the Garden of the Gods rock formation in 
Colorado Springs. It took her six hours to travel 312 
miles over the mountain road. She came home on the 

highway. On the highway she took five hours to travel 

320 miles. How fast did she travel using the mountain 
route? How much faster (in miles per hour) did she 
travel using the highway route? 

Section 2.6 Using Equations to Solve Word Problems 

22. 

171 

Sales Clerk Bonus Samuel is a sales clerk in a major 
department store and earns $11 per hour. Last week 
the store had a credit card promotion offering a bonus 
of $2.50 for each store credit card application the 
sales clerks obtained from customers. Samuel worked 
30 hours during the promotional week, and his pay- 

check for that week was $377.50 before deductions. 
How many credit card applications did Samuel obtain 
during the promotional week? 

24. Algebra Exams Leo has taken four of the five exams 

26. 

28. 

in his algebra class. His scores on the four exams were 

94, 89, 92, and 88. The instructor told students they 

must have at least a 90 as their average test score for 
all five exams to get a grade of A in the class. What is 

the lowest score Leo can get on the fifth exam to earn 

an A in his algebra class? 

Truck Drivers Allan and Tiana are transporting cars 
on their trucks from the same pick-up point and tak- 
ing them to the same dealership. Tiana is traveling at 
55 mph, while Allan’s speed is a little slower, 45 mph, 

since he has a larger load. If they both continue at the 
same speed, how far apart will they be after traveling 
for 3.5 hours? 

Road Trip Ester and her roommate MaryAnn decid- 
ed to visit a friend at her beach home. MaryAnn had 
to return a few days earlier than Ester so they took 

separate cars. They both left their apartment at the 
same time for the 420-mile trip to the beach house. 
MaryAnn’s car is not fuel efficient so she traveled 
atS0 mph to save money on gas, while Ester drove 

60 mph. How much time did the trip take each person? 
How much longer did it take MaryAnn to travel to the 

beach house? 
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29. Grading System Danielle’s chemistry professor has a 
complicated grading system. Each lab counts once and 
each test counts as two labs. At the end of the semester 
there is a final lab that counts as three regular labs. 
Danielle received scores of 84, 81, and 93 on her labs 

30. Life Expectancy Just before Sara’s presentation on 
the top seven countries’ life expectancies, she lost 
a few note cards for her speech, and therefore she 
did not have the data for Spain and Sweden. She re- 
membered they both had the exact same age for 

and scores of 89 and 94 on her tests. What score must 

she get on the final lab to receive an A (an A is 90)? 
life expectancy. Sara used the following data from 
her note cards to calculate the missing information. 
Japan: 82.6 years; Hong Kong: 82.2 years; Iceland: 
81.8 years; Switzerland: 81.7 years; Australia 81.2 years; 

the average age for all 7 countries: 81.6 years. What age 

did Sara calculate as the life expectancy for Spain and 
Sweden? Round your answer to the nearest tenth. 

To Think About 

31. Cricket Chirps In warmer climates, approximate 
temperature predictions can be made by counting the 
number of chirps of a cricket during a minute. The 
Fahrenheit temperature decreased by forty is equiva- 
lent to one-fourth of the number of cricket chirps. 

(a) Write an equation for this relationship. 

(b) Approximately how many chirps per minute should 
be recorded if the temperature is 90°F? 

(c) If a person recorded 148 cricket chirps in a min- 
ute, what would be the Fahrenheit temperature 

according to this formula? 

Cumulative Review Simplify. 

32. [1.6.1] 5x(2x? — 6x — 3) 33. [1.6.1] —2a(ab — 3b + Sa) 

34, [1.72] 7x — 3y — 12x — 8y + Sy 35, [1.7.2] 5x2y — 7xy? — 8xy — 9x2y 

Quick Quiz 2.6 

1. A number is tripled and then decreased by 15. The 2. The largest angle of an isosceles triangle measures 70°. 
result is 36, What is the number? The other two angles are smaller. What are the measure- 

ments of the other two angles? 

3. James scored 84, 89, 73, and 80 on four tests. What Concept Check Explain how you would set up an 

equation to solve the following problem. 

Phil purchased two shirts for $23 each and then pur- 
chased several pairs of socks. The socks were priced at 
$0.75 per pair. How many pairs of socks did he pur- 
chase if the total cost was $60.25? 

must he score on the next test to have an 80 average 
in the course? 
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re Solving Word Problems: 
The Value of Money and Percents @® 

The problems we now present are frequently encountered in business. They deal @@RERR Learning Objectives 

with money: buying, selling, and renting items; earning and borrowing money; and 
the value of collections of stamps or coins. Many applications require an under- 
standing of the use of percents and decimals. Review Sections 0.4 and 0.5 if you are 
weak in these skills. 

After studying this section, you will 
be able to: 

1 | Solve problems involving 
periodic rate charges. @® 

Solving Problems Involving Periodic Rate Charges @® Solve percent problems. @®) 

Example 1 A business executive rented a car. The Supreme Car Rental Agency Solve investment problems 
charged $39 per day and $0.28 per mile. The executive rented the car for two days involving simple 
and the total rental cost was computed to be $176. How many miles did the executive interest. @® 
drive the rented car? Solve coin problems. @® 

Solution 

1. Understand the problem. How do you calculate the cost of renting a car? 

N 

_ 

total cost = per-day cost + mileage cost 

What is known? 

It cost a total of $176 to rent the car for two days, the per-day cost is $39 and the 
mileage cost is $0.28 per mile. 

What do you need to find? 

The number of miles the car was driven. 

Choose a variable: 

Let m = the number of miles driven in the rented car. 

Write an equation. Use the relationship for calculating the total cost. 

per-day cost + mileagecost = __ totalcost 

(39)(2) + (0.28)m - 176 

. Solve and state the answer. 

(39)(2) + (0.28)(m) = 176 

78 + 0.28m = 176 Simplify the equation. 

0.28m = 98 — Subtract 78 from both sides. 

an = ae Divide both sides by 0.28. 

m = 350 Simplify. 

The executive drove 350 miles. 

Check. Does this seem reasonable? If he drove the car 350 miles in two days, 
would it cost $176? 

(cost of $39 per day + (cost of $0.28 per mile = total cost of $176 
for 2 days) for 350 miles ) 

($39)(2) + (350)($0.28) + $176 
$78 + $98 + $176 

$176 = $176 Vv o 
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[f=84 Student Practice 1 Alfredo wants to rent a truck to move to Florida. 
He has determined that the cheapest rental rates for a truck of the correct size are 
from a local company that will charge him $25 per day and $0.20 per mile. He has 
not yet completed an estimate of the mileage of the trip, but he knows that he will 
need the truck for three days. He has allowed $350 in his moving budget for the 
truck. How far can he travel for a rental cost of exactly $350? 

PF] solving Percent Problems @® 

Many applied situations require finding a percent of an unknown number. If we 
want to find 23% of $400, we multiply 0.23 by 400: 0.23(400) = 92. If we want to 
find 23% of an unknown number, we can express this using algebra by writing 0.23n, 
where n represents the unknown number. 

Example 2 A sofa was marked with the following sign: “The price of this sofa has 
been reduced by 23%. You can save $138 if you buy now.” What was the original 
price of the sofa? 

Solution 

1. Understand the problem. 

Let s = the original price of the sofa. 

Then 0.23s = the amount of the price reduction, which is $138. 

2. Write an equation and solve. 

0.23s = 138 Write the equation. 

0.235 138 Divid icin acer 

0.23 0.23 ivide each side of the equation by 0.23. 

s = 600 Simplify. 

The original price of the sofa was $600. 

3. Check. Is $600 areasonable answer? Y Does 23% of $600 = $138? Y 

Student Practice 2 John earns a commission of 38% of the cost of 
every set of chef’s knives that he sells. Last year he earned $17,100 in commissions. 

What was the cost of the chef’s knives that he sold last year? 

Example 3 Hector works part-time and received a pay raise this year. The raise 
was 6% of last year’s salary. This year he will earn $15,900. What was his salary last 
year before the raise? 

Solution 

1. Understand the problem. What do we need to find? 

Hector’s salary last year. 

What do we know? 

Hector received a 6% pay raise and now earns $15,900. 

What does this mean? 

Reword the problem: This year’s salary of $15,900 is 6% more than 
last year’s salary. 

Choose a variable: 

Letx 

Then 0.06x 

Hector’s salary last year. 

the amount of the raise. 
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, 2. Write an equation and solve. 

Last year’s , theamount _ this year’s 

salary of his raise salary 

x + 0.06x = 15,900 Write the equation. 

1.00x a8 0.06x = 15,900 Rewrite x as 1.00x. 

1.06x 15,900 Combine like terms. 

thy wereld Divide by 1.06 
1.06 1.06 : 

x = 15,000 Simplify. 

Thus Hector’s salary was $15,000 last year before the raise. 

3. Check. Does it seem reasonable that Hector’s salary last year was $15,000? 
The check is up to you. oO 

Student Practice 3. The price of Betsy’s new car is 7% more than the 
price of a similar model last year. She paid $19,795 for her car this year. What 
would a similar model have cost last year? 

Solving Investment Problems Involving 

Simple Interest @® 

Interest is a charge for borrowing money or an income from investing money. 
Interest rates affect our lives. They affect the national economy and they affect a 
consumer’s ability to borrow money for big purchases. For these reasons, a student 
of mathematics should be able to solve problems involving interest. 

There are two basic types of interest: simple and compound. Simple interest 
is computed by multiplying the amount of money borrowed or invested (which is 
called the principal) times the rate of interest times the period of time over which it 
is borrowed or invested (usually measured in years unless otherwise stated), 

Simple interest = principal x rate < time 

I = prt 

You often hear of banks offering a certain interest rate compounded quarterly, 
monthly, weekly, or daily. In compound interest the amount of interest is added to 
the amount of the original principal at the end of each time period, so future interest 
is based on the sum of both principal and previous interest. Most financial institu- 
tions use compound interest in their transactions. 

However, all examples and exercises in this chapter will involve simple interest. 

Example 4 Find the interest on $3000 borrowed at a simple interest rate of 18% 
for one year. 

Solution 

I = prt 

I = (3000)(0.18)(1) 

The simple interest formula 

Substitute the values of the variables: principal = 3000, 

the rate = 18% = 0.18, the time = one year. 

I = 540 Simplify. 

Thus the interest charge for borrowing $3000 for one year at a simple interest rate 
of 18% is $540. o 

deg Student Practice 4 Find the interest on $7000 borrowed at a simple 
interest rate of 12% for one year. 

175 

Calculator 

Interest 

You can use a calculator to 

find simple interest. Find the 
interest on $450 invested at 
an annual rate of 6.5% for 

15 months, Notice that the time 

is in months. Since the interest 
formula J = prt is in years, you 
need to change 15 months to 

years by dividing 15 by 12. 

Enter: 15 [+] 12 [=] 

Leave this on the display 
and multiply as follows: 

1.25 [x] 450 

6.5 [%] [=] 
The display should read 

which would round 
to $36.56, 

Try finding the simple 
interest in the following. 

(a) $9516 invested at 12% 
for 30 months 

(b) $593 borrowed at 8% 

for 5 months 

Ans: 

(a) $2854.80 

(b) $19.77 

Display: 
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Now we apply this concept to a word problem about investments. 

[fey Student Practice 5 A wom- 
an invested her savings of $8000 in two 
accounts that each calculate interest only 
once per year. She placed one amount in a 
special notice account that yields 9% annu- 
al interest. The remainder she placed in a 

tax-free All-Savers account that yields 7% 
annual interest. At the end of the year, she 
had earned $630 in interest from the two 
accounts together. How much had she in- 
vested in each account? 

For all Student Practice problems, write 

out the steps on a separate sheet of paper. 
Check the step-by-step solutions in the 
back of the textbook. 

MeExam ple 5 A woman invested an amount of money in two accounts 
for one year. She invested some at 8% simple interest and the rest at 
6% simple interest. Her total amount invested was $1250. At the end 
of the year she had earned $86 in interest. How much money had she 
invested in each account? 

Solution The simple interest formula is J = prt. 

1. Understand the problem. 
What do we know? We have t = 1 year, so we can calculate 
I=pXrxX1orl = pr: Interest = amount invested X rate. 

What do we need to find? How much money was invested at 8% 
and at 6%. 

Choose a variable: Let x = amount invested at 8%. 

Then we know: 

amount invested at 8% + amount invested at 6% = $1250 

x + amount invested at 6% = $1250 

amount invested at 6% = $1250 — x 

We let (1250 — x) = amount invested at 6%. 

2. Write an equation and solve. 
We use / = pr (interest = amount invested X rate) 

interest interest total interest 
éarmmed® + earned earned during 
at 8% at 6% the year 

0.08x + 0.06(1250, — x) 86 

ll 

Note: Be sure you write (1250 — x) for the amount of money invested 
at 6%. Students often write it backwards by mistake. It is not correct 

to use (x — 1250) instead of (1250 — x). The order of the terms is 
very important. 

Solve and state the answer. 

0.08x + 75 — 0.06x = 86 Remove parentheses. 

0.02x + 75 = 86 Combine like terms. 

0.02x = 11 Subtract 75 from both sides. 

Oi2 jap iit Be Wee at pond ent ome = — Divide both side 02. 
0.02 0.02 Pai 

x = 550 The amount invested at 8% simple 
interest is $550. 

1250 — x = 1250 — 550 = 700 The amount invested at 6% simple 
interest is $700. 

Check. Are these values reasonable? Yes. Do the amounts equal $1250? 

$550 + $700 + $1250 
$1250 = $1250 V¥ 

Would these amounts earn $86 interest in one year invested at the 
specified rates? 

0.08( $550) + 0.06($700) = $86 

$44 + $42 = $86 

$86 = $86 V oO 

Ile Ihe 
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\ Ea Solving Coin Problems @® 

Coin problems provide an unmatched opportunity to use the concept of value. We 

must make a distinction between how many coins there are and the value of the coins. 

Consider the next example. Here we know the value of some coins, but do not 
know how many we have. 

Example 6 When Bob got out of math class, he wanted to buy a coffee at the 
snack bar. He had exactly enough dimes and quarters to buy a coffee that would 

cost $2.55. He had one fewer quarter than he had dimes. How many coins of each 
type did he have? 

Solution 

1. Understand the problem. 

Let d = the number of dimes. 

Then d — 1 = the number of quarters. 

The total value of the coins was $2.55. How can we represent the value of the 
dimes and the value of the quarters? Think. 

Each dime is worth $0.10. Each quarter is worth $0.25. 

5 dimes are worth (5)(0.10) = 0.50. 8 quarters are worth (8)(0.25) = 2.00. 

d dimes are woth (d)(0.10) = 0.10d. (d — 1) quarters are worth: 

(da >1)(0.25) = @.23(a aE) 

2. Write an equation and solve. Now we can write an equation for the total value. 

(value of dimes) + (value of quarters) = $2.55 

Didar 25d. .1) = 2.55 

0.10d + 0.25d — 0.25 = 2.55 Remove parentheses. 

0.35d — 0.25 = 2.55 Combine like terms. 

0.35d = 2.80 Add 0.25 to both sides. 

ee - ee Divide both sides by 0.35. 

d=8 Simplify. 

“=A = s— t= 7 

Thus Bob had eight dimes and seven quarters. 

3. Check. Is this answer reasonable? Yes. Does Bob have one fewer quarter than 
he has dimes? 

8-741 
1=1 Vv 

Are eight dimes and seven quarters worth $2.55? 

8($0.10) + 7($0.25) = $2.55 

$0.80 + $1.75 = $2.55 

$2.55 = $2.55 vo o 

> [hs 

i= Student Practice 6 Ginger has five more quarters than dimes. She has 
$5.10 in change. If she has only quarters and dimes, how many coins of each type 
does she have? 

177 
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Example 7 Michele and her two children returned from the grocery store with 
$2.80 in change. She had twice as many quarters as nickels, She had two more dimes 
than nickels. How many nickels, dimes, and quarters did she have? 

Solution 

Mathematics Blueprint for Froblem solving 

\Gather: = ae 
‘the Facts Gre a a 

Michele had $2.80 in change. 

She had twice as many quarters 

as nickels. 

Don t add the number 
of coins to get $2.80, 

You must add the 

values of the coins! 

The valid of thewiidlelé . # aise 

value of the dimes + the value 

of the quarters = $2.80. 

= Be Reher ai fiickelat “ 

2x = number of quarters. 

x + 2 = number of dimes. 

0.05x = value of the nickels. 

0.25(2x) = value of the quarters. 

0.10(x + 2) = value of the dimes. 

She had two more dimes than 

nickels. 

$2.80 

2.80 

(value of nickels) + (value of dimes) + (value of quarters) 

FOOD MARKET 0.05x + O10(ei2) £4.) O25(2x) 

Solve. 

0.05x + 0.10x + 0.20 + 0.50x = 2.80 Remove parentheses. 

0.65x + 0.20 = 2.80 Combine like terms. 

0.65x = 2.60 Subtract 0.20 from both sides. 

0.65x _ 2.60 

0.65 0.65 
x=4 Simplify. Michele had four nickels. 

= 2(4) =8 She had eight quarters. 

x+2=4+2=6 She had six dimes. 

Divide both sides by 0.65. 

When Michele left the grocery store she had four nickels, eight quarters, and six 
dimes. 

Check. Is the answer reasonable? Yes. Did Michele have twice as many quarters 
as nickels? 

(4)(2) +8. 8=8 Vv 

Did she have two more dimes than nickels? 

At 22.6 | 6. 6/ 

Do four nickels, eight quarters, and six dimes have a value of $2.80? 

4($0.05) + 8($0.25) + 6($0.10) = $2.80 
$0.20 + $2.00 + $0.60 = $2.80 

$2.80 = $2.80 Vv Oo 

Student Practice 7 A young boy told his friend that he had twice as 
many nickels as dimes in his pocket. He also said that he had four more quarters 
than dimes. He said that he had $2.35 in change in his pocket. Can you determine 
how many nickels, dimes, and quarters he had? 
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Applications 

Solve. All problems involving interest refer to simple interest. 

1. Assistant Manager Clyde works as a part-time assistant 

11. 

manager for the Barkley Coffeehouse to earn money 
to help pay for his college expenses. He makes $11.50 
per hour. The coffeehouse sells whole bean coffee, 
mugs, and other coffee products. Clyde earns $0.50 for 
each of these items he sells. Last week he worked 30 
hours and earned $364. How many coffee products did 
he sell last week? 

Tax Accountant Eli Moran is an accountant at J & R 
Tax Prep, and during tax season he works overtime to 

meet the demand. He is paid $32 per hour for the first 
40 hours and $48 per hour for each hour in the week 

worked over 40 hours. To save for a nice vacation, Eli’s 
goal is to earn $1520 per week. How many hours over- 
time per week will he need to achieve his goal? 

Layaway Mts. Peterson’s triplets all want to attend 
the local private academy, where they are required to 
wear uniforms. Mrs. Peterson knows that the only way 

she can afford these uniforms is to shop early, put the 
uniforms on layaway, and pay a little every week. The 
total uniform cost for the three girls is $1817.75. If she 
put down a deposit of $600.00 and she could afford 
$105.00 per week, how long would it take her to pay 
off the uniforms? (Round to nearest whole number.) 

Camera Sale The camera Melissa wanted for her birth- 
day is on sale at 28% off the usual price. The amount 
of the discount is $100.80. What was the original price 
of the camera? 

Salary The cost of living last year went up 3%. For- 
tunately, Alice Swanson got a 3% raise in her salary 
from last year. This year she is earning $22,660. How 

much did she make last year? 

Investments Katerina Lubov inherited some money 

and invested it at 6% simple interest. At the end of 
the year, the total amount of her original principal 
and the interest was $12,720. How much did she orig- 

inally invest? 

2. Waitress Kayleigh must earn $385 a week in order 

to cover her expenses while attending nursing school. 
Due to her past experience, she was hired at a high- 
end restaurant and scheduled weekends, which re- 
sulted in higher tip earnings. The manager told her 
the pay is $8.75 per hour plus tips, which average $8 
per table. If Kayleigh works 12 hours a week, how 
many tables would she have to serve in order to make 
$385 per week? 

. Construction Apprentice Anna is an apprentice sheet 
metal worker for a construction company. When the 
company falls behind schedule on a job, she works 
overtime. She is paid $20 per hour for the first 40 hours 
and $30 per hour for each hour in the week worked 

over 40 hours. Anna is saving money for a new truck, 

so she would like to work enough overtime to earn 
$980 per week. How many hours overtime per week 
will she need to achieve this goal? 

6. Party Costs The Swedish Chef Catering Company 

charges $50.00 for setup, $85.00 for cleanup, and the 
special menu that Judy Carter ordered cost $23.50 
per person. If Judy Carter’s bill came to $558.00, how 

many people came to the party? 

. Work Force The number of women working full-time 

in Springfield has risen 12% this year. This means 216 
more women have full-time jobs. What was the num- 

ber of women working full-time last year? 

10. Stock Profit A speculator bought stocks and later 
sold them for $5136, making a profit of 7%. How 
much did the stocks cost him? 

12. Investments Robert Campbell invested some money 
at 8% simple interest. At the end of the year, the total 
amount of his original principal and the interest was 
$7560. How much did he originally invest? 
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13. 

15. 

17. 

19. 

21. 

23. 

Trust Fund Mr. and Mrs. Wright placed some money 
into savings accounts last year for their children. Part of it 
is earning 7% simple interest per year while the rest of it 
is earning 5% simple interest per year. They placed $5000 
in the trust fund. In one year the trust fund has earned 
$310. How much did they invest at each interest rate? 

Mutual Funds Plymouth Rock Bank invested $400,000 
last year in mutual funds. The conservative fund earned 

8% simple interest. The growth fund earned 12% 
simple interest. At the end of the year, the bank had 
earned $38,000 from these mutual funds. How much 

did it invest in each fund? 

Investments Dave Horn invested half of his money 
at 5%, one-third of his money at 4%, and the rest of 

his money at 3.5%. If his total annual investment in- 

come was $530, how much had he invested? 

Coin Bank Little Melinda has nickels and quarters in 
her bank. She has four fewer nickels than quarters. She 
has $3.70 in the bank. How many coins of each type 
does she have? 

Coin Change A newspaper carrier has $3.75 in 
change. He has three more quarters than dimes but 

twice as many nickels as quarters. How many coins of 
each type does he have? 

Office Manager Huy is an office manager for a small 
law firm. One of his responsibilities is to order supplies. 
He noticed that in the past, the number of boxes of 
white paper ordered was double the number of boxes 

of beige paper. He must spend no more than $112.50 
on paper so that when tax and shipping are added he 
stays within the office budget. If a box of white paper 
cost $3.50 and a box of beige paper cost $4.25, how 
many boxes of each can Huy order and stay within his 
$112.50 budget? 

14, 

16. 

18. 

20. 

22. 

24. 

Savings Bonds Anne and Michael invested $8000 last 
year in tax-free bonds. Some of the bonds earned 
8% simple interest while the rest earned 6% simple 
interest. At the end of the year, they had earned $580 
in interest. How much did they invest at each interest 
rate? 

Mutual Funds M &L Financial Group last year invest- 
ed $600,000 in mutual funds. The international fund 

earned 11% simple interest. The high-tech fund earned 
7% simple interest. At the end of the year, the com- 
pany had earned $50,000 in interest. How much did it 
invest in each fund? 

Investments When Karin Schumann won the lottery, 

she decided to invest half her winnings in a mutual 
fund paying 4% interest, one-third of it in a credit 
union paying 4.5% interest, and the rest ina bank CD 
paying 3% interest. If her annual investment income 
was $2400, how much money had she invested? 

Coin Change Reggie’s younger brother had several 
coins when he returned from his paper route. He had 
a total of $5.35 in dimes and quarters. He had six more 
quarters than he had dimes. How many of each coin 
did he have? 

Coin Change Tim Whitman has $4.50 in change 
in his desk drawer to use on the vending machines 

downstairs. He has four more quarters than dimes. 
He has three times as many nickels as dimes. How 
many coins of each type does he have? 

Ticket Donation Mario’s Marionettes donated free 

tickets for its show to the local Boys & Girls Club. It 
claimed that the ticket value was $176.75. A child’s 

ticket cost $5.50 and an adult’s ticket cost $8.75. If the 

number of children’s tickets was three times the num- 

ber of adults’ tickets, how many adults and children 
got to attend the show for free? 
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, 25. Paper Currency Jim and Amy sold many pieces of fur- 
niture and made $1380 during their garage sale. They 

had sixteen more $10 bills than $50 bills. They had one 
more than three times as many $20 bills as $50 bills. 
How many of each denomination did they have? 

27. Salary Madelyn Logan is an office furniture dealer 
who earns an $18,000 base salary. She also earns a 4% 

commission on sales. How much must she sell to earn 

a total of $55,000? 

26. Paper Currency Roberta Burgess came home with $325 

in tips from two nights on her job as a waitress. She 

had $20 bills, $10 bills, and $5 bills. She discovered that 
she had three times as many $5 bills as she had $10 

bills. She also found that she had 4 fewer $20 bills than 

she had $10 bills. How many of each denomination did 
she have? 

28. Animal Shelter The local animal shelter accepts aban- 
doned cats and dogs. They usually receive twice as 

many cats as dogs. They estimate that 80% of the cats 
and 60% of the dogs that come in need some kind of 

medical treatment. If they treated 286 animals last year, 

how many cats and dogs did they take in? 

Cumulative Review Perform the operations in the proper order. 

Z9AUPLS.E] 5(3) +6 +/i(-2) 30. [1.5.1] 5(-3) — 2(12 - 15)? +9 

Evaluate fora = —1 and b = 4. 

31. [1.8.1] a2 — 2ab + b? 32. [1.8.1] a? + ab? -b -—5 

Quick Quiz 2.7 

1, Charles is renting a large copy machine for hiscompany 2. Last year the cost of Marcia’s health plan went up 7%. 
and has been given a budget of $1250. The machine he The cost for coverage for Marcia and her family this 
wants to rent will require a $224 installation fee and a year is $12,412. What did it cost last year before the 

$114-per-month rental contract. How many months will increase went into effect? 
Charles be able to rent the copy machine with his cur- 
rent budget? 

Walter and Barbara invested $5000 in two CDs last 
year. One of the CDs paid 4% interest. The other one 
paid 5% interest. At the end of one year they earned 

$228 in simple interest. How much did they invest at 
each interest rate? 

. Concept Check Explain how you would set up an equa- 

tion to solve the following problem. 

Robert has $2.55 in change consisting of nickels, dimes, 

and quarters. He has twice as many dimes as quarters. 

He has one more nickel than he has quarters. How 
many of each coin does he have? 
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[28] Solving Inequalities in One Variable @® 

El interpreting Inequality Statements @® 
After studying this section, you will 

be able to: 

1 Interpret inequality 
statements. GB 

2 Graph an inequality on a 
number line. @® 

Translate English phrases into 
algebraic statements. @® 

4 Solve and graph an 
inequality. @® 

We frequently speak of one value being greater than or less than another value. 
We say that “5 is less than 7” or “9 is greater than 4.” These relationships are called 
inequalities. We can write inequalities in mathematics by using symbols. We use the 
symbol < to represent the words “is less than.” We use the symbol > to represent 

the words “is greater than.” 

Statement in Words Statement in Algebra 

5 is less than 7. Se 

9 is greater than 4. 9> 4 

Note: “5 is less than 7” and “7 is greater than 5” have the same meaning. Similarly, 
5 <7 and 7 > 5 have the same meaning. They represent two equivalent ways of 
describing the same relationship between the two numbers 5 and 7. 

We can better understand the concept of inequality if we examine a number line. 

++ + + —+$+@$_ +—_ ++ +_+_+—_+— + + 
= 5. =A) 9S 2 0 1 2 3 4 5 6 7 8 

We say that one number is greater than another if it is to the right of the other on the 

number line. Thus 7 > 5, since 7 is to the right of 5. 

What about negative numbers? We can say “—1 is greater than —3” and write 
it in symbols as —1 > —3 because we know that —1 lies to the right of —3 on the 

number line. 

Example 1 In each statement, replace the question mark with the symbol < or >. 

(a) 3?-1 (b) —2?1 (c) -3? -4 (d) 073 (€) 3372.0 

Solution 

(a) 3 > -1 Use >, since 3 is to the right of —1 on the number line. 

(b) —2<1 Use <, since —2 is to the left of 1. (Or equivalently, we could say that 1 is 
to the right of —2.) 

(c) —3 > —4 Note that —3 is to the right of —4. 

(d) 0< 3 Use <, since 0 is to the left of 3. 

(e) -3 <0 Note that —3 is to the left of 0. oO 

Student Practice 1 In each statement, replace the question mark 

with the symbol < or >. 

(a) 722. (b) —2°7—4 (eC) =4 72. (dd) 8.2? —S 2 (e) 0 72 (oe 

Graphing an Inequality on a Number Line @® 

Sometimes we will use an inequality to express the relationship between a variable 
and anumber. x > 3 means that x could have the value of any number greater than 3. 

Any number that makes an inequality true is called a solution of the inequal- 
ity. The set of all numbers that make the inequality true is called the solution set. 
A picture that represents all of the solutions of an inequality is called a graph of the 
inequality. 
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The inequality x > 3 can be graphed on a number line as follows: 

Case 1 ——_+—_ +} +} +} + $+ p> « 

Note that all of the points to the right of 3 are shaded. The open circle at 3 indicates 
that we do not include the point for the number 3. 

Sometimes a variable will be either less than or equal to a certain number. In the 
statement “x is less than or equal to —1,” we are implying that x could have the value 
of —1 or any number less than —1. We write this as x = —1. We graph it as follows: 

Bs 
Case 2 = 4a 3 SiO <1) 2° 3 4 

Note that the closed circle at —1 indicates that we do include the point for the number —1. 

Be careful you do not confuse O——> with e——— It is important to decide if 
you need an open circle or a closed one. Case 1 uses an open circle, and Case 2 uses 
a closed circle. 

Example 2 State each mathematical relationship in words and then graph it. 

(a) x < -1 (b) x = -2 (oje3 <'x (a) x= -} 

Solution 

(a) We state that “x is less than —1.” 

4S] 

x 

=—J=—4 —3 —2 — 0 1 2 3 4 i) 

(b) We state that “x is greater than or equal to —2.” 

eet a, 

x 

= RS 0 1 2 3 4 5 

(c) We can state that “—3 is less than x” or, equivalently, that “x is greater than 
—3,” Be sure you see that —3 < x is equivalent to x > —3. Although both 
statements are correct, we usually write the variable first in a simple inequality 
containing a variable and a numerical value. 

i 

tt tH 
SCS a. eee 0 1 2 3 4 5 

(d) We state that “x is less than or equal to —} ~— 

tS-3 

—_—_—— OH HHT 
Se. a ; 1 1 3 -3 - -2 -2 -1 -- o $ 1 3 2 A 

dee’ Student Practice 2 State each mathematical relationship in words 
and then graph it on a sheet of paper, using a number line similar to the one 
shown. 

(a) x > 5 (b) x = -2 

| i <=, tage es a as 
3 4 5 6 7 8 Oh aes pases, kcal! 0 

3 
(c) 3>x CV aay 

: cpt ee 
++ +++ Tene ile I ec 

(0). el ee eee st i a pa 

To Think About: Comparing Results What is the difference between the graphs in 
Example 2(a) and Case 2 above? Why are these graphs different? 
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Translating English Phrases into Algebraic Statements @® 

We can translate many everyday situations into algebraic statements with an unknown 

value and an inequality symbol. This is the first step in solving word problems using 

inequalities. 

Example 3 Translate each English statement into an algebraic statement. 

(a) The police on the scene said that the car was traveling more than 80 miles per 
hour. (Use the variable s for speed.) 

(b) The owner of the trucking company said that the payload of a truck must never 
exceed 4500 pounds. (Use the variable p for payload.) 

Solution 

(a) Since the speed must be greater than 80, we have s > 80. 

(b) If the payload of the truck can never exceed 4500 pounds, then the payload must 

be always less than or equal to 4500 pounds. Thus we write p = 4500. oO 

Student Practice 3. Translate each English statement into an algebra- 
ic statement. 

(a) During the drying cycle, the temperature inside the clothes dryer must never 

exceed 180° Fahrenheit. (Use the variable t for temperature.) 

(b) The bank loan officer said that the total consumer debt incurred by Wally 

and Mary must be less than $15,000 if they want to qualify for a mortgage to 
buy their first home. (Use the variable d for debt.) 

EZ] Solving and Graphing an Inequality 

When we solve an inequality, we are finding all the values that make it true. To solve an 

inequality, we simplify it to the point where we can clearly see all possible values for the 
variable. We've solved equations by adding, subtracting, multiplying by, and dividing 
by a particular value on both sides of the equation. Here we perform similar operations 
with inequalities with one important exception. We’ll show some examples so that you 
can see how these operations can be used with inequalities just as with equations. 

We will first examine the pattern that occurs when we perform these opera- 

tions with a positive value on both sides of an inequality. 

Original Inequality Operations with a Positive Number New Inequality 

Add? to. both sidés)=—===——— > 30s 

Subtract 2from both sides;————__—> 2) <4 

Multiply bothisides by 23 ee al 

Divide both sides by 2:=—— > * e635 

Notice that the inequality symbol remains the same when these operations are per- 
formed with a positive value. 

Now let us examine what happens when we perform these operations with a 
negative value. 

Original Inequality Operations with a Negative Number New Inequality 

ING = PL (iO) DOU SAKES; $$$ —$—$ => &, al 

hex Subtract = 2 trom) DO USI Csi een On 

Multiply bothisides by =27—— => 8 7a 

Divide both sides, by 2 a 
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, What happens to the inequality sign when we multiply both sides by a negative 
_ number? Since —8 is to the right of —12 on a number line, we know that the new 

inequality should be —8 > —12 if we want the statement to remain true. Notice how 
we reverse the direction of the inequality from < (less than) to > (greater than) 
when we multiply by a negative value. Thus we have the following. 

4 < 6 —— Multiply both sides by -2. —~> —8 > -12 

The same thing happens when we divide by a negative number. The inequality is 

reversed from < to >. We know this since —2 is to the right of —3 on a number line. 

4—=6——> Divide both’sides by —2. ——~> —2.> 3 

Similar reversals take place in the next example. 

Example 4 Perform the given operations and write the new inequalities. 

Original Inequality New Inequality 

(ayea2 = =i — Miultiply both sides by —3. a> Ae 

(b) 0 > —4 — Divide both sides by —2. ——> (ces 

(c) 8=4 — Divide both sides by —4. —— eel 

Solution Notice that we perform the arithmetic with signed numbers just as we 
always do. But the new inequality signs are reversed (from those of the original 

inequalities). 
Whenever both sides of an inequality are multiplied or divided by a negative 

quantity, the direction of the inequality is reversed. oO 

Student Practice 4 Perform the given operations and write the new 
i nequalities. 

(a) 7>2 Multiply each side by —2. 

(b) —3 < -1 Multiply each side by —1. 

(a0 = 20 Divide each side by —10. 

(Daat5:='—5 Divide each side by —S. 

PROCEDURE FOR SOLVING INEQUALITIES 

You may use the same procedures to solve inequalities that you used to solve 
equations except that the direction of an inequality is reversed if you multi- 

ply or divide both sides by a negative number. 

It may be helpful to think over quickly what we have discussed here. The in- 
equalities remain the same when we add a number to both sides or subtract a number 
from both sides of the inequality. The inequalities remain the same when we multiply 
both sides by a positive number or divide both sides by a positive number. 

However, if we multiply both sides of an inequality by a negative number or 
if we divide both sides of an inequality by a negative number, then the inequality is 
reversed. 
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Student Practice 6 
Solve and graph 4 — 5x > 7 
on a sheet of paper, using a 
number line similar to the 
one shown, 

For all Student Practice prob- 
lems, write out the steps on a 
separate sheet of paper. Check 
the step-by-step solutions in 
the back of the textbook. 

Chapter 2 Equations, Inequalities, and Applications 

Example 5 Solve and graph. 3x + 7 = 13 

Solution 

3x + 7 - 7213-7 Subtract 7 from both sides. 

3x =" Simplify. 

3k a0 £4 
3 = 3 Divide both sides by 3. 

VS. Simplify. Note that the direction of the inequality is not 
changed, since we have divided by a positive number. 

The graph is as follows; ———+-—_+_+-—_+—_++_ + 0+ ——+—+> «0 
= 4 2 el 0 il 2 3 4 5 

Student Practice 5 Solve and graph 8x — 2 < 3 on asheet of paper, 
using a number line similar to the one shown. 

Steel Sa ae 
ote a ee 

MeExample 6 Solve and graph. 5 — 3x > 7 

Solution 

5-5 -— 3x > 7-5 Subtract 5 from both sides. 

eo he Simplify. 

=o bes Divide by —3 and reverse the inequality since 

8) —3 we are dividing by a negative number. 

2 
B Sai oe Note the direction of the inequality. 

The graph is as follows: 

— tH ttt 
Silpsac oe ia ae) 4 5 

“a 7a, TA sa ese eee ee Oo 

Just like equations, some inequalities contain parentheses and fractions. The ini- 
tial steps to solve these inequalities will be the same as those used to solve equations 
with parentheses and fractions. When the variable appears on both sides of the in- 
equality, it is advisable to collect the x-terms on the left side of the inequality symbol. 

SX ieee tamales 
Example 7 Solve and graph. Se aes 

Solution 

PN Spe x 15 4 
8 =a muon 8 ns Multiply all terms by LCD = 8. We do not 

reverse the direction of the inequality symbol 

since we are multiplying by a positive number. 

~§2y aay 5 Simplify. 

—52x —- 4x = 4x -15 — 4x — Subtract 4x from both sides. 

=O sarees) Combine like terms. 

= Shortin ol 5 Divide both sides by —56. We reverse the 
=z direction of the inequality when we divide both 

s56 =50 A : 
sides by a negative number. 

ree 
36 

15) 

The graph is as follows: feet Etat re Oo 
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Student Practice 7 Solve and graph on a sheet of paper, using a 
number line similar to the one shown. 

d Bee oe e = aie 
2, 3 

iat ast eisai 
UCU loeeO. 20 20 

1 
Example 8 Solve and graph. = (3 — 2x) < —4(x + 1) 

3 

: 1 
Solution 4° Por) = 40 + 1) 

Ox 
las Es = -4x -4 Remove parentheses. : =1. 

2% : 
a1) = 3 a = 3(—4x) — 3(4) — Multiply all terms by LCD = 3. 

Siete = 1 Simplify. 

Slee tee Ole Add 12% to bothisides: 

67 0e = 12 Combine like terms. 

eet vee eS Subtract 3 from both sides. 

10x < —15 Simplify. 

10x _ —15 Divide both sides by 10. Since we are 
— = — |... ae: 
10 10. dividing by a positive number, the 

4 inequality is not reversed. 

= -— 

pee 

eels. 
9 7 5 3 1 apeequ eh) 33-3 -2 -$ -1 00 

Nile 

geee2 Student Practice 8 Solve and graph on a sheet of paper, using a 
number line similar to the one shown. 

ih 
ease ee so ly '5 

CAUTION: The most common error students make when solving inequalities is forget- 
ting to reverse the direction of the inequality symbol when multiplying or dividing 

both sides of the inequality by a negative number. 
Normally when you solve inequalities, you solve for x by putting the variables 

on the left side. If you solve by placing the variables on the right side, you will end 
up with statements like 3 > x. This is equivalent to x < 3. It is wise to express your 

answer with the variables on the left side. 
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Example 9 A hospital director has determined that the costs of operating one 
floor of the hospital for an eight-hour shift must never exceed $3000. An expression 
for the cost of operating one floor of the hospital is 200n + 1200, where n is the num- 
ber of nurses. This expression is based on an estimate of $1200 in fixed costs and a cost 
of $200 per nurse for an eight-hour shift. Solve the inequality 200n + 1200 = 3000 
to determine the number of nurses that may be on duty on this floor during an eight- 
hour shift if the director’s cost control measure is followed. 

Solution 200n + 1200 <= 3000 

200n + 1200 — 1200 = 3000 — 1200 Subtract 1200 from each side. 

The inequality we must solve. 

200n = 1800 Simplify. 

ee Divide each side by 200. 200 ~ 200 
n=9 

The number of nurses on duty on this floor during an eight-hour shift must always 
be less than or equal to nine. oO 

Student Practice 9 The company president of Staywell, Inc., wants 
the monthly profits never to be less than $2,500,000. He has determined that 

an expression for monthly profit is 2000” — 700,000. In the expression, n is the 

number of exercise machines manufactured each month. The profit on each ma- 

chine is $2000, and the — $700,000 in the expression represents the fixed costs of 
running the company. 

Solve the inequality 2000n — 700,000 = 2,500,000 to find how many ma- 

chines must be made and sold each month to satisfy these financial goals. 

GP STEPS TO SUCCESS Why Do We Need to Study Mathematics? 
Students often question the value of studying math. They see 

little real use for it in their everyday lives. Knowing math can 

help in various ways. 

Save money. These are challenging financial times. We are 

all looking for ways to save money. The more mathematics you 

learn, the more you will be able to find ways to save money. Sev- 

eral suggestions for saving money are given in this book. Be sure Get a good job. Mathematics is often the key that opens ; ae : 
to read over each one and think how it might apply to your life. the door to a better-paying job or just to get a job if you are 

unemployed. In our technological world, people use mathe- 

matics daily. Many vocational and professional areas—such as 

business, statistics, economics, psychology, finance, computer 

science, chemistry, physics, engineering, electronics, nuclear 

energy, banking, quality control, nursing, medical technician, 

and teaching—require a certain level of expertise in mathe- 

Make decisions. Should | buy a car or lease one? Should 

| buy a house or rent? Should | drive to work or take public 

transportation? What career field should | pick if | want to in- 

crease my chances of getting a good job? Mathematics will 

help you to think more clearly and make better decisions. 

matics. Those who want to work in these fields must be able to 

function at a given mathematical level. Those who cannot will 
not be able to enter these job areas. 

Making it personal; Which of these three paragraphs is most 
relevant to you? Write down what you think is the most import- 

ant reason why you should study mathematics. 

———————————— 

i 
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\ (28) Exercises 

Verbal and Writing Skills, Exercises 1 and 2 

MyLab™ Math 

1. Is the statement 5 > —6 equivalent to the statement 
~6 < 5? Why? 

Replace the ? by < or>. 

SW H6 4. -10?6 De) QB 

Rtas 22 10. (a) -5? 11 

(byi27 =7 (b) 117-5 

ine 4.7 
<a) VS re 13. 3° Io 14. 69 

Lime 6i6.0 89 A LR Re TS, 

10 2° ae ae Se ae 21. 3! 3 Dei 5 ¢ 4 

2. Is the statement —8 < —3 equivalent to the statement 
—3 > —8? Why? 

6. —870 Ds ok hr? $3.28 

11. (a) 1S =15 12. (a) -17717 

c(i) et (b) 17? -17 

1, 9 , 41 
pe pees Bea Ty pio. 

iS 8 31 dy Tin 15S 

19, ee W035.) 2 om 

a a 2 1 
ee ee ey aa 23. g 75 24. as 

Graph each inequality on a sheet of paper, using a number line similar to the one shown. 

Ba 2 

ALE G5 a, 
x 

-9 -8 -7 -6 -5 ~4 -3 

il 
2 — 

4 
f pp ttt 

e) 3 1 1 1 1 3 5 
BSS ar gi Or aia aaa a 

Site —).3 
tt ttt tt ttt 
—5.8 —5.7 -5.6 —5.5 -5.4 -5.3 -5.2 -5.1 —5.0 -4.9 -4.8 

AR See 
es 
10) Pee) 0 Sal OMeelonee20 wea 30! 35 40 

Translate each graph to an inequality using the variable x. 

35. 

37. a es 
—25 -24 —23 -22 -21 -20 -19 -18 -17 -16 —15 

x 

x 

x 

26. 

28. 

30. 

32. 

34, 

36. 

38. 

Rice il 

—§ -4 =3 =2 -1 0 1 2 3 4 5) 

E 3 ah ete 
2, 

—>—$+—_—_— +  _— rr + > x 
7 5 3 ; 1 1 3) 

eee se ee 

Meee 355 
a em 
Sate 3.9 318 3,7, —3.6 3.5 —3.4—3:3° 3.2 — 3:1 

Sh) eas 

—— OS x 
SOM Ose 2) 2) el Oo nO 
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190 Chapter 2 Equations, Inequalities, and Applications 

39. 
32, 3.3 3.4 35 93:6 3:7 SBS) e40 neath 42 

Translate each English statement into an inequality. 

41. Full-Time Student At Normandale Community Col- 
lege the number of credits a student takes per semes- 
ter must not be less than 12 to be considered full time. 
(Use the variable c for credits.) 

43. Height Limit In order to ride the roller coaster at the 

theme park, your height must be at least 48 inches. 
(Use h for height.) 

To Think About, Exercises 45 and 46 

45. Suppose that the variable x must satisfy all of these 
conditions. 

5 
pe eae 

2 

Graph the region that satisfies all of the conditions on 
a sheet of paper, using a number line similar to the 
one shown. 

5 
ie SOM ge > 8) K< > 

40. 

42. 

44, 

46. 

eS 
=1/03) = Ph) alley = 10) =) 0 Se ) 10) 5, 208 2s 

BMI Category A person is considered underweight if 
his or her BMI (body mass index) measurement is small- 
er than 18.5. (Use the variable B for BMI.) 

Boxing Category To box in the featherweight catego- 
ry, your weight must not exceed 126 pounds. (Use w 
for weight.) 

Suppose that the variable x must satisfy all of these 
conditions. 

7 9 
ex 4 XS S=4) eS SS Sy 

2 2 

Graph the region that satisfies all of the conditions on 
a sheet of paper, using a number line similar to the 
one shown. 

On 
= a See Se Sl 0 1 2 

Solve and graph the result on a sheet of paper, using a number line similar to the one shown. 

47. 

49. 

51. 

53. 

Se 

Sie 

jee Sul 

—+—_++_ ++} {——_|—_+} {+++ > x 
5 4 3 2) 1 0 1 2 ai 4 5 

= 25 

=i = IS 

a ae 
-12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 

it 
pe sel 
Z 

++} +4 +4 +4 +—_+—+_+—+_+—_ ++ + 
1 2 3} 4 5 6 7 8 9 LO ik 

1 
5) eS) 

4 

$4} _+_+_-+_++—+—_+- + x 
—16 -—15 —14 —13 =—12 —11 —10 9 8 a 6 

oh "Sg l3} 

$+} +--+ + + + + + -» x 
See 4s eS) ee 0 1 Z g) 4 5 

48. 

50. 

52. 

54, 

56. 

58. 

x-5< -3 

SS 
See 3 =) il 0) i 2, 3 4 5 

6x = —42 

tp tp} tp pt tl 
-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 

— fx < 28 

eh) 7 6 5 4 3 2 1 0 1 2 

M 
—x =2 a 

—+—_+—_+—__+—_ ++ ta_iqexcqoorm x 
—ill 0 1 2; 3 4 5 6 fi 8 9 

1 
ay <a alti) 

a 
=53 =52 =5i —50: —49 =48 —47 —46 —45 —44 43 

9 — 44 = 21 

eS a eet 
=f = =f = =) =? =i 0 1 2 3 



59. 

61. 

63. 

Section 2.8 Solving Inequalities in One Variable 191 

—-44+ 5x < -3x + 8 60. -—6 — 4x < 1 — 6x 

3 1 1 3 5 7 ‘ g 

eee Ne U8 Gg Peeled) S002 ag A Seq ith gritgooS) ay 

Sp a8 x obs 
= >-—-9 bee pee 6 5 6 62. 7 2<+5 

ty ee 
i aide 2 lee) 62 —21 -20 -19 -18 -17 -16 -15 -14 -13 -12 -11 

2( a0 + 4) > 3(x + 3) 64, “3(% = 35) & 2(% — 3) 

x 

Verbal and Writing Skills Jn exercises 65 and 66, answer the questions in your own words. 

65. Add —2 to both sides of the inequality 5 > 3. Whatis 66. Divide —3into both sides of the inequality —-21 > —29. 
the result? Why is the direction of the inequality not What is the result? Why is the direction of the inequal- 
reversed? ity reversed? 

Mixed Practice Solve. Collect the variable terms on the left side of the inequality. 

67. 

71. 

74, 

5x +2>8x-7 68. 7x + 8 < 12x -— 2 69. 6x -2=4x +6 70. 9x -8 S 7x +4 

tee = 1) < 0.1% — 0.5 Io O4(2 — %) + 06 ~eieee) Ta 8 Sz — 0) ee ok) 

ie Go 35 eres 3x +5 7 a 
Seem das 4(x+ 2) 75. 7 —a 5 76. n D 6 

‘Applications 

77. Course Average To pass a course with a B grade, a = 78. Payment Options Sharon sells very expensive Euro- 
student must have an average of 80 or greater. A stu- pean sports cars. She may choose to receive $10,000.00 
dent’s grades on three tests are 75, 83, and 86. Solve per month or 8% of her sales as payment for her 
the inequality 25+ + 8° + > g0 to find what score work. Solve the inequality 0.08% > 10,000 to find 
the student must get on the next test to get a B aver- how much she needs to sell to make the 8% offer a 
age or better. better deal. 



192 Chapter 2 Equations, Inequalities, and Applications 

79. Elephant Weight The average African elephant weighs 
268 pounds at birth. During its first three weeks, a 
baby elephant will usually gain about 4 pounds per 
day. Assuming that growth rate, solve the inequality 
268 + 4x = 300 to find how many days it will be until a 
baby elephant weighs at least 300 pounds. 

80. Car Loan Rennie is buying a used car that costs $4500. 
The deal called for a $600 down payment, and pay- 
ments of $260 monthly. He wants to know whether 
he can pay off the car within a year. Solve the inequality 
600 + 260x = 4500 to find out the minimum number 
of months it will take to pay off the car. 

Cumulative Review 

81. [0.5.3] Find 16% of 38. 82. [0.5.4] 18 is what percent of 120? 

83. [0.5.4] Percent Accepted For the most coveted grad- 84. [0.5.4] Write the fraction 3 as a percent. 
uate study positions, only 16 out of 800 students are 
accepted. What percent are accepted? 

Quick Quiz 2.8 

1. Graph x = —3.5 ona sheet of paper, using a number line similar to the one shown. 

x 

=f =6 =S =4 7-3) 2 al 0 1 2 

Solve and graph the result for each of the following on a sheet of paper, using a number line similar to the one shown. 

Xx 3 
. -12+4% <=2 Ae hegesoe ce a8 5e 3.5 ha 4 

a0 5) 4 See 0 1 2 

Concept Check Explain the difference between 12 <x and x > 12. Would the graphs of these inequalities be the 
same or different? 



CAREER EXPLORATION PROBLEMS 

Background: Registered Dietitian 
Jules has decided to pursue a career as a registered dietitian. She finds the prospect 
of educating and helping people to care for themselves by promoting healthy, nu- 
tritious eating habits to be exciting. 
Part of her education and training involves working at a local hospital’s walk-in clinic 
under the guidance of a registered dietician. Jules often consults with overweight 
and diabetic patients about their treatment plans and diets. It’s common for her to 
use equations to identify a number of measurements, such as patients’ energy re- 
quirements, resting metabolic rates, and ideal body weights. She finds herself using 

equations often because her evaluations of even a single patient are an ongoing 
process of monitoring his or her condition or weight. 

WORKOUT NUTRITION 

Facts 
e The Mifflin-St. Jeor equation is used to calculate the amount of energy (in calories) 

that a body needs to function while at rest for 24 hours. This amount of energy 
is called basic metabolic rate (BMR), and for men, the equation takes the form: 

BMR = 10W + 6.25H — 5A +5, 

where W is weight in kilograms, H is height in centimeters, and A is age in years. 

e Another commonly used equation is one for finding ideal body weight (IBW). For 
males, this equation is: 

IBW = 106 lb + 6(the number of inches over 5 feet tal/). 

For females, the equation is: 

IBW = 100 lb + 5(the number of inches over 5 feet tall). 

Tasks 
1. Jules wants to solve the Mifflin-St. Jeor equation for both weight (W) and height 

(H). What are her solutions? 

2. Jules wants to determine the height of a male whose ideal weight is 190 pounds. 
What should she do to determine this? 

3. She now wants to identify her own ideal weight, her IBW. She is 5 feet 5 inches 

tall. What is her ideal weight? 

l STEPS TO SUCCESS Brainstorming with Yourself to Find Greater Success 
| When You Take a Test 
Do you sometimes get a test back and feel that you could have 2. Did you neglect to do some of the homework assignments? 

done a lot better? Most of us have had that happen. Here are 3. Did you fail to get help with some of the problems that you 
some great ideas to improve your test performance. did not understand or could not do? 

When you get a graded test back, take some time within the 

next four hours to look it over carefully and then quickly write 

some suggestions to yourself. Do some brainstorming. What do 

you think you could have done to improve your test score? 

4. Did you neglect to review the Chapter Organizer or work 

the Chapter Review problems in the textbook? 

Making it personal: Think about how you did on the last test 

1. Did you study too much the night before the test and you took in this course. Which of the four questions listed here 

not adequately prepare as you were going through the is the most relevant to the way you studied? What can you do 
chapter? to make sure your performance is better on the next test? 
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Chapter 2 Organizer 
Topic and Procedure 

Solving equations without 
parentheses or fractions, p. 143 

1. 

2. 

On both sides of the equation, 
combine like terms if possible. 

Add or subtract terms on both 

sides of the equation in order to 

get all terms with the variable on 

one side of the equation. 

Add or subtract a value on both 
sides of the equation to get all 
terms not containing the variable 

on the other side of the equation. 
Divide both sides of the equation 
by the coefficient of the variable. 

If possible, simplify the solution. 

Check your solution by 
substituting the obtained value 

into the original equation. 

Solving equations with parentheses 

and/or fractions, pp. 145, 150 

1. 

2. 
3. 

Remove any parentheses. 

Simplify, if possible. 

If fractions exist, multiply all 

terms on both sides by the least 

common denominator of all the 
fractions. 

Now follow the steps for solving 

an equation without parentheses 
or fractions. 

Solving number problems, p. 164 

1. Use a variable to describe the 

quantity that the other quantities 

are being compared to. 
Write an expression in terms 

of that variable for each of the 

quantities, 

194 

You Try It 
(on a separate sheet of paper) 

Examples 

1. Solve for x. 
-8x-1+x=13-6x-2 

Solve forx, 5x+2+2x =-10+ 4x+3 

Tx+2=—-7 + 4x 

Ix —- 4x +2=-7+ 4x = 4x 

3x +2 = -—7 

axe 22 Sas 2 

3x = -9 

2, ome 
3 ata’ 
x= -3 

Check: 

Is —3 the solution of 5x + 2 + 2x = —10 + 4x + 3? 

5(-3) + 2 + 2(-3) = -10 + 4(-3) + 3 
-15 +2 + (-6) = -10 + (-12) +3 

-13-6 + -22+3 
-19=-19 Vv 

2. Solve for y. 
Solve fory. 5(3y — 4) = £(6y + 4) — 48 1 1 

sho rig ay 8) 
Sy -20= Sy + 1-48 

ISy - 20 = Sy — 47 

2(15y) — 2(20) = 2(3,) ~ 2(47) 

30y — 40 = 3y — 94 
30y — 3y — 40 = 3y — 3y — 94 

27y — 40 = —94 
27y — 40 + 40 = —94 + 40 

27Ty = —54 

2Ty _ -54 
27 27 
y=-2 

3. The smaller of two numbers 
is one-fifth the larger. The 
sum of the two numbers is 
sixty. Find each number, 

One number is one-third of a second number. The sum of the two numbers 

is twelve. Find each number. The problem refers to two numbers, so we must 

write an expression for both numbers. Let x represent the second number 
since the first number is described in terms of the second. 

x = the second number 

1 
=x = the first number 
3 

ee second 
J J { | 
1 
3° + x = 12 

a[b] + 3(x) = 3(12) 

x + 3x = 36 

4x = 36 

x=9 

Since x = the second number, then 9 is the value of the second number. 

3 

number. 

1 
Now =x = the first number, so we have 50) = 3, the value of the first 



Topic and Procedure 

Money and percents, pp. 175-178 

Let x = one amount and the 

total — x = the other amount. 

Examples 

Gina saved some money for college. She invested $2400 for one year and 
earned $225 in simple interest. She invested part of it at 12% and the rest of 
it at 9%. How much did she invest at each rate? 

Find the percent of each amount. 1, Understand the problem. ‘ Seovea Meare’ interest total 
We want to find each INLELESL Sane C= eamed = interest 

: 12% amount that was invested. at at 9% of $225 

1. 

2. 

Solving inequalities, p. 187 

We let x represent one 

quantity of money. 

Let x = amount of money 

invested at 12%. 

We started with $2400. If 

we invest x at 12%, we 

still have (2400 — x) left. 

Interest = prt 

Interest at 12% 

Interest at 9% 

Then 2400 — x = the amount 

of money invested at 9%. 

I, = 0.12x 

In = 0.09(2400 — x) 
2. Write an equation. 

I, + I, = 225. 0.12x + 0.09(2400 — x) = 225 

3. Solve. 0.12% + 216 — 0.09x = 225 

0.03x + 216 = 225 

0.03x = 9 

0.03%". 9 

0.03 0.03 
x = 300 

$300 was invested at 12%. 
2400 — x = 2400 — 300 = 2100 

$2100 was invested at 9%. 

4. Check. 

2100 + 300 = 2400 

2400 = 2400 Vv 

0.09(2100) + 0.12(300) = 225 

189 + 36 = 225 

Pipes neh) Wea 

Is this reasonable? Yes. 

Are the conditions of the 

problem satisfied? 

Does the total amount 

invested equal $2400? 
Will $2100 at 9% and 

$300 at 12% yield $225 in 
interest? 

Solve for x and graph your solution. 

Follow the steps for solving an 
equation up to the multiplication 
or division step. 

If you divide or multiply both 

sides of the inequality by a 

positive number, the direction 

of the inequality is not reversed. 

If you divide or multiply both 
sides of the inequality by a 
negative number, the direction 

First remove parentheses and 3 (3x 2) = -5 + 5x3 
simplify. 

Sx —-1<=-8+5x 

3 
2, ha =P) SAE Ae) 

3x —-2 = -16 + 10x 

3x — 10x — 2 = -16 + 10x — 10x 

Now multiply each term by 2. 

of the inequality is reversed. ix —2 = 16 
eee ll ht 

—7x = —14 

—7x _ —14 When we divide both sides by a negative number, 
a —7 the inequality is reversed. 

pao) 

Graph of the solution: 

[ee You Try It 
(on a separate sheet of paper) 

4. Caleb saved some money 
from his summer job. He 

invested $3600 for one year 

and earned $132 in simple 
interest. He invested part 

of it at 2% and the rest of 

it at 4%. How much did he 
invest at each rate? 

5. Solve for x and graph 
your solution on a sheet of 

paper, using a number line 

similar to the one shown. 

4+ ar-5 = 3(10r +1) 

ptt tt tr 
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Chapter 2 Review Problems 
Sections 2.1-2.3 

Solve for the variable. 

13x" 235 2S Se 29 

3. 18 — 10x = 63 + 5x 4. (052.6) 917.6 

5. 3(x 2-2) = 4 Gee) Ce Le See Se 2 

7% 23° 5) =e 8, Ser) a2 (aE 73) 

9... 32ers ae) 100 203k 1) — 7 = Sie 1) = ae 

| 
Section 2.4 

Solve for the variable. 

‘| 1 Shan 2 
Wl. Gx—-3= 5x +2 Re gt a 

TK 2x CE me Bx ae 
ere hes 14. = —-4= : 

Shae =S 
15. 57 pee 1G ae 

17, —0.2(c tibiae +11) 18. 1.2x — 0.8 = 0.8x + 0.4 

il x 
19. 3.2 — 0.6x = 0.4(x — 2) 20. git > 2) Send 

Se 1 ce 8 5 
ah Re ea 22. Ret Sneha = 

1 i! 1 3 4 
23. 24S (4 = 3) =a ~ a(x +5) -S==(x + 3 (x 3) 5 (x 9) 24 7 (x 5) 7 5 (* 3) 

Section 2.5 

Write an algebraic expression. Use the variable x to represent the unknown value. 

25. 19 more than a number 26. two-thirds of a number 

27. half a number 28. 18 less than a number 

29. triple the sum of a number and 4 30. twice a number decreased by three 
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\ Write an expression for each of the quantities compared. Use the letter specified. 

31. 

A 33. 

Workforce The number of working people is four 
times the number of retired people. The number of 
unemployed people is one-half the number of retired 
people. (Use the letter r.) 

Geometry A triangle has three angles A, B, and C.The 
number of degrees in angle A is double the number of 
degrees in angle B. The number of degrees in angle C 
is 17 degrees less than the number of degrees in angle 
B. (Use the letter b.) 

Section 2.6 

Solve. 

25. 

37. 

39, 

Fourteen is taken away from triple a number. The re- 
sult is —5. What is the number? 

Age Jonis twice as old as his cousin David. If Jon is 32, 
how old is David? 

Speed Rates Two cars left San Francisco and drove 
to San Diego, 800 miles away. One car was driven at 
60 miles an hour. The other car was driven at 65 miles 
an hour. How long did it take each car to make the 
trip? Round your answers to the nearest tenth. 

Section 2.7 

41. 

43, 

45. 

Electric Bill The electric bill at Jane’s house this month 
was $71.50. The charge is based on a flat rate of $25 per 
month plus a charge of $0.15 per kilowatt-hour of elec- 
tricity used. How many kilowatt-hours of electricity 
were used? 

Simple Interest Boxell Associates has $7400 invested 
at 5.5% simple interest. After money was withdrawn, 
$242 was earned for one year on the remaining funds. 
How much was withdrawn? 

Investments Peter and Shelly invested $9000 for one 

year. Part of it was invested at 12% and the remainder 
was invested at 8%. At the end of one year the cou- 
ple had earned exactly $1000 in simple interest. How 
much did they invest at each rate? 

A 32. Geometry The length of a rectangle is 5 meters more 

than triple the width. (Use the letter w.) 

34. Class Size There are 29 more students in biology 

36. 

38. 

A 40. 

42. 

44, 

46 - 

class than in algebra. There are one-half as many stu- 

dents in geology class as in algebra. (Use the letter a.) 

When twice a number is reduced by seven, the result is 

—21. What is the number? 

Biology Score Zach took four biology tests and got 

scores of 83, 86, 91, and 77 He needs to complete one 

more test. If he wants to get an average of 85 on all 

five tests, what score does he need on his last test? 

Geometry The measure of the second angle of a tri- 
angle is three times the measure of the first angle. The 

measure of the third angle is 12 degrees less than twice 
the measure of the first. Find the measure of each of the 

three angles. 

Car Rental Abel rented a car from Sunshine Car 
Rentals. He was charged $39 per day and $0.25 per 
mile. He rented the car for three days and paid a rental 

cost of $187 How many miles did he drive the car? 

CD Player Jamie bought a new CD player for her car. 
When she bought it, she found that the price had been 

decreased by 18%. She was able to buy the CD player 
for $36 less than the original price. What was the orig- 

inal price? 

Investments A man invested $5000 in a savings bank. 

He placed part of it in a checking account that earns 

4.5% and the rest in a regular savings account that 
earns 6%. His total annual income from this invest- 
ment in simple interest was $270. How much was in- 

vested in each account? 
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47, Coin Change Mary has $3.75 in nickels, dimes, and 

quarters. She has three more quarters than dimes. She 
has twice as many nickels as quarters. How many of 

each coin does she have? 

Section 2.8 

48. Tip Jar After the morning rush at the neighborhood 
coffee shop, the tip jar contained $9.80 in coins. There 
were two more quarters than nickels. There were three 
fewer dimes than nickels. How many coins of each 

type were there? 

Solve each inequality and graph the result on a sheet of paper, using a number line similar to the one shown. 

49/29 CA2i5= 6 oe 

50. 2x —3 +x > 5(x +1) 

51. -x +4< 3x +16 —+++1+tT_1+_"—_ 
25. =4 935-2 =1 0 02 sees 

1 —— ' +——+4 fof} + +> x 
52.05 ee -1 Ol linet 3y 84 5 5G) ae 

3 
53. 7-—=x >4 —-—++W_ t+ +—_+—_+ —— et 

5 23, =2 Seo e200 43 Ia So ee 

54. —4x —- 14<4-2(3x -—1) —+—+—+—+—+ 
i meek 9yoliod 

555) Bi 12) a Ga Te a ee” 
-§ -4 -3 -2 -1 0 

Use an inequality to solve. 

56. Wages Julian earns $15 per hour as a plasterer’s as- 

sistant. His employer determines that the current job 
allows him to pay $480 in wages to Julian. What are 
the maximum number of hours that Julian can work 
on this job? (Hint; Use 15h = 480.) 

Mixed Practice 

Solve for the variable. 

58. 10(2x + 4) — 13 = 8(x +7) - 3 

60. —2(4% = 3) = =A Bsn) 

t 
12 
SSS 
T3ee Hat elder vile: 1ar4 

1 2 3 4 5 

57. Hiring a Substitute The cost of hiring a substitute 
elementary teacher for a day is $110. The school’s 
budget for substitute teachers is $2420 per month. 
What is the maximum number of times a substitute 
teacher may be hired during a month? (Hint: Use 

110n = 2420.) 

509 9x ly a 

Solve each inequality and graph the result on a sheet of paper, using a number line similar to the one shown. 

RET $a ooo 
2 ies = he 8 0 1 2 3 

63. °2(¥ = 1) = 3x) 
SOO ee. 5 Oo ee, 

il tp} tt tt tt tt tt 
64. ex +2) $5 (3x - 5) BoB 7 bb HD 

65. 4(2 — x) -— (-5x +1) = =8 
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‘\ How Am | Doing? Chapter 2 Test 

MATH COACH MyLab™ Math (E39) rearsonmathstats 

Answer the following test questions on a separate sheet of paper. After you take this test read through 
the Math Coach on pages 201-202. Math Coach videos are available via MyLab Math and YouTube. Step- 
by-step test solutions on the Chapter Test Prep Videos are also available via MyLab Math and YouTube. (In 
the YouTube channel, PearsonMathStats, go to Playlist “Tobey Beginning and Intermediate Algebra, 6e.”) 

Solve for the variable. 

1. 3x + 5.6 = 11.6 2. 9x - 8 = -6x - 3 

1 1 
3. 2(2y -— 3) = 4(2y + 2) Avay+3= Fy 

5. 4(7 — 4x) = 3(6 — 2x) Me 6. 0.8x + 0.18 — 0.4x = 0.3(x + 0.2) 

fee, oye kd 
ats Palorahee: 8303. -— 2y = 2(Syire Bl Sy 

9, 5(20 — x) + 10x = 165 10. S(x + 40) — 6x = 9x 

11. —2(2 - 3x) = 76 — 2x Me 12. 20 — (2x + 6) = 5(2— x) + 2x 

In questions 13-17, solve for x. 

fore 1Sreuial 
13, 2x — 3 = 12 — 6x + 3(2x + 3) hg erry = 

: i ae Sx-2 5¢—3 
ieee ar tS weer 

Me 17, (x +8) +2 =(11 — 6x) 

Solve and graph the inequality on a sheet of paper, using a number line similar to the 
one shown. 

18. 3(x — 2) = 5x Me 19, 2-7(x +1) —5(x +2) <0 
—— + a 
Brea Gasregiiciog * eto 149230 eee 4 

2 4 4 2 4 

20. 5+ 8k -4<2x4+ 13 i = ; Se ‘ Der: ele e 

0 1 2 3 4 5 

19. 

20. 

21. 

ee Sb Bf nf be eae af bone a ee he. 2 Ee 



22. is 

23. esl 

24, (s | 

25. ih] 

26. 

21. fe 

28. i 

29. 

30. 
EI 

Total Correct: Ree 
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Solve. 

DD. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

A number is doubled and then decreased by 11. The result is 59. What is the 

original number? 

The sum of one-half of a number, one-ninth of the number, and one-twelfth of 

the number is twenty-five. Find the original number. 

One number is six less than three times a second number. The sum of the two 

numbers is twenty-two. Find each number. 

Jerome and Steven traveled in separate cars from their apartment to a ski resort 
300 miles away. Steven wanted to get there early, so he traveled the maximum 

speed limit, 60 mph. Jerome just bought a new car, so he drove a little slower at 

exactly 50 mph. If they both left at the same time, how much sooner did Steven 
arrive at the ski resort than Jerome? 

The measure of the first angle in a triangle is triple the measure of the second 

angle. The measure of the third angle is 10 degrees more than the second ang 

What is the measure of each angle? 

Raymond has a budget of $1940 to rent a computer for his company office. The 

computer company he wants to rent from charges $200 for installation and ser- 
vice as a one-time fee. Then they charge $116 per month rental for the computer. 
How many months will Raymond be able to rent a computer with this budget? 

Last year the yearly tuition at Westmont College went up 8%. This year’s charge 
for tuition for the year is $34,560. What was it last year before the increase went 
into effect? 

Franco invested $4000 in money market funds. Part was invested at 14% inter- 
est, the rest at 11% interest. At the end of each year the fund company pays in- 

terest. After one year he earned $482 in simple interest. How much was invested 
at each interest rate? 

Mary has $3.50 in change. She has twice as many nickels as quarters. She has 

one fewer dime than she has quarters. How many of each coin does she have? 



The following problems are from the Chapter 2 Test. Here are some helpful hints to keep you 
from making common errors on test problems. 

Chapter 2 Test, Problem 6 Solve for the variable. 0.8x + 0.18 — 0.4x = 0.3(x + 0.2) 

MAI COACH 
Mastering the skills you need to do well on the test. 

aot Sacy 

{JAKE BLAIR 
, 

HELPFUL HINT After removing parentheses, it might be most helpful for you to multiply both 
sides of the equation by 100 in order to obtain a simpler, equivalent equation 
without decimals. Check to make sure that you did not make any errors in 

Did you remove the parentheses to get the equation 
0.8x + 0.18 — 0.4x = 0.3x + 0.06? 

Yes No 

If you answered No, go back and use the distributive prop- 
erty to remove the parentheses. Be careful to place the 
decimal point in the correct location when multiplying 0.3 
and 0.2 together. 

Did you multiply each term of the equation by 100 to 
move the decimal point two places to the right to get the 
equivalent equation 80x + 18 — 40x = 30x + 6? 

Yes No 

calculations before solving the equation. 

If you answered No, stop and carefully complete this step 
before solving the equation. Remember that you may 
need to add a 0 to the end of a term in order to move the 

decimal point two places to the right. 

If you answered Problem 6 incorrectly, go back and rework 

the problem using these suggestions. 

Chapter 2 Test, Problem 12 Solve for the variable. 20 — (2x + 6) = 5(2 — x) + 2x 

HELPFUL HINT Slowly complete the necessary steps to remove each set of parentheses before doing any other 
steps. Be careful to avoid sign errors. 

Did you obtain the equation 20 — 2x— 6 = 10 — 5x + 2x 
after removing each set of parentheses? 

Yes No 

If you answered No, go back and carefully use the distrib- 
utive property to remove each set of parentheses. Locate 
any mistakes you have made and make a note of the type 

of error discovered. 

Did you combine like terms to get the equation 

14:24 = 10 — 3x? 

Yes No 

If you answered No, stop and perform that step correctly. 

Now go back and rework the problem using these 

suggestions. 

Need more help? Watch the MAT il COACH videos in MyLab™ Math or on YouTube. 
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Chapter 2 Test, Problem 17 Solve for x. = (x + 8) ee cae 5 (Hl = 4x) 

3 HELPFUL HINT Remove the parentheses first. This is the most likely place to make a mistake. Next, carefully show 
every step of your work as you multiply each fraction by the LCD. Be sure to check your work. | 

Did you remove each set of parentheses to obtain the 

fon ye eet 2 = TE ee equation sx + + = ge 

Yes No 

If you.answered No, stop and carefully redo your steps of 
multiplication, showing every part of your work. 

Did you identify the LCD as 15 and then multiply each 
term by 15 to get 10x + 80 + 9 = 33 — 18x? 

Yes No 

If you answered No, stop and write out your steps slowly. 

If you answered Problem 17 incorrectly, go back and 
rework the problem using these suggestions. 

Chapter 2 Test, Problem 19 Solve and graph the inequality. 2 —- 7(x + 1) — S5(v +2) <0 

ro inna 

HELPFUL HINT Be sure to remove parentheses and combine any like terms on each side of the inequality before 
solving for the variable. Always verify the following: 

| 

Did you remove parentheses to get 
2 — 7x — 7 — 5x — 10 < 0? Did you combine like terms 
to obtain the inequality -15 — 12x < 0? Next, did you 
add 15 to both sides of the inequality? 

Yes No 

If you answered No to any of these questions, stop now and 
perform those steps. 

Did you remember to reverse the inequality symbol in the 
last step? 

Yes No 

1. Did you multiply or divide by a negative number? If so, did you reverse the inequality symbol? 

2. In the graph, is your choice of an open circle or closed circle correct? 

If you answered No, please review the rules for when to re- 
verse the inequality symbol and then go back and perform 
this step. 

Did you use an open circle in your number line graph? 
Is your arrow pointing to the right? 

Yes No 

If you answered No to either question, please review the 
rules for how to graph an inequality involving the < or > 
inequality symbols. 

Now go back and rework the problem using these 
suggestions. 

Need more help? Look for section examples marked with Me to review, 
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CHAPTER 

Graphing and 
Functions 

CAREER OPPORTUNITIES 

Economist 

Economists play an important role throughout 

society by studying the production, supply, 

demand, and exchange of goods and services. 

Identifying trends and their possible impact, 

_ these professionals help shape not only 

business decision making but also public 

policy. Many economists are employed in 

businesses and academic institutions. Though 

their job titles differ, they all share a strong 

background in mathematics, and they use the 

~ math presented in this chapter to assist their 
_ research, analysis, and forecasting. 

To investigate how the mathematics in this 

chapter can help with this field, see the 

Career Exploration Problems on page 259. 
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204 Chapter 3 Graphing and Functions 

[3.1] The Rectangular Coordinate System @® 

EI] Plotting a Point, Given the Coordinates @® 
After studying this section, you will 

be able to: 

4 Plot a point, given the 
coordinates. @® 

Determine the coordinates 

of a plotted point. @® 

Find ordered pairs for a given 
linear equation. @® 

Often we can better understand an idea if we see a picture. This is the case with 
many mathematical concepts, including those relating to algebra. We can illustrate 
algebraic relationships with drawings called graphs. Before we can draw a graph, 
however, we need a frame of reference. 

In Chapter 1 we showed that any real number can be represented on a number 
line. Look at the following number line. The arrow indicates the positive direction. 

T ik 1 7 

—7 —25 aS ao 43 

-§, <4 3 Sg NO ee as 

To form a rectangular coordinate system, we draw a second number line ver- 
tically. We construct it so that the 0 point on each number line is exactly at the same 
place. We refer to this location as the origin. The horizontal number line is often 
called the x-axis. The vertical number line is often called the y-axis. Arrows show the 
positive direction for each axis. 

u 
big ee axis | 

Ogle ON eae ee 

“capes uae Qofeont on HLOrizontal axis 
Ore cd slot a pms, 

We can represent a point in this rectangular coordinate system by using an 

ordered pair of numbers. For example, (5,2) is an ordered pair that represents a point 
in the rectangular coordinate system. The numbers in an ordered pair are often re- 
ferred to as the coordinates of the point. The first number is called the x-coordinate 
and it represents the distance from the origin measured along the horizontal or x-axis. 
If the x-coordinate is positive, we count the proper number of squares to the right 
(that is, in the positive direction). If the x-coordinate is negative, we count to the 

left. The second number in the pair is called the y-coordinate and it represents the 
distance from the origin measured along the y-axis. If the y-coordinate is positive, we 
count the proper number of squares upward (that is, in the positive direction). If the 
y-coordinate is negative, we count downward. 

(5, 2) 
x-coordinate y-coordinate 

Suppose the directory for the map on the left indicated that you would find a 
certain street in the region C2. To find the street you would first scan across the hori- 
zontal scale until you found section C; from there you would scan up the map until you 
hit section 2 along the vertical scale. As we will see in the next example, plotting a point 
in the rectangular coordinate system is much like finding a street on a map with grids. 

Example 1 Plot the point (5, 2) on a rectangular coordinate system. Label this 
point as A. 

Solution Since the x-coordinate is 5, we first count 5 units to the right on the 
x-axis. Then, because the y-coordinate is 2, we count 2 units up from the point 
where we stopped on the x-axis. This locates the point corresponding to (5,2). We 
mark this point with a dot and label it A. ; 
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The first number The second number 

indicates the indicates the 
x-direction y-direction 

ae) 

oO 

See2 Student Practice 1 Plot the point (3, 4) on a sheet of graph paper, 
using a coordinate system similar to the one shown above. Label this point as B. 

It is important to remember that the first number in an ordered pair is the 
x-coordinate and the second number is the y-coordinate. The ordered pairs (5, 2) 
and (2,5) represent different points. 

Example 2 Use the rectangular coordinate system to plot each point. Label the 
points F G, and H, respectively. 

(a) (-5S, -3) (b) (2, —6) (c) (—6, 2) 

Solution 

(a) (—5,-3) Notice that the x-coordinate, —5, is negative. On the coordinate grid, 
negative x-values appear to the left of the origin. Thus, we will begin by counting 
5 squares to the left, starting at the origin. Since the y-coordinate, —3, is negative, 
we will count 3 units down from the point where we stopped on the x-axis. 

we count: 3< 

2 ae eee. BX fad x 
Second, : -6-5-4-3-2-1, | 1.2.3.4 

3unitsdown. | 3 

(b) (2,—6) The x-coordinate is positive. Begin by counting 2 squares to the right 
of the origin. Then count down because the y-coordinate is negative. 

Second, ; odomtit$t,, we count 
we count 2 2 units to the right. 

2 units up.. ee ¢ 

& | : ‘Second, we count 
_ First,we count 6 units down. 

units: to the 

(c) (—6,2) The x-coordinate is negative. Begin by counting 6 squares to the left 
of the origin. Then count up because the y-coordinate is positive. o 
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Student Practice 2 

yy, 

Student Practice 3 

y 

iia 

+ 

ey wha H 

t 

+ 

| eras 

Student Practice 2. Ona sheet of graph paper, using a coordinate sys- 
tem similar to the one in the margin, plot each point. Label the points J, J, and K, 

respectively. 

(a) (-2, -4) (b) (—4,5) (©) (4,-2) 

Example 3 Plot the following points. 

F (0,5) G: (3,3) H: (—6, 4) I: (-3, -4) 
7 (40) | “Ki (2,23) eee 572) 

Solution These points are plotted in the figure. 

fl ce oe 

Note: When you are plotting decimal values like (6.5, —7.2), plot the point halfway 
between 6 and 7 in the x-direction (for the 6.5) and at your best approximation of 

—7.2 in the y-direction. For a value like - plot 1.5. Oo 

Student Practice 3 Plot the following points on a sheet of graph paper, 
using a coordinate system similar to the one shown in the margin. Label each point 
with both the letter and the ordered pair. 

A: (3,7); B: (0, —6); C: (3, —4.5);D: (—4,2) 

P] Determining the Coordinates of a Plotted Point @® 

Sometimes we need to find the coordinates of a point that has been plotted. First, 
we count the units we need on the x-axis to get as close as possible to the point. 
Next we count the units up or down that we need to go from the x-axis to reach 
the point. 

Example 4 What ordered pairs of numbers represent point A and point B on the 
graph? 

Solution To find point A, we move along the x-axis until we get as close as 

possible to A, ending up at the number 5. Thus we obtain 5 as the first number of 
the ordered pair. Then we count 4 units upward on a line parallel to the y-axis to 
reach A. So we obtain 4 as the second number of the ordered pair. Thus point A 
is represented by the ordered pair (5, 4). We use the same approach to find 

point Ba(—3;=3). 
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pe @ 

6 

5 

anniean oy 
5 units to the : * ee ae 

I ya Ly - line parallel 
left on the x-axis ; 

gio) Saint id to the y-axis 

3 units down a < 
line parallel - 
tothe y-asisi poi; 

Suiits tothe” 

~~ trdehtion: the xaxis 
Mi ie Pe Oo 

ieee Student Practice 4 What ordered pair of numbers represents point C 
on the graph in Example 4? 

In examining data from real-world situations, we often find that plotting data 
points shows useful trends. In such cases, it is often necessary to use a different scale, 
one that displays only positive values. 

Example 5 The number of motor vehicle accidents in millions is recorded in the 
following table for the years 2007 to 2016. 

(a) Plot points that represent umber of Years | Number of Motor Vehicle 
this data on the given coor- Since 2007 Accidents (in Hundred 
dinate system. Thousands) 

(b) What trends are apparent 0 60 

from the plotted data? 2 55 

4 53 

6 oy 57 
8 63 

Source: 2016 Traffic Safety Facts 

Solution 

(a) | 

Number of motor vehicle 

accidents (in hundred thousands) 0 2 4 6 Sy Oe ile. 

Number of years since 2007 

(b) From 2013 to 2015, there was a significant increase in the number of accidents. 

From 2007 to 2009, there was a significant decrease in the number of accidents. 
From 2009 to 2013, the number of accidents was relatively stable. oO 

fee Student Practice 5 The number of motor vehicle deaths in thousands 
is recorded in the following table for the years 2007 to 2016. 

(a) Plot points that represent this data on a sheet of graph paper, using a 
coordinate system similar to the one shown on the next page. 

(b) What trends are apparent from the plotted data? 

Continued on next page 
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= - = 
nl 

ae io 
_ of Years” 

‘Since 20 

a 
~ 
- 

Number of motor vehicle 
deaths (in thousands) 

0 a 4 6 8 10 
Source: 2016 Traffic Safety Facts Number of years since 2007 

Finding Ordered Pairs for a Given Linear 

Equation @® 

An equation such as x + 2 = 8 is called a linear equation in one variable. It is 
called linear because the exponent on x is understood to be 1. 

In earlier chapters we found the solutions to linear equations with one vari- 
able. For example, the solution to x + 2 = 8 is x = 6. Now, consider the equation 

x + y = 8. This equation has two variables and is called a linear equation in two 
variables. A solution to x + y = 8 consists of a pair of numbers, one for x and one 
for y, whose sum is 8. When we find solutions to x + y = 8, we are answering the 
question: “The sum of what two numbers equals 8?” Since 6 + 2 = 8, the pair of 
numbers x = 6 and y = 2 or (6,2) is a solution. 

x + y =8 Thesum of what two numbers equals 8? 

6+2=8 x= 6and y = 2 or (6,2) is a solution. 

Now, 3 + 5 = 8,so the pair of numbers x = 3 and y = 5 or (3,5) is also a solution 
to the equation x + y = 8. Can you find another pair of numbers whose sum is 8? 
Of course you can: (7,1), (65, 14), (0, 8), (4, 4) and so on. In fact, there are infinitely 
many pairs of numbers with a sum of 8 and thus infinitely many ordered pairs that 
represent solutions to x + y = 8. It is important that you realize that not just any 

ordered pair of numbers is a solution to x + y = 8. Only ordered pairs whose sum 
is 8 are solutions tox + y = 8. 

We now state the definition for a linear equation in two variables. 

A linear equation in two variables is an equation that can be written in the 
form Ax + By = C where A, B, and C are real numbers but A and B are not 
both zero. 

Replacement values for x and y that make true mathematical statements of the 
equation are called truth values; and an ordered pair of these truth values is called 
a solution. 

Example 6 Are the following ordered pairs solutions to the equation 3x + 2y = 5? 

(a) C=1)4) (b) (2, 2) 

Solution We replace values for x and y in the equation to see if we obtain a true 
statement. 

(a) 3x + 2y = 5 

3(-1) + 2(4) 45 Replace x with —1 and y with 4. 
op 

-3+8 

5=5 VW _ True statement 

Nn 

Continued on next page 
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The ordered pair (—1, 4) is a solution to 3x + 2y = 5 because when we re- 
place x by —1 and y by 4, we obtain a true statement. 

(b) 3x + 2y = 5 

3(2) + 2(2) =5 Replace x with 2 and y with 2. 

6+4=5 

10 =5 False statement 

I> 

The ordered pair (2,2) is not a solution to 3x + 2y = 5 because when we 
replace x by 2 and y by 2, we obtain a false statement. Oo 

Student Practice 6 Are the following ordered pairs solutions to the 
equation 3x + 2y = 5? 

(a) (3,1) (b) (2, -5) 

Example 7 

(a) Is (—1,5) asolution to the equation x + y = 4? 

(b) List two other ordered pairs of numbers that are solutions to the equation 
xty=4. 

Solution 

(a) The ordered pair (—1, 5) is asolution if, when we replace x with —1 and y with 
5 in the equation x + y = 4, we get a true statement. 

Sik X= —i and y=5, or (-1,5) x+y=4 

-1+5=4, 4=4 Vv 

Since 4 = 4is true, (—1,5) isa solution of x + y = 4. 

(b) There are infinitely many solutions, so answers may vary. We can choose any 

two numbers whose sum is 4. 

x=0 and y=4, or (0,4) x+y=4 

0+4=4, 4=4 Vv 

x=2 and y=2, or (2,2) x+y=4 

24+2= 4, 4=4 ¥ 

Therefore (0, 4) and (2, 2) are solutions tox + y = 4. Oo 

Student Practice 7 

(a) Is (—2, 13) a solution to the equation x + y = 11? 

(b) List three other ordered pairs of numbers that are solutions to the equation 
ey — 11, 

If one value of an ordered-pair solution to a linear equation is known, the oth- 
er can be quickly obtained. To do so, we replace the proper variable in the equation 
by the known value. Then, using the methods learned in Chapter 2, we solve the 

resulting equation for the other variable. 

Example 8 Find the missing coordinate to complete the following ordered-pair 
solutions to the equation 2x + 3y = 15. 

(a) (0, ?) (b) (2,1) 

Solution 

(a) For the ordered pair (0, ?), we know that x = 0. Replace x by 0 in the equa- 

tion and solve for y. 
Continued on next page 
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210 Chapter 3 Graphing and Functions 

20 4 Sy = 5 

2(0) + 3y = 15 Replace x with 0. 

0 + 3y = 15 Simplify. 
y =5 __ Divide both sides by 3. 

Thus we have the ordered pair (0, 5). 

(b) For the ordered pair (?, 1), we do not know the value of x. However, we do 

know that y = 1. So we start by replacing the variable y by 1. We will end up 
with an equation with one variable, x. We can then solve for x. 

2x + 3y = 15 

2x + 3(1) =15 Replace y with 1. 

2x +3 = 15 Simplify. 
2x = 12 Isolate the variable term. 

x= 6 Solve for x. 

Thus we have the ordered pair (6, 1). Oo 

Student Practice 8 Find the missing coordinate to complete the follow- 
ing ordered-pair solutions to the equation 3x — 4y = 12. 

(a) (0, ?) (b) (?,3) (c) (?, -6) 

Sometimes it is convenient to first solve for y, then find the missing coordinates - 
of the ordered-pair solutions. 

Example 9 Find the missing coordinates to complete the ordered-pair solutions 

to 3x — 2y = 6. 

(a) (2,?) (b) (4, ?) 

Solution Since we are given the values for x and must find the values for y in 

each ordered pair, solving the equation for y first simplifies the calculations. 

3x—2y = 6 

29) =6.— (3% We want to isolate the term containing y, 
so we subtract 3x from both sides. 

~29. 6 8x bs rc 
=> ett aia Divide both sides by the coefficient of y. 

6 —3x Change subtracting to adding the opposite: 

eG Ee 6 — 3x = 6 + (—3x). Then rewrite the fraction 
2 =) ‘ ‘ : 

on the right side as two fractions. 

y= on = 3 Simplify and reorder the terms on the right. 

Now we find the values of y by replacing x with 2 and 4. 

3 Bie 
@) y= (2) -3 b) yea) = 3 

y=3-3 YS 0ar 3 
eal y=3 

Thus we have the ordered pairs (2,0) and (4, 3). oO 

tee Student Practice 9 Find the missing coordinates to complete the 
ordered-pair solutions to 8 — 2y + 3x = 0. 

(a) (0, ?) (b) (2,7?) 

To Think About: An Alternate Method Find the missing coordinates in Example 9 
using the equation in the form 3x — 2y = 6. Which form do you prefer? Why? 



Exercises MyLab™ Math 

Verbal and Writing Skills, Exercises 1-6 

Unless otherwise indicated, assume each grid line represents one unit. 

1. What is the x-coordinate of the origin? 2. What is the y-coordinate of the origin? 

3. Explain why (5, 1) is referred to as an ordered pair of 4. Explain how you would locate the point (4, 3) on 
numbers. graph paper. 

5. Explain why the ordered pairs (2, 7) and (7, 2) do not 6. The equation x + y = 10has how many ordered-pair 
represent the same point on a graph. solutions? 

Plot the following points on a sheet of graph paper, using a coordinate system similar to the one shown. 

7. Plot the following points. 8. Plot the following points. 
$2354) K: (6,0) E26, =6) R: (2, —4) p:(35;54) Lt), 2:5) 

M: (0, —4) N-(—4, 3.5) P2i(=6,5) V: (0,5) W: (3,0) Dia oa) 

Consider the points plotted on the graph at right. 

9, Give the coordinates for points R, S, X, and Y. 

10. Give the coordinates for points T, V, W, and Z. 

In exercises 11 and 12, six points are plotted in each figure. List all the ordered pairs needed to represent the points. 

211 



212 Chapter 3 Graphing and Functions 

Using Road Maps The map below shows a portion of New York, Connecticut, and Massachusetts. Like many maps used in 
driving or flying, it has horizontal and vertical grid markers for ease of use. For example, Newburgh, New York, is located 

in grid B3. Use the grid labels to indicate the locations of the following cities. 

13. Lynbrook, New York 

14. Hampton Bays, New York 

15. Athol, Massachusetts 

16. Pittsfield, Massachusetts 
Newburgh AL 

17. Hartford, Connecticut 

18. Waterbury, Connecticut 

19. DVD Movie Shipments According to a large movie DVD manufacturer, the number of DVDs shipped by the manu- 
facturer decreased significantly from 2008 to 2015. The number of DVDs shipped during these years is recorded in the 
following table and is measured in thousands. For example, 803 in the second column means 803 thousand, or 803,000. 

(a) Plot points that represent this data on a sheet of graph paper, using a coordinate system similar to the one shown. 

(b) What trends are apparent from the plotted data? 

Number of Years Number of DVDs Shipped f 

Since 2008 (in Thousands) e a Bia te feel 8 nd be rs 

0 803 & 

1 746 F g 

2 767 2B 
Ad 3 705 sa 

4 615 gé 
5 511 . 
6 368 

di 293 
0 1 2 8 #4 5 oe 

Number of years since 2008 

United States for selected years starting in 1990 is recorded in the following table. The number of customers is mea- 
sured in millions. For example, 15 in the second column means 15 million, or 15,000,000 customers. 

(a) Plot points that represent the data on a sheet of graph paper, using a coordinate system similar to the one shown. 

20. Customers Visiting a Restaurant Chain The number of customers visiting a large restaurant chain per year in the 

(b) What trends are apparent from the plotted data? 
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Customers Visiting Restaurant 
Number of Years Chain per Year rae 28 

Since 1990 (in Millions of Customers) cays 
[s) 

0 15 rE: 
5 20 gee 

10 21 Se 20+ 
ie) 

15 22 é z 1b 

20 22 bs 
B, tr 25 23 ea 
3 § cae 14 

Ss} QO + 

0 5 10 15 20 25 30 
Number of years since 1990 

21. Buying Books Online A large university’s bookstore decided to offer students the option of buying their books on- 
line. A review of online sales at the end of the fourth year indicated that online sales have increased at a significant 
rate. The following chart records the amount spent each year for Year 1 through Year 4. 

Year | Total Amount Spent (in Millions of Dollars) 7 

3.2 an 

2 3.6 : 
2m 42 

3 3.9 4 ¢ : 

S= 40 4 4.2 ae [ 
BS 3.8 

(a) Plot points that represent the data on a sheet of be § 3.6 - 
graph paper, using a coordinate system similar to ae 3.4/ 
the one shown. Ea5L 

(b) Based on your graph, estimate the amount stu- S 
: ° ole E 3.0F 

dents will spend buying books online in year 5. < > 
0 LS 

1 2 3 4 5 

Year 

22. University Debit Card Usage Students at a university can use a prepaid debit card to make all their purchases on 
campus, including food and other essentials. Since the university began this program in 2012, the amount of money 
spent using the university’s debit card has increased at a significant rate. The following chart records the amount 

spent each year from 2012 to 2016. 

Year | Total Amount Spent (in Thousands of Dollars) al 

53.9 105 + 
100 F 

Bilis 

90+ 

(a) Plot points that represent the data on a sheet of 

graph paper, using a coordinate system similar to 

the one shown. 
Amount spent using student 

debit card (in thousands of dollars) (b) Based on your graph, estimate the amount students 

spend using their debit cards in 2017. 

0 
2012 2013 2014 2015 2016 2017 

Year 
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Are the following ordered pairs solutions to the equation 2x — y = 6? 

3a Ino 24. (6,2) 

To Think About, Exercises 27 and 28 

27. After an exam, Jon and Syed discussed their answers 
to the following exam question. Which of the fol- 
lowing is an ordered-paired solution to the equation 
2x — 2y = 4, (3,5) or (5,3)? Jon said the answer was 

(5, 3), and Syed stated that (3, 5) is the correct answer. 

Who is right? Why? 

phn no 26. (0, -6) 

28. On an exam, students were asked to write an 
ordered-pair solution for the equation x + y = 18. 
Damien, Jennifer, and Tanya compared their an- 
swers after the exam and discovered they each had 
different answers. Is it possible for each of them to be 

correct? Explain. 

For each of the following: (a) Solve for y,; (b) Find the missing coordinate to complete the ordered pair. 

29. (a) y-4= - > 

(b) (6, ) 

31. (a) 4x ty =11 

(b) (2, ) 

33. (a) 2x + 3y = 6 

(b) (3, ) 

30. (a) y+9=5 

(b) (8, ) 

32. (a) 54k y = 3 

(b) (2, ) 

34. (a) 3y — 5x =9 

(b) (6, ) 

Find the missing coordinate to complete the ordered-pair solution to the given linear equation. 

3. y= 4c +7 36. y= 6x +5 

(a) (0, ) (a) (0, ) 
(b) (2, ) (b) (3, ) 

38. y+ 4x =9 39. 3x —4y = 11 

(a)"(=2, (a) (—3, ) 
(b) (5, ) : (b) ( ,1) 

37. yt 6% = 5 

(a) (s1,) 

(b) (3, ) 

40. 5x — 2y =9 

(a) (7, ) 
(b) ( ,-7) 



\ 41, 3x + 2y = -6 42. 5x + 4y = 10 

(a) (—2, ) (a) (—2, ) 
(b) ( ,3) (b) ( ,0) 

S) 1 
44, x—2=-y 45, 2 ae) ie 

(a) (7, ) (a) ( ,2) 

Te) 0(8) 
Cumulative Review 

A 47. [1.8.2] Circular Swimming Pool The circular pool 

at the hotel where Bob and Linda stayed in Orlando, 

Florida, has a radius of 19 yards. What is the area of 
the pool? (Use 7 ~ 3.14.) 

Quick Quiz 3.1 

1. Plot and label the following points on a sheet of 
graph paper, using a coordinate system similar to the 
one shown. 

A: (3, —4) 

Bid = 6, —2) 

cr(0; 5) 

D;(=3, 6) 

Section 3.1 The Rectangular Coordinate System 215 

43. y-1=oe 

(a) (7, ) 

0( 3) 
46. ar + Zy = 11 

(a) ( ,8) 
13 0 (2) 

48. [2.6.1] A number is doubled and then decreased by 

three. The result is twenty-one. What is the original 

number? 

Find the missing coordinate to complete the ordered-pair 

solution to the given linear equation. 

2. y= -5x -7 3. 4x - 3y = -12 

(a) (—2, ) (a) (3, ) 
(b) (3, ) (b) ( ,-8) 

(ch (0...) (c) ( , 10) 

. Concept Check Explain how you would find the missing coordinate to complete the ordered-pair solution to the 
equation 2.5x + 3y = 12 if the ordered pair was of the form ( , —6). 
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[3.2] Graphing Linear Equations @® 

El Graphing a Linear Equation by Plotting 
After studying this section, you will 

be able to: 

i Graph a linear equation 
by plotting three ordered 
pairs. @® 

Graph a straight line by plotting 
its intercepts. QB 

Graph horizontal and vertical 

lines. @® 

y 

5 

Points form 41,3) 

astraight line J, 2) 
eck (2, 1) 

Three Ordered Pairs @® 

We have seen that a solution to a linear equation in two variables is an ordered pair. 
The graph of an ordered pair is a point. Thus we can graph an equation by graphing 
the points corresponding to its ordered-pair solutions. 

A linear equation in two variables has an infinite number of ordered-pair 
solutions. We can see that this is true by noting that we can substitute any number 

for x in the equation and solve it to obtain a y-value. For example, if we substitute 
x = 0,1,2,3,... into the equation y = —x + 3 and solve for y, we obtain the 
ordered-pair solutions (0,3), (1,2), (2,1), (3,0),.... (If desired, substitute these 

values into the equation to convince yourself.) If we plot these points on a rectangular 
coordinate system, we notice that they fall on a straight line, as illustrated in the margin. 

It turns out that all of the points corresponding to the ordered-pair solutions of 
y = —x + 3lie on this line, and the line extends forever in both directions. A similar 

statement can be made about any linear equation in two variables. 

The graph of any linear equation in two variables is a straight line. 

From geometry, we know that two points determine a line. Thus to graph a linear 
equation in two variables, we need to graph only two ordered-pair solutions of the 
equation and then draw the line that passes through them. Having said this, we rec- 
ommend that you use three points to graph a line. Two points will determine where 
the line is. The third point verifies that you have drawn the line correctly. For ease in 
plotting, it is better if the ordered pairs contain integers. 

TO GRAPH A LINEAR EQUATION 

1. Find three ordered pairs that are solutions to the equation. 

2. Plot the points. 

3. Draw a line through the points. 

(=> | Student Practice 1 Find three |™4¢Example 1 Find three ordered pairs that satisfy y = —2x + 4. 
ordered pairs that satisfy y = —3x — 1.Then Then graph the resulting straight line. 
graph the resulting straight line on a sheet of 

graph paper using a coordinate system simi- 
lar to the one shown. 

Solution Since we can choose any value for x, we choose num- 

bers that are convenient. To organize the results, we will make a ta- 

ble of values. We will let x = 0,x = 1, and x = 3. We write these 

numbers under x in our table of values. For each of these x-values, 

we find the corresponding y-value in the equation y = —2x + 4. 

y= = 2a y= 20 ae y= = Zr a4 

y = —2(0) + 4 y= -2(1) +4 y = -2(3) + 4 

y=O074 y= 24 4 y=-644 

yee Ye? Wee 

We record these results by placing each 
y-value in the table next to its correspond- 
ing x-value. Keep in mind that these values x y 

Table of Values 

represent ordered pairs, each of which is a 0 4 
For all Student Practice problems, write solution to the equation. If we plot these or- 1 2 
out the steps on a separate sheet of paper. dered pairs and connect the three points, we : . 
Check the step-by-step solutions in the back 
of the textbook. 

Ee 
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get a straight line that is the graph of the equation y = —2x + 4. The graph of the 
equation is shown in the figure below. 

Find the point (2, 0) on the graph. Is it on the line? Check to verify that it 
is a solution to y = —2x + 4. Find another solution by /ocating another point on 
the line. 

Table of Values 

x y 
0 4 
1 2 
3 =) 

Sidelight: Determining Values for Ordered Pairs 
Why can we choose any value for either x or y when we are finding ordered pairs 

that are solutions to an equation? 
The numbers for x and y that are solutions to the equation come in pairs. When 

we try to find a pair that fits, we have to start with some number. Usually, it is an 

x-value that is small and easy to work with. Then we must find the value for y so that 
the pair of numbers (x, y) is a solution to the given equation. 

Example 2 Graph 5x — 4y + 2 = 2. 

Solution First, we simplify the equation 5x — 4y + 2 = 2 by subtracting 2 from 
each side. 

Sui dy 462) 12: 1212 Table of Values 

Sx — 4y = 0 x y 

Since we are free to choose any value of x, x = 0 is a nat- 0 0 
ural choice. Calculate the value of y when x = 0 and place 

the results in the table of values. 

5(0) — 4y = 0 

—4y = 0 Remember: Any number times 0 is 0. 

y =0 Since —4y = 0, y must equal 0. 

~ Now let’s see what happens when x = 1. 

5(1) -— 4y =0 

5 — 4y =0 

—4y = -5 

ao ie theitie 
y ed aad. or 7 This is not an easy number to graph. 

A better choice for a replacement of x is a number that is divisible by 4. Let’s see 
why. Let x = 4 and let x = —4, 

5(4) — dy = 5(—4) — 4y = 0 
20 — 4y = ON) = ay =f) 

—4y = -20 —4y = 20 
— 20 

y= or 3) sia saa (it = 

Continued on next page 

217 
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Student Practice 2 

ard 

Now we can put these numbers into our table of values and graph the line. 

Table of Values 

x y 
0 0 
4 5 
4 -5 

oO 

ao Student Practice 2 Graph 7x + 3 = —2y + 3 on a sheet of graph 
Pp aper, using a coordinate system similar to the one shown in the margin. 

To Think About: An Alternative Approach In Example 2, when we picked the value 
of 1 for x, we found that the corresponding value for y was a fraction. To avoid frac- 
tions, we can solve the equation for the variable y first, then choose the values for x. 

Sx — 4y =0 We must isolate y. 

—4y = —5x Subtract 5x from each side. 

—4y,  —5¥ 
ites Gan Signs an 4 a Divide each side by 

a5 
et 

Now let x = —4,x = 0, and x = 4, and find the corresponding values of y. Explain 
why you would choose multiples of 4 as replacements for x in this equation. Graph 
the equation and compare it to the graph in Example 2. 

In the previous two examples we began by picking values for x. We could just 
as easily have chosen values for y. 

Graphing a Straight Line by Plotting Its Intercepts @ 

What values should we pick for x and y? Which points should we use for plotting? 
For many straight lines it is easiest to pick the two intercepts. Some lines have only 
one intercept. We will discuss these separately. 

The x-intercept of a line is the point where the line crosses the x-axis; it has 
the form (a, 0). The y-intercept of a line is the point where the line crosses 
the y-axis; it has the form (0, b). 

INTERCEPT METHOD OF GRAPHING 

To graph an equation using intercepts, we: 

. Find the x-intercept by letting y=0O and gia pia 
solving for x. 

. Find the y-intercept by letting x =O and 
solving for y. 

. Find one additional ordered pair so that we 
have three points with which to plot the line. 

x-intercept 
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, Example 3 Complete (a) and (b) for the equation 5y — 3x = 15. 

(a) State the x- and y-intercepts. 

(b) Use the intercept method to graph. 

Solution Substitute values in the equation 5y — 3x = 15. 

(a) Lety = 0. 5(0) — 3x =15_ Replace y by 0. x y 

—3x = 15 Simplify. =, 0 

x = —5 Divide both sides by —3. x-intercept 

The ordered pair (—5, 0) is the x-intercept. 

Let x = 0. 5y — 3(0) = 15 Replace x by 0. x y 

Sy = 15 Simplify. 0 3 

y =3 _ Divide both sides by S. y-intercept 

The ordered pair (0,3) is the y-intercept. 

(b) We find another ordered pair to have a third point and then graph. 

Lety = 6. 5(6) — 3x = 15 Replace y by 6. 

S0r sx — 15 Simplify. 

Sok Subtract 30 from both sides. 

=> 
tae 5 Xx —3 or 

The ordered pair is (5, 6). y 

Our table of values is ie 

x y 

=3 0 

0 3 Student Practice 3 
S: 6 tari i He ‘ Loarvenes ot a y 

: F ; 

ceeae i x-intercept il 4 

re ahaa 2 2 ae bea Ae 

CAUTION: The three points on the graph must form a straight line. If the three points -7-6-5-4-3-2-1,[ 1 2 3 4 
do not form a straight line, you made a calculation error. oO is 

ee 

Student Practice 3. Use the intercept method to graph 2y — x = 60n Eel 
a sheet of graph paper, using a coordinate system similar to the one shown in the 5+ 
‘margin. 

To Think About: Lines That Go Through the Origin Can you draw all straight 
lines by the intercept method? Not really. Some straight lines may go through the 
origin and have only one intercept. If a line goes through the origin, it will have an 
equation of the form Ax + By = 0, where A # 0 or B ¥ O or both. Refer to Ex- 

ample 2. When we simplified the equation, we obtained 5x — 4y = 0. Notice that 
the graph goes through the origin, and thus there is only one intercept. In such cases : s 
you should plot two additional points besides the origin. 4 

: Ce “1a,5) ee 

Graphing Horizontal and Vertical Lines @® Late 
37 

You will notice that the x-axis is a horizontal line. It is the line y = 0, since for any eo 

value of x, the value of y is 0. Try a few points. The points (1,0), (3,0), and (—2, 0) 
all lie on the x-axis. Any horizontal line will be parallel to the x-axis. Lines such as 
y = Sand y = —2 are horizontal lines. 

_ What does y = 5 mean? It means that for any value of x, y is 5, Likewise 3-2) 2, | 2.52) ty =P? 
y = —2 means that for any value of x, y = —2. ic ee = 
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How can we recognize the equation of a line that is horizontal, that is, parallel 
to the x-axis? 

If the graph of an equation is a straight line that is parallel to the x-axis (that 
is, a horizontal line), the equation will be of the form y = b, where b is some 

real number. 

Example 4 Graph y = -3. 

Solution Asolution to y = —3 is any ordered 
pair that has y-coordinate —3. The x-coordinate 
can be any number as long as y is —3. 

(0, —3),'(=3; =3) fan (4/3) are® sola- 
tions to y = —3 since all the y-values are —3. 

Since the y-coordinate of every point on 
the line is —3, it is easy to see that the horizontal 
line will be 3 units below the x-axis. 

Note: You could write the equation y = —3 as Ox + y = —3. Then it is clear that 
for any value of x, you will always obtain y = —3.Try it and see. Oo 

dee Student Practice 4 Graph y = 2 ona sheet of graph paper, using a 
coordinate system similar to the one shown. 

Notice that the y-axis is a vertical line. This is the line x = 0, since for any y, 
x is 0. Try a few points. The points (0, 2), (0, -3), and (0,5) all lie on the y-axis, 
Any vertical line will be parallel to the y-axis. Lines such as x = 2 and x = —3 are 
vertical lines. 

Think of what x = 2 means. It means that for any value of y, x is 2. The graph 
of x = 2 is a vertical line two units to the right of the y-axis. 

How can we recognize the equation of a line that is vertical, that is, parallel to 
the y-axis? 
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If the graph of an equation is a straight line that is parallel to the y-axis (that 
is, a vertical line), the equation will be of the form x = a, where a is some 
real number. 

Example 5 Graph 2x + 1 = 11. 

Solution Notice that there is only one variable, x, in the equation. This is an 
indication that we can simplify the equation to the form x = a. 

2x +1= 11 vis the only variable in the equation. 

2x = 10 Solve for x. 

an 

Since the x-coordinate of every point on this line is 5, we can see that the vertical 
line will be 5 units to the right of the y-axis. 

i= Student Practice 5 Graph 3x + 1 = —8 on a sheet of graph paper, 
using a coordinate system similar to the one shown. 

221 



[3.2] Exercises — MyLab™ Math 

Verbal and Writing Skills, Exercises 1-4 

Unless otherwise indicated, assume each grid line represents one unit. 

1. Is the point (—2,5) a solution to the equation 2x + Sy = 0? Why or why not? 

2. The graph of a linear equation in two variables is a 

i) . The x-intercept of a line is the point where the line crosses the 

4. The graph of the equation y = bisa line. 

Complete the ordered pairs so that each is a solution of the given linear equation. Then graph the equation by plotting each solution 

and connecting the points by a straight line on a sheet of graph paper, using a coordinate system similar to the one shown. 

5. y=x-4 6 y=xt+4 Ub Poe A 8. y= —-3x -4 

(0, ) oa (0, ) (—2, ) 
(2, ) (0, ) (—2, ) (=1ye—) 
(4) Ge) (1) Cy 

oD y= SS I 

(0, ) 
(2, ) 
se 

y 

| 

Bee - 

Graph each equation by plotting three points and connecting them on a sheet of graph paper, using a coordinate system 
similar to the one shown. Use a table of values to organize the ordered pairs. 

13, y= =x 43 14. y= —-3x+2 15, 3x —2y =0 

222 
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\ 16. 2y — Sx = 0 17, y= -2x +3 1. y= Sr +2 

19, 4x +6 + 3y = 18 20. —2x +3 + 4y = 15 

f 

es 

_ For exercises 21-24: (a) state the x- and y-intercepts; (b) use the intercept method to graph on a sheet of graph paper, using 

a coordinate system similar to the one shown. 

21. y= 6 — 2x (b) _ I 22. y= 4—-2x CO ne Re 
(a) x-intercept: ae ae (a) x-intercept: peee 

y-intercept: y-intercept: 

; 23. x + 3 = 6y (b) | 24. x -6=2y (b) mi) ag 

(a) x-intercept: i talecatctie tated (a) x-intercept: 

y-intercept: y-intercept: 

_ Graph the equation on a sheet of graph paper, using a coordinate system similar to the one shown. Be sure to simplify the 
equation before graphing it. 

B25, 4 = 4 26. y= —4 27. y-2 = 3y 28. 3x —4 = -13 
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Mixed Practice Graph ona sheet of graph paper, using a coordinate system similar to the one shown. 

29, 32. 3y+1=7 2x + 5y-2=-12 ~ 30. 3x —4y — 5 = =17 
y y 

Applications 

33. 

35. 

Cross-Country Skiing The number of calories burned 
by an average person while cross-country skiing is giv- 

en by the equation C = 8m, where m is the number 

of minutes. (Source: National Center for Health Sta- 

tistics.) Graph the equation for m = 0, 15, 30, 45, 60, 

and 75 on a sheet of graph paper, using a coordinate 
system similar to the one shown. 

G Calories Burned While 

Cross-Country Skiing 

Number of calories burned 

0 {59 65000 745° 60) & 75 
Minutes spent skiing 

Foreign Students in the United States The number of 
foreign students enrolled in college in the United States 
can be approximated by the equation S$ = 11¢ + 395, 
where ¢ stands for the number of years since 1990, and 

S is the number of foreign students (in thousands). 
(Source: www.opendoors.iienetwork.org.) Graph the 
equation for t = 0, 4, 8, 16 on a sheet of graph paper, 

using a coordinate system similar to the one shown. 

§ 
A 

600 + 

2 560 
oD 
Urs 

BE 520 
ww 3 LL 

52 48 oy OF 

oe ae 
Zz 440b 

400+ 
L_» + 

0 2 4 6 8 HOR 4 168 18 

Number of years since 1990 

31, 2% 9 = 5x 

34. 

36. 

Calories Burned While Jogging The number of calo- 
ries burned by an average person while jogging is given 

28 ; 
by the equation C = 3 where m is the number of 

minutes. (Source: National Center for Health Statistics.) 
Graph the equation for m = 0, 15, 30, 45, 60, and 75 on 
a sheet of graph paper, using a coordinate system similar 
to the one shown. 

(G Calories Burned While 

Jogging 

Number of calories burned 

0 (ie 0 45° G0 yas 
Minutes spent jogging 

Food and Beverage Sales The amount of money spent 
at a popular amusement park on food and beverages 
can be approximated by the equation S = 16.8¢ + 223, 
where S is the sales in thousands of dollars and t is the 
number of years since 1995. Graph the equation for 
t = 0, 6, 10, 14, 18 on a sheet of graph paper, using a 

coordinate system similar to the one shown. 

Food and beverage sales (in thousands of dollars) 

OZ, 45 658) 10) 12) 4 SiGe 
Number of years since 1995 
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Cumulative Review 

Sie(2.3.3) Solve, 2(x +13) + 5x = 3x — 2 38. [2.8.4] Solve and graph on a sheet of paper, using a 
number line similar to the one below. 4 — 3x = 18 

Quick Quiz 3.2 

Graph each of the following on a sheet of graph paper, using a coordinate system similar to the one shown below each 
problem. 

1. Graph 4y+1=x+9. 2. Graph 3y = 2y + 4. 3. Complete (a) and (b) for the 
y equation y = —2x + 4. 
Tr : toch ote tan te (a) State the x- and y-intercepts. 

(b) Use the intercept method to 

graph. 

4. Concept Check In graphing the equation 3y — 7x = 0, what is the most important ordered pair to obtain before 
drawing a graph of the line? Why is that ordered pair so essential to drawing the graph? 
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[3.3] The Slope of a Line 

Student Learning Objectives 

After studying this section, you will 

be able to: 

1 | Find the slope of a line given two 
points on the line. @® 

Find the slope and y-intercept 
of a line given its equation. @® 

Write the equation of a line given 
the slope and y-intercept. @® 

4 | Graph a line using the slope 
and y-intercept. @® 

5 | Find the slopes of parallel and 
perpendicular lines. @® 

| Change in y (rise) 

(X11) 

Change in x (run) 

Re Finding the Slope of a Line Given Two Points 

onthe Line @® 

We often use the word slope to describe the incline (the steepness) of a hill. A car- 
penter or a builder will refer to the pitch or slope of a roof. The slope is the change 
in the vertical distance (the rise) compared to the change in the horizontal distance 
(the run) as you go from one point to another point along the roof. If the change in 
the vertical distance is greater than the change in the horizontal distance, the slope 
will be steep. If the change in the horizontal distance is greater than the change in 
the vertical distance, the slope will be gentle. 

In a coordinate plane, the slope of a straight line is defined by the change in y 
divided by the change in x. 

change in y 

Ce change in x 

Consider the line drawn through points A 
and B in the figure. If we measure the change 
from point A to point B in the x-direction and 
the y-direction, we will have an idea of the 

steepness (or the slope) of the line. From point 
A to point B, the change in y-values is from 2 to 
4, a change of 2. From point A to point B, the 
change in x-values is from 1 to 5, a change of 4. 
Thus 

changeiny 2 = 1 
l = , 
meee changeinx 4 2 

: rise 
Informally, we can describe this move as the rise over the run: slope = —— 

We now state a more formal (and more frequently used) definition. aise 

DEFINITION OF SLOPE OF A LINE 

The slope of any nonvertical straight line that contains the points with coor- 
dinates (x;, y;) and (x2, y2) is defined by the difference ratio 

Yaa 4 

xy 
slope = m= eo, where x2 # X;. 

2 

The use of subscripted terms such as x;, x2, and so on, is just a way of indicating that 

the first x-value is x; and the second x-value is x2. Thus (x, y;) are the coordinates 
of the first point and (x2, y2) are the coordinates of the second point. The letter m is 
commonly used for the slope. 



| 

y 
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Example 1 Find the slope of the line that passes through (2, 0) and (4, 2). 

Solution Let (2,0) be the first point (x1, y;) and (4,2) be the second point (x2, y2). 

2 

2 
(2,0) (4,2) aerial 

2 

wee? Ji 2 0. 2. - 
slope =m = aa 

Kymin 422002 

Note that the slope of the line will be the 
same if we let (4,2) be the first point (x;, y;) and 
(2,0) be the second point (x2, yz). 

(4,2) 

Thus, given two points, it does not matter which you call (x1, y;) and which 
you call (x, y2). oO 

CAUTION: Be careful, however, not to put the x’s in one order and the y’s in another 
order when finding the slope from two points on a line. 

at Student Practice 1 Find the slope of the line that passes through (6, 1) 
and (—4, -1). 

It is a good idea to have some concept of what different slopes mean. In down- 
hill skiing, a very gentle slope used for teaching beginning skiers might drop 1 foot 
vertically for each 10 feet horizontally. The slope would be af The speed of a skier on 
a hill with such a gentle slope would be only about 6 miles per hour. 

A triple diamond slope for experts might drop 11 feet vertically for each 10 
feet horizontally. The slope would be 5. The speed of a skier on such an expert trail 
would be in the range of 60 miles per hour. 

It is important to see how positive and negative slopes affect the graphs of 

lines. 

POSITIVE SLOPE NEGATIVE SLOPE 

~~~ yis decreasing 
from 5 to 1 as 

| you go from 

left to right 

y is increasing (1,5) 
| from 2 to 5 as 
you go from 

left to right 

1. If the y-values increase as you go from left to right, the slope of the line is 
positive. 

2. If the y-values decrease as you go from left to right, the slope of the line is 

negative. 

227 

en et foot 

10 feet 

10 feet 

11 feet 
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Example 2 Find the slope of the line that passes through (—3, 2) and (2, —4). 

Solution Let (—3,2) be (x;, y,) and (2, —4) be (xp, y2). 

ea 1d cle ape game nla A spel ips SEB 
m%y—-x% 2-(-3) 24+3 #=5 5 

The slope of this line is negative. We would expect this, since the y-value decreased 
from 2 to —4 as the x-value increased. What does the graph of this line look like? 
Plot the points and draw the line to verify. Oo 

i, 
an Student Practice 2 Find the slope of the line that passes through (2, 0) 
and (— 

To Think About: Using the Slope to Describe a Line Describe the line in Student 
Practice 2 by looking at its slope. Then verify by drawing the graph. 

Example 3 Find the slope of the line that passes through the given points. 

(a) (0,2) and (5, 2) (b) (—4,0) and (—4, -4) 

Solution 

(a) Take a moment to look at the y-values. 

(b) 

Xz, # x,. Thus it is not appropriate to use the 
formula for slope for the points in part (b). 
We did so to illustrate what would happen 
if x. = x; We get an impossible situation, 

ms 

0 

What do you notice? What does this tell you 
about the line? Now calculate the slope. 

2 wid 
0,2.) and (3,2 =—_=-=0 (0,2) and (5,2) m= =~ 

Since any two points on a horizontal line will 
have the same y-value, the slope of a horizon- 
tal line is 0. 

Take a moment to look at the x-values. What do you notice? What does this 

tell you about the line? Now calculate the slope. 

-4-0 _-4 
(—4, 0) and (-4, —4) th = SAg= lide = 0 

Recall that division by 0 is undefined. 
The slope of a vertical line is undefined. 
We say that a vertical line has no slope. 

Notice in our definition of slope that 

. Now you can see why we include the 

restriction x. # x, in our definition. Oo 

Student Practice 3 Find the slope of the line that passes through the 
given points. 

(a) (—5, 6) and (—5, 3) (b) (—7, -11) and (3, -11) 



SLOPE OF A STRAIGHT LINE 

1. Positive slope 
Line goes upward to the right A, 

Lines with positive slopes go upward as you go 

from left to right. 

. Zero slope 4 
Horizontal line sae 

x 

. Undefined slope 

Vertical line i 
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. Negative slope 
Line goes downward to the right . 

Lines with negative slopes go downward as you 
go from left to right. 

y 

Horizontal lines have a slope of 0. A vertical line is said to have undefined slope. 

The slope of a vertical line is not defined. In 
other words, a vertical line has no slope. 

Finding the Slope and y-Intercept of a Line 
Given Its Equation @® 

Recall that the equation of a line is a linear equation in two variables. This equa- 
tion can be written in several different ways. A very useful form of the equation of 
a straight line is the slope-intercept form. This form can be derived in the following 
way. Suppose that a straight line with slope m crosses the y-axis at a point (0, b). Con- 
sider any other point on the line and label the point (x, y). Then we have the following. 

iy VIERA 
4 Se LL, Definition of slope. 

Line of slope m xy — XH 

y-intercept bL y-—b 

a =a Substitute (0, b) for (x4, y1) 

and (x, y) for (x9, y2). 

‘ Vorb Sh 
= =n Simplify. 

x 

y-b=mx Multiply both sides by x. 

y=mx+b Add bto both sides. 

This form of a linear equation immediately reveals the slope of the line, m, and 

the y-coordinate of the point where the line intercepts (crosses) the y-axis, b. 

SLOPE-INTERCEPT FORM OF A LINE 

The slope-intercept form of the equation of the line that has slope m and 

y-intercept (0, 6) is given by 

y=mx+b. 

By using algebraic operations, we can write any linear equation in slope— 
intercept form and use this form to identify the slope and the y-intercept of the line. 

_ Example 4 What is the slope and the y-intercept of the line Sx + 3y = 2? 

Solution We want to solve for y and get the equation in the form y = mx + b. 
We need to isolate the y-variable. 

5x + 3y =2 

3y = —5x + 2 Subtract 5x from both sides. 

Soy are Sok 
a Iga C Divide both sides by 3. 

Continued on next page 
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b aD a ; 
= — + —, write 

(Cole ales 

5 Z 
y = a” + 3 Using the property Cc 

the right-hand side as two fractions. 

5 2 2 
m= -— 3 and b = 5 The slope is -2 The y-intercept is (0 2), 

Note: We write the y-intercept as an ordered pair of the form (0, b). et 

Student Practice 4 What is the slope and the y-intercept of the line 
4x —2y = -5? 

Writing the Equation of a Line Given the Slope 

and y-Intercept @® 

If we know the slope of a line and the y-intercept, we can write the equation of the 
line in the form y = mx + b. 

Example 5 Find an equation of the line with slope 2 and y-intercept (0, —3). 

(a) Write the equation in slope—intercept form, y = mx + b. 

(b) Write the equation in the form Ax + By = C. 

Solution 

(a) We are given that m = 2 and b = —3, Thus we have the following. 

y=mx+t+b 

p 
y= 5% + (==3)) 

2 
y= Be = 38 

(b) To write the equation in the form Ax + By = C, let us first clear the equation 

of fractions so that A, B, and C are integers. Then we move the x-term to the 

left side. 

Graphing Calculator pi 
5y = (=) — 5(3) Multiply each term by 5. 

Graphing Lines 
Sy = 2x — 15 Simplify. 

You can graph a line given in —2x + Sy = =15 Subtract 2x from each side. 

viet eee pate 2X Dink) Multiply each term by =i inns form Ax + By=C 

to graph y = 2x + 4, enter the is usually written with A as a positive integer. Oo 

right-hand side of the equation 

in the Y = editor of your calcu- 
lator and graph. Choose an ap- 

propriate window to show all the 
intercepts. The following window 

is —10 to 10 by —10 to 10, 
Display: 

[i==}g Student Practice 5 Find an equation of the line with slope —3 and 

y-intercept (0, 3). 

(a) Write the equation in slope-intercept form. 

(b) Write the equation in the form Ax + By = C. 

24 Graphing a Line Using the Slope and y-Intercept @® 

If we know the slope of a line and the y-intercept, we can draw the graph of the line. 

Example 6 Graph the line with slope m = 3 and y-intercept (0, —3). Use the 
Try eraphing other equations given coordinate system. 

given in slope-intercept form. Solution Recall that the y-intercept is the point where the line crosses the y-axis. 
We need a point to start the graph with. So we plot the point (0, —3) on the y-axis. 

Continued on next page 



Recall that slope = ust Since the slope 

of this line is 2 we will go up (rise) 2 units and 
go over (run) to the right 3 units from the point 
(0, -3). Look at the figure to the right. This is 
the point (3, —1). Plot the point. Draw a line that 
connects the two points (0, —3) and (3, -1). 

This is the graph of the line with slope } and 
y-intercept (0, —3). o 

Student Practice 6 Graph the line with slope = } and y-intercept 
(0, -1) on a sheet of graph paper, using a coordinate system similar to the one 
shown in the margin. 

Let’s summarize the process used in Example 6. If we know both the slope m 
and the y-intercept b, we can graph the equation without performing any calcula- 
tions as follows. 

Step 1. Plot the y-intercept point on the graph and then begin at this point. 

. rise “ah ‘apie : : 
Step 2. Using the slope, ron’ We Mise in the y-direction. We move up if the number is 

positive and down if the number is negative. We run in the x-direction. We 
move right if the number is positive and left if the number is negative. 

Step 3. Plot this point and draw a line through the two points. 

Section 3.3 The Slope of a Line 

Student Practice 6 

Example 7 Graph the equation y = —}.x + 4.Use the following coordinate system. 

Solution 

Step 1. Since b = 4, we plot the y-intercept (0, 4). 

Step 2. Using m = —} or 5, we begin at (0,4) and 
go down 1 unit and to the right 2 units. 

Step 3. This is the point (2, 3). Plot this point and 
draw a line that connects the points (0, 4) 

and (2, 3). 
This is the graph of the equation y = —5x + 4. 

Note: The slope —4 = 5! = ~. Therefore, we get 
the same line if we write the slope as. Try it. o 

Graphing Using Different Methods In this section and in Section 3.2 we learned the eee a al 

following three ways to graph a linear equation: 

1. Plot any 3 points. 
2. Find the intercepts. 
3. Find the slope and y-intercept. 

Student Practice 7 Graph the equation y = —}x + 5 on a sheet of oh! y 
aph paper, using a coordinate system similar to the one shown in the margin. a ! 

Student Practice 7 

The following Graphing Organizer summarizes each method and notes the advan- 
tages and disadvantages of each. 
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Graphing Organizer 

Method 1: Find Any Three 

Ordered Pairs 

Graph 2y — x = 2 by plotting three 

points. 

Choose any value for either x or y. 

y 

-4 

Substitute to find the other value. 

2y-1=2 2y-2=2 2y-(-4)=2 

2y =3 2y=4 2y+4=2 

3 
=> =2 2y = -2 My 2 y M 

Vaal 
x y 

wie 
2 

i) 2 

—4 = 

Plot points and draw line through points. 

Advantage 

1. Method is easy to remember: just 

choose any point for either x or y then 
solve for the other value. 

Disadvantages 

1. It may be difficult to avoid fractions. 

2. Whether you start with a value for 

x or y, solving for the other value can 

be difficult. 

You Try It 

Graph —3x + 2 = y ona sheet of graph 

paper, using a coordinate system similar 

to the one shown. Find and label three 
points. 

PS 
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Method 2: Find the x- and y-Intercepts 

and One Additional Ordered Pair 

Graph 2y — x = 2. State the v- and 
y-intercepts. 

Choose x = 0 and y = 0, and any other 
value for either x or y. 

Notice we are still choos- 

ing 3 values, but to get 
the intercepts we must 

pick x = O and y = 0. 

2y = —x =2 2y+1= 

1 
Mey 

x y 

0 1 y-intercept: (0, 1) 

ae, 0 x-intercept: (—2, 0) 

—1 rT 

2; 

Plot points and draw line through points. 

Advantage 

1. When we substitute 0 into an equation it 

is easy to calculate the value of the other 

variable. 

Disadvantage 

1. It may be difficult to avoid fractions. 

You Try It 

Graph —3x + 2 = y ona sheet of graph 

paper, using the coordinate system similar 
to the one shown. Label the x- and 

y-intercepts. 

Method 3: Write the Equation in 

Slope-Intercept Form, y = mx + b 

Graph 2y — x = 2. State m and b. 

Solve for y. 
DY =X ae 

1 
yma ft 

Once we solve for y we can choose any 

method to graph. 
Option 1. Use the slope-intercept 

1 
method, y = a ap il 

Identify b: b = 1; y-intercept: (0, 1). 
1 

Identify the slope, m:m = 5) 

; Start at b, move up 
1 unit, then move 

right 2 units, Plot 
" this point and draw 

a line through the 

{2y—x=2 two points. 

(0, 1)+ 

Option 2. We can also choose to find in- 

tercepts or any three ordered pairs when 

equation is in the form y = mx + b. 
1 

ye ae ih 

Substitute x = 2, 0,—2 and find y. 

x y Plot these points on the 
2 2 coordinate planes in 

0 1 columns 1 and 2. You 
D 0 should get the same 

a line. Why? 

Advantages 
1. When using the slope—-intercept method, 

we can avoid doing any calculations. 
2. When we find ordered pairs, the slope— 

intercept form makes it easy to see 
how to avoid fractions. 

Y= ay +1 Choosing a multiple of 2 
- for x will avoid getting a 

fraction for y. 

Disadvantage 

1, It may be difficult to solve for y. 

You Try It 

Graph —3x + 2 = yona sheet of 
graph paper, using a coordinate system 

similar to the one shown. State m and b. 
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Finding the Slopes of Parallel and Perpendicular Lines @® 

Parallel lines are two straight lines that never touch. 
Look at the parallel lines in the figure. Notice that 
the slope of line ais —3 and the slope of line b is also 
—3. Why do you think the slopes must be equal? 
What would happen if the slope of line b were —1? 
Graph it and see. 

PARALLEL LINES 

Parallel lines are two straight lines that never touch. 
Parallel lines have the same slope but different y-intercepts. 

M 
4 

Slope m, 

Slope mm 

Perpendicular lines are two lines that meet at a 90° angle. Look at the perpen- 
dicular lines in the figure at the right. The slope of line c is —3. The slope of line d is 

= Q)-9 
You may wish to draw several pairs of perpendicular lines to determine whether the 
product of their slopes is always —1. 

> Notice that 

PERPENDICULAR LINES 

Perpendicular lines are two lines that meet at a 90° angle. 
Perpendicular lines have slopes whose product is — 1. If m, and m2 are slopes 

of perpendicular lines, then 

Slope m, 

x 

Graphing Calculator 

Graphing Lines 

‘You can graph a line given in 

the form y = mx + busing a 
graphing calculator. For example, 

to graph y = 2x + 4, enter the 
right-hand side of the equation 
in the Y = editor of your calcu- 
lator and graph. Choose an ap- 

propriate window to show all the 
intercepts. The following window 

is —10 to 10 by —10 to 10. 
Display: 

Try graphing other equations 

given in slope-intercept form. 
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Graphing Calculator 

Graphing Parallel Lines 

If two equations are in the 
form y = mx + b, then it 

will be obvious that they are 
parallel because the slope 

will be the same. On a graphing 
calculator, graph both of 

these equations: 

y = =2x +6 
y= 25 = 4 

Use a window of —10 to 10 
for both x and y. 

Display: 

Example 8 Line / has a slope of —4. h 
(a) If line fis parallel to line h, what is its slope? & 

(b) If line g is perpendicular to line h, what is its slope? 

Solution 

(a) Parallel lines have the same slope. Line f has 
a slope of —3. 

(b) Perpendicular lines have slopes whose product is —1. 

mM, = =| 

2 : 2 | 
= 3m =-1 Substitute — a for my}. 

3 3 | 
= =i 2 Multiply both sides by — ry 

et os N|w nae tea Wt Nee 

= ie) 

| 

m5 

Thus line g has a slope of 3. o 

=> | Student Practice 8 Line # has a slope of . 

(a) If line j is parallel to line h, what is its slope? k 

(b) If line k is perpendicular to line h, what is its j 

slope? 

Example 9 The equation of line /is y = —2x + 3. 

(a) What is the slope of a line that is parallel to line /? 

(b) What is the slope of a line that is perpendicular to line /? 

Solution 

(a) Looking at the equation, we can see that the slope of line /is —2. 

The slope of a line that is parallel to line / is —2. 

(b) Perpendicular lines have slopes whose product is —1. 

mm, = =i! 

(-—2)m, = —1 Substitute —2 for mj. 

Because (-2)(5) = —1. 
il 

Tp SS >) 
2 

The slope of a line that is perpendicular to line /is 5. Oo 

Student Practice 9 The equation of linen is y = 3x — 4. 

(a) What is the slope of a line that is parallel to line n? 

(b) What is the slope of a line that is perpendicular to line n? 



Exercises MyLab™ Math 

Verbal and Writing Skills, Exercises 1 and 2 

1. Can you find the slope of the line passing through (5, —-12) and (5, —6)? Why or why not? 

2. Can you find the slope of the line passing through (6, —2) and (—8, —2)? Why or why not? 

Find the slope of the straight line that passes through the given pair of points. 

3. (2,3) and (5, 9) 4, (1,4) and (9, 12) 5. (5,10) and (6, 5) G. (3;3) and'(2, 15) 

7. (—2,1) and (3, 4) 8. (7,4) and (—2,8) Oates) and(2,—7) 10. (—8, —3) and (4,—9) 

fimo. U)ana({—3,—4) 12,°'(0,)5) and (5,5) too ana (= 7,—-1) 14, (-1,5) and (=1,7) 

3 5 
a5, @ -4) and (2, —8) 16. (3 -2) and (3, 6) 

Find the slope and the y-intercept. 

le y= 8 +9 18. y = 2x + 10 19. 3x +y-4=0 20. 8x +y+7=0 

8 3 3 + 23. y = —6x 24. y = 4x 
~y=r—ox ta , yoy = 21. y a¥ 4 22. y hae 

25. y = -2 26. y=7 27. 7x —3y = 4 28. 9x — 4y = 18 

(a) Write the equation of the line in slope-intercept form. (b) Write the equation of the line in the form Ax + By = C. 

Re alee ‘a 
29. ie ru y-intercept (0, 3) 30. m= <, y-intercept (0, 5) 31. m 4, iy intercept (0 5) 

Il 32. m = 2, y-intercept (0, —1) 33. m = —1, y-intercept (0, 0) 34. m = 1, y-intercept (0, 0) 

5 1 
35. m = owe y-intercept (0 = >) 36. m = —4, y-intercept (0 *) 

Graph the line with slope m and y-intercept (0, b) on a sheet of graph paper, using a coordinate system similar to the one shown. 

3 
37, m= 3b = -4 38. m=-=,b = -2 39. m= 2b =2 40. 1h tars, Bite A 

y eR te ety aw 

235 



236 Chapter 3 Graphing and Functions 

In exercises 41-46, graph the line on a sheet of graph paper, using a coordinate system similar to the one shown. You may 

use any method: y = mx + b, intercepts, or finding any three points. 

41. 

47. 

49, 

3 43. y+ 2x =3 
y= ix+2 oe ees y : 

——> 

by y ate 

y+ 4x =5 45. y = 2x 46. y = 3x 

dil 
A line has a slope of 2. 48. A line has a slope of i 

(a) What is the slope of a line parallel to it? (a) What is the slope of a line parallel to it? 

(b) What is the slope of a line perpendicular to it? (b) What is the slope of a line perpendicular 
to it? 

: : 2) 
A line has a slope of —8. 50. A line has a slope of — 3 

(a) WE ts eS Oat era eae Lo 3 (a) What is the slope of a line parallel to it? ; ’ a 
(b) What is the slope of a line perpendicular to it? (b) What is the slope of a line perpendicular 

to it? 

te 2 ; ees 3 
51. The equation of a line is y = 3° 0, 52. The equation of a line is y = oa 2. 

(a) What is the slope of a line parallel to it? (a) What is the slope of a line parallel to it? 

(b) What is the slope of a line perpendicular to it? (b) What is the slope of a line perpendicular to it? 

To Think About 

53. Do the points (3, —4), (18, 6), and (9, 0) all lie on the 54. Do the points (2, 1), (—3, —2), and (7, 4) lie on the 

55. 

same line? If so, what is the equation of the line? same line? If so, what is the equation of the line? 

Cell Phone Accessory Sales A distribution center projected that one of the fastest-selling products in the United 
States between 2010 and 2020 will be cell phone accessories. During this 10-year period, the number of cell phone ac- 
cessories sold can be approximated by the equation y = 5(7x + 125), where x is the number of years since 2010 and 
y is the number of accessories sold in thousands. 

(a) Write the equation in slope-intercept form. (c) In this specific equation, what is the meaning of 
the slope? What does it indicate? 

(b) Find the slope and the y-intercept. 
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56. Solar Energy Essex Solar Company executives projected that one of the fastest-growing sources of home energy in 
the United States between 2014 and 2024 will be solar energy. During this 10-year period, the number of homes using 

solar energy can be approximated by the equation y = ES (31x + 620), where x is the number of years since 2014 
and y is the number of homes in thousands. 10 

(a) Write the equation in slope—intercept form. (c) In this specific equation, what is the meaning of 

the slope? What does it indicate? 

(b) Find the slope and the y-intercept. 

Cumulative Review Solve for x and graph the solution on a sheet of paper, using a number line similar to the one shown. 

i | 
57. [2.8.4] 7 ceases? st +2 58. [2.8.4] 5 oy ies 3% ae) 

a t+ +++ > 

Quick Quiz 3.3 

1. Find the slope of the straight line that passes through . (a) Find the slope and y-intercept of 6x + 2y — 4 = 0. 
ine points (—2,5) and (—6,3). (b) Graph on a sheet of graph paper, using a coordinate 

system similar to the one shown. 

3. Write an equation of the line in slope-intercept 4. Concept Check Consider the formula for slope: 
form that passes through (0, —5) and has a slope of yo - V4 

SS in wh bstitute th 0.8 m iy Explain why we substitute the y 

i coordinates in the numerator. 



Use Math to Save Money 

Did You Know? Saving only 5% of your income can go a long 
way toward replacing your income in retirement. 

Retirement Planning 

Understanding the Problem: 

It is never too early to begin thinking about your retirement. 

Louis began investing money in his retirement account at the 

age of 25 with the goal of retiring at the age of 65. He has a 
job where he gets paid $42,000 per year. His company has a 

retirement plan where he can contribute a percentage of his 

salary and have it invested in a retirement account that has 

an average annual return of 8%. 

Making a Plan: 

Louis is interested in what his monthly income will be at 

retirement if he saves 5% of his earnings for the next 40 years. 

To calculate his projected income at retirement, Louis needs 

to determine what the projected balance of his retirement 

account will be. He uses the retirement formula 

(141)N-14 
FV = PMT x ; 

with the variables defined as follows: 

e FVis the future value of the retirement account. 

e PMT isthe monthly payment contributed to the retirement 

account. 

e /is the interest rate in decimal notation divided by 12, 

which is the amount of interest being earned each month. 

e Nis the number of payments made into the account, which is 

12 times the number of years the account is contributed to. 

Step 1: Louis calculates what his monthly payment (PMT) will 
be if he saves 5% of his earnings. 

Task 1: How much does Louis earn per month? 

Task 2: What is 5% of his monthly income? This value will be 

the PMT. 

Step 2: Using / = 0.08/12 ~ 0.0067 and N = 12 X 40 = 480, 

Louis substitutes these values into the retirement formula to 

solve for FV. 

Task 3: Substitute and solve for FV. Round your answer to the 

nearest dollar. 

Finding a Solution: 

Louis now knows how much he can expect to have in his 

retirement account when he retires. He has been told that 

to make sure his money lasts throughout his retirement, he 

should withdraw 4% of his account balance the first year and 
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then increase that amount to keep up with inflation every 

year thereafter. 

Step 3: Louis calculates his monthly income based on a 
withdrawal of 4% the first year. His goal is to contribute just 

enough to his retirement fund so that his retirement income is 

equal to his current working income. 

Task 4: How much can Louis withdraw the first year? 

Task 5: What will Louis's monthly income be the first year? 

Task 6: Calculate the difference between Louis's current monthly 

income and his projected monthly income in retirement. 

Task 7: Does Louis need to change the percentage he is 

contributing to his retirement plan to reach his goal? If so, \ 

should he increase or decrease the amount? 

Applying the Situation to Your Life: 

These are simplified calculations for projecting income in 

retirement. Other factors like inflation, which are more 
complicated to calculate, need to be taken into consideration. 

Inflation will reduce the value of money over time so that in 

40 years, $42,000 may not be enough money to support the 

same lifestyle. You should also expect your yearly income to 

increase over time, so that the amount you are saving will 
increase. In addition there will be other sources of income in 

retirement like Social Security and pensions. The above calcu- 

lations will give you a good idea of how much you will have in 

retirement, based on your current earnings and the expected 

number of years until retirement. 
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[34] Writing the Equation of a Line ® 
\ 

aq Writing an Equation of a Line Given 

a Point and the Slope @® 

If we know the slope of a line and the y-intercept, we can write the equation of the line 
in slope—intercept form. Sometimes we are given the slope and a point on the line. We 
use the information to find the y-intercept. Then we can write the equation of the line. 

It may be helpful to summarize our approach. 

TO FIND AN EQUATION OF A LINE GIVEN A POINT AND THE SLOPE 

1. Substitute the given values of x, y, and m into the equation y = mx + b. 

2. Solve for b. 

3. Use the values of b and m to write the equation in the form y = mx + b. 

Example 1 Find an equation of the line that passes through (—3,6) with 
slope —3, 

Solution Weare given the valuesm = —4x = —3,and y = 6, and we must find b. 

y=mx+b 

6=2+5 Solve for b. 

4= Now use the values for b and m to write the 

equation in slope—intercept form. 

An equation of the line is y = —3x + 4. o 

Student Practice 1 Find an equation of the line that passes through 
(—8, 12) with slope —3. 

Writing an Equation of a Line Given Two Points @® 

We can use our procedure when we are given two points if we first find the slope m 
and then find b. Recall from Section 3.3 that if we are given two points on a line, we 

eaelt In the next example we will 
255) = a 

use this information to find the values of m and b so that we can write an equation 
in the form y = mx + b. 

can find the slope m using the formula m = 

> Example 2 Find an equation of the line that passes through (2, 5) and (6, 3). 

Solution We must find both m and b. We first find m using the formula for slope. 
Then we proceed as in Example 1 to find b. 

me Res a Fg eS 

x42 ~ 

Shee) 3 
oS Substitute (x;, y;) = (2,5) and (x9, y2) = (6,3) 

6-2 into the formula. 

Bese) 
4 2 
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Student Learning Objectives 

After studying this section, you will 
be able to: 

1 | Write an equation of a line given 
a point and the slope. @® 

Write an equation of a line 
given two points. @&® 

Write an equation of a line given 
the graph of the line. @® 

=> | Student Practice 2 
Find an equation of the line 
that passes through (3, 5) and 

ge 

For all Student Practice prob- 
lems, write out the steps on a 

separate sheet of paper. Check 
the step-by-step solutions in the 
back of the textbook. 

Continued on next page 



240 Chapter 3 Graphing and Functions 

1 ; , 
Now that we know m = —5> Wwe can find b. Choose either point, say (2, 5), to 

substitute into y = mx + b as in Example 1. 

i! ' 
5 = —35 (2) + b Substitute known values into y = mx + b. 

SAD 

6=b 

Use the values for b and m to write the equation. 
: : 7 

An equation of the line is y = Tae +6. 

Note: We could have substituted the slope and the other point, (6, 3), into the 
slope-intercept form and arrived at the same answer. Try it. oO 

As we saw in Examples 1 and 2, once we find m and b we can write the equation 
of a line. Now, if we are given the graph of a line, can we write the equation of 
this line? That is, from the graph can we find m and b? We will look at this in 
Example 3. 

E} Writing an Equation of a Line Given 

the Graph of the Line 

Example 3 What is the equation of the line in the 
figure at the right? 

Solution First, look for the y-intercept. The line © 
crosses the y-axis at (0,4). Thus b = 4. 

Second, find the slope. 

_ changeiny _ rise 

~ changeinx run 

Look for another point on the line. We choose — i 
(5, —2). Count the number of vertical units from 4 | 
to —2 (rise). Count the number of horizontal units 
from 0 to 5 (run). 

Student Practice 3 m= = 
5 

y - 
fig tana Now, using m = ~§ and b = 4, we can write 

aa oe an equation of the line. 

y=mx +b 

spol | a 2s ied et Bdiechii, 
gle ; en i 

ee cee ie Student Practice 3 What is the equation of the line in the figure at 
. ike hee the left? 
ap 



Exercises MyLab™ Math 

Find an equation of the line that has the given slope and passes through the given point. 

1. m = 3, (—2,0) 2. m= 5, (4,-1) 3. m = —2, (3,5) 4, m = —4, (1,1) 

1 1 a 2 5. m= —3, (3.2) 6. m= -4,(1,2) 7. m= rm (4, 5) 8 m re (S32) 

Write an equation of the line passing through the given points. 

9, (3,-12) and (-4,2) 10. (1,8) and (0,5) 1. (2,-6) and (-1,6) | 12 (1,1) and (5,7) 

as 2.5) atid (—1, —15) 5 Me lie SP Ee i eR +s € >) —_ (s >) 16. (2,0) and (3 x) 

| Mixed Practice, Exercises 17-20 

17. Find an equation of the line with a slope of —3 that 48, Find an equation of the line with a slope of —} that 
passes through the point (—1, 3). passes through the point (6, —2). 

19. Find an equation of the line that passes through 20. Find an equation of the line that passes through 
(a5) and (—1,6). (Los and (2-14). 

Write an equation of each line. 

21. y _ 22. 

25. 

241 
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To Think About, Exercises 29-36 Find an equation of the line that fits each description. 

29. 

31. 

SAA 

35. 

37. 

Passes through (7, —5) and has zero slope 

Passes through (4, —-6) and is perpendicular to the 
X-axis 

1 
Passes through (0, 5) and is parallel to y = 37 + 4 

Passes through (2, 3) and is perpendicular to 
y=2x-9 

Population Growth The growth of the population 
of a large city during the period from 1990 to 2018 
can be approximated by an equation of the form 
y = mx + b, where x is the number of years since 
1990 and y is the population measured in thousands. 
Find the equation if two ordered pairs that satisfy it 
are (0, 227) and (10, 251). 

Cumulative Review 

39. [2.8.4] Solve. 10 — 3x > 14 — 2x 

41. [0.6.1] Basketball Sneakers A pair of basketball 

sneakers sells for $80. The next week the sneakers go 
on sale for 15% off. The third week there is a coupon 
in the newspaper offering a 10% discount off the sec- 
ond week’s price. How much would you have paid for 
the sneakers during the third week if you had used the 
coupon? 

Quick Quiz 3.4 

1. Write an equation in slope-intercept form of the line 
that passes through the point (3, —5) and has a slope 

2 
of 3. 

3. Write an equation of the line that passes through 
(4,5) and (4, —2). What is the slope of this line? 

30. Passes through (9, 3) and has undefined slope 

32 

34 

36 

38. 

40 

42 

Passes through (—7, 11) and is perpendicular to the 
y-axis 

Passes through (0,5) and is perpendicular to 
1 

y= 3% + 4 

Passes through (2, 9) and is parallel to y = 5x — 3 

Home Equity Loans The amount of debt outstanding 
on home equity loans at a bank during the period from 
2000 to 2015 can be approximated by an equation of 
the form y = mx + b, where x is the number of years 
since 2000 and y is the debt measured in millions of 
dollars. Find the equation if two ordered pairs that sat- 
isfy it are (1, 280) and (6, 500). 

[2.8.4] Solve. 2x — 3 = 7x — 18 

[2.7.1] Cell Phone Costs Dave and Jane Wells have 

a cell phone. The plan they subscribe to costs $50 per 
month. It includes 200 free minutes of calling time. 
Each minute after the 200 is charged at the rate of 
$0.21 per minute. Last month their cell phone bill was 
$68.90. How many total minutes did they use their cell 
phone during the month? 

Write an equation in slope-intercept form of the line 
that passes through the points (—2,7) and (—4, —5). 

Concept Check How would you find an equation of | 
the line that passes through (—2, —3) and has zero 
slope? 
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Bs Graphing Linear Inequalities ® 
In Section 2.8 we discussed inequalities in one variable. Look at the inequality 
x < —2 (x is less than —2 ). Some of the solutions to the inequality are —3, —5, and 

—55. In fact all numbers to the left of —2 on a number line are solutions. The graph 
of the inequality is given in the following figure. Notice that the open circle at —2 

indicates that —2 is not a solution. 

x<=2 

—_—_—_———"—"-b -—<——$ —__}+—_—__—> 

=5) =f! =3) = = 0 1 2 

Now we will extend our discussion to consider linear inequalities in two variables. 

El Graphing Linear Inequalities in Two Variables @® 

Consider the inequality y = x. The solution of the inequality is the set of all possible 
ordered pairs that when substituted into the inequality will yield a true statement. 
Which ordered pairs will make the statement y = x true? Let’s try some. 

(0, 6) (=2;1)) (152) (3,3) (4, 4) 

6 = 0, true 1 = —2, true —2 = 1, false 5 = 3, true 4 = 4, true 

(0, 6), (—2, 1), (3, 5), and (4, 4) are solutions to the inequality y = x. In fact, 
every point at which the y-coordinate is greater than or equal to the x-coordinate is 
a solution to the inequality. This is shown by the solid line and the shaded region in 
the graph at the right. 

Is there an easier way to graph a linear inequality in two variables? It turns out 

that we can graph such an inequality by first graphing the associated linear equation 
and then testing one point that is not on that line. That is, we can change the inequa- 
lity symbol to an equals sign and graph the equation. If the inequality symbol is = 

or =, we use a solid line to indicate that the points on the line are included in the 
solution of the inequality. If the inequality symbol is > or <, we use a dashed line to 
indicate that the points on the line are not included in the solution of the inequality. 
Then we test one point that is not on the line. If the point is a solution to the inequal- 
ity, we shade the region on the side of the line that includes the point. If the point is 
not a solution, we shade the region on the other side of the line. 

© Example 1 Graph 5x + 3y > 15. 

Student Learning Objective 

After studying this section, you will 

be able to: 

1 Graph linear inequalities in two 
variables. @® 

Graph of 

Student Practice 1 

Grapn x = y= ~-10 on a sheet “of graph 
Solution We begin by graphing the line 5x + 3y = 15. You may paper, using a coordinate system similar to 
use any method discussed previously to graph the line. Since there is the one shown. 
no equals sign in the inequality, we will draw a dashed line to indicate 
that the line is not part of the solution set. 

Look for a test point. The eas- : y 
iest point to test is (0,0). Substitute ‘ic 

‘ é ; 
(0, 0) for (x, y) in the inequality. i ay a oa S i z 

Dre sy > 15 ae 

ae) + 3(0) > 15 ES ae 
>!Fest point ? 2----% ait 

= i ; Nas 0> 15 false oot et ity 

(0, 0) is not a solution. Shade the re- = —5-3-3-2-1 [ 1 2 *y4 3. ¥ 
gion on the side of the line that does bs 
not include (0, 0). 

For all Student Practice problems, write out the 
steps on a separate sheet of paper. Check the 
step-by-step solutions in the back of the textbook. 
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Student Practice 2 

Student Practice 3 

; a 

Dl ied eaPAT RES ZI eel ot 

35 

OR el aes 

GRAPHING LINEAR INEQUALITIES 

1. Replace the inequality symbol by an equality symbol. Graph the line. 

(a) The line will be solid if the inequality is = or s. 

(b) The line will be dashed if the inequality is > or <. 

. Test the point (0, 0) in the inequality if (0, 0) does not lie on the graphed 
line in step 1. 

(a) If the inequality is true, shade the region on the side of the line that 

includes (0, 0). 

(b) If the inequality is false, shade the region on the side of the line that 
does not include (0, 0). 

. If the point (0, 0) is a point on the line, choose another test point and 

proceed accordingly. 

Example 2 Graph 2y = —3x. 

Solution 

Step 1 Graph 2y = —3x. Since S is used, the line 
will be a solid line. 

Step 2 We see that the line passes through (0, 0). 

Step 3 Choose another test point. We will choose 
(=3,=3)); 

2Y = aoe 

2 3) Sac oles) 

-6.= 9 true 

Shade the region that includes (—3, —3), that is, the region below the line. 

Student Practice 2. Graph 2y > x ona sheet of graph paper, using a 
c oordinate system similar to the one shown in the margin. 

| 

If we are graphing the inequality x < —2 on a coordinate plane, the solution 
will be a region. Notice that this is very different from the solution of x < —2 ona 
number line discussed earlier. 

Example 3 Graph x < —2. 

Solution 

Step 1 Graph x = —2. Since < is used, the line 
will be dashed. 

Step 2 Test (0,0) in the inequality. 

eS Sy 

0 = —2 “ialse 

Shade the region that does not include (0, 0), 
that is, the region to the left of the line x = —2. 
Observe that every point in the shaded region has 
an x-value that is less than —2. 

oordinate system similar to the one shown in the margin. 

o 

Student Practice 3 Graph y = —3 ona sheet of graph paper, using a 
c 
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Verbal and Writing Skills, Exercises 1 and 2 

_ 1. Does it matter what point you use as your test point? 2. Explain when to use a solid line or a dashed line when 
Justify your response. graphing a linear inequality in two variables. 

Graph the region described by the inequality on a sheet of graph paper, using a coordinate system similar to the one shown. 

3. y = 4x Ae VS —l1x Be = sy 6 

6, 34 + 2y < —6 

Bo yee 2x — 4 1, yy > 1 = 3x 

132 14. 2x > Syveey 

245 
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Graph the region described by the inequality on a sheet of graph paper, using a coordinate system similar to the one shown. 

15. 2x - 3y +620 16. 3x + 4y —8 <0 17, ed 
; aes goeegenigrnypenenngenyennreginy 

18.9 <3) 19, ys —2 20. x > 4—y 

Cumulative Review 
Perform the operations in the proper order. 

23. [1.5.1] 6(2) + 10 + (-2) 24.5[1-5:1 pets) > 212 — 15)". 9 

Evaluate for x = —2 and y = 3. 

25. [1.8.1] 2x? + 3xy — 2y? 26.. [L.8.1] x° — 5x? + 3y = 1 



Satellite Parts [0.5.3] Brian sells high-tech parts to satellite 

\ communications companies. In his negotiations he originally 

offers to sell one company 200 parts for a total of $22,400. 

However, after negotiations, he offers to sell that company 
the same parts at a 15% discount if the company agrees to 
sign a purchasing contract for 200 additional parts at some 
future date. 

27. What is the average cost per part if the parts are sold 
at the discounted price? 

28. How much will the total bill be for the 200 parts at the 
discounted price? 

Quick Quiz 3.5 

1, When you graph the inequality y > —3x + 1, should 
you use a solid line for a boundary or a dashed line for 
a boundary? Why? 

Section 3.5 Graphing Linear Inequalities 247 

2. Graph the region described by 3y = —7x on a sheet 
of graph paper, using a coordinate system similar to 
the one shown. 

3, Graph the region described by —-5x + 2y > -30na_ 4, Concept Check Explain how you would determine 
sheet of graph paper, using a coordinate system simi- 
lar to the one shown. 

if you should shade the region above the line or 
below the line if you were to graph the inequality 
y > —3x + 4 using (0, 0) as a test point. 
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[36] Functions @® 

ER Understanding the Meanings of a Relation 
After studying this section, you will 

be able to: 

| Understand the meanings 
of a relation and a function. @® 

Graph simple nonlinear 
equations. @® 

Determine whether a graph 
represents a function. @® 

4 | Use function notation. @® 

anda Function @® 

Thus far you have studied linear equations in two variables. You have seen that such 
an equation can be represented by a table of values, by the algebraic equation itself, 
or by a graph. 

x 0 il 3 
7 A 1 oe y= —3x + 4 

The solutions to the linear equation are all 
the ordered pairs that satisfy the equation (make 
the equation true). They are all the points that 
lie-on the graph of the line. These ordered pairs 
can be represented in a table of values. Notice the 
relationship between the ordered pairs. We can 
choose any value for x. But once we have chosen 

a value for x, the value of y is determined. For 
the preceding equation y = —3x + 4,ifx is 0, then y must be 4. We say that x is the 
independent variable and that y is the dependent variable. 

Mathematicians call such a pairing of two values a relation. 

DEFINITION OF A RELATION 

A relation is any set of ordered pairs. 

All the first coordinates in all of the ordered pairs of the relation make up the 
domain of the relation. All the second coordinates in all of the ordered pairs make 
up the range of the relation. Notice that the definition of a relation is very broad. 
Some relations cannot be described by an equation. These relations may simply be a 
set of discrete ordered pairs. 

Example 1 State the domain and range of the relation. 

{ (5, 7), (9, 11), (10,7), (12,14) } 

Solution The domain consists of all the first coordinates in the ordered pairs. 

Domain 

i= eel wie Bi 

{ (5,7), (9,11), (40; 7); (12/14) } 
aa eee 

Range 

The range consists of all the second coordinates in the ordered pairs. We usu- 
ally list the values of a domain or range from smallest to largest. 

The domain is {5, 9, 10, 12}. 

The range is {7, 11,14}. We list 7 only once. oO 

i==e4 Student Practice 1 State the domain and range of the relation. 

135 Sie) 0,3), (20,5) 7 



} 

Some relations have the special property that no two different ordered pairs 
\ have the same first coordinate. Such relations are called functions. The relation 

-y = —3x + 4 is a function. If we substitute a value for x, we get just one value 
for y. Thus no two ordered pairs will have the same x-coordinate and different 

y-coordinates. 

DEFINITION OF A FUNCTION 

A function is a relation in which no two different ordered pairs have the 
same first coordinate. 

Example 2 Determine whether the relation is a function. 

Cg 45 40) 5154.9), (0736) P) (D) 17, 8), (9, TOV T2513). (7, 14) } 

Solution 

(a) Look at the ordered pairs. No two ordered pairs have the same first coordi- 
nate. Thus this set of ordered pairs defines a function. Note that the ordered 
pairs (3, 9) and (5, 9) have the same second coordinate, but the relation is still 

a function. It is the first coordinates that cannot be the same. 

(b) Look at the ordered pairs. Two different ordered pairs, (7, 8) and (7, 14), have 

the same first coordinate. Thus this relation is not a function. oO 

Student Practice 2. Determine whether the relation is a function. 

(a) Le), ==) |, (9, 30), (=3, =3), (8, 30) } 

(b) { (60, 30), (40, 20), (20, 10), (60, 120) } 

A functional relationship is often what we find when we analyze two sets of 
data. Look at the following table of values, which compares Celsius temperature 

with Fahrenheit temperature. Is there a relationship between degrees Fahrenheit 
and degrees Celsius? Is the relation a function? 

Temperature 

Since every Fahrenheit temperature produces a unique Celsius temperature, 
we would expect this to be a function. We can verify our assumption by looking at 
the formula C = 3(F — 32) and its graph. The formula is a linear equation, and its 
graph is a line with slope 3 and y-intercept at about —17.8. The relation is a function. 

In the equation given here, notice that the dependent variable is C, since the value of 
C depends on the value of F. We say that F is the independent variable. The domain 
can be described as the set of possible values of the independent variable. The range 
is the set of corresponding values of the dependent variable. Scientists believe that 
the coldest temperature possible is approximately —273°C. In Fahrenheit, they call 
this temperature absolute zero. Thus, 

Domain = {all possible Fahrenheit temperatures from absolute zero to infinity } 

Range = {all corresponding Celsius temperatures from —273°C to infinity } . 
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boils 

Room 

temperature 

Water 

freezes 

Fahrenheit 
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Example 3 Each of the following tables contains some data pertaining to a rela- 
tion. Determine whether the relation suggested by the table is a function. If it is a 
function, identify the domain and range. 

(a) Circle 

Radius 1 2 3 4 5 

Area: 3.14 12°56" 28:26) 1) 50:24 78.5 

(b) $4000 Loan at 8% for a Minimum of One Year 

Time (yr) 1 2 u) -3 4 5 

Interest $320 | $665.60 | $1038.85 | $1441.96 | $1877.31 

Solution 

(a) Looking at the table, we see that no two different ordered pairs have the same 

first coordinate. The area of a circle is a function of the length of the radius. 
Next we need to identify the independent variable to determine the do- 

main. Sometimes it is easier to identify the dependent variable. Here we notice 
that the area of the circle depends on the length of the radius. Thus radius is 
the independent variable. Since a negative length does not make sense, the 
radius cannot be a negative number. Although only integer radius values are 
listed in the table, the radius of a circle can be any nonnegative real number. 

Domain = {all nonnegative real numbers } 

Range = {all nonnegative real numbers } 

(b) No two different ordered pairs have the same first coordinate. Interest is a 

function of time. 
Since the amount of interest paid on a loan depends on the number of 

years (term of the loan), interest is the dependent variable and time is the in- 
dependent variable. Negative numbers do not apply in this situation. Although 
the table includes only integer values for the time, the length of a loan in years 
can be any real number that is greater than or equal to 1. 

Domain = {all real numbers greater than or equal to 1} 
| Range = {all positive real numbers greater than or equal to $320} oO 

Student Practice 3. Determine whether the relation suggested by the 
table is a function. If it is a function, identify the domain and the range. 

(a) 28 Mpg at $4.16 per Gallon 

Distance 0 28 42 56 70 

Cost $0 | $4.16 | $6.24 | $8.32 | $10.40 

(b) Store's Inventory of Shirts 

Number of Shirts _ 

Price of Shirt = $20 | $25 | $30 | $45 | $50 

To Think About: Js Ita Function? Look at the following bus schedule. Determine 
whether the relation is a function. Which is the independent variable? Explain your 
choice. 

Bus Schedule 

42nd St. | Sunset Blvd. | Cedar Lane 
TAS 7:39 

Bus Stop Main St. 

Time 7:00 



} 

a2 Graphing Simple Nonlinear Equations @® 

Thus far in this chapter we have graphed linear equations in two variables. We now 
turn to graphing a few nonlinear equations. We will need to plot more than three 
points to get a good idea of what the graph of a nonlinear equation will look like. 

Example 4 Graph y = x’. 

Solution Begin by constructing a table of values. We select values for x and then 
determine by the equation the corresponding values of y. We will include negative 

values for x as well as positive values. We then plot the ordered pairs and connect 
the points with a smooth curve. 

x yi ex? y 

SP liv = (2)? =4 4 

This type of curve is called a parabola. oO 

dee Student Practice 4 Graph y = x? — 2 on a sheet of graph paper, 
using a coordinate system similar to the one shown in the margin. 

Some equations are solved for x. Usually, in those cases we pick values of y and 

then obtain the corresponding values of x from the equation. 

Example 5 Graph x = y? + 2. 

Solution Since the equation is solved for x, we start by picking a value of y. We 
will find the value of x from the equation in each case. We will select y = —2 first. 
Then we substitute it into the equation to obtain x. For convenience in graphing, we 
will repeat the y column at the end so that it is easy to write the ordered pairs (x, y). 

Student Practice 5 Graph x = y* — 1 on a sheet of graph paper, 
using a coordinate system similar to the one shown in the margin. 

Section 3.6 Functions 

Student Practice 4 

af 
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If the equation involves fractions with variables in the denominator, we must 

use extra caution. Remember that you may never divide by zero. 

4 
Example 6 Graph y = = 

Solution It is important to note that x cannot be zero because division by zero is 
not defined. y = is not allowed! Observe that when we draw the graph we get two 

separate branches that do not touch. 

Student Practice 6 

y 

o 
oe oh 

“a Coes Student Practice 6 Graph y = $ ona sheet of graph paper, using a 
nal OP ee Oe coordinate system similar to the one shown in the margin. 

Determining Whether a Graph Represents a Function @® 

Can we tell whether a graph represents a function? Recall that a function cannot 
have two different ordered pairs with the same first coordinate. That is, each value 
of x must have a separate, unique value of y. Look at the graph below of the function 
y = x’, Each x-value has a unique y-value. Now look at the graph of x = y? + 2 
below. At x = 6 there are two y-values, 2 and —2. In fact, for every x-value greater 
than 2, there are two y-values. x = y* + 2 is not a function. 

Graphing Calculator 

Graphing Nonlinear 

Equations 

You can graph nonlinear 

equations solved for y using a 
graphing calculator. For example, 
graph y = x? — 2 ona graphing 
calculator using an appropriate 

window. Display: 

Observe that we can draw a vertical line through (6,2) and (6, —2). Any graph 
that is not a function will have at least one region in which a vertical line will cross 
the graph more than once. 

Try graphing y = 2. 
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VERTICAL LINE TEST 

If a vertical line can intersect the graph of a relation more than once, the 
relation is not a function. If no such line can be drawn, then the relation is 

a function. 

Example 7 Determine whether each of the following is the graph of a function. 

(a) y (b ) y (c) y } 

Solution 

(a) The graph of the straight line is a function. Any vertical line will cross this 
straight line in only one location. 

(b) and (c) Each of these graphs is not the graph of a function. In each case there 

exists a vertical line that will cross the curve in more than one place. 

(b) y (c) y 
A 

(a) y 
\ 

| 

| \ 
x x x 

| 
| 

oO 

f=e4 Student Practice 7 Determine whether each of the following is the 
graph of a function. 

(a) y (b) y (c) y 
4 n 

a Y. i 

24 Using Function Notation CAUTION: Be careful. The nota- 
tie ; : tion f(x) does not mean f multi- 

‘We have seen that an equation like y = 2x + 7 is a function. For each value of x, plied by x. 
the equation assigns a unique value to y. We could say, “y is a function of x.” If we 
name the function f, this statement can be symbolized by using the function notation 
y = f(x). Many times we avoid using the y-variable completely and write the func- 

tion as f(x) = 2x + 7. 
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[f=sq Student Practice 8 
If f(x) = —2x? + 3x - 8, 
find each of the following. 

(a) f (2) 
(b) f(-3) 
(c) f(0) 

For all Student Practice prob- 
lems, write out the steps on a 
separate sheet of paper. Check 
the step-by-step solutions in 
the back of the textbook. 

MceExample 8 If f(x) = 3x? — 4x + 5, find each of the following. 

(a) f(-2) (b) f(4) (c) f(0) 

Solution 

(a) f(—2) = 3(-2)* — 4(-2) +5 = 3(4) - 4(-2) +5 

= 12 +8 +5295 

(b) f(4) = 3(4)? — 4(4) +5 = 3(16) - 4(4) +5 

= 48+ 16 +5 = 37 

(c) f(0) = 3(0)* — 4(0) + 5 = 3(0) — 4(0) + 5 

=0-0+5=5 o 

When evaluating a function, it is helpful to place parentheses around the value that is 
being substituted for x. Taking the time to do this will minimize sign errors in your work. 

Some functions are useful in medicine, anthropology, and forensic science. For 
example, the approximate length of a man’s femur (thigh bone) is given by the func- 
tion f(x) = 0.53x — 17.03, where x is the height of the man in inches. If a man is 68 
inches tall, f(68) = 0.53(68) — 17.03 = 19.01. A man 68 inches tall would have a 
femur length of approximately 19.01 inches. 

>, 

24 

f(x) = 0.53x — 1703 

Length of femur (in inches) 

Re \o 

15 : 
A el foe lh ath tl 

62 64 66 68 70 72 74 76 
Height of man (in inches) 

So 

= ieee loa tae 

Source: www.nsbri.org 

Sidelight: Linear Versus Nonlinear 
When graphing, keep the following facts in mind. 

The graph of a linear equation will be a straight line. 

The graph of a nonlinear equation will not be a straight line. 

The graphs in Examples 4, 5, and 6 are not straight lines because the equations are 
not linear equations. The graph shown above is a straight line because its equation 
is a linear equation. 



Exercises MyLab™ Math 

Verbal and Writing Skills, Exercises 1-6 

/ 1. What are the three ways you can describe a function? 2. What is the difference between a function and a 
relation? 

3. The domain of a function is the set of 4, Therange ofafunctionis the set of 
of the variable. of the variable. 

5. How can you tell whether a graph is the graph of a 6. Without drawing a graph, how could you tell if the 
function? equation x = y’ is a function or not? 

(a) Find the domain and range of the relation. (b) Determine whether the relation is a function. 

7, Area of a Square 8. Circumference of a Circle 

Length of Side (ft) 3 4 5 6 7 Diameter (cm) 1 2 3 4 5 

Area (ft?) 9 16 25 36 49 Circumference (cm) 3.14 | 6.28 | 9.42 | 12.56} 15.7 

(a) Domain = (a) Domain = 
Range = Range = 

(b) Is this a function? (b) Is this a function? 

Ono), (3,1.5), (6,0.5) } 10.’ 1 (6,1), (6,8), (5,1) } 

11. mee), (14,3), (1,12), (9, 12)} 12. (tem 8), (7.5, 6), (9,5.8), (4,6) } 

ant bem), (5,95), (3,85),.(7, 100) } 14, 7 (85, 3),,(95, 11), (110, 15), (110, 20) } 

Graph the equation on a sheet of graph paper, using a coordinate system similar to the one shown. 

15. y=x° +3 16n ye 1 17/29 2R" 

i 
ye 

255 
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Graph the equation on a sheet of graph paper, using a coordinate system similar to the one shown. 

al 1 
1a a* 19. x = —2y? 0. x= rn 

21. x=y? =4 2k = a2y2 

27. x = (y +1)? 28. y= (x = 3)? 
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_ Determine whether each relation is a function. 

31. : 32. F 33. 
A A 

= oe | 
i 

P< 

34. y 35. 36. y 
4 A 

37. y 38. y 

Given the following functions, find the indicated values. 

B94 F(a 2 — 3x 40. f(x) =5 — 2x 

(a) f(—8) (b) f(0) (c) f(2) (a) f(—3) (b) f(1) (c) f(2) 

ate a= 2x? = x + 3 42. f(x) = -x? -2x +3 

(a) f(0) (b) f(—3) (c) f(2) (a) f(-1) (b) f(2) (c) f(0) 
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Applications 

43. Pet Ownership A market research company predic- 44, Kentucky Population During a population growth 
ted that pet ownership will increase in the United States 
during the period 2014 to 2024. The approximate num- 
ber of pet owners measured in thousands could be pre- 
dicted by the function f(x) = 0.02x? + 0.08x + 31.6, 
where x is the number of years since 2014. Find 
f (0), and predict f (4), and f (10). Graph the function 
on a sheet of graph paper, using a coordinate system 
similar to the one shown. What pattern do you observe? 

period in Kentucky, from 1995 to 2005, the ap- 
proximate population of the state measured in 
thousands could be predicted by the function 
f(x) = —0.64x? + 30.2x + 3860, where x is the 
number of years since 1995. (Source: www.census. 
gov.) Find f(0),f(5), and f(10). Use the function 
to predict the population in 2017 and 2020. Graph the 
function on a sheet of graph paper, using a coordinate 
system similar to the one shown. What pattern do you 
observe? 

y 
> A 

rSe35 0) 
SB 345+ y =] 
2 34.0- is 4 
— a0 @ 4250 
& 330 = 4200 - 

n 

= 32.5 2 4150 

5 32.0 = 4100 PF 

2 31st S 4050 b 
s 31.0 5 4000 Fe» 

OF es (2 esse 4m Oe. eo 9 10 2 3900 Fe 

Number of years since 2014 (2 cles 

Ol 24 or 7810" 12) 14" IG 1820 mee: 
Number of years since 1995 

Cumulative Review Simplify. 

45, [1.6.1] —4x(2x? — 3x + 8) 46. [1.6.1] Sa(ab + 6b — 2a) 

47, [1.7.2] —7x + 10y — 12x - 8y — 2 48. [1.7.2] 3x*y — 6xy”? + Txy + 6x7y 

Quick Quiz 3.6 

1. Is this relation a function? {(5,7), (7,5), (5,5)} Why? 2. For f(x) = 3x? — 4x + 2: 

(a) Find f(-3). (b) Find f(4). 

il 
3. For g(x) = ee 4, Concept Check In the relation { (3, 4), (5,6), (3,8), 

(2,9) }, why is there a different number of elements 
(a) Find g(2). in the domain than in the range? (b) Find g(—5) 



C AREER EXPLORATION PROBLEMS 

Background: Economist 
The U.S. Bureau of Labor Statistics collects and analyzes data related to economic 

and social issues important to the American public’s interests. Salina, an economist 

for the bureau, is working on a project involving the consumer price index (CPI), a 
value indicating the change in the price of a defined set of goods and services over 

time. She’s examining the CPI and its trends over the past years to see if it's possible 
to predict future CPI values. 

Facts 
Salina has assembled data about the consumer price index over a ten-year period. 

See Table 1. 

Tasks 
1. Salina wants to display the data she’s assembled in graphical form to get a gen- 

eral sense of when the CPI was increasing or decreasing. Record the approximate 
location of each year’s data point on a sheet of graph paper, using a grid similar 
to the one shown. 

CRI 

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 

Year 
Source: U.S. Bureau of Labor Statistics 

2. Salina now computes the average rate of change, given by slope, for three time 
periods: 2005-2008, 2008-2009, and 2010-2014. (Use the precise data points from 

the table, and round the final values to the nearest hundredth when necessary.) 
What is the average rate of change for each of these three periods? 

3. Now, Salina wants to write the equation of the line that connects the first and 

last data points to describe the relation of CPI to year. What is this equation? 

4. Salina uses the equation she found to approximate the CPI for two future years, 
if trends continue. How much will the set of goods and services purchased for 
$236.74 in 2014 cost in 2018? How much will it cost in 2022? 

Table 1 

Consumer Price Index 2005-2014 

Year CPI 

2005 195.30 

201.60 

215.30 

2009 

218.06 

2011 

2012 

2013 

2014 

Source: U.S. Bureau of Labor Statistics 
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Chapter 3 Organizer 
Topic and Procedure 

Graphing straight lines by plotting three 

ordered pairs, p. 216 

An equation of the form 

Ax + By=C 

has a graph that is a straight line. 

To graph such an equation, plot any three 
points; two give the line and the third 

checks it. 

Graphing straight lines by plotting 

intercepts, p. 218 

1. Let x = 0 to find the y-intercept. 
2. Let y = 0 to find the x-intercept. 

3. Find another ordered pair to have 

a third point. 

Examples = You Try It 

Graph x + 2y = 4. 1. Graph 2x — y = 6 ona sheet of graph 

x y : y 

0 2 

2 1 

ph 3 

For the equation 3x + 2y = 6: 

(a) State the intercepts. 

(b) Graph using the intercept method. 

Graphing horizontal and yertical 
lines, pp. 220-221 

The graph of x = a, where ais a real 

number, is a vertical line. 

The graph of y = b, where bis a real 
number, is a horizontal line. 
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-4 

x Mé 
0 3 y-intercept: (0, 3) 

> 7 x-intercept: (2, 0) 

Aes 

Graph each line. 

(a) x =3 

Oey 4 

paper, using a coordinate system similar 
to the one shown. 

y 

2. For the equation —2x + 4y = -8: 

(a) State the intercepts. 

(b) Graph using the intercept method on 
a sheet of graph paper, using a coordi- 

nate system similar to the one shown. 

3. Graph each line on a sheet of graph 

paper, using a coordinate system similar 

to the one shown. 

(a) x = —2 

(b) y=5 



Topic and Procedure Examples You Try It 

\ Finding the slope given two points, p. 226 

Nonvertical lines passing through distinct 

points (x, y;) and (x, y2) have slope 

| een 
t=, 

xX. X 

The slope of a horizontal line is 0. The slope 
of a vertical line is undefined. 

Finding the slope and y-intercept of a line Find the slope and y-intercept. 

given the equation, p, 229 3x — 4y =8 

1. Rewrite the equation in the form 
y=mx + b., 

2. The slope is mm. 
3. The y-intercept is (0,5). 

What is the slope of the line through (2, 8) 
and (5,1)? 

ee ee 
Sea e 3 

—4y = -3x + 8 

2 ape 
y a 

The slope is * 

The y-intercept is (0, —2). 

Finding an equation of a line given the 

slope and y-intercept, p. 230 

The slope-intercept form of the equation of 

\ aline is 
y=mx + Bb. 

The slope is m and the y-intercept is (0, b). 
pene 

Find an equation of the line with y-intercept (0, 7) 
and with slope m = 3. 

y=3x+7 

4. What is the slope of the line through 
(—2,5) and (0,1)? 

5. Find the slope and y-intercept. 
5x + 3y =9 

6. Find an equation of the line with 
y-intercept (0, —3) and with slope 

m = 2. 

_ Graphing a line using slope and 
y-intercept, p. 230 

| 1. Plot the y-intercept. 

2, Starting from (0, 5), plot a second point 
using the slope. 

rise 
slope = —— 

P run 

3. Draw a line that connects the two points. 

Graph y = —4x + 1. 

First plot the y-intercept at (0,1). 

Slope = —4 or =? 

7. Graph y = 3x — 4.0n a sheet of graph 

paper, using a coordinate system simi- 

lar to the one shown. 

y 
t 

_ 
Finding the slopes of parallel and 
perpendicular lines, p. 233 

Parallel lines have the same slope. 
Perpendicular lines have slopes whose 

. product is —1. 

_ Finding an equation of the line through a 

point with a given slope, p. 239 

1. Write the slope—intercept form of the 
equation of a line: y = mx + b. 
Find m (if not given). 

Substitute the known values into the 

equation y = mx + b. 
4. Solve for b. 

Use the values of m and b to write the 
slope-intercept form of the equation. 

Line q has a slope of 2. 

The slope of a line parallel to q is 2. 

The slope of a line perpendicular to q is -} 

Find an equation of the line through (3,2) with 

slope m = 4. 

y=m +d 2 = (3b 

U2, 
=—+ ?) 5 b 

2 a2 = ih 
5 

An equation is y = 5 5 

8. Line q has a slope of 3. 

(a) What is the slope of a line parallel 
to line g? 

(b) What is the slope of a line 

perpendicular to line q? 

9. Find an equation of the line through 
il 

(1,3) with slope m = a 

| eer 

Finding an equation of the line through two 
points, p. 239 

1. Find the slope. 

_ 2, Use the procedure for finding the 
equation of a line when given a point 
and the slope. 

Find an equation of the line through (3, 2) and (13, 10). 

yo He 10+ 2B 4 
ox 3-3 10 5 

We are given the point (3, 2). 

n= 

y=mx +b) 2 BED 

2 =D 

je 
4 

The equation is y = 5° 

10. Find an equation of the line through 
(3,2) and (=1, 0). 
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Topic and Procedure Examples 

Graphing linear inequalities, pp. 243-244 

1. Graph as if it were an equation. 

If the inequality symbol is > or <, use a 

dashed line. 

If the inequality symbol is = or =, use a 

solid line. 

2. Look for a test point. The easiest test point 
is (0, 0), unless the line passes through 

(0, 0). In that case, choose another test 

point. 

3. Substitute the coordinates of the test 

point into the inequality. 

4. Ifit is a true statement, shade the region 

on the side of the line containing the test 

point. If it is a false statement, shade the 

region on the side of the line that does 

not contain the test point. 

Determining whether a relation is a 

function, p. 249 

A function is a relation in which no two 

different ordered pairs have the same first 
coordinate. 

Graph y = 3x + 2. 

Graph the line y = 3x + 2. Use a solid line. 

Test (0,0). O=BO)F 2 

Oe 2 talse 

Shade the region that does not contain (0,0). 

ye 

Is this relation a function? 

{GFT (SS) ee) 

It is not a function since (5,7) and (5, 10) are two 
different ordered pairs with the same x-coordinate, 5. 

Bd You Try It 

11. Graph y = 2x — 4 ona sheet of 
graph paper, using a coordinate system 
similar to the one shown. 

12. Is this relation a function? 

12; =I) (3,0), (=124)5 (0, 4) } 

Graphing nonlinear equations, p. 251 

Make a table of values to find several 

ordered pairs that lie on the graph. Plot the 

ordered pairs and connect the points with a 

smooth curve. 

Graph y = x? — 5, 

x} y 
-2 | -1 
-1 | -4 
0 | -s 

-4 
2 | =1 

Determining whether a graph represents a 

function, pp. 252-253 

If a vertical line can intersect the graph of a 
relation more than once, the relation is not a 

function. If no such line exists, the relation is 

a function. 

Does this graph represent a function? 

y 

Yes. Any vertical line will intersect it at most once. 

Evaluating a function, p. 254 

To evaluate a function, substitute the given 

value of x into the expression. 

If f (x) = —3x + 8, find f (3) and f (—4). 

(a) f(3) = -3(3) +8 =-9+1=-1 

(b) f (—4) = -3(-4) + 8 = 12 + 8 = 20 
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13. Graph y = (x + 2)? ona sheet of 
graph paper, using a coordinate system 
similar to the one shown. 

a 

14. Does this graph represent a function? 

y 

15. If f(x) =x? — x, find 

(a) f(S) and 

(b) f(-2). 



| Chapter 3 Review Problems 

Section 3.1 

1. Plot and label the following points on a sheet 2. Give the coordinates of each point. 
of graph paper, using a coordinate system simi- 
lar to the one shown. 

ay (2-3) y 

Complete the ordered pairs so that each is a solution to the given equation. 

3 ye 7 - 3x 4, 2x + Sy = 12 Lee ca) 

(a) (0, ) (b) ( , 10) (a) (1, ) NOC 4) CU vend 9) (b) ( .3) 

Section 3.2 

Graph each of the following on a sheet of graph paper, using a coordinate system similar to the one shown. 

Gay pax = -15 7 2y + 4x = -8 + 2y 8. 3y = 2x + 6; label the intercepts 

Section 3.3 

9. Find the slope of the line passing through (5, —3) 10. The equation of a line is y = 3x — 2. What is the 
and (2, -4). slope of a line perpendicular to that line? 

11. Find the slope and y-intercept of the line 12. Write an equation of the line with slope —4 and 
Or= ily + 15 = 0. y-intercept (0, 3). 

Graph each of the following on a sheet of graph paper, using a coordinate system similar to the one shown. 

1B y= 5x43 14. 2x - 3y = -12 15, y = -2x 
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Section 3.4 

| 16. Write an equation of the line passing through (3, —4) 17. Write an equation of the line passing through (—1, 4) 
having a slope of —6. having a slope of -} 

18. Write an equation of the line passing through (2, 5) 19, Write an equation of the line passing through (3,7) 
having a slope of 1. and (=6,7). 

Write an equation of the graph. 

20. 

Section 3.5 

Graph each of the following on a sheet of graph paper, using a coordinate system similar to the one shown. 

23. y<ix+2 24, By CP Que 12 DOs Kaeo 

Section 3.6 

Determine the domain and range of the relation. Determine whether the relation is a function. 

26. {(5,-6), (6,5), (-5,5), (-6, -6)} 27. {(2,-3) (5, -3) (6,4) (-2,4)} 

In exercises 28-30, determine whether the graphs represent a function. 

28. y 29. 
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Graph each of the following on a sheet of graph paper, using a coordinate system similar to the one shown. 

\ 31. y=x?-5 SINK SV tS vee dd Was (xi 13)? 

ae 

Given the following functions, find the indicated values. 

34. f(x) =7—- & 35. (x) = —2x2 + 3x +4 

(a) f(0) (b) f(—4) (a) g(-1) (b) g(3) 

36. f(x) = 31, f(x) =x? - 2x +> 

(a) f(-2) (b) (6) (a) f(-1) b) £3) 

Mixed Practice 

Graph each of the following on a sheet of graph paper, using a coordinate system similar to the one shown. 

38. Sx + 3y = -15 39. y=ix-3 40. y< —-2x +1 

ve y + 

>X Sazsecsgaseaer x 

41. Find the slope of the line through (2,—7) and 42. What is the slope and the y-intercept of the line 

fa an=5). 7x + 6y — 10 = 0? 

43. Write an equation of the line that passes through 44. Write an equation of the line that passes through 

(3, —5) and has a slope of 3. (—1, 4) and (2,1). 
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Applications 

Monthly Electric Bill Russ and Norma Camp found that their monthly electric bill could be calculated by the equation 
y = 30 + 0.09x. In this equation y represents the amount of the monthly bill in dollars and x represents the number of 

kilowatt-hours used during the month. 

45. What would be their monthly bill if they used 2000 46. What would be their monthly bill if they used 1600 
kilowatt-hours of electricity? kilowatt-hours of electricity? 

47. Write the equation in the form y = mx + b, and de- 48. If the equation is placed in the form y = mx + b, 
termine the numerical value of the y-intercept. What is what is the numerical value of the slope? What is the 
the significance of this y-intercept? What does it tell us? significance of this slope? What does it tell us? 

49, If Russ and Norma have a monthly bill of $147, how 50. If Russ and Norma have a monthly bill of $246, how 
many kilowatt-hours of electricity did they use? many kilowatt-hours of electricity did they use? 

Jobs in Manufacturing Economists in the Labor Department are interested in the increasing trend of employment in the 
manufacturing industry. The number of people employed in manufacturing jobs in the United States can be predicted by the 

equation y = 112x + 213,087, where x is the number of years since 2009 and y is the number of employees in thousands in 
the manufacturing industry. Use this data to answer the following questions. (Source: www.bls.gov) 

51. How many people were employed in manufacturing 52. Use your answers for 51 to draw a graph of the equa- 
in 2009? In 2014? In 2018? tion y = 112x + 213,087 on a sheet of graph paper, 

using a coordinate system similar to the one shown. 

y 
a 

214,250 -» 

38 L 
23 214,000 r 

SSG oe E 213,750 F 

Ses [ 2.2 & 213,500+- 
ene 
BBS 213,250; 
Es i 
Z = 213,000 

OI 2s 354 SO. 7 VSO 

Number of years since 2009 

53. What is the slope of this equation? What is its signif- 54. What is the y-intercept of this equation? What is its 
icance? significance? 

55. Use the equation to predict in what year the number 56. Use the equation to predict in what year the number 
of manufacturing jobs will be 214,319,000. of manufacturing jobs will be 215,215,000. 
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Pee 
| How Am | Doing? Chapter 3 Test 

MATE COACH MyLab™ Math (9) rearsonmathstats 

| Answer the following test questions on a separate sheet of paper. After you take this test read 
through the Math Coach on pages 269-270. Math Coach videos are available via MyLab Math and 

YouTube. Step-by-step test solutions on the Chapter Test Prep Videos are also available via MyLab 
Math and YouTube. (In the YouTube channel, PearsonMathStats, go to Playlist “Tobey Beginning and 
Intermediate Algebra, 6e.”) 

Graph each of the following on a sheet of graph paper, using a coordinate system 9 & 
similar to the one shown. ee 

1. Plot and label the following points. 2. Graph the line 6x — 3 = Sx — 2y. 

B06, 1) Cr =4h 33) 

ei =3,0) Ege?) 

2 
3. Graph —3x + 9 = 6x. Me 4. Graph y = gue: 

5. (a) = 

5. Complete (a) and (b) for the equation 4x + 2y = —8. (b) L] 

(a) State the x- and y-intercepts. . 

(b) Use the intercept method to graph. 

_ 6. Find the slope of the line that passes through (8, 6) and (—3, —5). 

7. What is the slope and the y-intercept of the line 3x + 2y — 5 = 0? is Lx] 
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8. Ba 8. Find an equation of the line with slope and y-intercept (0, —6). 

9. (a) Write an equation for the line f that passes through (4, —2) and has a 
1 

] Lex, slope of 5 

9. (a) ia (b) What is the slope of a line perpendicular to line f? 

Mg 10. Find the equation for the line passing through (5, —4) and (—3, 8). 

(b) LJ Graph each of the following on a sheet of graph paper, using a coordinate system 

similar to the one shown. 

11. the region described by 4y = 3x Me 12. the region described by 
Song = 2) Se) 

10. O 

11. LJ 

12. iB 
13. Is this relation a function? { (2, —8), (3, -7), (2,5) } Why? 

14. Look at the relation graphed below. Is this relation a function? Why? 

13. a 

14, L] 

15. Graph y = 2x? — 3 onasheet of graph paper, using a coordinate system similar 
15. fa to the one shown. 

16. (a) La = 

(b) ia 

Total Correct: Psa Mle 16, For f(x) = -x? -— 2x - 3: 

(a) Find f(0). 

268 (b) Find f(—2). 



The following problems are from the Chapter 3 Test. Here are some helpful hints to 
keep you from making common errors on test problems. 

Chapter 3 Test, Problem 4 Graph y = ox — 4, 

MAW COACH 
Mastering the skills you need to do well on the test. 

& 

j pt C4, 

A 
™ 

3 points. Then draw a line through the points. When the equation is 

solved for y and there are fractional coefficients on x, it is sometimes 

a good idea to choose values for x that result in integer values for y. 

Choosing values for x that result in integer values for y 
means choosing 0 or multiples of 3 since 3 is the denomina- 
tor of the fractional coefficient on x. When we multiply by 
these values, the result becomes an integer. 

Did you choose values for x that result in values for y that 
are not fractions? 

| Yes No 

If you answered No, try using x = 0, x = 3,andx = 6.Solve 
the equation for y in each case to find the y-coordinate. 
Remember that it will make the graphing process easier if 
you choose values for x that will clear the fraction from the 
equation. 

Did you plot the three points and connect them with a line? 

Yes Soe tO 

If you answered No, go back and complete this step. 

If you feel more comfortable using the slope-intercept 
method to solve this problem, simply identify the y-intercept 
from the equation in y = mx + b form, and then use the 
slope m to find two other points. 

If you answered Problem 4 incorrectly, go back and rework 
the problem using these suggestions. 

Chapter 3 Test, Problem 10 _ Find the equation for the line passing through (5, —4) and (—3, 8). 

oes) 
m f 

X2 — X4 

When you substituted the points into the slope formu- 
8 — (-4 

la to find m, did you obtain either m = Lalla or 
eee =e ot = 8 

eee 3) 

Yes No 

one of the points to find b, the y-intercept. 

HELPFUL HINT When given two points (x;, y;) and (xz, y2), we can find the slope m using the slope formula 

Then you can substitute m into the equation y = mx + b along with the coordinates of 

If you answered No, check your work to make sure you 
substituted the points correctly. Be careful to avoid any 
sign errors. 

Continued on next page 

Need more help? Watch the MAW ial COACH videos in MyLab™ Math or on YouTube . 
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3 : : ; 
Did you use m = — 5 and either of the points given when 

you substituted the values into the equation y = mx + b 
to find the value of b? 

No Yes 

If you answered No, stop and make a careful substitution 

for m =-5 and either x = 5 and y = —4orx = —3 and 

y = 8.See if you can solve the resulting equation for b. 

Now go back and rework the problem using these suggestions. 

Chapter 3 Test, Problem 12 Graph the region described by —3x — 2y > 10. 

co 

HELPFUL HINT First graph the equation —3x — 2y = 10. Determine if the line should be solid or dashed. Then pick a 
test point to see if it satisfies the inequality -3x — 2y > 10. If the test point satisfies the inequality, 

the opposite side of the line. 

Examine your work. Does the line —3x — 2y = 10 pass 

through the point (0, —5)? 

YES No 

If you answered No, substitute x = 0 into the equation and 
solve for y. Check the calculations for each of the points 
you plotted to find the graph of this equation. 

Did you draw a solid line? 

Yes No 

Chapter 3 Test, Problem 16(a) and 16(b) 

For f(x) = —x* — 2x —3: (a) Find f(0). 

| 

| 
| shade the side of the line on which the point lies. If the test point does not satisfy the inequality, shade | 

bee 

If you answered Yes, look at the inequality symbol. Re- 
member that we only use a solid line with the symbols = 
and =. A dashed line is used for << and >. 

Did you shade the area above the dashed line? 

Yes No 

If you answered Yes, stop now and use (0, 0) as a test point 
and substitute it into the inequality -3x — 2y > 10. Then 
use the Helpful Hint to determine which side to shade. 

If you answered Problem 12 incorrectly, go back and re- 
work the problem using these suggestions. 

(b) Find f(—2). 

| HELPFUL HINT Replace x with the number indicated. It is a good idea to place parentheses around the value to avoid 

ee 

Did you replace x with 0 and write 

f(0) = -(0)? - 2(0) - 32 
Yes No 

If you answered No, take time to go over your steps one 

more time, remembering that 0 times any number is 0. 

any sign errors. Then use the order of operations to evaluate the function in each case. 

Did you replace x with —2 and write 

pe Me oF 2 ess 
Yes No 

If you answered No, go over your steps again, remember- 

ing to place parentheses around —2. Note that (—2)? = 4 
and therefore —(—2)? = —4, 

Now go back and rework the problem again using these 
suggestions. 

Need more help? Look for section examples marked with Meg to review. 
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Cumulative Test for Chapters 0-3 

This test provides a comprehensive review of the key objectives for Chapters 0-3. 
Answer the following test questions on a separate sheet of paper. 

1. Divide. 2.4)8.856 at eee as 
Su. ae 

3. 

3. Add. 1.386 + (—2.9) 4, Subtract. 9 — 0.48 

4, 

5. Multiply. —12.04 x 0.72 6. Simplify. 
SAAS pS) =Car ey ) 5 

f eyaleate. I2e- 3(2-"4) +12 +4 8, Multiply. (-—3)(—5)(—1)(2)(-1) 5 

9. Combine like terms, 3st — 85°t + 12st? + st — Sst + 2st? 1. 

10. Simplify. (5x)? 11. Simplify. 2{3x — 4[5 —3y(2 — x)]} 8. 

1 9, 
12. Solve for x. —2(x +5) = 4x -—15 = 13. Solve for x. 3% + Ses er — 6 

10. 

aMiaens atl }y 
14. Solve for y. Ae Gite - 4 Fi 

Graph the inequality on a sheet of paper, using a number line similar to the one shown. 12. 

1 2) eee 
1S. (4-5) =x-4 0 1 9) 3 4 5 * 

13. 

16. Find the area of a circle with radius 3 inches. 14 

17, Find the area of a triangle with an altitude of 13 meters and a base of 25 meters. 15 
What is the cost to construct such a triangle out of sheet metal that costs $4.50 : 
per square meter? 

16. 

18. When a number is doubled and then increased by 15, the result is 1. Find the 
number. 17. 

19. Ian has a budget of $2000 to spend on a company retirement luncheon for his 18, 
supervisor at the company lodge. The catering company charges a $250 flat fee 
to cover glassware, linens, dishes, and silverware. The company charges $30 per 
person for the meal. How many office staff can Ian invite to the retirement lun- 19. 
cheon and stay within his budget? 371 



20. 

21. 

22. 

23. 

24. 

25. 

26. (a) 

(b) 
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20. The football team will not let Chuck play unless he passes biology with a C (70 
or better) average. There are five tests in the semester, and he failed (0) the 
first one. However, he found a tutor and received an 82, an 89, and an 87 on the 

next three tests. Solve the inequality 9+ 82+ + 87 + > 79 to find what his 
minimum score must be on the last test in order for him to pass the course and 
play football. 

21. Find the slope of the line through (—8, —3) and (11, —3). 

: nen 2 
22. Find the equation of the line that passes through (3, —5) with slope — 3° 

Graph each of the following on a sheet of graph paper, using a coordinate system 
similar to the one shown. 

23. Graph y = $x — 4. 

24. Graph 3x + 8 = Sx. 

25. Graph the region 2x + Sy = —10. 

psec 

eee 

26. For f(x) = 3x? — 2x + - 

(a) Find f(-1). (b) Find f(2). 
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CAREER OPPORTUNITIES 

Accountant 
Accountants use their expertise to prepare 

financial documents and help manage the 

financial activities of businesses and individuals. 

Maintaining accurate records of transactions and 

financial operations helps them to evaluate a 

business’ practices and advise it on how to best 

manage its expenses and revenues in a manner 

leading to increased profitability. 

To investigate how the mathematics in this chapter 

can help with this field, see the Career Exploration 

Problems on page 315. 
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[4.1] Systems of Linear Equations in Two Variables @® 

1 Determining Whether an Ordered Pair Is a Solution 

After studying this section, you will 

be able to: 

1 | Determine whether an ordered 
pair is a solution to a system of 
two linear equations. @® 

Solve a system of two linear 
equations by the graphing 
method. @® 

Solve a system of two linear 
equations by the substitution 
method. @® 

4 | Solve a system of two linear 
equations by the addition 
(elimination) method. @® 

5 | Identify systems of linear equa- 
tions that do not have a unique 
solution. 

6 | Choose an appropriate method 
to solve a system of linear 
equations algebraically. @® 

The point (3, —2) is the 
solution to the system. 

to a System of Two Linear Equations @® 

In Chapter 3 we found that a linear equation containing two variables, such as 
4x + 3y = 12, has an unlimited number of ordered pairs (x,y) that satisfy it. For 
example, (3,0), (0,4), and (—3, 8) all satisfy the equation 4x + 3y = 12. We call 
two linear equations in two unknowns a system of two linear equations in two vari- 
ables. Many such systems have exactly one solution. A solution to a system of two 
linear equations in two variables is an ordered pair that is a solution to each equation. 

Example 1 Determine whether (3, —2) is a solution to the following system. 

x 3y = 3 

4x+3y= 6 

Solution We will begin by substituting (3, —2) into the first equation to see 
whether the ordered pair is a solution to the first equation. 

3 + 3(-2) + -3 
3-64 -3 

—3==3 J 

Likewise, we will determine whether (3, —2) is a solution to the second equation. 

A(3) + 3(=2) 26 

12-646 

6=6 Vv 

Since (3, —2) is a solution to each equation in the system, it is a solution to the 

system itself. 

Student Practice 1 
following system. 

Determine whether (—3, 4) is a solution to the 

2x + 3y = 6 

3x —4y =7 

It is important to remember that we cannot confirm that a particular ordered 
pair is in fact the solution to a system of two equations unless we have checked to 
see whether the solution satisfies both equations. Merely checking one equation 
is not sufficient. Determining whether an ordered pair is a solution to a system of 
equations requires that we verify that the solution satisfies both equations. oO 

Solving a System of Two Linear Equations 

by the Graphing Method @® 

We can verify the solution to a system of linear equations by graphing each equa- 
tion. If the lines intersect, the system has a unique solution. The point of intersec- 
tion lies on both lines. Thus, it is a solution to each equation and the solution to the 
system. We will illustrate this by graphing the equations in Example 1. Notice that 
the coordinates of the point of intersection are (3, —2). The solution to the system 
ISB 2) 

This example shows that we can find the solution to a system of linear equa- 
tions by graphing each line and determining the point of intersection. 
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Example 2 Solve this system of equations by graphing. 
\ 

\ 2x + 3y = 12 

eye 

Solution Using the methods that we developed in Chapter 3, we graph each line 
and determine the point at which the two lines intersect. The graph is to the right. 

Finding the solution by the graphing method does not always lead to an 
accurate result, however, because it involves visual estimation of the point of inter- 
section. Also, our plotting of one or more of the lines could be off slightly. Thus, we 
verify that our answer is correct by substituting x = 3 and y = 2 into the system 
of equations. 

DE Se RW) Fe 10 Xia al 

2(3).4°3(2) = 12 3-241 
12=12 v 1=l1 Vv x 

Thus, we have verified that the solution to the system is (3, 2). Oo vi 
3+ 

Student Practice 2 Solve this system of equations by graphing on a ss 
sheet of graph paper, using a coordinate system similar to the one shown in the 2 see =) ie oy SR 
margin. Check your solution. See en oe OU ee 

3x + 2y = 10 i 
yay SS 4+ 

—§+ 

Many times when we graph a system, we find that the two lines intersect at 
one point. However, it is possible for a given system to have as its graph two parallel 
lines. In such a case there is no solution because there is no point that lies on both 
lines (1.e., no ordered pair that satisfies both equations). Such a system of equations 
is said to be inconsistent. Another possibility is that when we graph each equation in 
the system, we obtain one line. In such a case there is an infinite number of solutions. 

Any point (i.e., any ordered pair) that lies on the first line will also lie on the second 

line. A system of equations in two variables is said to have dependent equations if it 
has infinitely many solutions. We will discuss these situations in more detail after we 
have developed algebraic methods for solving systems of equations. 

y, y 
Dependent 4 

Inconsistent : 
equations 

system of 

equations 

An infinite number 

No solution of solutions 

Solving a System of Two Linear Equations 

by the Substitution Method 

One algebraic method of solving a system of linear equations in two variables is the 
substitution method. To use this method, we choose one equation and solve for one 
variable. It is usually best to solve for a variable that has a coefficient of +1 or —1, 
if possible. This will help us avoid introducing fractions. When we solve for one 
‘variable, we obtain an expression that contains the other variable. We substitute 
this expression into the second equation. Then we have one equation with one un- 
known, which we can easily solve. Once we know the value of this variable, we can 
substitute it into one of the original equations to find the value of the other variable. 
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Example 3 Find the solution to the following system of equations. Use the sub- 
Graphing Calculator Bion methane 

Solving Systems of Linear 

Equations 

We can solve systems of equa- 
tions graphically by using a 

graphing calculator. For example, 
to solve the system of equations 

in Example 2, first rewrite each 
equation in slope—intercept 

form. 

2 
bier 2 

y=x-1 

2 
Then graph y, = —3% + 4 and 

y2 = x — 1 on the same screen. 

Next, use the Zoom and Trace 

features to find the intersection 

of the two lines. 

Some graphing calculators have 

a command to find and calculate 

the intersection. 

Intersection 
HES 

Try to find the solution to: 

yy = 349 

Va 4x -—5 

x+3y=-7 (Q) 

4x +3y=-1 (2) 

Solution We can work with equation (1) or equation (2). Let’s choose equation 
(1) because x has a coefficient of 1. Now let us solve for x. This gives us equation (3). 

x =-7-3y (3) Wesolve x + 3y = —7forx. 

Now we substitute this expression for x into equation (2) and solve the equation 
for y. ; 

4x +3y=-1 (2) 

4(=7— Sy) + 3y = =1 Replace x with —7 — 3y. 

—28 ~— 12y + 3y = =1 Simplify. 

he Shy, a il Now we solve for y. 

oy = =] + 28 

—9y = 27 

y= = 6) 

Now we substitute y = —3 into equation (1) or (2) to find x. Let’s use (1): 

a 3S) = =7 

ie 8) es =F 

x= Sed 

KH 2 

Therefore, our solution is the ordered pair (2, —3). 

Check. We must verify the solution in both of the original equations. 

Kit Sy Te AD) 4x + 3y=-1 (2) 
2+ 3(-3) = -7 4(2) + 3(-3) = -1 

2-92 -7 8-94-41 
Sy GS -l1=-lv o 

Student Practice 3. Use the substitution method to solve this system. 

2 Ve]. 

3x + 4y = -6 

We summarize the substitution method here. 

HOW TO SOLVE A SYSTEM OF TWO LINEAR EQUATIONS 

BY THE SUBSTITUTION METHOD 

1. Choose one of the two equations and solve for one variable in terms of 
the other variable. 

2. Substitute the expression from step 1 into the other equation. 

3. You now have one equation with one variable. Solve this equation for 
that variable. 

. Substitute this value for the variable into one of the original or equiva- 
lent equations to obtain a value for the second variable. 

. Check the solution in both original equations. 
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| Optional Graphing Calculator Note. Before solving the system in Example 3 with 
,a graphing calculator, you will first need to solve each equation for y. Equation (1) 

: 1 7 —x —7 
can be written as y; = at ears or as yj = j Likewise, equation (2) can be 

written as y> = ie ees Or as y> = et 

Example 4 Solve the following system of equations. 

haere 
Pihadc pelaiennng 
3x —2y =-6 (2) 

Solution First clear equation (1) of fractions by multiplying each term by 4. 

1 1 3 
4 (3) — (>) = 4(-3) (1) Multiply each term of the 

equation by the LCD. 
2X Vir (3) 

We now have an equivalent system that does not contain fractions: 

245 a3 13) 

3x — 2y = -—6 (2) 

Now follow the five-step procedure. 

Step 1  Let’s solve equation (3) for y. We select this because the y-variable has a 
coefficient of —1. 

28 = y = 3 Subtract 2x from both sides. 

—y = -—3 — 2x Multiply each term by —1. 

y=3+ 2x 

Step 2 Substitute this expression for y into equation (2). 

3x —2 (Gees) = -6 

Step 3 Solve this equation for x. 

ax OF 44 = =6 Remove parentheses. 

Ol eos FO 

Se 6506 

—x¥ = 0 

x=0 Multiply each term by —1. 

Step 4 To find the value of y, the easiest equation to use is our solution for y from 
step 1. Substitute x = 0 into this equation. 

y=3r 

y =3 + 2(0) 

yes 

So our solution is (0,3). 

Step 5 We must verify the solution in both original equations. 

1 1 3 3X), 2a Oy (2) 
2a he ee £5225 1 : 

Sp mearia te, 3(0) — 2(3) = -6 
OSE aed —6'= S6nv 
ali 4 

3 
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=> Student Practice 4 Use the substitution method to solve this system. 

1 2 
— + = = 

a taal 

act Ves al 

EZ] solving a System of Two Linear Equations by 

the Addition (Elimination) Method @® 

Another way to solve a system of two linear equations in two variables is to add the 
two equations so that a variable is eliminated. This technique is called the addition 
method or the elimination method. We usually have to multiply one or both of the 
equations by suitable factors so that we obtain opposite coefficients on one variable 
(either x or y) in the equations. 

Example 5 Solve the following system by the addition method. 

5x + 8y =-1 Q@ 

sn y= 7 (2) 

Solution We can eliminate either the x- or the y-variable. Let’s choose y. We 

multiply equation (2) by —8. 

—8(3x) + (-8)(y) = —8(7) 
—24x — 8y = -56 (3) 

We now add equations (1) and (3). 

Sx + 8y= -1 () 

—24x — 8y = —56 (3) 

—19% = —57 

We solve for x. 

9) 
ee —19 = 3 

Now we substitute x = 3 into either of the original equations (1) or (2) or equiva- 

lent equation (3). We will use equation (2). 

313) +y= 7 
9+y= 7 

y= -2 

Our solution is (3, —2). 

Check. 5x + 8y =-1 @) 3X) = ead 
5(3) + 8(-2) = -1 3(3) + (-2) 27 

15 + (-16) + -1 9+ (-2) £7 

-l1=-1 Vv Tiesud whe o 

Student Practice 5 Use the addition method to solve this system. 

30 ty = 3 

2x + 3y =4 

For convenience, we summarize the addition method on the next page. 
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HOW TO SOLVE A SYSTEM OF TWO LINEAR EQUATIONS 

BY THE ADDITION (ELIMINATION) METHOD 

. Arrange each equation in the form ax + by = c. (Remember that a, b, 
and ccan be any real numbers.) 

. Multiply one or both equations by appropriate numbers so that the coef- 
ficients of one of the variables are opposites. 

. Add the two equations from step 2 so that one variable is eliminated. 

4. Solve the resulting equation for the remaining variable. 

. Substitute this value into one of the original or equivalent equations and 
solve to find the value of the other variable. 

. Check the solution in both of the original equations. 

BN an inte’ 
Ai in6 3 @) 
i 2). Fonds 

53 5 2) 

Solution Clear equation (1) of fractions by multiplying each term by 12. 

Be y 2 
—|}, || = 12(4) + (2) = 12(-2) 

3x + 2y = -8 (3) 

Clear equation (2) of fractions by multiplying each term by 10. 

Student Practice 6 

Use the addition (elimination) method 

to solve this system. 

Ee M223 
—-+-=> — 

Am 459% 20 
eas: a 
ices ey 

For all Student Practice problems, 

write out the steps on a separate sheet 
of paper. Check the step-by-step solu- 

10() ™ 10() = 10( 2) tions in the back of the textbook. 

2x +S5y= 2 (A) 

We now have an equivalent system that does not contain fractions. 

oe 2y" = —8™ (3) 

x+sy= 2 (4 

To eliminate the variable x, we multiply equation (3) by 2 and equation (4) 
by —3. We now have the following equivalent system. 

6x + 4y = -16 

=6r — 13pp= 6-6 

—1ly = —22 Add the equations. 

=2 Solve for y. 

Since the original equations contain fractions, it will be easier to find 

the value of x if we use one of the equivalent equations. Substitute y = 2 
into equation (3). 

Sx 422 (2) = 8 

6 2s om, Moadlieng 

SNe) 

x= -4 

The solution to the system is (—4, 2). 

Check. Verify that this solution is correct. 

Note. We could have easily eliminated the variable y by multiplying equation 
(3) by 5 and equation (4) by —2. Try it. Is the solution the same? Why? oO 
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Graphing Calculator 

Identifying Systems of 

Linear Equations 

If there is a concern as to 

whether or not a system of 

equations has no solution, how 

can this be determined quickly 
using a graphing calculator? 

What is the most important thing 
to look for on the graph? 

If the equations are dependent, 
how can we be sure of this 
by looking at the display of 
a graphing calculator? Why? 

Determine whether there is 

one solution, no solution, or an 

infinite number of solutions for 

each of the following systems. 

io yp = wae sail 

= —-6x +3 

3x + 6 

Spee 

ES 5 8 

Se ste (65 

Identifying Systems of Linear Equations That 

Do Not Have a Unique Solution @® 

So far we have examined only those systems that have one solution. But other sys- 
tems must also be considered. These systems can best be illustrated with graphs. In 
general, the system of equations 

ax + by =c 

dx +ey=f 

may have one solution, no solution, or an infinite number of solutions. 

A 

>X —P>X 

Case III 
(Infinite number 

of solutions) 
Case I Case II 

(1 solution) (No solution) 

Case I: One solution. The two graphs intersect at one point, which is the solution. 
We say that the equations are independent. It is a consistent system of equations. 

There is a point (an ordered pair) consistent with both equations. 

Case II: No solution. The two graphs are parallel and so do not intersect. We 
say that the system of equations is inconsistent because there is no point con- 

sistent with both equations. 

Case III: An infinite number of solutions. The graphs of each equation yield 
the same line. Every ordered pair on this line is a solution to both of the ele 

tions. We say that the equations are dependent. 

Example 7 If possible, solve the system. 

2x + 8y= 16 () 

4x + loy = -8 (2) 

Solution To eliminate the variable y, we'll multiply equation (1) by —2. 

72(2x) + (~2)(8y) = (~2) (16) 
—4x — loy = —32 (3) 

We now have the following equivalent system. 

—4x — loy = —-32 (3) 

4x + loy = —8 (2) 

When we add equations (3) and (2), we get 

0 = —40, 

which, of course, is false. Thus, we conclude that this system of equations is incon- 

sistent, and there is no solution. Therefore, equations (1) and (2) do not intersect, 

as we can see on the graph to the right. 
If we had used the substitution method to solve this system, we still would 

have obtained a false statement. When you try to solve an inconsistent system of 

linear equations by any method, you will always obtain a mathematical statement 
that is not true. oO 

feed Student Practice 7 If possible, solve the system. 

Nt IG) 

—6x + 3y =9 
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Example 8 If possible, solve the system. 

\ Qe ve—s 13 (1) 

Sidbke ae Oy = =P (P)) 

Solution Although we could work directly with the decimals, it is easier to mul- 
tiply each equation by the appropriate power of 10 (10, 100, and so on) so that the 
coefficients of the new system are integers. Therefore, we will multiply equations 
(1) and (2) by 10 to obtain the following equivalent system. 

Se = 2y = 713 (3) 

—10x + 4y = -26 (4) 

We can eliminate the variable y by multiplying each term of equation (3) by 2. 

10x —-4y = 26 (5) 

—10x + 4y = —26 (4) 

0= 0 Add the equations. 

This statement is always true; it is an identity. Hence, the two equations are depen- 
dent, and there is an infinite number of solutions. Any solution satisfying equation 
(1) will also satisfy equation (2). For example, (3, 1) is a solution to equation (1). 

(Prove this.) Hence, it must also be a solution to equation (2). (Prove it). Thus, the 

equations actually describe the same line, as you can see on the graph. 

“05x — 0.2y = 13 

"ex + 0.4y = -2.6 

Gees Student Practice 8 If possible, solve the system. 

03x -0.9y = 18 
~0.4x + 1.2y = -2.4 

[4 Choosing an Appropriate Method to Solve a System of 

Linear Equations Algebraically @® 

At this point we will review the algebraic methods for solving systems of linear 

equations and discuss the advantages and disadvantages of each method. 

Method 

. Substitution 

Advantage Disadvantage 

Works well if one or more variables has 

a coefficient of 1 or —1. 

Often becomes difficult to use 

if no variable has a coefficient 

Of iOG— ile 

Addition Works well if equations have fractional 
or decimal coefficients. Works well if no 
variable has a coefficient of 1 or —1. 

281 
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Example 9 Select a method and solve each system of equations. 

(a) x + y = 3080 (b) Sx - 2y = 19 

2x + 3y = 8740 —3% + ly = 35 

Solution 

(a) Since there are x- and y-values that have coefficients of 1, we will select the 

substitution method. ; 

x + y = 3080 

y = 3080 — x Solve the first equation for y. 

2x + 3(3080 — x) = 8740 Substitute the expression into the second equation. 

2x + 9240 — 3x = 8740 Remove parentheses. 

—1x = —500 Simplify. 
x = 500 Divide each side by —1. 

Substitute x = 500 into the first equation. 

x + y = 3080 

500 + y = 3080 

y = 3080 — 500 

y = 2580 Simplify. 

The solution is (500, 2580). 

Check. Verify that this solution is correct. 

(b) Because none of the x- and y-variables has a coefficient of 1 or —1, we select 

the addition method. We choose to eliminate the y-variable. Thus, we would 

like the coefficients of y to be —14 and 14. 

7(5x) — 7(2y) = 7(19) Multiply each term of the first equation by 7 

2(-3x) + 2(7y) = 2(35) Multiply each term of the second equation by 2. 

35x — 14y = 133 We now have an equivalent system of equations. 

—6x + 14y = 70 

29x = 203 Add the two equations. 

x=7 Divide each side by 29. 

Substitute x = 7 into one of the original equations. We will use the first equation. 

5(7) — 2y = 19 

35 — 2y = 19 Solve for y. 

—2y = -16 

y=8 

The solution is (7, 8). 

Check. Verify that this solution is correct. Oo 

Student Practice 9 Select a method and solve each system of equations. 

(a) 3x + Sy = 1485 (b) 7x + 6y = 45 

x+2y = 564 6%, = Sytser2 
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To Think About: Two Linear Equations in Two Variables Now is a good time to 
look back over what we have learned. When you graph a system of two linear equa- 
tions, what possible kinds of graphs will you obtain? 

What will happen when you try to solve a system of two linear equations using 
algebraic methods? How many solutions are possible in each case? The following 

chart may help you to organize your answers to these questions. 

Graph 

(6, =3) 

Two lines intersect at one point 

Parallel lines 

Number of Solutions 

One unique solution 

Algebraic Interpretation 

You obtain one value for 

x and one value for y. For 

example, 

x=6, y=-3. 

No solution 

Lines coincide 

Infinite number 

of solutions 

You obtain an equation that 

is inconsistent with known 

facts. For example, 

0 = 6. 

The system of equations is 

inconsistent. 

You obtain an equation that 
is always true. For example, 

6 = 8. 

The equations are 
dependent. 

283 



4. 1) Exercises = MyLab™ Math 

Verbal and Writing Skills, Exercises 1-4 

1. Explain what happens when a system of two linear 
equations is inconsistent. What effect does it have in 
obtaining a solution? What would the graph of such a 
system look like? 

How many possible solutions can a system of two lin- 

ear equations in two unknowns have? 

. Explain what happens when a system of two linear 
equations has dependent equations. What effect does 
it have in obtaining a solution? What would the graph 
of such a system look like? 

. When you have graphed a system of two linear equa- . 
tions in two unknowns, how do you determine the 
solution of the system? 

Determine whether the given ordered pair is a solution to the system of equations. 

Ss 
(: 2) 2a ON Vie 

2 4x —-3y = 4 £62) 3(y + 4) -x =8 

Sy =x-6 

Solve the system of equations by graphing on a sheet of graph paper, using a coordinate system similar to the one shown. 

Check your solution. 

Th 

284 

3x +y =2 8... =.= 

x+2y=4 24 —y =33 

oe 
eS 

9392 ys 16 
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13. ype =2x +5 14. x-3=2y+1 

3y + 6x = 15 i a: aoe 

Find the solution to each system by the substitution method. Check your answers for exercises 15-18. 

15. 3x + 4y = 14 16, 34 — Sy = 7 ie oy = —8 18. 10x + 3y = 8 

er 2y ='—2 x-4y=-7 a= y= 6 2B y= 2) 

1 3 th 1 1 
° a — e oan ae = aay wikiats = = e Si — 19, 2x 5? 3 205° 1X we 1 21 at — By 22.6% 4. 1 

% ty 19 2x — Ty = 10 7 Pravee Srabo - 

— oS Saad dy | Saas ao od wan 

Find the solution to each system by the addition (elimination) method. Check your answers for exercises 23-26. 

23. 9x + 2y =2 24. 12x — 5y = -7 25. ee = 10 26. 5s + 9t= 6 

3x + Sy =5 4x+2y= 5 4s — 9t = -4 4s — 3t = 15 

7 5 4 1 
27. at “+ Lae —4 28. ht 18 29, 1.6x + 1S5y = 1.8 30. 2.5x + 0.6y = 0.2 

2 3 41 0.4x + 0.3y = 0.6 0.5x — 1.2y = 0.7 
on + a? i 4° oh mel as 6 

Mixed Practice 

If possible, solve each system of equations. Use any method. If there is not a unique solution to a system, state a reason. 

alae y= 6 

3x + 2y = 22 

35. 2x + y=4 

D} 1 
a 4y ? 

32.8% — y= 17 

4x + 3y = 33 

36. 2x + 3y = 16 
3 

Leas yf 

33. 3x +4y = 8 
Sx + 6y = 10 

37. 0.2x = Oly - 1.2 
Lh) y= 6 

34. 4x + Sy = 22 

9x + 2y = -6 

38. O.1x — 0.6 = 0.3y 
03x — 0.9y — 1.8 =0 
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39. DX. Ty ial? 40. -3x + S5y=1 41. 04x +0.1y = -0.9 42. Sx=yt+4 

—10x + 14y = —24 6x — 10y = 3 Ole + O0.2y = 18 O.Sy = =2.5x 3 

5 1 3 2 4 
: => == eo = = 45. ke = 46. =x + = 8 43 3 3 ae 44. a — 3b A 5 3% y a y 

9a — 155 = a ll 3 
plait --y= 2k = =y- =D ae b 2x 4 21 K y 

a]. 3.2% = Loy = 3 48. 3x-02y= 1 49. 3— (x -1)=y+6 50. 2(y—3) =2 Fp 

Ox == 8 11x + 0.4y = -2 yey 3s = 1x +2 = 3 

To Think About 

51. Bathroom Tile Wayne Burton is having some tile replaced in his bathroom. He has obtained an estimate from two 
tile companies. Old World Tile gave an estimate of $400 to remove the old tile and $50 per hour to place new tile on 
the wall. Modern Bathroom Headquarters gave an estimate of $300 to remove the old tile and $75 per hour to place 
new tile on the wall. 

(a) Create a cost equation for each company where y is the total cost of the tile work and x is the number of hours of 
labor used to install new tile. Write a system of equations. 

(b) Graph the two equations using the values x = 0, 4, and 8 on a sheet of graph paper, using a coordinate system 
similar to the one shown. 

(c) Determine from your graph how many hours of installing new tile will be required for the two companies to cost 
the same. 

(d) Determine from your graph which company costs less to remove old tile and to install new tile if the time needed 
to install new tile is 5 hours. 

oO S SoS T >< 

~ = T 

Cost of project in dollars 

eal 

Tier 

0 1 2 3 4 5 6 7 8 SL) 
Number af hours inctallino new tile 
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| Optional Graphing Calculator Problems 
‘ . . . . . . 

On a graphing calculator, graph each system of equations on the same set of axes. Find the point of intersection to the nearest 

hundredth. 

pozenye= —0.81x + 2.3 Ss Neely + 3.8 

y= 16x +08 one Wa 21 

54. 5.86x + 6.22y = -8.89 §5,. (Seer bly = 35,5 

—2.33x + 4.72y = -10.61 —3.1x + 0.9y = 13.1 

Cumulative Review 

; 56. [1.3.3] Winter Road Salt Nine million tons of salt are 57. [2.6.2] City Parking Space Four-fifths of the automo- 
applied to American highways for road deicing each 
year. The cost of buying and applying the salt totals 
$200 million. How much is this per pound? (Recall 
that 1 ton = 2000 pounds.) Round your answer to the 
nearest cent. 

Quick Quiz 4.1 

1. Solve using the substitution method. 

5x — 3y = 14 

ay = 6 

Solve by any method. 

biles that enter the city of Boston during rush hour will 
have to park in private or municipal parking lots. If 
there are 273,511 private or municipal lot spaces filled 
by cars entering the city during rush hour every morn- 
ing, how many cars enter the city during rush hour? 
Round your answer to the nearest car. 

. Solve using the addition method. 

6x + 7y = 26 

Midyear » 6 

. Concept Check Explain what happens when you go 
through the steps to solve the following system of 
equations. Why does this happen? 

6x -4y= 8 

9x - oy = —12 
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[42] Systems of Linear Equations in Three Variables @® 

El Determining Whether an Ordered Triple Is the Solution to 
After studying this section, you will 

be able to: 

Determine whether an ordered 

triple is the solution to a system 
of three linear equations in 

three variables. @® 

Find the solution to a system 
of three linear equations in 
three variables if none of the 
coefficients is zero. @B 

Find the solution to a system 
of three linear equations in 

three variables if some of the 
coefficients are zero. @® 

a System of Three Linear Equations in Three Variables @® 

We are now going to study systems of three linear equations in three variables 

(unknowns). A solution to a system of three linear equations in three unknowns is 
an ordered triple of real numbers (x, y, z) that satisfies each equation in the system. 

Example 1 Determine whether (2, —5, 1) is a solution to the following system. 

BMeVis 22 = 93 

ayy = 2= -3 

are yr sz = 2 

Solution How can we determine whether (2, —5, 1) is a solution to this system? 

We will substitute x = 2, y = —5,and z = 1 into each equation. If a true statement 
occurs each time, (2, —5, 1) is a solution to each equation and hence, a solution to 
the system. For the first equation: 

3(2) + (-5) + 2(1) 43 

6-5+243 
225 7 

For the second equation: 

4(2) + 2(-5) -1 = -3 

=—J = =o S 

For the third equation: 

2+ (-5) +5(1) #2 
2-54+542 

2=2 v 

Since we obtained three true statements, the ordered triple (2, —5, 1) is a solution 

to the system. oO 

Student Practice 1 Determine whether (3, —2, 2) is a solution to this 
system. 

ax+4y+ z= 0 

a8 == Where oye = I 

3x —4y + z=19 

To Think About: Graphs in Three Variables Can we graph an equation in three 
variables? How? What would the graph look like? What would the graph of the 
system in Example 1 look like? Describe the graph of the solution. At the end of this 
section we will show you how the graphs might look. 

2 Finding the Solution to a System of Three Linear 

Equations in Three Variables If None of the 

Coefficients Is Zero @® 

One way to solve a system of three equations with three variables is to obtain from it 
a system of two equations in two variables; in other words, we eliminate one variable 
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from both equations. We can then use the methods of Section 4.1 to solve the resulting 
, system. You can find the third variable (the one that was eliminated) by substituting 
‘the two variables that you have found into one of the original equations. 

¢ Example 2 Find the solution to (that is, solve) the following system >| Student Practice 2 Solve this 
of equations. system. 

peer Sy t= S.C) x+2y 7 3z= 4 

=< + ay + oc = 13° (2) ant Vi 2g eS 

ey = £57 1) 3x + 3y + 4z = 10 

Solution Let’s eliminate z because it can be done easily by adding 

ere Clyne (3): For all Student Practice problems, write out 

—2x+5y+z= 8 ( the steps on a separate sheet of paper. Check 
the step-by-step solutions in the back of the 

Bt Dye, Lez. 3B) textbook. 
36 ae toy =13 (4) 

Now we need to choose a different pair from the original system 
of equations and once again eliminate the same variable. In other 
words, we have to use equations (1) and (2) or equations (2) and (3) 

and eliminate z. Let’s multiply each term of equation (3) by 3 (and 
call it equation (6)) and add the result to equation (2). 

—x+ 2y+3z=13 (2) 
3x + Sy -3z=15 (6) 
2x + lly =28 (5) 

We now can solve the resulting system of two linear equations. 

=x + Sy = 135, (4) 

2x + lly = 28 (5) 

Multiply each term of equation (4) by 2. 

—2x + loy = 26 

2x + lly = 28 

27y = 54 Add the equations. 

y= 2 Solve for y. 

Substituting y = 2 into equation (4), we have the following: 

Fk e823 

=i es 3) 

x= 3. 

Now substitute x = 3 and y = 2 into one of the original equations 

(any one will do) to solve for z. Let’s use equation (1). 

SON ee SVar ZS 

22( 35 (2) Het 8 

—67104z2=8 

z=4 

The solution to the system is (3, 2, 4). 

Check. Verify that (3, 2, 4) satisfies each of the three original 

equations. Oo 
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Here’s a summary of the procedure that we just used. 

HOW TO SOLVE A SYSTEM OF THREE LINEAR 

EQUATIONS IN THREE VARIABLES 

1. Use the addition method to eliminate any variable from any pair of equa- 

tions. (The choice of variable is arbitrary.) 

. Use appropriate steps to eliminate the same variable from a different pair 

of equations. (If you don’t eliminate the same variable, you will still have 
three unknowns.) 

. Solve the resulting system of two equations in two variables. 

4. Substitute the values obtained in step 3 into one of the three original 
equations. Solve for the remaining variable. 

. Check the solution in all of the original equations. 

It is helpful to write all equations in the form Ax + By + Cz = D before using 
this five-step method. 

3 Finding the Solution to a System of Three Linear Equations 

in Three Variables If Some of the Coefficients Are Zero @® 

If a system of three linear equations in three variables contains one or more equa- 
tions of the form Ax + By + Cz = D, where one of the values of A, B, or C is zero, 

then we will slightly modify our approach to solving the system. We will select one 
equation that contains only two variables. Then we will take the remaining system 
of two equations and eliminate the variable that is missing in the equation that we 
selected. 

Example 3 Solve the system. 

4x + 3y+3z= 4 (1) 
Bx +2z= 2 (2) 

2Xe=— Sy =-4 (3) 

Solution Note that equation (2) has no y-term and equation (3) has no z-term. 
Obviously, that makes our work easier. Let’s work with equations (2) and (1) to 

obtain an equation that contains only x and y. 

Step 1 Multiply equation (1) by 2 and equation (2) by —3 to obtain the following 

system. 

& + 6y+6z= 8 (4) 

—9x =07, = 6... (5) 

=X oy = 2 (6) 

Step 2 This step is already done, since equation (3) has no z-term. 

Step 3 Now we can solve the system formed by equations (3) and (6). 

2x - 5y = -4 (3) 
—x+6y= 2 (6) 

ee 
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If we multiply each term of equation (6) by 2, we obtain the system 

Le 4 

oie olay old 

iy= 0" Ada 

y= 0. Solve for y. 

Substituting y = 0 in equation (6), we find the following: 

=x +6(0) = 2 

Maa, 2, 

Ld) 

Step 4 To find z, we substitute x = —2 and y = 0 into one of the original equa- 

tions containing z. Since equation (2) has only two variables, let’s use it. 

34+ 22 = 2 

3(=2) +227 =2 

26 = 

z=4 

The solution to the system is (—2, 0, 4). 

Check. Verify this solution by substituting these values into equations (1), (2), 

and (3). oO 

Student Practice 3 Solve the system. 

2 ieee lil 

4y + 3z = -8 

Je = ay) 2 

A linear equation in three variables is a plane in three-dimensional space. 
A system of three linear equations in three variables is three planes. The solution 
to the system is the set of points at which all three planes intersect. There are three 
possible results. The three planes may intersect at one point. (See figure (a) in the 
margin.) This point is described by an ordered triple of the form (x, y, z) and lies in 
each plane. 

The three planes may intersect at a line. (See figure (b) in the margin.) In this 
case the system has an infinite number of solutions; that is, all the points on the line 

are solutions to the system. 

Finally, all three planes may not intersect at any points. It may mean that all 
three planes never share any point of intersection. (See figure (c) in the margin.) It 
may mean that two planes intersect. (See figures (d) and (e) in the margin.) In all 
such cases there is no solution to the system of equations. 

je 

Point of 

intersection 

(a) 

Common 

line 

(b) 

(d) 

(e) 



[4.2] Exercises 

1. Determine whether (2,1, 

system. 

PhS — BN) Be ere 
a Avi, 

Oa ZY ate 

aif) 
10 
4 

MyLab™ Math 

—4) is a solution to the 

3. Determine whether (—1,5,1) is a solution to the 

system. 

Shae AY = 

XT Ve 

ANe ae Wap 2x 

Solve each system. 

5. oy eye 20. 
2 Vera ail 

x +2y +3z=1 

$444, 2) ee 

x~ yes, =—3 
3x + y— 4z= 10 

11. eae Li 4S 5 

ee Si) ao We = 5 

A ee 
a 2 eee 

14. 3y-- z=9-x 

=X Zyl 32; 
1 4 
Boe eer cea! 

292 

Rasher Z 

PRG OPM Se i 

Keay ciara 

x + i4y sty iz 

Il 

OX oe Vas 

XY: see 

15. 0.2a + 0.1b + 0.2c = 

0.3a + 0.2b + 0.4c = —0.1 

2. Determine whether (—2,3,0) is a solution to the 
system. 

yet ay = See 
=3hi= Vit 0 52-= ah 

Ay Ly Lice" oo 

4. Determine whether (1,2,4) is a solution to the 

system. 

Shea ear Bose Y 

xr dy 4+ 22 = 13 

=—44 + 3y + 7 = 6 

= -6 th: x + 3y = £ = 

= 1 Diy ee eS, 

= 8 = (ps Br ea aas 

15 10,0 —% 7; 2y. 3° 32, a 
=f, Sst = dy ~ 25 = 
=3 ay + ) = 3g see 8 

=-1 BR ee + 22 ==] ay 
3 1 

3 aX y 5% 7 

= § x + 4y =10 +z 

0.1 16. —O0.la + 0.26 +0.3c = 0.1 
0.2a — 0.66 + 0.3c = 0.5 

0.3 0.3a — 1.2b — 0.4c = —0.4 0.6a4 + 11b + 02¢ = 
a 



Section 4.2 Systems of Linear Equations in Three Variables 

Find the solution for each system of equations. Round your answers to five decimal places. 

M7. x — 4y + 4z = —3.72186 =e 4x+ y+ 32= 9 
=yorsy- z= 5.98115 Ox -t Sy + 2ni= 3 

ah y+ 5z= 7.93645 2.987x + 5.027y + 3.867z = 18.642 

Solve each system. 

19, i= y =5 20. —x + 4z7 = -3 
Dy Al Vinee =D 

38x + 3y +z =6 3h ytazc= 4 

21. -y+2z=1 22. 20 te fy — 32> 0 

xryt+ z=2 goo a= — I 
ay + 3z=2 Ca tye z= ds 

eee ay tr r= 0 24, 2x = Ag = 1 
=e y = —6 Sayre 

Se Oe = 7 2y+8z= 4 

b =e. ee 
F ee 2c = 6S 2 = =- 25. @ 5 2¢ 2 2 3 3 °° 10 

Sas! b = -12 

+—+2c= 5. ie b-c= 13 

293 
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Try to solve the system of equations. Explain your result in each case. 

Pye PR Se NY = -3 28. 

2y + 16z = —18 
— 16 — oy Fee 

PDS haa shih —= Shee = 30. 

ay y= 27 =" 1 

—2y' + 4) = 22 = =38 

To Think About 

Solve each system. 

31, a=8 + 3b\—2¢e 32. 

4a: + 2b — 3c = 10 

c=10+b6—2¢ 

Cumulative Review 

33. [2.3.3] Solve for x. —2(3x — 4) + 12 = 6x — 4 34, 

35. [3.4.2] Find the equation in slope-intercept form of 36. 
the line that passes through (1, 4) and (—2, 3). 

Quick Quiz 4.2 Solve each system. 

ets 9 oR 2. 
gar ap SS 

3% = a a 

- 4x —- 2y + 6z = 

6y + 3z =3 

Gt) a 

x-—2y+ 5z=4 

OG OV et aca 
oe y= Age 5 

yey — 42 = =1 
Sx 2y", 3z = 2 
100 = Sy. 20Z=— 5 

a=c-b 
3a —- 2b + 6c =1 
¢=4-— 3b —- Ta 

[3.3.1] Find the slope of the line that passes through 

(—1, 6) and (4, —3). 

[3.4.4] Find the slope of a line that is perpendicular 
2, 

toy = <2 sp LE 

Ke pey 422 

BES Sime) 8 

eye OL 

. Concept Check Explain how you would eliminate 
the variable z and obtain two equations with only the 
variables x and y in the following system. 

DG AV eng Te 

4x + 3y + 5z = —10 

Ske sayesesz == Ws 



ee 
‘Use Math to Save Money 

Did You Know? How much you get paid at your job is not 
how much you get to spend because of expenses. 

Determining Your Earnings 

Understanding the Problem: 

Your real hourly wage is the amount you make per hour after 

taxes and other work-related expenses. When calculating real 
hourly wage, we cannot just look at how much a job pays an 

hour or how much the paycheck will be. We need to consider 

work-related expenses as well as extra time spent for the job. 
Sharon is not currently employed. She is considering 

two different positions and needs to determine which job she 

should take. If she takes a job, she estimates she'll have the 
following weekly expenses: daycare, $175; after-school pro- 

gram, $75; clothing, $25; other work-related expenses, 

$50, as well as $0.35 per mile for transportation. 

Making a Plan: 

Sharon needs to determine what the income and expenses are 

for each position. 

Step 1: First she calculates what her income would be for each 

position. 

Job 1: Donivan Tech is offering her a full-time management 

position at a yearly salary of $50,310. Sharon estimates that 

she will work an average of 45 hours per week when she 

considers the extra work commitment required for manag- 

ers. The commute of 45 miles a day will be about five hours 
a week in driving. She estimates that payroll deductions 

will be 15% of her gross salary. 

Job 2: J & R Financial Group is offering her a part-time 
position as an assistant manager. The work schedule would 
be 6 hours per day, 5 days a week at an hourly rate of 

$23.50. The commute of 5 miles a day will be about one 
hour a week in driving. Due to the reduced work schedule, 

she calculates that payroll deductions will only be 12%, and 

daycare, after-school program, and other expenses will all 

be reduced by $25 per week. 

Task 1: What is the weekly pay, before deductions or expenses, 

at Job 1? At Job 2? 

Step 2: She needs to calculate what her expenses would be 

for each position. 
Task 2: How much are weekly payroll deductions at Job 1? 

At Job 2? 

“Task 3: What are the weekly job-related expenses at Job 1? 

At Job 2? 

Finding a Solution 

Step 3: Using weekly pay, payroll deductions and job-related 
expenses, Sharon can determine what her real hourly wage 
will be. Then she'll be able to compare the two jobs while 

taking into consideration all expenses. 

Task 4: How much will Sharon have left to spend every week 

after subtracting deductions and expenses from the weekly 

pay at Job 1? At Job 2? 

Task 5: Considering the total time spent working and com- 

muting, what is the real hourly wage at Job 1? At Job 2? 

Step 4; Sharon can now decide which job to take. 

Task 6: If Sharon is deciding on a job based only on real hourly 

wage, which job should she take? 

Task 7: If Sharon is deciding on a job based on how much 
she will have left to spend each week after deductions and 

expenses, which job should she take? 

Applying the Situation to Your Life: 

When comparing jobs, one needs to determine the real hourly 

wage because what you earn is not as important as what you 

actually get to spend. Work-related expenses and time spent 

commuting have an impact on the real hourly rate. Taking these 

into consideration will help you make an informed decision. 

295 



296 Chapter 4 Systems of Linear Equations and Inequalities 

[43] Applications of Systems of Linear Equations ® 

EE Solving Applications Requiring the Use of a System 
After studying this section, you will 

be able to: 

1 Solve applications requiring 
the use of a system of two 
linear equations in two 
unknowns. @® 

Solve applications requiring 
the use of a system of three 
linear equations in three 
unknowns. 

Allosaurus 

of Two Linear Equations in Two Unknowns @® 

We will now examine how a system of linear equations can assist us in solving 
applied problems. 

Example 1 For the TEDx talk on campus, advance tickets cost $10 and tickets at 
the door cost $12. The ticket sales this year came to $2310. The event coordinator 
wants to raise prices next year to $15 for advance tickets and $20 for tickets at the 
door. He said that if exactly the same number of people attend next year, the ticket 
sales at these new prices will total $3625. If he is correct, how many tickets were sold 

in advance this year? How many tickets were sold at the door? 

Solution . 

1. Understand the problem. Since we are looking for the number of tickets sold, 
we let 

x = number of tickets bought in advance and 

y = number of tickets bought at the door. 

2. Write a system of two equations in two unknowns. If advance tickets cost $10, 

then the total sales will be 10x; similarly, total sales of door tickets will be 12y. 
Since the total sales of both types of tickets was $2310, we have 

10x + 12y = 2310. 

By the same reasoning, we have 

15x + 20y = 3625. 

Thus, our system is as follows: 

10x + 12y = 2310 (1) 
15x + 20y = 3625 (2) 

. Solve the system of equations and state the answer. We multiply each term of 
equation (1) by —3 and each term of equation (2) by 2 to obtain the following 
equivalent system. 

—30x — 36y = —6930 

30x + 40y = 7250 

4y = 320 

y= 80 

Therefore, y = 80. Substituting y = 80 into equation (1), we have the following: 

10x + 12(80) = 2310 

10x = 1350 

= 135 

Thus, 135 advance tickets and 80 door tickets were sold. 

. Check. We need to check our answers. Do they seem reasonable? 

Would 135 advance tickets at $10 and Would 135 advance tickets at $15 and 
80 door tickets at $12 yield $2310? 80 door tickets at $20 yield $3625? 

10(135) + 12(80) = 2310 15(135) + 20(80) = 3625 
1350 + 960 = 2310 2025 + 1600 = 3625 

2310 = 2310 V 3625 = 3625 ¥ @O 

ll~ Ik ll~ Ih 
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Student Practice 1 Coach Perez purchased boxes of baseballs at $40 
each and bats at $50 each last week for the college baseball team. The total cost 

| of the purchase was $1040. This week he noticed that the same items are on sale. 
Boxes of baseballs are now $32 each and bats are $42. He found that if he made 

the same purchase this week, it would cost only $856. How many boxes of base- 

balls and how many bats did he buy last week? 

Example 2 An electronics firm makes two types of switching devices. Type A 
takes 4 minutes to make and requires $3 worth of materials. Type B takes 5 minutes 
to make and requires $5 worth of materials. When the production manager reviewed 
the latest batch, he found that it took 35 hours to make these switches with a mate- 

rials cost of $1900. How many switches of each type were produced for this latest 

batch? 

Solution 

1. Understand the problem. We are given a lot of information, but the major con- 
cern is to find out how many of the type A devices and the type B devices were 
produced. This becomes our starting point to define the variables we will use. Let 

A = the number of type A devices produced and 

B 

2. Write a system of two equations. How should we construct the equations? 

What relationships exist between our variables (or unknowns)? According to 
the problem, the devices are related by time and by cost. So we set up one equa- 
tion in terms of time (minutes in this case) and one in terms of cost (dollars). 
Each type A took 4 minutes to make, each type B took 5 minutes to make, and 
the total time was 60(35) = 2100 minutes. Each type A used $3 worth of ma- 
terials, each type B used $5 worth of materials, and the total materials cost was 
$1900. We can gather this information in a table. Making a table will help us 

form the equations. 

the number of type B devices produced. 

Type A Devices | Type B Devices | Total 

Number of Minutes | ->—— 4A 5B 2100 

Cost of Materials | 3A | 5B | 1900 

4A + 5B = 2100 

3A + 5B = 1900 - 

Therefore, we have the following system. 

4A + 5B = 2100 (1) 

3A + 5B = 1900 (2) 

3. Solve the system of equations and state the answer. Multiplying equation 
(2) by —1 and adding the equations, we find the following: 

4A + 5B = 2100 

SA = 3B)= =1900 

A = 200 

Substituting A = 200 into equation (1), we have the following: 

800 + 5B = 2100 

5B = 1300 

B = 260 

Thus, 200 type A devices and 260 type B devices were produced. 

Continued on next page 
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4. Check. If each type A requires 4 minutes and each type B requires 5 minutes, 
does this amount to a total time of 2100 minutes? 

4A + 5B = 2100 

4(200) + 5(260) + 2100 
800 + 1300 + 2100 

2100 = 2100 Vv ! 

If each type A costs $3 and each type B costs $5, does this amount to a total cost 
of $1900? 

3A + 5B = 1900 

3(200) + 5(260) = 1900 
600 + 1300 = 1900 

1900 = 1900 ¥ o 

Student Practice 2 A furniture company makes both small and large 
chairs, It takes 30 minutes of machine time and 1 hour and 15 minutes of labor to 
build a small chair. The large chair requires 40 minutes of machine time and 1 hour 
and 20 minutes of labor. The company has 57 hours of labor time and 26 hours of 
machine time available each day. If all available time is used, how many chairs of 
each type can the company make? 

When we encounter motion problems involving rate, time, or distance, it is 

useful to recall the formula D = RT or distance = (rate) (time). 

Example 3 An airplane travels between two cities that are 1400 miles apart. The 
trip against the wind takes 4 hours. The return trip with the wind takes 3} hours. 
What is the speed of the plane in still air (in other words, how fast would the plane 
travel if there were no wind)? What is the speed of the wind? 

Solution 

1. Understand the problem, Our unknowns are the speed of the plane in still air 
and the speed of the wind. 

Let 

x = the speed of the plane in still air and 

y = the speed of the wind. 

eae ta Let’s make a sketch to help us see how these speeds are related to one another. 
—— —— - When we travel against the wind, the wind is slowing us down. Since the wind 

speed opposes the plane’s speed in still air, we must subtract: x — y. 

| | 
eee ee ! 

PESawune ort | Speed of the ! 
wind: y mph 

Ss Se 
ie a Se | | 

Sar Speed of the plane 
in still air: x mph 
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When we travel with the wind, the wind is helping us travel forward. Thus, the 
wind speed is added to the plane’s speed in still air, and we add: x + y. Graphing Calculator 

Exploration 

Actual traveling A visual interpretation of two 
speed: x + ymph equations in two unknowns is 

\ Speed OF dhe sometimes helpful. Study Exam- 
| wind: y mph ple 3. Graph the two equations. 

Speed of the plane 3x — 3y = 1500 
in still air: x mph 2.5x + 2.5y = 1500 

2. Write a system of two equations. To help us write our equations, we organize What is the significance of the 
the information in a chart. The chart will be based on the formula RT = D, point of intersection? If you 

which is (rate) (time) = distance. were an air traffic controller, 
how would you interpret the lin- 

Roi de ioTolest aD ear equation 3x — 3y = 1500? 

. ; : Why would this be useful? 
Flying against the wind Cy) 4 1400 How would you interpret 

Flying with the wind x+y] 3.5 | 1400 2.5x + 2.5y = 1500? 
Why would this be useful? 

Using the rows of the chart, we obtain a system of equations. 

(x — y)(4) = 1400 

(x + y)(3.5) = 1400 

If we remove the parentheses, we will obtain the following system. 

4x —- 4y = 1400 () 

3.5x + 3.5y = 1400 (2) 

3. Solve the system of equations and state the answer. It will be helpful to clear 
equation (2) of decimal coefficients. Although we could multiply each term by 
10, doing so will result in large coefficients on x and y. For this equation, multi- 

plying by 2 is a better choice. 

4x — 4y = 1400 (1) 

7x + 7y = 2800 (3) 

If we multiply equation (1) by 7 and equation (3) by 4, we will obtain the fol- 

lowing system. 

28x — 28y = 9800 

28% + 28y = 11,200 

56x = 21,000 

tS STS 

Substituting this result in equation (1), we obtain the following: 

4(375) — 4y = 1400 

1500 — 4y = 1400 

— 4y =-100 

y= 25 

Thus, the speed of the plane in still air is 375 miles per hour, and the speed of the 
wind is 25 miles per hour. oO 

Student Practice 3 An airplane travels west from city A to city B 
against the wind. It takes 3 hours to travel 1359 miles. On the return trip the plane 
travels east from city B to city C, a distance of 994 miles in a time of 2 hours. On 

the return trip the plane travels with the wind. Assume the speed of the wind is 
the same on both trips. What is the speed of the plane in still air? What is the 
speed of the wind? 
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Solving Applications Requiring the Use of a System 
of Three Linear Equations in Three Unknowns @® 

[t==4 Student Practice 4 A factory 
uses three machines to wrap boxes for ship- 
ment. Machines A, B, and C working togeth- 
er can wrap 260 boxes in 1 hour. If machine 
A runs 3 hours and machine B runs 2 hours, 

they can wrap 390 boxes. If machine B runs 
3 hours and machine C runs 4 hours, 655 
boxes can be wrapped. How many boxes per 

hour can each machine wrap? 

For all Student Practice problems, write 

out the steps on a separate sheet of paper. 
Check the step-by-step solutions in the 
back of the textbook. 

Mg Example 4 A trucking firm has three sizes of trucks. The biggest 
truck holds 10 tons of gravel, the next size holds 6 tons, and the small- 
est holds 4 tons. The firm has a contract to provide fifteen trucks to 
haul 104 tons of gravel. To reduce fuel costs, the firm’s manager wants 
to use two more of the fuel-efficient 10-ton trucks than the 6-ton 
trucks. How many trucks of each type should she use? 

Solution 

1. Understand the problem. Since we need to find three things (the 
numbers of 10-ton trucks, 6-ton trucks, and 4-ton trucks), it would 

be helpful to have three variables. Let 

x = the number of 10-ton trucks used, 

y = the number of 6-ton trucks used, and 

z = the number of 4-ton trucks used. 

2. Write a system of three equations. We know that fifteen trucks 
will be used; hence, we have the following: 

xty+z=15 (@ 

How can we get our second equation? Well, we also know the 

capacity of each truck type, and we know the total tonnage to be 
hauled. The first type of truck hauls 10 tons, the second type 6 
tons, and the third type 4 tons, and the total tonnage is 104 tons. 

Hence, we can write the following: 

10x + 6y + 4z = 104 (2) 

We still need one more equation. What other given information 
can we use? The problem states that the manager wants to use two 
more 10-ton trucks than 6-ton trucks. Thus, we have the following: 

x=2+y (3) 

(We could also have written x — y = 2.) Hence, our system of 

equations is as follows: 

xe yr ¢g=s45 (1) 

10x + 6y + 4z = 104 (2) 

ages} a2 (3) 

3. Solve the system of equations and state the answer. Equation (3) 
doesn’t contain the variable z. Let’s work with equations (1) and 
(2) to eliminate z. First, we multiply equation (1) by —4 and add 
it to equation (2). 

—4x — dy —- 4z = -60 (4) 

10x + 6y + 4z = 104 (2) 

6x.ck 2y 44 (5) 

II 

ll 
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Make sure you understand how we got equation (5). Dividing 

each term of equation (5) by 2 and adding to equation (3) gives 
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the following: 

3x +y=22 (6) 

x-y= 2 (3) 

4x = 24 

x= 6 

For x = 6, equation (3) yields the following: 

6-y=2 

ay 

Now we substitute the known x- and y-values into equation (1). 

6+4+z=15 

Lae 

Thus, the manager needs six 10-ton trucks, four 6-ton trucks, and 

five 4-ton trucks. 

4. Check. The check is left to the student. o 

! od STEPS TO SUCCESS Why Do We Have to Learn to Solve Word Problems? 
Many students ask that question. It is a fair question, and it 

deserves an honest answer. 

Applications or word problems are the very life of math- 

ematics! They are the reason for doing mathematics. They 

teach you how to put into use the mathematical skills you have 

developed. 
Almost all branches of mathematics are studied because 

they solve problems in real life. You will find in this textbook 

that studying the Use Math to Save Money problems will help 

you manage your finances. Many decisions in daily life can be 

made more easily if mathematics is used to evaluate the pos- 

sible options. 
How can | learn to solve word problems more easily? Many 

students ask that question also. The key to success is practice. 

Make yourself do as many problems as you can, You may not 

be able to do them all correctly at first, but keep trying. If you 

cannot solve a problem, try another one. Ask for help from your 

teacher or someone in the tutoring lab. Ask other classmates 

how they solved the problem. Soon you will see great progress 

in your own problem-solving ability. 

Making it personal: Which of these statements best answers 

the question “Why do we have to learn to solve word prob- 

lems?” What suggestion do you think is the most helpful to 
help you to learn to solve word problems more easily? Write 

the suggestion in your own words. Start to apply it today to 

help you with the homework in Exercises 4.3. Remember, much 

of life is like a word problem. 
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Applications 

Use a system of two linear equations to solve exercises 1-22. 

1. 
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The sum of 2 numbers is 87. If twice the smaller num- 

ber is subtracted from the larger number, the result is 

12. Find the two numbers. 

Temporary Employment Agency An employment 
agency specializing in temporary construction help pays 
heavy equipment operators $140 per day and general 
laborers $90 per day. If thirty-five people were hired 
and the payroll was $3950, how many heavy equipment 

operators were employed? How many laborers? 

Amtrak Train Tickets Ninety-eight passengers rode 
an Amtrak train from Boston to New York City. Tick- 

ets for regular coach seats cost $120. Tickets for sleep- 

er car seats cost $290. The receipts for the trip totaled 
$19,750. How many passengers purchased each type 

of ticket? 

. Computer Training Coordinator Reggie is in charge 
of scheduling computer training for the employees at 
his company. The human resources department is to 

be trained to use new spreadsheet software and a new 

payroll program. Experienced employees can learn the 

spreadsheet in 3 hours and the payroll in 4 hours. New 

employees need 4 hours to learn the spreadsheet and 
7 hours to learn the payroll. The company can afford 

to pay for 115 hours of spreadsheet instruction and 
170 hours of payroll instruction. How many of each 
type of employee can Reggie send to the training? 

2. The difference between two numbers is 11. If triple 
the smaller is added to double the larger, the result is 

42. Find the two numbers. 

. Broadway Ticket Prices A Broadway performance of 
The Lion King had a paid attendance of 387 people. 
Mezzanine tickets cost $70 and orchestra tickets cost 
$95. Ticket sales receipts totaled $30,965. How many 
tickets of each type were sold? 

. Farming Operations The Mulder Farm has 600 acres 
of land allotted for raising corn and wheat. The cost 

to cultivate corn is $40 per acre. The cost to cultivate 
wheat is $25 per acre. The Mulders have $18,000 avail- 

able to cultivate these crops. How many acres of each 
crop should the Mulders plant? 

8. Radar Detector Manufacturing Ventex makes auto 
radar detectors. Ventex has found that its basic model 
requires 3 hours of manufacturing for the inside com- 
ponents and 2 hours for the housing and controls. Its 
advanced model requires 5 hours to manufacture the 
inside components and 3 hours for the housing and 
controls. This week, the production division has avail- 

able 1050 hours for producing inside components and 
660 hours for housing and controls. How many detec- 
tors of each type can be made? 

- Farm Management David manages the family farm. He has several packages of fertilizer for his new grain crop. The 
old packages contain 50 pounds of long-term-growth supplement and 60 pounds of weed killer. The new packages 
contain 65 pounds of long-term-growth supplement and 45 pounds of weed killer. Using past experience, David esti- 
mates that he needs 3125 pounds of long-term-growth supplement and 2925 pounds of weed killer for the fields. How 
many old packages of fertilizer and how many new packages of fertilizer should he use? 



10. 

12. 

14, 

16. 

18. 

Hospital Dietician Geneva is a dietician in a hospital. 
She has two prepackaged mixtures of vitamin additives 
available for patients. Mixture 1 contains 5 grams of vita- 
min C and 3 grams of niacin; mixture 2 contains 6 grams 
of vitamin C and 5 grams of niacin. On an average day 
she needs 87 grams of niacin and 117 grams of vitamin C. 
How many packets of each mixture will Geneva need? 

Advertising Printer A local department store is pre- 
paring four-color sales brochures to insert into the Sa- 
lem Evening News. Sam is the advertising printer it has 
hired. Sam has a fixed charge to set up the printing of 
the brochure and a specific per-copy amount for each 
brochure printed. He quoted a price of $1350 for print- 
ing five thousand brochures and a price of $1750 for 
printing seven thousand brochures. What is the fixed 
charge to set up the printing? What is the per-copy cost 
that Sam charges for printing a brochure? 

Aircraft Operation Against the wind, a commercial 
aircraft in South America flew 630 miles in 3 hours 
and 30 minutes. With a tailwind, the return trip took 

3 hours. What was the speed of the wind? What was 
the speed of the plane in still air? 

Canoe Trip It look Lance and Ivan 6 hours to travel 

33 miles downstream by canoe on the Mississippi 
River. The next day they traveled for 8 hours upstream 
for 20 miles. What was the rate of the current? What 
was their average speed in still water? 

Basketball Russell Westbrook of the Oklahoma City 
Thunder scored 32 points in a recent basketball game. 
He scored no 3-point shots, but made a number of 

2-point field goals and 1-point free throws. He scored 19 
times. How many 2-point shots did he make? How many 
free throws did he make? 

Section 4.3 Applications of Systems of Linear Equations 

11. 

13. 

15; 

17. 

19. 
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Coffee and Snack Expenses On Monday, Luis picked 
up five scones and six large coffees for the office staff. 
He paid $25.15. On Tuesday, Rachel picked up four 
scones and seven large coffees for the office staff. She 

paid $24.30. What is the cost of one scone? What is the 
cost of one large coffee? 

Airspeed Against the wind a small plane flew 210 miles 
in 1 hour and 10 minutes. The return trip took only 
50 minutes. What was the speed of the wind? What was 
the speed of the plane in still air? 

Fishing and Boating Don Williams uses his small mo- 
torboat to go 8 miles upstream to his favorite fishing 
spot. Against the current, the trip takes § hour. With 
the current, the trip takes 4 hour. How fast can the boat 

travel in still water? What is the speed of the current? 

Basketball In 1962, Wilt Chamberlain set an NBA 

single-game scoring record. He scored 64 times for a 
total of 100 points. He made no 3-point shots (these 
were not part of the professional basketball game until 
1979), but made several free throws worth 1 point each 
and several regular shots worth 2 points each. How 
many free throws did he make? How many 2-point 
shots did he make? 

International Messaging Charges Nick traveled out 
of the country for a month. He purchased a plan from 
his cell phone company that would allow him to send 
text messages to friends and family back home. The 
company charges $0.20 for a regular text message and 
$0.50 for a multimedia text message. Nick’s bill for the 
month was $87, and he sent a total of 315 messages. 

How many regular text messages and how many multi- 
media text messages did he send? 
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20. Office Supply Manager A new catalog from an office 21. Highway Department Purchasing This year the state 

S 22. 

Us (4 

supply company shows that some of its prices will highway department in Montana purchased 256 iden- 
increase next month. This month, copier paper costs tical cars and 183 identical trucks for official use. The 
$6.50 per ream and printer cartridges cost $38.00. purchase price was $9,374,900. Due to a budget short- 
Mateo is in charge of ordering supplies for the office. If fall, next year the department plans to purchase only 
he submits his order this month, the cost will be $651. 64 cars and 107 trucks. It will be charged the same 

Next month, when paper will cost $7.00 per ream and price for each car and for each truck. Next year it plans 
the cartridges will cost $40, his order would cost $690. to spend $3,832,100. How much does the department 
How many reams of paper and how many printer car- pay for each car and for each truck? 
tridges are in his order? 

Concert Ticket Prices A recent student recital at Gordon College had a paid audience of 987 people. Advance tickets 
were $9.95 and tickets at the door were $12.95. A total of $10,738.65 was collected in ticket sales. How many of each 

type of ticket were sold? 

a system of three linear equations to solve exercises 23-31. 

23. Bookstore Supplies Johanna bought 15 items at the 24. Basketball In November 2012, Jack Taylor of Grin- 

25. 

27. 

college bookstore. The items cost a total of $23.00. nell College set the all-time NCAA record for points 
The pens cost $0.50 each, the notebooks were $3.00 scored in a single game. He made 59 shots for a total 
each, and the highlighters cost $1.50 each. She bought of 138 points. He made several free throws worth 1 
2 more notebooks than highlighters. How many of point each, several regular shots worth 2 points each, 

each item did she buy? and several 3-point shots. He made two more 3-point 
shots than 2-point shots. How many of each type of 
shot did he make? 

Holiday Concert A total of three hundred people at- 26. CPR Training A college conducted a CPR training 
tended a holiday concert at the city theater. The ad- class for students, faculty, and staff. Faculty were 
mission prices were $12 for adults, $9 for high school charged $10, staff were charged $8, and students were 

students, and $5 for children. The ticket sales totaled charged $2 to attend the class. A total of four hundred 
$2460. The concert coordinator suggested that next people came. The receipts for all who attended to- 
year they raise the prices to $15 for adults, $10 for taled $2130. The college president remarked that if he 
high school students, and $6 for children. She said had charged faculty $15 and staff $10 and let students 

that if the same number of people attend next year, come free, the receipts this year would have been 
the ticket sales at the higher prices will total $2920. $2425. How many students, faculty, and staff came to 
How many adults, high school students, and children the CPR training class? 
attended this year? 

City Subway Token Costs A total of twelve thousand passengers normally ride the green line of a public transit 
system during the morning rush hour. The token prices for a ride are $1.05 for junior and high school students, $2.10 

for adults, and $1.05 for senior citizens, and the revenue from these riders is $23,100. If the token prices were raised 
to $1.25 for junior and high school students and $2.40 for adults, and the senior citizen price were unchanged, the — 
expected revenue from these riders would be $26,340. How many riders in each category normally ride the green line 
during the morning rush hour? 



; 
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28. Commission Sales The owner of Danvers Ford found that he sold a total of 520 cars, Escapes, and Explorers last 

year. He paid the sales staff a commission of $300 for every car, $400 for every Escape, and $500 for every Explorer 

sold. The total of these commissions last year was $191,000. In the coming year he is contemplating an increase so that 
the commission will be $350 for every car and $450 for every Escape, with no change in the commission for Explorer 
sales. If the sales are the same this year as they were last year, the commissions will total $210,500. How many vehicles 

29. 

in each category were sold last year? 

Pizza Costs The Hamilton House of Pizza deliv- 
ered twenty pepperoni pizzas to Gordon College on 
the first night of final exams. The cost of these pizzas 
totaled $273. A small pizza costs $10 and contains 
3 ounces of pepperoni. A medium pizza costs $13 and 
contains 4 ounces of pepperoni. A large pizza costs 
$17 and contains 5 ounces of pepperoni. The owner of 
the pizza shop used 5 pounds 2 ounces of pepperoni in 
making these twenty pizzas. How many pizzas of each 

size were delivered to Gordon College? (Recall that 

there are 16 ounces in 1 pound.) 

30. Roast Beef Sandwich Costs One of the favorite meet- 

ing places for local college students is Nick’s Roast 

Beef in Beverly, Massachusetts. Last night from 8 P.M. 

to 9 p.m. Nick served twenty-four roast beef sandwich- 
es. He sliced 15 pounds 8 ounces of roast beef to make 
these sandwiches and collected $131 for them. The 
medium roast beef sandwich has 6 ounces of beef and 

costs $4. The large roast beef sandwich has 10 ounces 
of beef and costs $5. The extra large roast beef sand- 
wich has 14 ounces of beef and costs $7. How many 

of each size of roast beef sandwich did Nick sell from 

8 P.M. to 9 P.M.? 

«@@ NICK'S 
=e’ ROAST BEEF 

31. Packing Fruit Florida Fruits packs three types of gift boxes containing oranges, grapefruit, and tangerines. Box A 
contains 12 oranges, 5 grapefruit, and 3 tangerines. Box B contains 10 oranges, 6 grapefruit, and 4 tangerines. Box C 
contains 5 oranges, 8 grapefruit, and 5 tangerines. The shipping manager has available 91 oranges, 63 grapefruit, and 

40 tangerines. How many gift boxes of each type can she prepare? 

| 
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Cumulative Review Solve for the variable indicated. 

1 
32. [2.4.1] Solve for x. =(4 — 2x) = ae 3 33. [2.4.1] Solve for x. 0.06x + 0.15(0.5 — x) = 0.04 

34, [2.3.3] Solve for y. 2(y — 3) — (2y + 4) = —6y 35. [2.3.3] Solve for x. 4(3x +1) = -6+x% 

Quick Quiz 4.3 

1. A plane flew 1200 miles with a tailwind in 2.5 hours. The return trip against the wind took 3 hours. Find the speed 
of the wind. Find the speed of the plane in still air. 

A man needed a car in Alaska to travel to fishing sites. | 3. Three friends went on a trip to Uganda. They went to 
He found a company that rented him a car but charged the same store and purchased the exact same items. 
him a daily rental fee and a mileage charge. He rented Nancy purchased 3 drawings, 2 carved elephants, and 
the car for 8 days, drove 300 miles, and was charged 1 set of drums for $55. John purchased 2 drawings, 3 

$505. Next week his friend rented the same car for carved elephants, and 1 set of drums for $65. Steve 
10 days, drove 260 miles, and was charged $545. What purchased 4 drawings, 3 carved elephants, and 2 sets 

was the daily rental charge? How much did the com- of drums for $85. What was the price of each drawing, 
pany charge per mile? carved elephants, and set of drums? 

. Concept Check Explain how you would set up two equations using the information in problem 1 above if the plane 
flew 1500 miles instead of 1200 miles. 
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[44] Systems of Linear Inequalities 

EN Graphing a System of Linear Inequalities 

We learned how to graph a linear inequality in two variables in Section 3.5. We 

call two linear inequalities in two variables a system of linear inequalities in two 
variables. We now consider how to graph such a system. The solution to a system of 
inequalities is the intersection of the solution sets of the individual inequalities of 
the system. 

> Example 1 Graph the solution of the system. 

Vesse— Stes 2 

Lie eas ll 

Solution 

In this example, we will first 
graph each inequality separate- 
ly. The graph of y = —3x + 2 is 
the region on and below the line 
vo oe 2. 

+ Note: boundary 

| line is y = —3x + 2. 

The otapit Ol —2x + ys =] 
consists of the region on and 
above the line —2x + y = —1. 

Note: boundary line 
rg yes il, 

We will now place these graphs on one rectangular coordinate sys- 
_tem. The darker shaded region is the intersection of the two graphs. 
Thus, the solution to the system of two inequalities is the darker 
shaded region and its boundary lines. 

Student Learning Objective 

After studying this section, you will 

be able to: 

1 | Graph a system of linear 
inequalities. @® 

Student Practice 1 On a sheet of 
graph paper, using a coordinate system similar to 
the one shown, graph the solution of the system. 

Soh sy sy ee 3 

x Tee 

y oe 

ee 
oy eee 

: x 

ogame. 

For all Student Practice problems, write out 

the steps on a separate sheet of paper. Check 
the step-by-step solutions in the back of the 
textbook. 

Usually we sketch the graphs of the individual inequalities on one set of axes. 
We will illustrate that concept with the following example. 
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Student Practice 2 

iy, 

Example 2. Graph the solution of the system. 

y<4 

3 
v > Me 2 

Solution The graph of y < 4 is the region below the line y = 4. It does not in- 
clude the line since we have the < symbol. Thus, we use a dashed line to indicate 
that the boundary line is not part of the answer. The graph of y > 3x 2 Sue 
region above the line y = 3x — 2, Again, we use the dashed line to indicate that 
the boundary line is not part of the answer. The final solution is the darker shaded 
region. The solution does not include the dashed boundary lines. 

Student Practice 2 Graph the solution of the system on a sheet of 
graph paper, using a coordinate system similar to the one shown in the margin. 

Vie 1 

4 
ee 

There are times when we require the exact location of the point where two 
boundary lines intersect. In these cases the boundary points are labeled on the final 
sketch of the solution. 

Example 3 Graph the solution of the following system of inequalities. Find the 
coordinates of any points where boundary lines intersect. 

Xe ses 

Sar ip SSG 

% == 0) 

y20 

Solution The graph ofx + y = 5is the region on and below the line x + y = 5. 
The graph of x + 2y S 8 is the region on and below the line x + 2y = 8. We solve 
the system containing the equations x + y = 5 and x + 2y = 8 to find that their 
point of intersection is (2,3). The graph of x = 0 is the y-axis and all the region to 
the right of the y-axis. The graph of y = 0 is the x-axis and all the region above the 
x-axis, Thus, the solution to the system is the shaded region and its boundary lines. 
There are four points where boundary lines intersect. 



These points are called the vertices of the solution. Thus, the vertices of the 
\ solution are (0,0), (0, 4), (2,3), and (5, 0). 

Student Practice 3 Graph the solution to the system of inequalities 
on a sheet of graph paper, using a coordinate system similar to the one shown. 
Find the vertices of the solution. 
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Graphing Calculator 

Graphing Systems of 

Linear Inequalities 

On some graphing calculators, 
you can graph a system of linear 
inequalities. To graph the system 
in Example 1, first rewrite it as: 

ES Shere 

SiS SA, 

Enter each expression into the 
Y = editor of your graphing 

| calculator and then select the 

appropriate direction 
for shading. 

Display: 

Notice that one inequality is 

shaded vertically and the other 

is Shaded horizontally, The inter- 

section is the solution. Note also 

that the graphing calculator will 

not indicate whether or not the 

boundary of the solution region 

is included in the solution. 

You will find that learning new material is much easier if you 

know what is coming. Take a few minutes at the end of your 

study time to glance over the next section of the book. If you 

quickly look over the topics and ideas in this new section, it will 

help you get your bearings when the instructor presents new 

material. Students find that when they preview new material it 
———————————————EE—E EE 

GP STEPS TO SUCCESS Look Ahead to See What Is Coming 
enables them to see what is coming. It helps them to be able to 

grasp new ideas much more quickly. 

Making it personal: Do this right now: Look ahead to the next 

section of the book. Glance over the ideas and concepts. Write 

down on a separate sheet of paper a couple of facts about the 

next section. 
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Verbal and Writing Skills, Exercises 1-4 

1. In the graph of the system y >3x+1 and 
y < —2x + 5, would the boundary lines be solid or 

dashed? Why? 

3. Stephanie wanted to know if the point (3, —4) lies 
in the region that is a solution for y < —2x + 3 and 
y > 5x — 3. How could she determine if this is true? 

- In the graph of the system y = —6x +3 and 
y = —4x — 2, would the boundary lines be solid or 

dashed? Why? 

. John wanted to know if the point (—5,2) lies in 
the region that is a solution for x + 2y <3 and 
—4x + y > 2. Howcould he determine if this is true? 

Graph the solution of each of the following systems on a sheet of graph paper, using a coordinate system similar to the one shown. 

5. y=2x-2 ree 
ey SoA ae er plieates 

310 

OVS I Esha orcia det cecnnghonosvaan 
ioe 28 
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12. aves 5 

=—ayy 4y = —8 

14, -2x>4 y < -4 
pe 

yee zy = 6 

3 y>-4 

Svea) od 16. iy, > =5 

1 ets eee ate) 

Mixed Practice 

Graph the solution of each of the following systems on a sheet of graph paper, using a coordinate system similar to the one shown. 

412 x —4y = -4 18. 5x — 2y 
ae ys 3 Fy VIA Ls 
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UE) eas ee SR hs chao ne 20. 2x-y< 2 
3x + 2y > -6 pe x-y>-2 

Graph the solution of each of the following systems on a sheet of graph paper, using a coordinate system similar to the one 

shown. Find the vertices of the solution. 

21. ee aS Pap pe Deane | AY 2S) 235 x + 4y = —20 

2a teal y +120 6 yew 

y, 

24.x+2y <4 25. 
eS ens 

To Think About 

Graph the region determined by each of the following systems on a sheet of graph paper, using a coordinate system similar 
to the one shown. 

27. y= 3h 46 2855 -teey = 100 

ay 1 3x = 3 x +3y = 150 
2 =D x = —80 

y = =3 w= 20 
(Hint: Use a scale of each 

square = 20 units 
on both axes.) 
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Applications 

Hint: In exercises 29 and 30, if the coordinates of a boundary point contain fractions, it is wise to obtain the point of intersec- 
tion algebraically rather than graphically. 

29. Hospital Staffing Levels The equation that represents the proper level of medical staffing in the cardiac care unit of 

30. 

a local hospital is N = 2D, where N is the number of nurses on duty and D is the number of doctors on duty. In order 
to control costs, the equation 4N + 3D = 20 is appropriate. The number of doctors and nurses on duty at any time 
cannot be negative, so N = 0 and D = 0. 

(a) Graph the region satisfying all of the medical requirements for the cardiac care unit. On a sheet of graph paper, use 
the following special graph grid, where D is measured on the horizontal axis and N is measured on the vertical axis. 

ee 

PNWEMNA~I OOO 

i=) 

i : n 

O° 1 2e3 4 5°67 8 9 10 

(b) If there are three doctors and two nurses on duty in the cardiac care unit, are all of the medical requirements 

satisfied? 

(c) Ifthere is one doctor and four nurses on duty in the cardiac care unit, are all of the medical requirements satisfied? 

Traffic Control The equation that represents the proper traffic control and emergency vehicle response availability 
in the city of Salem is P + 3F = 18, where P is the number of police cars on active duty and F is the number of fire 
trucks that have left the firehouse and are involved in a response to a call. In order to comply with staffing limitations, 

the equation 4P + F = 28 is appropriate. The number of police cars on active duty and the number of fire trucks that 

have left the firehouse cannot be negative, so P = 0 and F = 0. 

(a) Graph the regions satisfying all of the availability and staffing limitation requirements for the city of Salem. 

On a sheet of graph paper, use the following special graph grid, where P is measured on the horizontal axis and 
Fis measured on the vertical axis. 

— 

OrPNWHMNA~IMW OS 

OU 1, 263: 455 Oia Seon) 

(b) If four police cars are on active duty and four fire trucks have left the firehouse in response to a call, are all of 

the requirements satisfied? 

(c) If two police cars are on active duty and six fire trucks have left the firehouse in response to a call, are all of the 

requirements satisfied? 

Cumulative Review 

31. [1.8.1] Evaluate for x = 2,y = —1. 32. [LO Simplify. 2x. — 2[y + 3(x — y)| 
—3x°y — x? + Sy? 
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33. [4.3.1] Driving Range Receipts Golf Galaxy Indoor 

Driving Range took in $6050 on one rainy day and six 
sunny days. The next week the driving range took in 

$7400 on four rainy days and three sunny days. What is 
the average amount of money taken in at Golf Galaxy 

on a rainy day? On a sunny day? 

Quick Quiz 4.4 

1. In graphing the inequality 3x + Sy < 15, do you 
shade the region above the line or below the line? 

3. Graph the solution of the following system of linear 

inequalities on a sheet of graph paper, using a coordi- 
nate system similar to the one shown. 

3x +t 2y > 6 

fey are 

34, [4.3.2] Office Lunch Expenses Two weeks ago, Raquel 
took the office lunch order to Kramer’s Deli and bought 
3 chicken sandwiches, 2 side salads, and 3 sodas for 

$27.75, One week ago it was Gerry’s turn to take the trip 
to Kramer’s. He bought 3 chicken sandwiches, 4 side sal- 
ads, and 4 sodas for $36.75, This week Sheryl made the 
trip. She purchased 4 chicken sandwiches, 3 side salads, 
and 5 sodas for $39.75. What is the cost of one chicken 

sandwich? Of one side salad? Of one soda? 

. In graphing the following region, should the bound- 
ary lines be dashed lines or solid lines? 

4x + Sy = 20 

2h By = 6 

. Concept Check Explain how you would graph the 
region described by the following. 

yy ge se 
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CAREER EXPLORATION PROBLEMS 

Background: Accountant 
Pierre works as an accountant for a major accounting firm and is responsible for manag- 
ing the services provided to many of the firm’s technology-based clients. Periodic audits 

of expenses and revenues are completed and provided to the firm’s clients along with 
advisory information that helps the businesses manage their finances. 

Pierre’s accounting firm was recently hired by RealTek, a software-development 

company. They've asked Pierre to evaluate their revenues and expenses to help iden- 
tify whether or not a revised pricing structure is needed for a software suite RealTek 
has recently developed. 

Facts 
¢ Currently RealTek sells their new software for $19.95 per unit with free shipping 

and handling. 
¢ Current costs of production are $7.50 per unit. 

e Costs for rent and other fixed expenses are $19,920 monthly. 
¢ RealTek is considering increasing the software's selling price to $22.95 per unit to 

include shipping and handling, lowering its production costs to $2.95 per unit. 
Fixed expenses will remain at $19,920 monthly. 

e RealTek is also considering moving to a smaller office location thereby decreasing 
its rental costs and overall fixed expenses to $11,205 monthly. If they relocate 

their office, RealTek will keep the selling price of the software as $19.95 per unit 
and production costs will also remain at $7.50 per unit. 

Tasks 
1. Pierre computes RealTek’s break-even point when the sale price per unit is $19.95, 

monthly fixed costs are $19,920, and the production costs are $7.50 per unit. How 

many units of software must be sold monthly in order for RealTek to meet their 
break-even point? 

2. Pierre now determines the break-even point for RealTek’s new price structure. In 

this scenario, the sale price per unit is $22.95, the production costs are $2.95 per 

unit, and fixed expenses will remain the same. How many units of software must 
be sold monthly in order for RealTek to meet their break-even point under the 

new price structure? 

3. Pierre feels it would be wise for RealTek to move to a smaller office location 

that doesn’t cost as much monthly and won't affect RealTek’s business operations 
to any significant extent. How many units of software would need to be sold 

monthly in order for RealTek to meet their break-even point if they relocate? 
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Chapter 4 Organizer 
Topic and Procedure Examples hd You Try It 

(on a separate sheet of paper) 
ts 

Finding a solution to a system of equations Solve by graphing. x+y=6 1. Solve by graphing on a sheet of graph 

by the graphing method, p. 274 20 VEG paper, using a coordinate system similar 

1. Graph the first equation. Graph each line. The solution is (4, 2). to the one shown, —x + 3y= 6 

2. Graph the second equation. y 2x — 3y = -9 

3. Approximate from your graph the coordinates 
of the point where the two lines intersect, if 

they intersect at one point. 2x -—y=6 

4, Ifthe lines are parallel, there is no solution, If 

the lines coincide, there is an infinite number (4,2) 
of solutions. : 

54 

x+y=6 

Solving a system of two linear equations 

by the substitution method, p. 275 

The substitution method is most appropriate when 
at least one variable has a coefficient of 1 or —1. 

eee 

Solve. x+ y=i1 @ 2. Solve by the substitution method. 

x Sy 8" @) —3x + 4y = -10 

y = 11 — 2x from equation (1). Substitute into (2). ake) le ee 
. 

x + 3(41 = 2x)= 18 
1, Solve for one variable in one of the equations. x + 33 — 6x = 18 
2. In the other equation, replace that variable alas Bayi 

with the expression you obtained in step 1. a 

3. Solve the resulting equation. j aa 
4. Substitute the numerical value you obtain for | Substitute x = 3 into 2x + y = 11. 

the variable into one of the original or equiva- 2(3) +y=11 
lent equations and solve for the other variable. y=5 

5. Check the solution in both original equations. The solution is (3,5). . | 

Solving a system of two linear equations by the | Solve. 2x+3y= 5 (I) 3. Solve by the addition method. | 

addition (or elimination) method, p. 278 -3x - 4y=-2 (2) 4x = Sy =145 - 

The addition method is most appropriate when the | Multiply equation (1) by 3 and (2) by 2. ~St ty le 
variables all have coefficients other than 1 or —1. 6x + 9y = 15 . 

1. Arrange each equation in the form —6x — 8y = —4 

ax + by =c, y= 11 
2. Multiply one or both equations by appropriate . er” } 

numerical values so that when the two resulting Substitute y = 11 into equation (1), 

equations are added, one variable is eliminated, 2% (1) te 
3. Solve the resulting equation. Ix +33 =5 

4. Substitute the numerical value you obtain On = 28 
for the variable into one of the original or a 
equivalent equations. a i 

5. Solve this equation to find the other variable. | The solution is (—14, 11). 

Inconsistent system of equations, p. 280 Solve. 4x + 3y=10 (1) 4. Solve. 

If there is no solution to a system of linear f —84 — Oy SOG) PSTN ae 
equations, the system of equations is inconsistent, | Multiply equation (1) by 2 and add to (2). w+ by = 8 
When you try to solve an inconsistent system 8x + 6y = 20 
algebraically, you obtain an equation that is not —8x — by = 5 

true, such as 0 = 5, 0 = 25 

Dependent equations, p. 280 

If there is an infinite number of solutions to a 

system of linear equations, at least one pair of 

equations is dependent. When you try to solve a 

system that contains dependent equations, you 

will obtain an equation that is always true (such 
as 0 = 0 or 3 = 3), These equations are called 
identities, 
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But 0 ¥ 25. Thus, there is no solution. 

The system of equations is inconsistent. 

Attempt to solve the system. 

x = 2y =)—5) 1) 

3x + 6y = 15 (2) ei. —3x + y — -. = 

Multiply equation (1) by 3 and add to (2). ve aye 
3x — 6y = -15 

—3x+6y= 15 

O= oO 
There is an infinite number of solutions. 

The equations are dependent. 



Topic and Procedure 

NES 

: Solving a system of three linear equations 

by algebraic methods, p. 288 

If there is one solution to a system of three linear 

equations in three unknowns, it may be obtained 

in the following manner. 

1, Choose two equations from the system. 
2. Multiply one or both of the equations by the 

appropriate constants so that by adding the 

two equations together, one variable can be 
eliminated. 

3. Choose a different pair of the three original 

equations and eliminate the same variable 
using the procedure of step 2. 

4, Solve the system formed by the two equations 
resulting from steps 2 and 3 to find values for 
both variables. 

5, Substitute the values obtained in step 4 into 
one of the original three equations to find 

id You Try It 
(on a separate sheet of paper) 

Examples 

Solve. Li Vi Dee (ih) 

bees PN Wipe il 44) 

Keb y+ z= 43) 

Add equations (2) and (3) to eliminate z. 

2x-y=5 (4) 

Multiply equation (3) by 2 and add to (1). 

4x +y=7 (5) 
Add equations (4) and (5). 

2x-y=5 

4x +y=7 

6x = 12 

x= 2 

Substitute x = 2 into equation (5). 

4(2)+y= 7 
y=-l 

Substitute x = 2, y = —1 into equation (3). 

2+ (-1)+2=4 

6. Solve. 
% lye gS, 

OES Gi a OPh7 Ets) 

t= pa z= 3 

‘ 2 z=3 
the value of the third variable. Tha Solution is (2, =1,3). 

Graphing the solution to a system of Graph. 3x + 2y = 10 

\ inequalities in two variables, p. 307 Leo 2 

1, Determine the region that satisfies each 

individual inequality. 
2. Shade the common region that satisfies 

all the inequalities. 

1. 3x + 2y = 10 can be graphed more easily as 

ya on + 5. We draw a solid line and shade 

the region below it. —x + 2y = 2 can be 

graphed more easily as y = > + 1. We draw 

a solid line and shade the region above it. 
2. The common region is shaded. 

y 

7. Graph on a sheet of graph paper, using 

a coordinate system similar to the one 

shown. 

toy es 0 

PLO NY Sel 

Chapter 4 Review Problems 
Solve the following systems by graphing on a sheet of graph paper, using a coordinate system similar to the one shown. 

PEER EES aS 
3x + 4y = 4 

1lx+2y=8 
eee Vo 2 
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Solve the following systems by substitution. 

Se Lye 
2% Fy ye - al 

A. 4x + Sy 
Ch pe ee Thal 

Solve the following systems by addition. 

6 =20 Sy S12 
Secs yes Al 

7. 7x -4y= 2 

6x — 3Sy:=155 

Solve by any appropriate method. If there is no unique solution, state why. 

Ok ey 

3x + by = 8 

Lise — 2p" 15 
36 y= 2 

13. 3a + 8b = O 
9a + 2b = 11 

15. 1O(x + 1) = 137 By 

4(2 — y) = 5(x + 1) 

Solve by an appropriate method. 

17, 3%:— 2p =2=" 3 18 = 20 oy 
20 Yea Bae A) = 
=4=> ys =—4 6x + 4y + 2 

20. * + 2y + 2=" 5 21, 3%. 4 
Se — eh) = 17 Gt OVE 

2Y eS 2 Shear hy = 

ie 

6 

% 

Z, 

eG 

z 

10. x +5y = 10 

a ares 

1 
. xtsy= 1 1 

ol ed 
Tne 4 

14.x+3=3y+1 
Te 2 = Oy | 

16. 0.2x — Oly = 08 
O1x + 0.3y = 11 

=-7 Wey 2H 
= 2 e+ ye sz 142 
= 4 oxy = 7 

= —4 PIR EN) = 7 
= -8 DK + 7z = =26 
= 14 sy 7-46 

Use a system of linear equations to solve each of the following exercises. 

23. Commercial Airline A plane flies 720 miles against 
the wind in 3 hours. The return trip with the wind 
takes only 2} hours. Find the speed of the wind. Find 
the speed of the plane in still air. 
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24. Football During the 2018 Pro Bowl between the 
American Football Conference and the National 
Football Conference, 42 points were scored in touch- 
downs and field goals. The total number of touch- 

downs (6 points each) and field goals (3 points each) 
was 9. How many touchdowns and how many field 
goals were scored? 

{ 

\ 
b 



25. Temporary Help Expenses When the circus came to 
\ town last year, they hired general laborers at $100 per 

day and mechanics at $120 per day. They paid $2700 
for this temporary help for one day. This year they 
hired exactly the same number of people of each type, 
but they paid $110 for general laborers and $140 for 
mechanics for the one day. This year they paid $3050 
for temporary help. How many general laborers did 
they hire? How many mechanics did they hire? 

27. Baseball Equipment A baseball coach bought two 
hats, five shirts, and four pairs of pants for $364. His 
assistant purchased one hat, one shirt, and two pairs 

of pants for $137 The next week the coach bought two 
hats, three shirts, and one pair of pants for $169. What 
was the cost of each item? 

29. Food Costs Four jars of jelly, three jars of peanut but- 
ter, and five jars of honey cost $56.20. Two jars of jelly, 
two jars of peanut butter, and one jar of honey cost 
$25.60. Three jars of jelly, four jars of peanut butter, 
and two jars of honey cost $46.70. Find the cost of each 
item. 

26. 

28. 

30. 

Children’s Theater Prices A total of 330 tickets were 
sold for the opening performance of Frog and Toad. 
Children’s admission tickets were $8, and adults’ tick- 
ets were $13. The ticket receipts for the performance 
totaled $3215. How many children’s tickets were sold? 
How many adults’ tickets were sold? 

Math Exam Scores Jess, Chris, and Nick scored a com- 

bined total of 249 points on their last math exam. Jess’s 
score was 20 points higher than Chris’s score. Twice 
Nick’s score was 6 more than the sum of Chris’s and 

Jess’s scores, What did each of them score on the exam? 

Transportation Logistics A church youth group is 

planning a trip to Mount Washington. A total of 127 
people need rides. The church has available buses that 
hold forty passengers, and several parents have volun- 
teered station wagons that hold eight passengers or 
sedans that hold five passengers. The youth leader is 
planning to use nine vehicles to transport the people. 
One parent said that if they didn’t use any buses, tri- 
pled the number of station wagons, and doubled the 
number of sedans, they would be able to transport 126 
people. How many buses, station wagons, and sedans 
are they planning to use if they use nine vehicles? 

Mixed Practice, Exercises 31-40 

Solve by any appropriate method. 

SxS y= 1 32. 2x +5y= 4 
Sx ty =7 he a2 

x x 
33. me 8 34. 5 y= -12 

oe 4 r+iy= 9 
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35. 0.3x — 0.4y = 0.9 36. 7(x + 3) = 2y + 25 
0.2x — 0.3y = 0.4 3 (816) == =2. (pistol) 

i 
3h 12x yee l6 38. cami lig = —-1 

xe 1S 6 

2x ey a 
Zz 

3 
=) ae — re Pig i! 

39. k= 2) ee =e 40. x-4y+4z=-1 
2x z= -10 2 eee SS a3 

yaw = "5 y= sy 2 = 4 

Graph the solution of each of the following systems of linear inequalities on a sheet of graph paper, using a coordinate 
system similar to the one shown. 

41. Peete ant Sh AZo sy = "6 
j ya =e 
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‘How Am | Doing? Chapter 4 Test 

MATH COACH MyLab™ Math (9) rearsonmathstats ih [ ] 

_ Answer the following test questions on a separate sheet of paper. After you take this test read 
through the Math Coach on pages 322-323. Math Coach videos are available via MyLab Math and [ ] 

YouTube. Step-by-step test solutions in the Chapter Test Prep Videos are also available via MyLab 2. 
Math and YouTube. (In the YouTube channel, PearsonMathStats, go to Playlist “Tobey Beginning and 
Intermediate Algebra, 6e.”) 

Solve each system of equations. If there is no solution to the system, give a reason. 3 lad 

1. Solve using the substitution method. 2. Solve using the addition method. 
Ca y= -3 3x +2y=1 

24 — 3y = -1 5x + 3y = 3 y y 4, a 
In exercises 3-9, solve using any method. 

3. 5x —3y = 3 4. qa-5b=-1 

k+ y=25 : : é 5 im 
appeals = pest 

se ae 

GC 5 2? + S y 2 6 8 3 5 — y= ; x —- 3y = 
Saal! v6 6 O i + = . 3 AN ay 16x + 6y = 8 

5 5 

6 7 3x+5y-2z2=-5 8 3x +2y =0 9. x + 5y + 4z = -3 1. L 
Ley = f= —2 an & WpHesc=i8 ba. a) — Wh tee 

2x + 4y + 6z = 18 5x +3y + z=4 1 3 5 
aN les Vasey 

2 2 2 8. L] 
Use a system of linear equations to solve the following exercises. 

10. A plane flew 700 miles with the wind in 2 hours. The return trip against the wind 

took 25 hours. Find the speed of the wind and the speed of the plane in still air. 9, [ ] 

© 11. The math club is selling items with the college logo to raise money. Sam bought 

4 pens, a mug, and a T-shirt for $20.00. Alicia bought 2 pens and 2 mugs for 
$11.00. Ramon bought 6 pens, a mug, and 2 T-shirts for $33.00. What was the 
price of each pen, mug, and T-shirt? 

L 

12. Sue Miller had to move some supplies to Camp Cedarbrook for the summer 
camp program. She rented a Portland Rent-A-Truck in April for 5 days and 

drove 150 miles. She paid $225 for the rental in April. Then in May she rented U1. 
the same truck again for 7 days and drove 320 miles. She paid $370 for the rental 
in May. How much does Portland Rent-A-Truck charge for a daily rental of the 
truck? How much does it charge per mile? 12 

Solve the following systems of linear inequalities by graphing on a sheet of graph 
paper, using a coordinate system similar to the one shown. 

1300) ity =. 6 Mei. 3x+ y>8 13. 
[= opere= =2 x—2y>5 

yy y 

Total Correct: 
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The following problems are from the Chapter 4 Test. Here are some ppd ut hints to keep you 

from making common errors on test problems. 

Chapter 4 Test, Problem 5 

5 
Solve the system. =x + 6. 

ch ey me 
Pee gna 

MAT COACH 
Mastering the skills you need to do well on the test. 

| HELPFUL HINT First clear eons by rukiplytig the first equation by its LCD and od GERIRG the ) 
Dou squation ye its ap. Then choose the appropriate method to solve this system. 

Did you multiply the first equation by the LCD, 6? Did 
you obtain the equation 2x + 5y = 12? 

Yes No 

If you answered No, consider why 6 is the LCD and per- 
form the multiplication again. Remember to multiply each 
term of the equation by the LCD. 

Did you multiply the second equation by 5? Did you 
obtain the equation 3x — Sy = —7? 

Yes No 

If you answered No, go back and perform those multipli- 
cations again. Be careful as you carry out the calculations. 

Did you use the addition (elimination) method to com- 
plete the solution? 

Yes No 

If you answered No, consider why this method might make 

the solution easiest to find. 

If you answered Problem 5 incorrectly, go back and rework 
the problem using these suggestions. 

Chapter 4 Test, Problem 7 

Solve the system. 

(Oss oy 

(2))27 4. 3) = —2 [Biel ade veul! rt, 

| HELPFUL HINT Try to eliminate one of the variables from the a first and 
second equations. Then eliminate this same variable from the original 

et second and third equations. The result should be a system of two 

equations in two variables. 

(3) 2x + 4y + 6z = 18 

Did you choose the variable z to eliminate? 

Yes No 

If you answered No, consider why this might be the easiest 

variable to eliminate out of the three. 

Did you multiply equation (2) by —2 and add the result to 
equation (1) to obtain the equation —x — y = —1? 

Yes No 

If you answered No, stop and perform those operations 
using only original equations (2) and (1). 

Next did you multiply the original equation (2) by 6 and 
add the result to equation (3) to obtain the equation 
14x + 22y = 6? 

Yes No 

If you answered No, stop and perform those operations 
using only original equations (2) and (3). 

Make sure that after performing these steps, your result 
is a system of two linear equations in two variables. Once 
you solve this system in two variables, remember to go 

back to one of the original equations and substitute in the 
resulting values for x and y to find the value of z. 

Now go back and rework the problem using these 
suggestions. 

Need more help? Watch the MAT ill COACH videos in MyLab™ Math or on YouTube. 
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ee 

iy Yes No 

\ 
‘Chapter 4 Test, Problem 11 The math club is selling items with the college logo to raise money. Sam bought 4 pens, 
a mug, and a T-shirt for $20.00. Alicia bought 2 pens and 2 mugs for $11.00. Ramon bought 6 pens, a mug, and 2 T-shirts 

_for $33.00. What was the price of each pen, mug, and T-shirt? 

in three variables. 

HELPFUL HINT Read through the word problem carefully. Specify what each variable represents. Then construct 

appropriate equations for Sam, Alicia, and Ramon. Solve the resulting system of three linear equations 

Did you realize that this problem requires a system of three 
equations in three variables? 

Did you let x = the price of pens, y = the price of mugs, 
and z = the price of T shirts? 

Yes No 

1 If you answered No to either question, go back and read 
the problem carefully again. Consider that you have three 
“items with unknown prices. Consider that information is 
provided for three people—Sam, Alicia, and Ramon. 

' Did you write Sam’s equation as 4x + y + z = 20? 

Yes No 

If you answered No, reread the second sentence in the 

word problem. Apply the information using the variables 
listed. Now translate this information into a linear equa- 
tion in three variables. 

Did you write Alicia’s equation as 2x + 2y = 11? 

Yes No 

If you answered No, reread the third sentence in the word 

problem. Notice that we do not use the variable z because 
Alicia did not buy any T-shirts. 

Now see if you can write a third equation for Ramon that 
totals to $33. Then solve the resulting system. 

If you answered Problem 11 incorrectly, go back and rework 
the problem using these suggestions. 

. Chapter 4 Test, Problem 14 Solve the system of linear inequalities by graphing. 

Sa ye 8 
= 2 SS 

First graph the border line 3x + y = 8. Did you see that 
this line passes through (3, —1) and (1,5)? Did you see 

_ that the line should be dashed? 

ES No 

‘Tf you answered No to any of these questions, stop and ex- 
amine the first inequality again. Notice the inequality sym- 
bol used. Then carefully substitute x = 3 into the equation 
and solve for y. Substitute x = 1 into the equation and 
solve for y. Now you have two ordered pairs to use when 
graphing the border line. 

HELPFUL HINT Remember to use dashed lines when the inequality symbols are > or <. Take one inequality at a time and 
graph the border line. Then shade above or below each border line based on test points. The intersection 

of the two shaded regions is the solution to the system. 

Now you must decide to shade above or below the first 
border line. Did you substitute (0,0) into 3x + y > 8 and 
decide to shade above the line? 

Yes No 

If you answered No, remember that 3(0) + 0 is not great- 
er than 8. So we do not shade on the side of the line that 

contains (0, 0). We must shade above the line. 

Follow this procedure for the second border line. Remem- 
ber that your solution is the intersection of the two shaded 
regions. 

Now go back and rework the problem using these 

suggestions. 

Need more help? Look for section examples marked with Me to review. 
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CHAPTER 

Exponents and 
Polynomials 

CAREER OPPORTUNITIES 

Biotechnology Professionals 
The biotechnology industry features a wide 

range of careers. An extremely important job 

in this field is in the area of disease prevention. 

Starting in March 2020, many biotechnology 

companies around the world began developing 

a vaccine to fight the global coronavirus 

pandemic. Using the most recent advances in 

biology and technology, careers in biotechnology 

also deal with important issues in the areas of 

pharmaceuticals, farming, food production, 

genetics, and the environment. The mathematics 

seen in this chapter is used by biotechnology 

professionals in the research, development, 

and problem solving that lead to better, safer 

products and services for the entire world. 

To investigate how the mathematics in this 

chapter can help with this field, see the Career 

Exploration Problems on page 368. 
aR Noes 
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5.1) The Rules of Exponents @ 

El Using the Product Rule to Multiply Exponential Expressions 

with Like Bases @® 

Recall that x” means x +x. That is, x appears as a factor two times. The 2 is called 
the exponent. The base is the variable x. The expression x? is called an exponential 
expression. What happens when we multiply x” - x”? Is there a pattern that will help 
us form a general rule? 

5 twos 

(2?)(27) = (2-2)(2:2-2) =25 

7 threes 

(3*)(3*) = (3:3: 3)(3:3:3°3)=3’ Notice that3 + 4=7. 

8 x’s 

(Cale) Ber x Ce oe Xie HX) x® The sum of the exponents is3 + 5 = 8. 

6 y’s 

The exponent means 2 occurs 5 times 

as a factor. 

SS ee 

“(O*)(y?) = (y-y-y-y)y-y)=y® The sum of the-exponents is 4 + 2 = 6. 

We can state the pattern in words and then use variables. 

THE PRODUCT RULE 

To multiply two exponential expressions that have the same base, keep the 
base and add the exponents. 

yoo? = ar 

Be sure to notice that this rule applies only to expressions that have the same 
base. Here x represents the base, while the letters a and b represent the exponents 
that are added. 

It is important that you apply this rule even when an exponent is 1. Every vari- 
able that does not have a written exponent is understood to have an exponent of 1. 
Thus =x’, y = y', and soon. 

Example 1 Multiply. (a) x°+x°® (b) m-m 

Solution 
(a) x3+x = x3 +6 = x? 

‘(b) m:m = m'*> = m° Note that the exponent of the first m is 1. oO 

cc Student Practice 1 Multiply. (a) a’+a° (b) w!?+ w 

Example 2 Simplify, if possible. (a) y>-y" (b) 27-25 (c) x°-y8 

Solution 

(a) yryl=y 
(b) 23+ 2° = 23*5 = 28 = Note that the base does not change! 

Only the exponent changes. 

Pit 24.16 
Peat 

(c) x°> ve The rule for multiplying exponential expressions does not apply 
since the bases are not the same. This cannot be simplified. O 

Student Practice 2 Simplify, if possible. 

eee (b) 37-34 (c) a+b? 

Section 5.1 The Rules of Exponents 325 

Student Learning Objectives 

After studying this section, you will 

be able to: 

| Use the product rule to multiply 
exponential expressions with 
like bases. @® 

Use the quotient rule to divide 
exponential expressions with 

like bases. @® 

Raise exponential expressions to 
a power. 
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We can now look at multiplying expressions such as (2x°)(3x°). 

The number 2 in 2x° is called the numerical coefficient. Recall that a numerical co- 
efficient is a number that is multiplied by a variable. When we multiply two expres- 
sions such as 2x° and 3x°, we first multiply the numerical coefficients; we multiply 
the variables with exponents separately. 

As you do the following problems, keep in mind the rule for multiplying ex- 

pressions with exponents and the rules for multiplying signed numbers. 

Example 3 Multiply. 

(a) (2x°)(3x°) (b) (—Sx*)(x°) (©) (—6x)(—4x?) 
Solution 

(a) (2x*)(3x°) = (2-3)(r =a") 
= 6(7° 7°) Multiply the numerical coefficients. 

="Oe 4 Use the rule for multiplying expressions 

with exponents. Add the exponents. 

(b) Every variable that does not have a visible numerical coefficient is understood 

to have a numerical coefficient of 1. Thus x° has a numerical coefficient of 1. 

(5°) (—Sx°)(x°) = (—5+1)(x?+x°) = —Sx? 

(ce) (—6x)(—4x°) = (—6)(—4)(x!+x°) = 24x° Remember that x has an exponent of 1. 

oO 

Student Practice 3 Multiply. 

(a) (7a°)(a*) (b) (3y*)(—2y*) (©) (45) (Sone 

Problems of this type may involve more than one variable or more than two 
factors. 

Example 4 Multiply. (Sab)(—4$a)(9b7) 

Solution (Sab)(—4a)(9b?) = (5)(—3)(9)(a-a)(b-b?) 

= —15a*b° o 

Student Practice 4 Multiply. 

(2xy)(—3x"y )(6xy’) 

2 Using the Quotient Rule to Divide Exponential 

Expressions with Like Bases 

Frequently, we must divide exponential expressions. Because division by zero is 
undefined, in all problems in this chapter we assume that the denominator of any 
variable expression is not zero. We'll look at division in three separate parts. 

Suppose that we want to simplify x° + x”. We could do the division the long 
way. 

# _ (OU) O)eVe) _ os 
a Layer) 

Here we are using the arithmetical property of reducing fractions (see Section 0.1). 
When the same factor appears in both numerator and denominator, that factor can 
be removed. 

A simpler way is to subtract the exponents. Notice that the base remains the — 
same, 



Section 5.1 The Rules of Exponents 

THE QUOTIENT RULE (PART 1) 

ee 
x = x*-» Use this form if the larger exponent is in the numerator and x # 0. 

Example 5 Divide. 
216 oo 16 

@) a b) (c) a 

Solution 

16 2 
(a) ait eg te es 2 Note that the base does not change. 

5 x = y = (b) =x R =x? Qe = y= o 
x y 

eee Student Practice 5 Divide. 
10} 11 18 

(@) oor (b) <— (c) = 

Now we consider the situation where the larger exponent is in the denomina- 
tor. Suppose that we want to simplify x? + x°. 

ae SS at ee 
 LFRF(x)(x)(x) 

THE QUOTIENT RULE (PART 2) 

ae Use this form if the larger exponent is in the denominator and x # 0. x 
ee 

Example 6 Divide. 
ae 1217 bh! 20 y. 

(a) 192 (b) > (c) a 

Solution 

or er 
(a) ome 458-17 Co that the base does not change. 

b! 1 1 Toe 1 1 
me Te ee a ‘i 
teed Student Practice 6 Divide. 

3 10°! zis 

(a) a (b) 10% (c) i 

827 
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When there are numerical coefficients, use the rules for dividing signed num- 

bers to reduce fractions to lowest terms. 

Example 7 Divide. 

(a) x (b) oe (©) — 

Solution , 

© a a a ee = 2 

Gee’ Student Practice 7 Divide. 

(a) a (b) = (©) i 

You have to work very carefully if two or more variables are involved. Treat 

the coefficients and each variable separately. 

Example 8 Divide. 

aah? ~3x2y° 

(a)e—< eas Sab Dee) 

Solution 
3p2 2 =3pys 1 

Onatal OS tare we n Sab 5b ay 4x"y- 

Student Practice 8 Divide. 

rs ior? 
(a) = (b) 3,8 § —24x°y 

Suppose that a given base appears with the same exponent in the numerator 
and denominator of a fraction. In this case we can use the fact that any nonzero 

number divided by itself is 1. 

Example 9 Divide. 

(a) r (b) 2 

Solution 

(a) z= 1 (b) = (5) = 3(1) =3 o 

Student Practice 9 Divide. 

(a) x (b) 1 

6 
Do you see that if we had subtracted exponents when simplifying ~. we would 

x 
have obtained x° in Example 9? So we can surmise that any number (except 0) to 

the 0 power equals 1. We can write this fact as a separate rule. 
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ifx #0 (0° remains undefined). 

To Think About: What Is 0 to the 0 Power? What about 0°? Why is it undefined? 
: _ Osco bytes : 

0° = 0!~!. If we use the quotient rule, 0'~! = 9” Since division by zero is undefined, 
we must agree that 0° is undefined. 

Example 10 Divide. 

4x°y? 5b7c 
a) ——~ Os (a) aysz3 (b) 10b7c3 

Solution 

ye ee 
oe Ayre yee yz 1Ob‘e* 2c") ee 2c? 

Student Practice 10 Divide. 

—20a*b'c* (b) oxy” 

28a°b'c> 10x4y8 
(a) 

We can combine all three parts of the quotient rule we have developed. 

THE QUOTIENT RULE 

Use this form if the larger exponent is in the numerator 
and x # 0. 

| iow 

Use this form if the larger exponent is in the denominator 
and x # 0. 

i life =) 0; 

x 
x 

as 
x 
x 
x? 

We can combine the product rule and the quotient rule to simplify algebraic 
expressions that involve both multiplication and division. 

8 ?) =-8 Be, 

Example 11 Simplify. ee 
—=ory 

Solution 

(8x2y)(—3x3y?)  —24x°y° 7 
a7 ee ie obits 1 4x a 

vy xy 

Student Practice 11 Simplify. 

(—6ab>)(3a7b*) 

16a°b’ 
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Raising Exponential Expressions to a Power @® 

How do we simplify an expression such as (x*)*? (x4)? is x* raised to the third 
power. For this type of problem we say that we are raising a power to a power. 

A problem such as (x4)? could be done by writing the following. 

(x4)? = x4ex4.x4 

i?) 

By definition 

=k By adding exponents 

Notice that when we add the exponents we get 4 + 4 + 4 = 12. This is the same 
as multiplying 4 by 3. That is, 4-3 = 12. This process can be summarized by the 
following rule. 

RAISING A POWER TO A POWER 

To raise a power to a power, keep the same base and multiply the exponents. 
(Gre a x2 

Recall what happens when you raise a negative number to a power. (—1)? = 1. 
(-1)° = -1, In general, 

igh ifn is even 

-1 ifnis odd. 

Example 12 Simplify. 

(a) (x3)° (b) (27)° (e) (-1)8 
Solution 

(a) (PP = x5 =x (b) (27) = 273 = 24) (-1)8 = 41 
Note that in both parts (a) and (b) the base does not change. oO 

Student Practice 12 Simplify. 

(a) (a*)° (b) (10°)? (c) (-1)45 

Here are two rules involving products and quotients that are very useful: the 

product raised to a power rule and the quotient raised to a power rule. We'll illus- 
trate each with an example. 

If a product in parentheses is raised to a power, the parentheses indicate that 
each factor must be raised to that power. 

(xy)? =xy? (xy P = 

RAISING A PRODUCT TO A POWER 

(yy? = 0 
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,Example 13 Simplify. 

(a) (ab)$ (b) (3x)4 (ae) 
Solution 

- (a) (ab)® = a®b§ (b).(30)7 = 340" Sas ize 

(ey eax)? = (-2)9 (x2)? = ax! o 

fees Student Practice 13 Simplify. 

(a) (3xy)’ (b) (yz) (e) (~3x")° 

If a fractional expression within parentheses is raised to a power, the paren- 
theses indicate that both numerator and denominator must be raised to that power. 

3 3 2 2 

(2) = oe (£) =~ ify #0 
y y be yp 

ify #0 

¢ Example 14 Simplify. tees Student Practice 14 Simplify. F p 
x 3 (4a)? 

(a) («) a (2) b i (a) (= 0) 5) 

(7w") 
b 
(b) (2w)4 

Solution 

x\ a x For all Student Practice problems, write out 

(a) ye yp the steps on a separate sheet of paper. Check 
the step-by-step solutions in the back of the 2\3 3, ,,6 6 2 (b) (7w*) — Pw _ 343u" 3430 textbook. 

my) 2wt 16w* 16 o 

Many expressions can be simplified by using the previous rules involving expo- 
nents. Be sure to take particular care to determine the correct sign, especially if there 

is a negative numerical coefficient. 

—3x729 ; Example 15 Simplify. (===) 
xy 

Solution 

—3x72" ) 
( x3 Simplify inside the parentheses first. Note that z° = 1. l| 

Sa =e be <A x, Se 

aS 

(=3 )4 8 Apply the rules for raising a power to a power. 

= +—_—_ Notice that we wrote (—3)* and not —3*. 
16, 12 a8 

cl We are raising —3 to the fourth power. 

81 
a : 

eee 12 Simplify the coefficient: (—3)" = +81. o 

xy 

t==4 Student Practice 15 Simplify. 

es : 

Axz? 
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We list here the rules of exponents we have discussed in Section 5.1. 

ital Damas 20 

Hi ib ey) Oe Sey) 

ite a= be v4.0 

! od STEPS TO SUCCESS Why Does Reviewing Make Such a Big Difference? 
Students are often amazed that reviewing makes such a huge 

difference in helping them to learn. It is one of the most pow- 

erful tools that a math student can use. 

Mathematics involves learning concepts one step at a 

time. Then the concepts are put together in a chapter. At the 

end of the chapter you need to know each of these concepts. 

Therefore, to succeed in each chapter you need to be able to 

put together all the pieces of each chapter. Reviewing each 

section and reviewing at the end of each chapter are the amaz- 

ing tools that help you to master the mathematical concepts. 

As you review, if you find you cannot work out a problem, 

be sure to study the examples and the Student Practice prob- 

lems very carefully. Then things will become more clear. 

Making it personal: Start with this section. Do each Cumu- 

lative Review Problem at the end of the chapter. Check your 

answer for each one in the back of the book. If you miss any 

problem, then go back to the appropriate section of the book 

for help. 

For example if you miss problem 97 in Section 5.1, notice 

that it is coded [1.3.3]. This means to go back to Section 1.3 of 

the book and look at Objective 3. There you will find similar 

examples that explain this kind of problem. Which of these 

suggestions do you find most helpful? Write out your plan on 

a separate sheet of paper and begin using it today. 
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Verbal and Writing Skills, Exercises 1-6 

1. Write in your own words the product rule for 2. To be able to use the rules of exponents, what must be 
exponents. true of the bases? 

se 1 
3. Ifthe larger exponent is in the denominator, the quotient rule states that“ 2, ifx # 0. Provide an example to 

~ x show why this is true. 

In exercises 4 and 5, identify the numerical coefficient, the base(s), and the exponent(s). 

4. —5xy? 5. 6x4y 

6. Evaluate (a) 3x° and (b) (3x)°. (c) Why are the results different? 

Write in simplest exponent form. 

Ths DEO ELTA) pee 1S gins diem ay 

9. (—5)(x)(y)(z)(y)(4) (4) (Z) 10. (—4)(b)(b)(a)(b)(e)(c)(b)(c) 

Multiply. Leave your answer in exponent form. 

tf, (7*\(7°) (Ge) 13, (8°)(8'7) 14. (3’)(3°) 

15, x° -x° 16. a®+a'? 1%, 7°38 18. w+ w 

Multiply. 

19, —5x*(4x7) 20. 6x?(—9x°) 21. (5x)(10x7) 22. (—2x?)(—5Sx) 

ss (2xy?)(9x7y>) 24, (—3a’b)(7ab*) 25. (Z0°)(5x9") 26. (S:5y)( Fx") 

27. (1.1x7z)(—2.5xy) 28. (2.3wx*)(—3.5xy*) 29. (—8a)(2b*)(3a") 30. (—5Sab)(2a’)(a*) 

31. (—16x*y*)(—Sxy?) 32. (-12x4y)(—7x°y?) 33. (—8x7y”)(3xy>) 4. (9x7y°)(-11x3y3) 

333 
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35. (-20'y)(F)(-3e') 36. (-ax'y32y9(4) 37. (8a*b?)(—3xy>) 38. (—4wz4)(—9x7y?) 

39. (2x?y)(—3y%2")(Sxz*) 40. (3ab) (Sac) (—2b*c?) 

Divide. Leave your answer in exponent form. Assume that all variables in any denominator are nonzero. 

12 1 5 520 

Al. Le 42. a 43. 44. 
y) x y b 

1138 Q? Ql 718 

45, 1130 46. gi 47, 510 48. co 

13 p16 z 5 

49, 50. 5 51. 52. 
4a 5b y y 

48x°y3 45a*b? 16x°y —36x°y’ 
53. Le 54. 1504p? 55. 3233 56. ; 

xy a S20ay) exay 

1.8f 4¢° ps Sisk = (-17x°y*) (Sy°) . (—6xy) (10x°y”) 
37, _— eer ge 0. ae 

S4f“g 625°t Sxy 4x°y 

24 ea a Dey? a 18a°b3c? x 12a7b® 

” 16x5y Pay) ” 24a>b? ” 16a3b8c° 

Simplify. 

65. (x?)° 66. (w>)* 67. (xy)? 68. (ab>)4 

69. (rs2)9 70. (m3n?)° 71. (3a3b?c)? 72. (2x4yz3)? 

73. (-3a*)° 74, (—2a°)" ie (44) a 



Mixed Practice 

85. (—5a’b*)?(ab) 

(10ac*) (7a) (=>) 
40b NC x52? 

Cumulative Review Simplify. 

94, [1.2.1] -3 - 8 

96. [1.3.1] (-2)(-2) 

91. 
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79. (—3a2b3c°)* 80. (—a5b%4)5 

95, [1.1.5] -17 + (—32) + (-24) + 27 

sl. 97, [1.3.3] - + 16 

Amazon Rainforest In 2012, the size of the Amazon rainforest was 7760,000 km?. Over half the rainforest, 4,966,400 km?, 
lies in Brazil. (Source: rainforests:mongabay.com) Round your answers to the nearest tenth of a percent. 

98. [0.5.3] What percent of the Amazon rainforest lay in 
Brazil in 2012? 

Quick Quiz 5.1 Simplify the following. 

1. (2x2y3)(—Sxy4) 

3, (-3x°y°)4 

99, [0.5.3] In 2013, 7500 km? of the Amazon rainforest 

in Brazil were lost. This number would have been 
much higher if conservation efforts were not in place 
to slow the deforestation rate. Through these efforts, 

the goal is to lose at most 5250 km? of the rainforest 
for each of the years 2014, 2015, 2016, and 2017, What 

percent of the Amazon rainforest in Brazil will be lost 
from 2013 through 2017? 

—28x%y® 

35x7y8 

4, Concept Check Explain the steps you would need to 
follow to simplify the expression. 

(4x3)? 

(2x")° 
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[5.2] Negative Exponents and Scientific Notation @ 

El) Using Negative Exponents @® 
rete this section, you will. try is an integer and x # 0, then x” is defined as follows: 
e able to: 

Ell Use negative exponents. @® DEFINITION OF A NEGATIVE EXPONENT 
Use scientific notation. @® 

where x # 0 

Example 1 Write with positive exponents. 

(a) y° (b) z° (c) wi! 

Solution 

oF il Ls 1 m 1 it 
EO ae: (b) 2° = Oi =e Oo 

de Student Practice 1 Write with positive exponents. 

(a) x? (b) w> (c) z? 

To evaluate a numerical expression with a negative exponent, first write the 
expression with a positive exponent. Then simplify. 

Example 2 Evaluate. 

(a) 3? (b) 2> 

Solution 

jel 4 i ee po! Bake es =O) ee ges ee 

(a) ae) toi eee - 

CAUTION: —4? does not equal 7 Student Practice 2 Evaluate. 

The properties of negative exponents | (a) 4~ (b) 2° 
only apply when the exponent is 

1 
negative. For example: 477 = a ; : , 

4 All the previously studied laws of exponents are true for any integer exponent. 
These laws are summarized in the following box. 

LAWS OF EXPONENTS WHERE x, y, # 0 

The Product Rule 

x2 +x) = ath 

The Quotient Rule 

= x75 Wseifial= db, 2 Use if a < b. 

Power Rules 

aya, aya at, (4) = 4 
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By using the definition of a negative exponent and the properties of fractions, 
‘we can derive two more helpful properties of exponents. 

PROPERTIES OF NEGATIVE EXPONENTS WHERE x, y, # 0 

Example 3 Simplify. Write the expression with no negative exponents. 

if soy fy 
(a) 5 (b) (c) x*y? 

Solution 
1 ; = z * y 

(a) oe: x (b) zy (c) x = 

ic, Student Practice 3 Simplify. Write the expression with no negative 
exponents. 

3 a a 
(a) | (b) (ce) x °y> 

Ww 

Cc Example 4 Simplify. Write the expression with no negative exponents. Student Practice -4 Simplify. 

5,3 sae id Write the expression with no negative (a) (3x~4y?) ) = 
xaey exponents. snes 

Solution @ Ary)? wy 
fay oy)? = 3 3x46 We pe the eoney to a power rule: 

3-3) = 3-3, y-4(-3) = 2. y2(-3) = yO, 

12 12 , ; 
Pee ae We rewrite the expression so that only 

ma 336 a 27y® positive exponents appear, then simplify. 
For all Student Practice problems, write 
out the steps on a separate sheet of paper. 

ey ee First rewrite the expression so that only Check the step-by-step solutions in the 
(b) ye = yy a y? positive exponents appear. Then simplify back of the textbook. 

using the product rule. o 

Using Scientific Notation &> 

One common use of negative exponents is in writing numbers in scientific notation. 

Scientific notation is most useful in expressing very large and very small numbers. 

SCIENTIFIC NOTATION 

A positive number is written in scientific notation if it is in the form a x 10”, 

where 1 = a < 10 and nis an integer. 
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Example 5 Write in scientific notation. 

(a) 4567 (b) 157,000,000 

Solution 

(a) 4567 = 4.567 X 1000 ‘To change 4567 to a number that is greater than or equal to 
1 but less than 10, we move the decimal point three places 
to the left. We must then multiply the number by a power of 10 

so that we do not change the value of the number. Use 1000. 

= 4,567 x 10° 

Notice we moved the decimal point 3 places to the left, so we must multiply 
by 10°, 

(b) 157,000,000 = 1.57000000 = 100000000 

8 places 8 zeros 

= 1.57 x 10° o 

Gee Student Practice 5 Write in scientific notation. 

(a) 78,200 (b) 4,786,000 

Numbers that are smaller than 1 will have a negative power of 10 if they are written 
in scientific notation. 

Example 6 Write in scientific notation. 

(a) 0.061 (b) 0.000052 

Solution 

(a) We need to write 0.061 as a number that is greater than or equal to 1 but less 
than 10. In which direction do we move the decimal point? 

Calculator 0.061 = 6.1 x 10°? Move the decimal point 2 places to the right. 

Scientific Notation (b) 0.000052 = 5.2 x 10° Why? o 

Most scientific calculators can 
display only eight digits at one 
time. Numbers with more than 
eight digits are usually shown 
in scientific notation. 1.12 E 08 
or 1.12 8 means 1.12 « 10°. You 
can use a calculator to compute 
with large numbers by entering 
the numbers using scientific 

notation. For example, 

(7.48 x 10%) x (3.5 x 108) 

Student Practice 6 Write in scientific notation. 

(a) 0.98 (b) 0.000092 

The reverse procedure transforms scientific notation into ordinary decimal notation. 

Example 7 Write in decimal notation. 

(a) 1.568 x 102 (b) 7.432 x 10 

Solution 

(a) 1.568 X 10? = 1.568 X 100 = 156.8 

Alternative Method 
is entered as follows. 

7.48 24 
1568 x 10° = 136,8 The exponent 2 tells us to move the decimal point 

3.5 (Exe)8 E] 2 places to the right. 

Display: 1 
or [2.618 33 (b) 7.432 x 10% = 7.432 x —— = 0,007432 

1000 
Note: Some calculators have 
oa key instead of Alternative Method 

7.432:%:1079 = 0,007432 The exponent —3 tells us to move the decimal 
point 3 places to the left. Oo 

Student Practice 7 Write in decimal notation. 

(a) 1.93 x 10° (b) 8.562 x 10° 

~<a 
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The distance light travels in one year is called a light-year. A light-year is a 
convenient unit of measure to use when investigating the distances between stars. 

Example 8 A light-year is a distance of 9,460,000,000,000,000 meters. Write this 

number in scientific notation. 

Solution 9,460,000,000,000,000 meters = 9.46 x 10! meters oO 

Student Practice 8 Astronomers measure distances to faraway galax- 
ies in parsecs. A parsec is a distance of 30,900,000,000,000,000 meters. Write this 
number in scientific notation. 

To perform a calculation involving very large or very small numbers, it is usu- 
ally helpful to write the numbers in scientific notation and then use the laws of ex- 
ponents to do the calculation. 

Example 9 Use scientific notation and the laws of exponents to find the follow- 
ing. Leave your answer in scientific notation. 

0.00063 

0.021 
(a) (32,000,000)(3,500,000,000,000) (b) 

Solution 

(a) (32,000,000 )(3,500,000,000,000 ) 

= (3.2 x 10’)(3.5 x 10’) Write each number in scientific notation. 

= 3.2 x 3.5 x 10’ x 10" —_ Rearrange the order. Remember that multiplication 
is commutative. 

=i « 10” Multiply 3.2 x 3.5. Multiply 107 x 10!. 
= 1.12 x 10” Rewrite 11.2 in scientific notation and combine 

powers of 10. 

0.00063 6.3 x 10+ 
(b) 0021.7 9 Po fo2 Write each number in scientific notation. 

= 6.3 105 Rearrange the order. We are actually using the 

he 4 hO definition of multiplication of fractions. 

Gon 0 lithe “ 
= a1 x 10° Rewrite with positive exponents, 

23.0 10,” oO 

Student Practice 9 Use scientific notation and the laws of exponents 
to find the following. Leave your answer in scientific notation. 

0.000111 
(a) (56,000)(1,400,000,000) (b) 0.00000037 

When we use scientific notation, we are often writing approximate numbers. 
We must include some zeros so that the decimal point can be properly located. 
However, all other digits except for these zeros are considered significant digits. The 
number 34.56 has four significant digits. The number 0.0049 has two significant dig- 
its. The zeros are considered placeholders. The number 634,000 has three significant 
digits (unless we have specific knowledge to the contrary). The zeros are considered 
placeholders. We sometimes round numbers to a specific number of significant dig- 
its. For example, 0.08746 rounded to two significant digits is 0.087 When we round 
1,348,593 to three significant digits, we obtain 1,350,000. 

339 
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Example 10 The approximate distance from Earth to the star Polaris is 208 parsecs. 
A parsec is a distance of approximately 3.09 x 10’ kilometers. How long would it 
take a space probe traveling at 40,000 kilometers per hour to reach the star? Round 
to three significant digits. 

Solution 

1. Understand the problem. Recall that the distance formula is 

distance = rate X time. 

We are given the distance and the rate. We need to find the time. 
Let’s take a look at the distance. The distance is given in parsecs, but the rate is 
given in kilometers per hour. We need to change the distance to kilometers. We 
are told that a parsec is approximately 3.09 x 10! kilometers. That is, there 
are 3.09 x 10! kilometers per parsec. We use this information to change 208 
parsecs to kilometers. 

(208 parsecs )(3.09 x 10'° kilometers) 
= 642.72 x 10!3 kilometers 

1 parsec 
208 parsecs = 

2. Write an equation. Use the distance formula. 

d=rxXt 

3. Solve the equation and state the answer. Substitute the known values into the 
formula and solve for the unknown, time. 

40,000 k 642.72 x 108 km = ————— 
1 hr 

6.4272 X 10 km = 4 x 10¢km Change the numbers to 
4 1 hr scientific notation. 

x 104 
Next, multiply both sides by the reciprocal of 1am 

x 104 
6.4272 x 105 kin pee ce See ot 

4.x 10° km 1 hr 4 X 10° km 

(6.4272 Xx 10! katf)(1 hr) yee 
r =t Simplify. 

4 X 10° kant 

1.6068 x 10! hr = ¢ 

Rounding to three significant digits, we have 

1.6068 x 10! hr ~ 1.61 x 10"! hr. 

4. Check. Unless you have had a great deal of experience working in astronomy, 

it would be difficult to determine whether this is a reasonable answer. You may 
wish to reread your analysis and redo your calculations as a check. oO 

Student Practice 10 The average distance from Earth to the distant 
star Betelgeuse is 159 parsecs. How many hours would it take a space probe to 
travel from Earth to Betelgeuse at a speed of 50,000 kilometers per hour? Round 
to three significant digits. 
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Simplify. Write expressions with no negative exponents. Assume that all variables are nonzero. 

jas de Oh yr 316374 4, 2+ 5. ae 6. ses 
iy Ye 

45 =65-2 
x xX 

eee oy) ae 9. ab? 10. ab" i. (2x3) 12. (4x4) 
“ Zz 

$3003x%7 14, Sy? 15. “(3xy?7) 16. (Sx*y)3 

Mixed Practice, Exercises 17-28 

3 —2 4 =22-3 -1 3 2b =2 

anes 18s pee pap ees a ot hye steno il 
z z (4xy)~ (3a*b)? 

On bc “d 9 Mis Fa ee 23. (3 eo) 24. (3-3) (97) 

3 0,,2\ —2 2) 3p 0 =3 D —2,,—3 3p-1 

25, ( - ) 26. ( = ) i 28, are 
Zz x"y a 

Write in scientific notation. 

29. 123,780 30. 5,786,100 31. 0.063 32. 0.0000871 

33. 889,610,000,000 34, 7,652,000,000 35. 0.00000342 36. 0.00783 

In exercises 37-42, write in decimal notation. 

37. 3.02.x 10° 38. 8.137 x 10’ 39, 4.7x 107% 40. 536X107 41. 9.83 x 10° 42, 3.5 x 10°8 

43. Bamboo Growth The growth rate of some species of | 44, Neptune Neptune is 2.793 x 10° miles from the sun. 
bamboo is 0.0000237 miles per hour. Write this in sci- Write this in decimal notation. 
entific notation. 

45. Astronomical Unit The astronomical unit (AU) isa 46. Gold Atom The average volume of an atom of gold is 
unit of length approximately equal to 1.496 x 10° km. 0.00000000000000000000001695 cubic centimeters. 

Write this in decimal notation. Write this in scientific notation. 

Evaluate by using scientific notation and the laws of exponents. Leave your answer in scientific notation. 

47. (42,000,000 )( 150,000,000) 48. (55,000,000,000)( 16,000,000) 

16,00) 50. (0.0075) (0.0000002 )( 0.001 ) 
8,000,000,000 

51. (0.003)4 52. (500,000)4 

(160,000) (0.0003 ) 
53. (150,000,000)(0.00005 )(0.002)(30,000) 

1600 
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Applications 

National Debt In May 2015, the national debt was about 1.8 X 10" dollars. (Source: www.factfinder.census.gov) 

BIS) 

52 

59. 

61. 

62. 

The Census Bureau estimates that in May 2015, the 

population of the United States was 3.21 x 10° peo- 
ple. If the national debt were evenly divided among 

every person in the country, how much debt would be 
assigned to each individual? Round to three signifi- 

cant digits. 

Watch Hand The tip of a j-inch-long hour hand on a 
watch travels at a speed of 0.00000275 miles per hour. 

How far has it traveled in a day? 

Mission to Pluto In January 2006, a spacecraft called 
New Horizons began its journey to Pluto. The trip was 
3.5 X 10° miles long and took 95 years. How many 

miles did New Horizons travel per year? (Source: 

www.pluto.jhuapl.edu) 

Construction Costs In March 2015, the cost for con- 

struction of new private buildings was estimated at 
$5.46 < 10!°. In March 2005, the estimated cost for 
construction of new private buildings was $6.29 x 10?°, 
What was the percent decrease from March 2005 to 
March 2015? 

Construction Costs In March 2015, the cost for con- 
struction of new public buildings was estimated at 
$1.81 x 10'', In March 2005, the estimated cost for 
construction of new public buildings was $1.65 x 1011. 
What was the percent increase from March 2005 to 
March 2015? 

Cumulative Review Simplify. 

63. [1.2.1] —27 — (—19) 64. [1.4.2] (-1)°* 

56. 

58. 

60. 

The Census Bureau estimates that in May 2015, the 
number of people in the United States who were 
18 years or older was approximately 2.82 x 10°. If the 
national debt were evenly divided among every per- 
son 18 years or older in the country, how much would 
be assigned to each individual? Round to three signif- 

icant digits. 

Neutron Mass The mass of a neutron is approximate- 
ly 1.675 x 10°?’ kilogram. Find the mass of 150,000 
neutrons. 

Molecules per Mole Avogadro’s number says that 
there are approximately 6.02 x 107 molecules/mole. 
How many molecules can one expect in 0.00483 mole? 

65. [1.1.4] 4 ci eh 
— 

Quick Quiz 5.2 Simplify and write your answer with only positive exponents. 

4a2b~* sro ye peas 
8a>b > 

3. Write in scientific notation. 0.00876 4. Concept Check Explain how you would simplify a 
problem like the following so that your answer had 
only positive exponents. 

(ar%y*)= 
ee 
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[53] Fundamental Polynomial Operations ® 
ER Recognizing Polynomials and Determining 

Their Deg rees After studying this section, you will 

: be able to: 
A polynomial in x is the sum of a finite number of terms of the form ax”, where a is 

any real number and v is a whole number. Usually these polynomials are written in 1 Recognize polynomials and 
descending powers of the variable, as in determine their degrees. @® 

5x2 + 3x2 -2x —5 and 3.2x7- 14x + 5.6. Add polynomials. @® 

A multivariable polynomial is a polynomial with more than one variable. The Subtract polynomials. @® 

following are multivariable polynomials: Eealiaie polvmemials te 

5Sxy +8, 2x*— Ixy + 9y*, = 17x3y? predict a value. @® 

The degree of a term is the sum of the exponents of all of the variables in the 
term. For example, the degree of 7x° is three. The degree of 4xy is two. The degree 

of 10x*y? is six. 
The degree of a polynomial is the highest degree of all of the terms in the 

_ polynomial. For example, the degree of 5x? + 8x* — 20x — 2 is three. The degree 
of 6xy — 4x’y + 2xy? is four. A polynomial consisting of a constant only is said to 
have degree 0. 

There are special names for polynomials with one, two, or three terms. 

A monomial has one term: 

5a, axye", 12xy 

A binomial has two terms: 

Ix +9y, —6x-—4, 5x4 + 2xy? 

A trinomial has three terms: 

8x2 — 7x +4, 2ab>— 6ab*-15ab, 2+ 5y+y4 

Example 1 State the degree of the polynomial and whether it is a monomial, a 

binomial, or a trinomial. 

(a) Sxy + 3x° (b) —7a°b? (c) 8x4 — 9x — 15 

Solution 

(a) This polynomial is of degree 3. It has two terms, so it is a binomial. 

(b) The sum of the exponents is 5 + 2 = 7. Therefore this polynomial is of degree 7. 
It has one term, so it is a monomial. 

(c) This polynomial is of degree 4. It has three terms, so it is a trinomial. o 

ime’ Student Practice 1 State the degree of the polynomial and whether it 
is a monomial, a binomial, or a trinomial. 

(a) —7x° — 3xy (b) 22a°b* (c) —3x> + 3x? — 6x 

Adding Polynomials 

We usually write a polynomial in x so that the exponents on x decrease from left to 

right. For example, the polynomial 

5x? — 6x +2 

is said to be written in decreasing order since each exponent is decreasing as we 
move from left to right. 
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You can add, subtract, multiply, and divide polynomials. Let us take a look at 

addition. 
To add two polynomials, we add their like terms. 

Example 2 Add. (5x? — 6x — 12) + (—3x? — 9x + 5) 

Solution 

(Sx? — 6x — 12) + (—3x? = 9x + 5) [5x7 (—3x7)] + [—ox + (—9x)] + [1 

= [(5 — 3)x?] + [(-6 — 9)x] + [-12 + 5] 

= 2x? + (-15x) + (-7) 

= 2x? — 15x -7 o 

ae Student Practice 2. Add. (—8x? + 3x? + 6) + (2x3 — 7x? — 3) 

The numerical coefficients of polynomials may be any real number. Thus poly- 
nomials may have numerical coefficients that are decimals or fractions. 

Example 3 Add. (3x* — 6x + 3) + (4x? — 2x — 3) 

Solution 

(}x? — 6x + }) + (Lx? -2x - 4) = 

Example 4 Add. (1.2x? — 5.6x? + 5) + (—3.4x3 — 1.2x? + 4.5x — 7) 

Solution Group like terms. 

(1.2x3 — 5.6x? + 5) + (—3.4x3 — 1.2x? + 4.5x — 7) = (1.2 — 3.4)x9 + (-5.6 — 1.2)x? + 4.5x + (5 — 7) 

= —2.2x3 — 6.8x? + 4.5x — 2 oO 

ji==4 Student Practice 4 Add. 

(3.5x3 — 0.02x? + 1.56x — 3.5) + (—0.08x? — 1.98x + 4) a 
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13 Subtracting Polynomials @® 

Recall that subtraction of real numbers can be defined as adding the opposite of the 
second number. Thus a — b = a + (—b). That is, 3 - 5 = 3 + (—5). A similar 
method is used to subtract two polynomials. 

To subtract two polynomials, change the sign of each term in the second 
polynomial and then add. 

Example 5 Subtract. (7x? — 6x + 3) — (Sx? — 8x - 12) 

Solution Wechange the sign of each term in the second polynomial and then add. 

(7x? — 6x + 3) — (5x? — 8x - 12) = (7x? — 6x + 3) + (-Sx? + 8x + 12) 

= (7 —5)x* + (-6 + 8)x + (3 + 12) 

= 2x7 + 2x + 15 Oo 

Student Practice 5 Subtract. 

(Sx? — 15x? + 6x — 3) — (—4x3 — 10x? + 5x + 13) 

As mentioned previously, polynomials may involve more than one variable. 
When subtracting polynomials in two variables, you will need to use extra care in 
determining which terms are like terms. For example, 6x’y and 5x’y are like terms. 
In a similar fashion, 3xy and 8xy are like terms. However, 7xy” and 15x7y? are not 
like terms. Every exponent of every variable in the two terms must be the same if the 
terms are to be like terms. You will use this concept in Example 6. 

Example 6 Subtract. 

(—6x7y — 3xy + Txy?) — (5x’y — 8xy — 15x’y*) 

Solution Change the sign of each term in the second polynomial and add. Look 
for like terms. 

(—6x’y — 3xy + Txy?) + (—Sx*y + 8xy + 15x’y*) 

= (-6 — 5)x*y + (-3 + 8)xy + Txy? + 15x’y? 

= -11x’y + Sxy + Txy* + 15x?y? 

_ Nothing further can be done to combine these four terms. Oo 

Student Practice 6 Subtract. 
(x3 — 7x?y + 3xy? — 2y3) — (2x3 + 4xy — 6y3) 
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24 Evaluating Polynomials to Predict a Value @® 

Sometimes polynomials are used to predict values. In such cases we need to evaluate 
the polynomial. We do this by substituting a known value for the variable and deter- 
mining the value of the polynomial, 

Example 7 Passenger cars sold in the United States have become more fuel ef- 
ficient over the years due to regulations from Congress. The number of miles per 
gallon obtained by the average passenger car in the United States can be described 
by the polynomial 

OSE 27:6; 

where x is the number of years since 1985. (Source: www.rita.dot.gov.) Use this poly- 
nomial to estimate the number of miles per gallon obtained by the average passenger 
car in 

(a) 1988 (b) 2020 

Solution 

(a) The year 1988 is three years later than 1985, so x = 3. 

Thus the number of miles per gallon obtained by the average passenger car in 
1988 can be estimated by evaluating 0.3x + 27.6 when x = 3. 

0.3(3)+27.6 = 0,9 + 27.6 

= 28.5 

We estimate that the average passenger car in 1988 obtained 28.5 miles per gallon. 

(b) The year 2020 is 35 years after 1985, so x = 35. 

Thus the estimated number of miles per gallon obtained by the average pas- 
senger car in 2020 can be estimated by evaluating 0.3x + 27.6 when x = 35. 

0.3(35) + 27.6 = 10.5 + 27.6 

= 38.1 

We estimate that the average passenger car in 2020 obtained 38.1 miles per 
gallon. oO 

>| Student Practice 7 The number of miles per gallon obtained by the 
average light truck (less than 8500 Ib) in the United States can be described by 

the polynomial 0.16x + 20.7, where x is the number of years since 1985. (Source: 
www.rita.dot.gov.) Use this polynomial to estimate the number of miles per gal- 
lon obtained by the average truck in 

(a) 1990 (b) 2025 

i i 
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Verbal and Writing Skills, Exercises 1-4 

1. State in your own words a definition for a polynomial 
in x and give an example. 

3. State in your own words how to determine the degree 
of a polynomial in x. 

4. 

State in your own words a definition for a multivari- 

able polynomial and give an example. 

State in your own words how to determine the degree 

of a multivariable polynomial. 

State the degree of the polynomial and whether it is a monomial, a binomial, or a trinomial. 

5. 6x7y 

7. 20x* + 6x° — 7x 

9, 4x73 = ‘Ixy? 

Add. 

Peer — 11) 4+ (=o = 4) 

13. (6x? + Sx — 6) + (—8x? — 3x + 5) 

ie Ee val ) 
ieee 4 | x? ae = 15 (4x ae s) & 6 5) 

17. (3.4x? — 7.1x + 3.4) + (2.2x? — 6.1x — 8.8) 

Subtract. 

Meee oe — 2) — (ox + 2x — 1) 

ee}, +5) *(2?- 21-6) 21. (2x ye ee 3% 7% 6 

23. (4x3 + 3x) — (x° + x? — 5x) 

25. (0.5x* — 0.7x? + 8.3) — (5.2x* + 1.6x + 7.9) 

Perform the operations indicated. 

ee ome.) (x ~ 7) — (3x + 1) 

6. 

8. 

10. 

14. 

16. 

18. 

20. 

22. 

24. 

26. 

28. 

—9x"y3 

9x? — 10x? + 5 

—Txty + 12x°y? 

reer 19). (Sx — 6) 

(x? — 4x — 8) + (-x? —x +1) 

1 2 1 1 
(Ge = 3° a 10) i (-fe ae ae + 2) 

(—4.6x7 + 5.6x — 0.3) + (9.8x? + 4.5x — 1.7) 

(6x? — 5x + 2) — (4x? — 8x — 11) 

(2x7 — x7 +5) — (6x9 + x? — x +1) 

(1.3x4 — 3.1x3 + 6.3x) — (x4 — 5.2x? + 6.5x) 

(eis eetiex + 8) — (5x = 2) 
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29. (—4x?y* + 9xy — 3) + (8x7y? — Sxy — 7) 

31. (3x4 — 4x? — 18) — (2x4 + 3x3 + 6) 

30. (12x?y — xy? + 5) + (—2x*y + Sxy” — 8) 

32. (3b3 — 5b? — 7b) — (2b? + 3b — 5) 

Prisons The number of prisoners held in federal and state prisons, measured in thousands, can be described by the poly- 

nomial —2.06x” + 77.82x + 743. The variable x represents the number of years since 1990. (Source: www.ojp.usdoj.gov) 

33. Estimate the number of prisoners in 1990. 

35. According to the polynomial, by how much did the 
prison population increase from 2002 to 2007? 

Applications 

A 37. Geometry The lengths and the widths of the follow- 
ing three rectangles are labeled. Create a polynomial 
that describes the sum of the area of these three rect- 
angles. 

2 

Cumulative Review 

39. [3.3.2] Find the slope and y-intercept for the line 
3y — 8x = 2. 

41. [2.3.3] Solve forx. -2(x —5) +6=27-9+-x 

Quick Quiz 5.3 Combine. 

1. (3x? — Sx + 8) + (-7x? — 6x — 3) 

Se CS =r) exe) } 

34, Estimate the number of prisoners in 2005S. 

36. According to the polynomial, by how much did the 
prison population decrease from 2008 to 2012? 

A 38. Geometry The dimensions of the sides of the follow- 
ing figure are labeled. Create a polynomial that de- 
scribes the perimeter of this figure. 

See ts) 

34 

40 [2.8.4] Solve and graph on a separate sheet of 
paper, using a number line similar to the one 

5x 2x 

h .—-4>—-1 shown. — : 

S| ol I a i 

=| 0 1 2 3 4 5 6 7 3 

42, [2.4.1] Solve for x ors «2A ee 

2. (2x? — 3x — 7) — (—4x? + 6x + 9) 

4. Concept Check Explain how you would determine the 
degree of the following polynomial and how you would 
decide if it is a monomial, a binomial, or a trinomial. 

Qxy* — S5x3y4 



} 

Use Math to Save Money 

Did You Know? withsome simple changes in your shopping 

habits, you can save a lot on your grocery bill. 

Saving at the Grocery Store 

Understanding the Problem: 

A rise in the cost of gas affects our budget with higher gas 
prices; it also affects our budget indirectly by causing the price 

of groceries to increase due to an increased cost in shipping 

and production. Jenny is a single mom with two children. 
Concerned with rising costs, she decided to track her grocery 

expenses for three months. In the first month she spent $450, 

in the second month she spent $425, and in the third month 

she spent $460. 

‘Making a Plan: 

By using coupons and buying store brand items, it is possible 

_ to reduce the amount of money spent at the grocery store. 

Jenny wants to incorporate these strategies into her shopping 

so she can save money. 

Step 1: Jenny determines her monthly average spending on 

groceries so she'll have a baseline to use to calculate her 

savings. 

Task 1: What are Jenny’s average monthly grocery 

expenses? 

Step 2: To help bring the monthly costs down, Jenny starts 

clipping coupons and cutting back on expensive treats. In 

the fourth month she saved her family 6% of their average 

expenses by using coupons and an additional $30 by cutting 

out treats. 

Task 2: How much was the grocery bill the fourth month? 

Step 3: Jenny is pleased with the results but knows she can 

Save even more. The next month, she decides to choose 

store brand products when possible. She is happy to see 

that it saved her 20% of what she spent in the fourth 

month. 

Task 3: How much was the grocery bill the fifth month? 

Task 4: Compare Jenny's original average costs to her costs in 

the fifth month and then calculate the savings. Show it as a 

sarah eo ‘ eczere \ oor . 

——— cigen coun i j 

a 
‘3 

dollar amount and as a percentage of original costs, rounded 

to the nearest tenth of a percent. 

AG 

Finding a Solution: 

Jenny decides to make these changes permanent. These are 

substantial savings and will keep adding up as long as she 
sticks to her new shopping strategy. 

Step 4: To give her family encouragement to accept the 

changes she’s made in her shopping habits, Jenny calculates 
how much she will save in a year. 

Task 5: If she continues to save the same amount every month, 

how much will she have saved at the end of one year? 

Applying the Situation to Your Life: 

Grocery shopping is an expense that everyone has. Incorpo- 

rating these savings strategies into your own shopping will 

help you save money as well. Calculate how much you spend a 

month, and then calculate what you could save a month using 

the percentage of savings you solved for above. That figure 

should give you encouragement to implement these strategies 

in your own life. Even if you only use one of these methods, 

you will see savings. Some additional ways to save on groceries 

are to stock up on items when they are on sale and to buy less 
convenience food, instead making more meals from scratch. 
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[5.4] Multiplying Polynomials @ 

Ea Multiplying a Monomial by a Polynomial @® 
After studying this section, you will ~— We use the distributive property to multiply a monomial by a polynomial. Remem- 
poabiene. ber, the distributive property states that for real numbers a, b, and c, 

1 | Multiply a monomial by a / a(b +c) =ab + ac. 
polynomial. @® 

Multiply two Example 1 Multiply. 3x?(5x — 2) 
bi ials. @® ‘ 
eal a Solution 

3x2(5x —12) = 3x7 (Sx) aaxe(—2) Use the distributive property. 

= (3S) C2) x 
= 15x° — 6x7 o 

4 Student Practice 1 Multiply. 4x3(—2x? + 3x) 

Try to do as much of the multiplication as you can mentally. 

Example 2 Multiply. 

(a) 2x(x? + 3x — 1) (b) —2xy?(x? — 2xy — 3y’) 

Solution 

(a) 2x(x? + 3x — 1) = 2x9 + 6x? — 2x 

(b) —2xy?(x? — 2xy — 3y?) = —2x7y? + 4x2y? + 6xy4 

Notice in part (b) that you are multiplying each term by the negative expression 
—2xy?. This will change the sign of each term in the product. ia 

Student Practice 2 Multiply. 

(a) —3x(x? + 2x -— 4) (b) 6xy(x? + 2x*y — y?) 

When we multiply by a monomial, the monomial may be on the right side. 

Example 3 Multiply. (x? — 2x + 6)(—2xy) 

Solution (x? — 2x + 6)(—2xy) = -2x°y + 4x’y — 12xy o 

ie 2 Student Practice 3 Multiply. 

(—6x? + 4x? — 2x)(—3xy) 

1] Multiplying Two Binomials @® 

We can build on our knowledge of the distributive property and our experience with 
multiplying monomials to learn how to multiply two binomials. Let’s suppose that — 
we want to multiply (x + 2)(3x + 1). We can use the distributive property. Since 
a can represent any quantity, let a = x + 2. Then let b = 3x and c = 1. We now © 
have the following. 

a(b+c) = ab + ac . 

(x +2) Gx i Geax ae (x 2) 

= 3x? + 6x +x+2 

= 3x + Ix 12 
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Let’s take another look at the original problem, (x + 2)(3x + 1). This time we 
will assign a letter to each term in the binomials, That is, let a = x, b = 2,c = 3x, 
and d = 1. Using substitution, we have the following. 

ore iia + 1) = (a + b)(e + d) 

(a+ bye + (a+ b)d 

= ac + be +ad+ bd 

= (x)(3x) + (2)(3x) + (x)(1) + (2)(1) By substitution 

= 3x7 + Ox tx +2 
= 3x7 + 7x +2 

How does this compare with the preceding result? 
The distributive property shows us how the problem can be done and why it 

can be done. In actual practice there is a memory device to help students remember 
the steps involved. It is often referred to as FOIL. The letters FOIL stand for the 
following. 

F multiply the First terms 

O multiply the Outer terms 

I multiply the /nner terms 

L multiply the Last terms 

The FOIL letters are simply a way to remember the four terms in the final product 
and how they are obtained. Let’s return to our original problem. 

i. oy . ; 

tek 2) (3eeri1) F Multiply the first terms to obtain 3x°. 

ieot 2) sxe) O Miultiply the outer terms to obtain x. 

fe 42) (3x cb 1) I Multiply the inner terms to obtain 6x. 
1 Seal 

ee a 
te oa a 1) L = Multiply the /ast terms to obtain 2. 

The result so far is 3x7 + x + 6x + 2. These four terms are the same four terms that 
we obtained when we multiplied using the distributive property. We can combine 
the like terms to obtain the final answer: 3x? + 7x + 2. Now let’s study the FOIL 
method in a few examples. 

Example 4 Multiply. (2x — 1)(3x + 2) 

Solution 

First Last First + Outer + Inner + Last 

Lames as F O I te 

6x74 4x — 3x = 2 , 
—3x Inner 6x2 + x—2 Combine like terms. 

+4x Outer 

Notice that we combine the inner and outer terms to obtain the middle term. © 

Student Practice 4. Multiply. (5x — 1)(x — 2) 
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Example 5 Multiply. (3a — 2b)(4a — b) 

Solution 

eM 
(3a — 2b)(4a—b) = 12a? — 3ab — 8ab + 2b? 

Inner = 12a” -— 11ab + 2b? 

Student Practice 5 Multiply. (8a — 5b)(3a — b) 

After you have done several problems, you may be able to combine the outer — 

and inner products mentally. 

In some problems the inner and outer products cannot be combined. 

Example 6 Multiply. (3x + 2y)(5x — 3z) 

Solution 

First Last 

i) PSs 
(3x + 2y)(Sx —3z) = 15x? — 9xz + 10xy — 6yz 

Cal 
Inner Since there are no like terms, 

Outer we cannot combine any terms. >a 

Eos Student Practice 6 Multiply. (3a + 2b)(2a — 3c) 

Example 7 Multiply. (7x — 2y)? 

Solution 

(7x — 2y)(7x — 2y) When we square a binomial, it is the same 
as multiplying the binomial by itself. 

First Last 

i 
(7x — 2y)(7x — 2y) = 49x? — 14xy — 14xy + 4y? 

(ke 
Inner = 49x? — 28xy + 4y? 

Outer oO 

sos Student Practice 7 Multiply. (3x — 2y)? 
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We can multiply binomials containing exponents that are greater than 1. That 
is, we can multiply binomials containing x’ or y°, and so on. 

Example 8 Multiply. (3x? + 4y*)(2x? + Sy?) 

Solution (3x? + 4y°) (2x? + Sy?) = 6x4 + 15x7y> + 8x2y3 + 20y° 

= 6x4 + 23x’y3 + 20y° oO 

Student Practice 8 Multiply. (2x? + 3y?) (Sx? + 6y”) 

h Example 9 The width of a living room is (x + 4) feet. The length of the room is 
(3x + 5) feet. What is the area of the room in square feet? 

Solution 

Ge? + 12x + 5x + 20 

= 3x? + 17x + 20 

There are (3x + 17x + 20) square feet in the room. 

A = (length) (width) = (3x + 5)(x + 4) 

oO 

, {fe=e2 Student Practice 9 What is the area in square feet of a room that is 
(2x — 1) feet wide and (7x + 3) feet long? 

Y hod STEPS TO SUCCESS Keeping Yourself on Schedule 
The key to success is to keep on schedule. |n a class where you 

determine your own pace, you will need to commit yourself to 

follow the suggested pace provided in your course materials. 

Check off each assignment as you do it so you can see your 

| progress. 

Make sure all your class materials are organized. Keep all 

course schedules and assignments where you can quickly find 

them. Review them often to be sure you are doing everything 

that:you should. 

Discipline yourself to follow the detailed schedule. Profes- 

sor Tobey and Professor Slater have both taught online classes 

for several years. They have found that students usually succeed 

in the course if they do every suggested activity. This will give 

you a guideline for determining what you need to be successful. 

Making it personal: Write all your assignment due dates, quiz 

and exam schedules on another sheet of paper. Then plan 

when you will complete each assignment and study for quizzes 

and exams. Then write this in a daily planner. 
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Multiply. 

1. —2x(6x? — x) 2. 5x(—3x4 + 4x) 3. 4x*(6x — 1) 

4, —4x?(2x — 9) 5, 2x?(—24? te Shed) 6. Sx (ax Sees) 

7, (2x + 3x? + 5x3) 8. (4x + 6x? — 2x?) 9, (2x? — 4x? + 5x)(-x’y) 

10. (3b° + 3b? — ab)(—5a’) 11. (3x? + x? — 8x)(3xy) 12. (x* + 2x3 — 8x)(xy) 

13. (x3 — 3x” + 5x — 2)(3x) 14. (—3x? + 2x? — 6x + 5)(5Sx) 15, (x’y* — 6xy + 8)(—2xy) 

16. (x’y? + S5xy — 9)(-3xy) 17. (—7x> + 3x? + 2x -— 1)(4x?y) 18. (—4x? + 8x? — 9x — 2)(xy’) 

19. (3d* — 4d? + 6)(—2c7d) 20. (—4x3 + 6x? — 5x)(—-7xy?) 21. 6x°(2x* — x? + 3x + 9) 

22, 8x3(—2x4 + 3x? — 5x - 14) 23. —2x>(8x? — 5x? + 6x) 24, —4x°(x? — 3x + 5) 

Multiply. Try to do most of the exercises mentally without writing down intermediate steps. 

25. (x + 5)(x +7) 26. (x + 6)(x +3) 27. (x + 6)(x +2) 28. (x + 9)(x +3) 

29. (2x + 1)(4x — 3) 30. (Sx + 3)(2x — 6) 31, (2x — 5)(3x - 1) 32, (3x — 4)(2x — 1) 

33. (Sx —2)(-4x —3) 34. (7x +1)(-2e -3) 35. (2x — 5) (x + 3y) 36. (x — 3) (2x + 3y) 

37. (Sx + 2) (3x — y) 38. (3x + 4) (5x — y) 39. (4a — b)(5a — 3b) 40. (2a — b)(6a — Sb) 

41. (Sx? + 4y3) (2x? + 3y3) 42. (3a? + 4b4) (2a? + b*) 

To Think About 

43. What is wrong with this multiplication? 44, What is wrong with this answer? 
(= 2 )C=3) = 3re— 6 aah SGP) ee Bacher 

45, What is the missing term? 46. Multiply the binomials and write a brief description of — 
(Sx + 2)(Sx + 2) = 25x? + +4 what is special about the result. (5x — 1) (5x + 1) 

354 
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Mixed Practice Multiply. 

47. (4x — 3y)(Sx — 2y) 48. (3b — Sc) (2b — 7c) 49. (7x — 2)? 

50. (3x — 7)? 51. (4a + 2b)? 52. (5a'+ 3b)? 

1 ie (1 1 
Bo. (2x + 3) (4x — 0.3) 54, *(0.Sx— 2) (6k = 02) aoe at + 3)\a* | 

I 1\/1 I 2 3 2 3 3 2 3 2 56. 3% a7 5)\a*% 79 Die} (2x yde4y” (30% deze) 58. (4x° + 2ye) (28S Sy") 

Find the area of the rectangle. 

A 59. 5x +2 A 60. 7x +3 

Dice 4x — 6 

Cumulative Review 

61. [2.3.3] Solve for x. 3(x — 6) = —2(x + 4) + 6x 62. [2.3.3] Solve for w. 3(w — 7) — (4-— w) = 1lw 

63. [2.7.4] Paper Currency Heather returned from the bank with $375. She had one more $20 bill than she had $10 bills. 

The number of $5 bills she had was one less than triple the number of $10 bills. How many of each denomination did 
she have? 

Social Security Every year, the U.S. government disburses billions of dollars in veterans benefits checks. The polynomial 

2.23x + 25 can be used to estimate the total value of veterans benefits checks sent in a year in billions of dollars, where x is 

the number of years since 2000. Round your answers to the nearest tenth. (Source: washingtontimes.com) 

64. [5.3.4] Estimate the total value of veterans benefits 65. [5.3.4] Estimate the total value of veterans benefits 

checks sent in 2000. checks sent in 2005. 

66. [5.3.4] Estimate the total value of veterans benefits 67. [5.3.4] Estimate the total value of veterans benefits 

checks sent in 2015. checks sent in 2019. 

| Quick Quiz 5.4 Multiply. 

1. (2x?y” — 3xy + 4)(4xy?) 2. (2x + 3)(3x — 5) 

3, (6a — 4b)(2a — 3b) 4. Concept Check Explain how you would multiply 
(7x — 3). 
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[5.5] Multiplication: Special Cases @® 

Ei Multiplying Binomials of the Type 
After studying this section, you will 

be able to: 

1 | Multiply binomials of the type 
(a+b)(a-—b). @® 

Multiply binomials of the 
type (a + b)* and 

(a-b)*. ® 

Multiply polynomials with more 
than two terms. @® 

(a+b)(a-b) @® 

The case when you multiply (x + y)(x — y) is interesting and deserves special 
consideration. Using the FOIL method, we find 

(x Ry) i yp Bea — y? = 2" 97, 
Notice that the sum of the inner product and the outer product is zero. We see that 

Gy y) =x? = y?. 
This works in all cases when the binomials are the sum and difference of the same 

two terms. That is, in one factor the terms are added, while in the other factor the 

same two terms are subtracted. 

(Sa + 2b) (Sa — 2b) = 25a” — 10ab + 10ab — 4b? 

= 25a? — 4b? 

The product is the difference of the squares of the terms. That is, (5a)? — (2b)? or 
25a? — 4b’. 

Many students find it helpful to memorize this equation. 

MULTIPLYING BINOMIALS: A SUM AND A DIFFERENCE 

(a+ b)(a— b) =a? — Bb? 

You may use this relationship to find the product quickly in cases where it applies. 
The terms must be the same and there must be a sum and a difference. 

Example 1 Multiply. (7x + 2) (7x — 2) 

Solution 

(7x + 2)(7x — 2) = (7x)? — (2)? = 49x? - 4 

Check. Multiply the binomials using FOIL to verify that the sum of the inner and 
outer products is zero. Ls 

b= Student Practice 1 Multiply. (6x + 7)(6x — 7) 

Example 2 Multiply. (5x — 8y) (Sx + 8y) ; 

Solution . 

(Sx — 8y) (Sx + 8y) = (5x)? — (8y)? = 25x? — 64y? oO 

p= Student Practice 2 Multiply. (3x — 5y) (3x + Sy) 

Multiplying Binomials of the Type (a + b)2 

Consider the following problem. 

(3x°+ 2)? = (3x 2) (3x 4 2) 

= 9x” + 6x + 6x + 4 

and (a —b)? @® 
A second case that is worth special consideration is a binomial that is squared. 

= 9x7 + 12x +4 
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If you complete enough problems of this type, you will notice a pattern. The answer 
always contains the square of the first term added to double the product of the first 
and last terms added to the square of the last term. 

Square Double the product Square 
3x is 2 is the of the first and the 
the first the last first term: last terms: last term: 
term term (3%)? 2(3x) (2) whe 

{ { l 
fe DF = Ox? + 12% ~ 4 

We can show the same steps using variables instead of words. 

(a + b)* = a* + 2ab + b? 

There is a similar formula for the square of a difference: 

(a — b)? =a* — 2ab + b* 

We can use this formula to simplify (2x — 3)’. 

(2x — 3)? = (2x)? — 2(2x)(3) + (3)? 
= 4x? — 12x + 9 

You may wish to multiply this product using FOIL to verify. 
These two types of products, the square of a sum and the square of a difference, 

can be summarized as follows. 

A BINOMIAL SQUARED 

(a + b)? = a* + 2ab + b? 
(a — b)? = a* - 2ab + b 

Example 3 Multiply. 

(a) (Sy — 2)? (b) (8x + 9y)? 

Solution 

Gyre) = (Sy)? — (2)(5y)(2) + (2)? 
= 25y? — 20y + 4 

(b) (8x + Sy)? = (8x)? + (2)(8x)(9y) + (9)? 

= 64x? + 144xy + 81y’ oO 

teed Student Practice 3 Multiply. 

(a) (4a - 9b)? (b) (Sx + 4)? 

CAUTION: (a + b)? # a? + b”! The two sides are not equal! Squaring the sum 
(a + b) does not give a? + b?! Beginning algebra students often make this error. 
Make sure you remember that when you square a binomial, there is always a 

middle term. 

(a+b)? =a? +2ab+b’ 
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Sometimes a numerical example helps you to see this. 

(3+ 4)? 43? +4 
TAI + 16 

49 # 25 

Notice that what is missing on the right is 2ab = 2+3+4 = 24. 

Multiplying Polynomials with More Than Two Terms @® 

We used the distributive property to multiply two binomials (a + b)(c +d), 
and we obtained ac + ad + bc + bd. We could also use the distributive property 
to multiply the polynomials (a + b) and (c + d + e), and we would then obtain 
ac + ad + ae + be + bd + be. Let us see if we can find a direct way to multiply 
products such as (3x — 2) (x* — 2x + 3). It can be done quickly using an approach 
similar to that used in arithmetic for multiplying whole numbers. Consider the fol- 
lowing arithmetic problem. 

128 

x 43 

384 < _ The product of 128 and 3 

512 <_ The product of 128 and 4 moved one space to the left 

5504 <The sum of the two partial products 

Let us use a similar format to multiply the two polynomials. For example, multiply 
(x? — 2x + 3) and (3x = 2). 

x? - 2x +3 

See This is often called vertical multiplication. 

—2x* + 4x —6 <— The product (x? — 2x + 3)(-2) 
3x3 — 6x? + 9x <— The product (x* — 2x + 3) (3x) moved one space to the 

left so that like terms are underneath each other 

3x3 — 8x? + 13x — 6 < The sum of the two partial products 

Example 4 Multiply vertically. (3x° + 2x? + x) (x? — 2x - 4) 

Solution 

3x3 ++ 2x7 + x We place one polynomial over the other. 

x? —- 2x - 4 
—12x3 — 8x? — 4x <— The product (3x° + 2x? + x)(—4) 

—6x4 — 4x3 — 2,2 < The product (3x + 2x? + x)(—2x) 

3x5 + 2x4 + x3 < The product (3x + 2x? + x)(x?) 

3x° — 4x+ — 15x3 — 10x? — 4x <The sum of the three partial products 

Note that the answers for each partial product are placed so that like terms are 
underneath each other. o 

b= Student Practice 4 Multiply vertically. (4x° — 2x? + x)(x? + 3x — 2) 

Alternative Method: FOIL Horizontal Multiplication 

Some students prefer to do this type of multiplication using a horizontal format sim- 
ilar to the FOIL method. The following example illustrates this approach. 

en 
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Example 5 Multiply horizontally. (x? + 3x + 5) (x* — 2x — 6) 

st We will use the distributive property repeatedly. 

ae ='6) — 2x — 6) + 3x(x? — 2x — 6) + 5(x* — 2x — 6) 

=|x gpl +[3x3 — 6x2 — 18x]+[5x2- 10x — 30 

= x4 + x — 7x2 — 28x — 30 Oo 

cs Student Practice 5 Multiply horizontally, (2x? + Sx + 3)(x? — 3x — 4) 

Some problems may need to be done in two or more separate steps. 

ie Example 6 Multiply. (2x — 3)(x + 2)(x + 1) [tee Student Practice 6 Multiply. 
Solution We first need to multiply any two of the binomials. Let (3x = 2) (2x +3) (3x + 2) 

us select the first pair. 

Pa alive (x + 1) 
SS SS 

Find this product first. 

(Hint: Rearrange the factors.) 

( Zeer 2) oxo + 4x — 3x — 6 For all Student Practice problems, write out 
= 2x*+x-6 the steps on a separate sheet of paper. Check 

the step-by-step solutions in the back of the 
Now we replace the first two factors with their resulting product. 

(2x? + x — 6)(x + 1) 
—————.——_- 

textbook. 

First product 

We then multiply again. 

(2x? + x — 6)(x +1) = (2x2 +x - 6)x + (2x7 +x - 6)1 

= 2x3 + x? - 6x + 2x? +x -6 

ert 3 5x. 6 

The vertical format of Example 4 is an alternative method for this 
type of problem. 

2x7 +x-6 

pees! 
2x7 + x -6 

2x3 + x? — 6x 
De axe Se 6 

Thus we have 

(2x — 3)(x + 2)(x +1) = 2x? + 3x? — 5x - 6. 

Note that it does not matter which two binomials are multiplied first. 
. For example, you could first multiply (2x — 3)(x +1) to obtain 
2x? — x — 3 and then multiply that product by (x + 2) to obtain 
the same result. oO 

Sometimes we encounter a binomial raised to a third power. In such cases we would 
write out the binomial three times as a product and then multiply. So to evaluate 
(3x + 4)? we would first write (3x + 4)(3x + 4)(3x + 4) and then follow the 
method of Example 6. 
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Verbal and Writing Skills, Exercises 1-4 

1. In the special case of (a + b)(a — b), a binomial 
times a binomial is a . 

3. A student evaluated (4x — 7)? as 16x” + 49. What is 
missing? State the correct answer. 

Use the formula (a + b)(a — b) = a — b* to multiply. 

2. Identify which of the following could be the answer 
to a problem using the formula for (a + b)(a — b). 
Why? 

(a) 9x” — 16 

(c) 9x? + 12x + 4 

(b) 4x? + 25 

(d) x*-1 

4, The square of a binomial, (a — b)?, always produces 
which of the following? 

(a) binomial (b) trinomial 

(c) four-term polynomial 

Sy = Pye eeD) 6. (4783) a Take =D) x +9) 

S20 (e110) (res 10.) 9, (6% — 3) (Gk op 105) (55 2) (S242) 

Th (2S Tee 12: (4x.4+ 1) (heh) 13.52 = Sy (OK yy 

14. (6a + 5b)(6a — 5b) 

Use the formula for a binomial squared to multiply. 

17, (2y + 5)? 18. (3x — 1)? 

20. (6x + 5)? 21. xe Sy" 

23.13% =e 24. (3x + Sy)? 

27. (9xy + 4z)? 

15. (0.6x + 3)(0.6x — 3) 16. (3x — 0.8) (3x + 0.8) 

19. (5x — 4) 

22a Ry = 37 

o 1 
.(ox+- 25 (2x i) 

28. (Ty — 3xz)? 

Mixed Practice, Exercises 29-36 Multiply. Use the special formula that applies. 

29. (7x + 3y)(7x — 3y) 

31. (3c — Sd)? 

360 

30. (12x — Sy) (12x + 5y) 

32. (6c — d)? 
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Use the distributive property to multiply. 
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33. (9a — 10b)(9a + 10b) © 34, (11a + 6b) (11a — 6b) . 35, (5x + 9y)? 36. (4x + 8y)? 

37. (x* —x + 5)(x - 3) 38. (x? + 4x + 2)(x — 5) 39, (2x + 1) (x? + 3x7 —- x + 4) 

40. (3x — 1)(x° + x? — 4x - 2) 41. (a? — 3a + 2)(a* + 4a — 3) 42, (b? + 5b — 1)(b? — 4b + 1) 

43. (x + 3)(x — 1) (3x — 8) 44, (x — 7)(x + 4) (2x — 5) 45, (2x — 5)(x —1)(x + 3) 

46. (3x — 2)(x + 6)(x — 3) 47. (a — 5)(2a+3)(a +5) 48. (b — 3)(b + 3)(2b - 1) 

To Think About 

4 49. Find the volume of this object. 

(2x + 1) 

= (4x + 3) 

Cumulative Review 

51. [2.6.1] One number is three more than twice a sec- 

ond number. The sum of the two numbers is 60. Find 

both numbers. 

Quick Quiz 5.5 Multiply. 

i Gree i 2y)i(7x + 12y) 

3. (3x — 2)(5x? — 2x? — 4x + 3) 

A 50. Geometry The formula for the volume of a pyramid 

is V = 5Bh, where B is the area of the base and h is 

the height. Find the volume of the following pyramid. 

A 52. [2.6.1] Room Dimensions The perimeter of a rectan- 

gular room measures 34 meters. The width is 2 meters 
more than half the length. Find the dimensions of 

the room. 

2u4 Cex eee — 2) (3x + 1) 

4. Concept Check Using the formula 

(a + b)? = a? + 2ab + b’, explain how to multiply 
(6x — 9y)?. 
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[56] Dividing Polynomials @ 

Bl Dividing a Polynomial by a Monomial @® 

After studying this section, you will 
be able to: 

1 | Divide a polynomial 
by amonomial. @® 

Divide a polynomial 
by a binomial. @® 

To divide a polynomial by a monomial, divide each term of the numerator by the 
denominator; then write the sum of the results. We are using the property of frac- 
tions that states that 

2 
c 

DIVIDING A POLYNOMIAL BY A MONOMIAL 

1. Divide each term of the polynomial by the monomial. 
a 

2. When dividing variables, use the property x a x*EPs 
x 

8y® — By? + 24y? 
8y? 

By — By + 24y?_—By® = By*_— Ody? 
Solution ——————— = eae Ie 

8y* By? By? By” 

Example 1 Divide. 

ve -y+3 Oo 

Student Practice 1 Divide. 

15y* — 27y3 — 21y? 

3y? 

F] Dividing a Polynomial by a Binomial @® 

Division of a polynomial by a binomial is similar to long division in arithmetic. 
Notice the similarity in the following division problems. 

Division of a three-digit number 
by a two-digit number 

Division of a polynomial 
by a binomial 

32 3x +2 
21)672 2x + 1)6x? + 7x +2 

63 6x2 + 3x 

42 4x +2 

42 4x +2 

0 0 

DIVIDING A POLYNOMIAL BY A BINOMIAL 

. Place the terms of the polynomial and binomial in descending order. 
Insert a O for any missing term. 

. Divide the first term of the polynomial by the first term of the binomial. 
The result is the first term of the answer. 

. Multiply the first term of the answer by the binomial and subtract the 
result from the first two terms of the polynomial. Bring down the next 
term to obtain a new polynomial. 

. Divide the new polynomial by the binomial using the process described 
in step 2. 

. Continue dividing, multiplying, and subtracting until the degree of the 
remainder is less than the degree of the binomial divisor. 

. Write the remainder as the numerator of a fraction that has the binomial 
divisor as its denominator. 
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(x? + Sx? + 11x + 4) 
Example 2 Divide. Ge +2) 

Solution We rewrite the division as (x° + 5x? + 1lx + 4) + (x +2). 

-Step1 The terms are arranged in descending order. No terms are missing. 
Step 2 Divide the first term of the polynomial by the first term of the binomial. In 

this case, divide x? by x to get x”. 

x 

x + 2)x? + 5x7 + 11x + 4 

Step 3 Multiply x” by x + 2 and subtract the result from the first two terms of the 
polynomial, x° + 5x? in this case. 

2 
Xx 

x + 2)x3 + 5x? + 11x + 4 

x? + 2x? ¥ Subtract: 5x? — 2x? = 3x? 

3x? + 11x Bring down the next term. 

Step 4 Continue to use the step 2 process. Divide 3x” by x. Write the resulting 3x 
as the next term of the answer. 

x? + 3x 

x + 2)x?+ 5x2 + 11x +4 

x? + 2x? 

3x + 11x 

Step 5 Continue multiplying, dividing, and subtracting until the degree of the re- 
mainder is less than the degree of the divisor. In this case, we stop when 
the remainder does not have an x. 

xe+ 3x +5 

x + 2)x3 + Sx? + 11x + 4 

x3 + 2x? 

3x? + 11x 
3x7 + 6x 3x(x + 2) = 3x? + 6x 

5x + 4 Bring down 4. 

5x, 10) Subtract 4...10.=—6, 

—6 The remainder is —6. 

=6 

x+2 

Check. To check the answer, we multiply (x + 2) (x? + 3x + 5) and add the 
remainder, —6. 

Step 6 The answer is x7 + 3x +5 + 

(x + 2)(x? + 3x +5) + (-6) = x° + 5x? + 11x + 10 - 6 

= x9 + 5x7 + ix +4 

‘This is the original polynomial. It checks. oO 

Student Practice 2 Divide. 

(x? + 10x? + 31x + 25) 

(x + 4) 
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Take great care with the subtraction step when negative numbers are involved. 

[H=34 Student Practice 3 Divide. 
(2x3 — x? +1) + (x -1) 

For all Student Practice problems, write 
out the steps on a separate sheet of paper. 
Check the step-by-step solutions in the 
back of the textbook. 

Me Example 3 Divide. (5x3 — 24x? + 9) + (Sx + 1) 

Solution We must first insert Ox to represent the missing x-term. 

Then we divide 5x° by 5x. | 

2 x 

5x + 1)5x° — 24x? + Ox + 9 

oS ae ee Gs 
—25x? Note that we are subtracting: 

24x? — (+1x?) = —24x? — 1x? 
= —25x" 

Next we divide —25x? by Sx. 

x? — 5x 
Sx ibe de Ox + 9 

ao ge 
—25x? + Ox 
—25x* — 5x 

5x Note that we are subtracting: 
Ox = (—54) = 0% te 5x = 55% 

Finally, we divide 5x by 5x. 

x?- 5x41 

5x + 1)5x*7 — 24x? + Ox + 9 

5x3 + x? 

—25x? + Ox 
—25x* — 5x 

Se ac ©) 

Specie Jl 

8 <— The remainder is 8. 

The answer is x2 — 5x + 1+ ; 
Spear dl 

Check. To check, multiply (5x + 1)(x? — 5x +1) and add the 
remainder, 8. 

(Sx + 1)(x? — Sx +1) + 8 = 5x? — 24x7 +148 
= 5x3 — 24x? + 9 

This is the original polynomial. Our answer is correct. Oo 
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Now we will perform the division by writing a minimum of steps. See if you can 
‘follow each step. 

Example 4 Divide and check. (12x? — 11x? + 8x — 4) + (3x — 2) 

Solution 

4x? - x42 

3x — 2)12x? — 11x? + 8x - 4 

12x? — 8x? 

—3x? + 8x 

—3x? + 2x 

(pe = 4 

6x — 4 

0 

Check. (3x — 2)(4x? — x + 2) = 12x39 — 3x? + 6x — 8x? + 2x -4 

= 12x? — 11x? + 8x — 4 Ouranswer is correct. 

? Student Practice 4 Divide and check. 

(20x? — 11x? — 11x + 6) + (4x — 3) 

| 

! od STEPS TO SUCCESS Key Points to Help You While You Are Taking an Exam 
You will be amazed to see how your performance on exams 

can improve just by using a good strategy while taking an 

exam. Look over the following suggestions, then apply 

them while taking your next exam. You will really see a 

difference! 

Before You Begin the Exam 

Arrive early. This will give you time to collect your thoughts 

and ready yourself. 

Relax. After you get your exam, take two or three moderately 

| deep breaths. You will feel your entire body begin to relax. 

Look over the entire exam quickly. This will help you pace 

yourself and use your time wisely. If point values are given, 

plan to spend more time on questions that are worth more 

points. Write down formulas in a blank area of the test. 

During the Test 

Read directions carefully. Be sure to answer all questions clear- 

ly and ask your instructor about anything that is not clear. 

Answer questions that are easiest first. This will help you build 

your confidence. 

Keep track of time. Do not get bogged down with one ques- 

tion. Return to it after you complete the rest of the questions. 

Check your work. Keep your work neat and organized so that 

you are less likely to make errors and can check your steps easily. 

Stay calm. Stop and take a deep breath periodically. If others 

leave before you, don’t worry. You are entitled to use the full 

amount of allotted time. 

Making it personal: Which of these suggestions do you find 

most helpful? Can you list any other suggestions? Use these 

strategies on your next exam. 
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Divide. 

25x* — 15x? + 20x 20b* — 4b° + 16b? 3y> + 21y? — 9y? 
1. Ds 3. aaa 7h ear 

5x 4b 3y 

, 10y* = 35y? S55 i 81x? — 36x° — 63x3 - 28x8 — 14x® + 35x4 

Sy? ; 9x3 ; 7x3 

7. (48x? — 54x4 + 36x37) + 6x? 8. (72x° = 45x° — Sex or 

Divide. Check your answers for exercises 9-16 by multiplication. 

6x? + 13x + 5 

Daal 

3x3 — x7 + 4x —2 
13. 
3 5 Se 

6x? + 11x? - 8x + 5 
16. 

2X HLS 

19. (4x° + 3x + 5) = (2x — 3) 

366 

10. 
12x27 + 19x + 5 x? — 8x — 17 x? —9x -—5 
Ea Ua eee ————— 

3x + 1 Va) 12 vias 

3° ee 3 Dt as 14. 2% Bie 3x + 6 15. Ax) + 4x 19% =115 

fe Se ill 2x +5 

3 Be ab Dan 17. UG p eres Dili Lin s2 18. Sie 28x 20K 21 

5x2 S893) 

20. (8x? + 8x + 5) + (2x - 1) 21. (y? — y? — 13y — 12) + (y + 3) 
| 



"| Section 5.6 Dividing Polynomials 367 

Bera teeta) a 26yE— 4) (itd) 123, 0(y* — Sy? ~ 5) (pena) 24, (2y" + 3y? — 5) + (y — 2) 
) 

Cumulative Review 

25. [0.5.3] Milk Prices In January 2008, the average price 26. [2.6.1] Page Numbers Thomas was assigned to read a 
for a gallon of whole milk was $3.87 By January 2010, special two-page case study in his psychology book. He 
the price had decreased by 16%. In January 2015, the can’t remember the page numbers, but does remember 
price increased 16% from the 2010 price. What was that the pages are consecutive and the two numbers 
the average price of a gallon of whole milk in January add to 341, What are the page numbers? 
2010? What was the price in January 2015? (Source: 
www.bls.gov) 

27. [2.6.2] Hurricane Pattern The National Hurricane 

Center has noticed an interesting pattern in the num- 
ber of Atlantic hurricanes each year. Examine the bar 
graph, then answer the following questions. Round all 
answers to the nearest tenth. 

(a) What was the mean number of hurricanes per 
year during the years 2003 to 2006? 

(b) What was the mean number of hurricanes per 

year during the years 2007 to 2010? 

(c) What was the mean number of hurricanes per 

year during the years 2011 to 2014? 

(d) What was the percent decrease of the mean from 

the four-year period 2003 to 2006 to the four-year 
period 2007 to 2010? 

Source: Year 
(e) What was the percent decrease of the mean from —_ www.noaa.gov 

the four-year period 2007 to 2010 to the four- 
year period 2011 to 2014? 

Number of hurricanes 

Buick Quiz 5.6 Divide. 

20x° — 64x4 — &x° 

| Ax? 

3. (x? + 4x — 3) + (x - 2) 

= 1. (8x3 + 2x7. — 19x — 6) + (2x + 3) 

> . Concept Check Explain how you would check your 
answer to problem 3. Perform the check. Does your 
answer check? 



CAREER EXPLORATION PROBLEMS 

Background: Biological Technician 
Jeannie is a biological technician working at a major biotechnology company. Jean- 
nie’s responsibilities are varied in her role assisting a team of scientists in the proto- 
cols of their experiments. She spends a good deal of time observing, recording, and 
calculating results from these experiments. 

Facts 
One of the projects she’s working on involves the study of how to best modify 
bacterial cells, and she needs to calculate a transformation efficiency value, a 

measure of the cell’s ability to be transformed. Typically these values are calculat- 

ed and expressed in scientific notation. After measuring and recording a first set 
of data, her final calculation appears as: 

: be a . 250 
Transformation efficiency = 140 transformants + Fen 1a 

A second set of data generates the following calculation: 

Transformation efficiency = 164 transformants x | 

In her lab reports, Jeannie’s measurements for cell density, absorption, and number 
of bacteria must be converted from scientific notation to decimal notation. 

Another project Jeannie is working on involves genetics. In it, she’s writing poly- 
nomial expressions that describe the possible genetic makeup for the offspring 
of two parents. Each parent has half dominant genes, symbolized by X, and half 
recessive genes, symbolized by y. The binomial describing each parent’s makeup 

is (0.5X + 0.5y). 

Tasks 
1. What are the final transformation efficiency values expressed in scientific nota- 

tion for the two sets of data Jeannie has measured and recorded? 

What are the decimal equivalents of the following measurements expressed in 
scientific notation? 

(a) Cell density: 5.01 x 107 

(b) Absorption: 3.02 x 10? 

(©) Number of bacteria: 237 x 10 x 10° 

Given that the binomial describing each parent's genetic makeup is (0.5X + 0.5y), 

the polynomial that describes the genetic makeup of the offspring is the product 

of (0.5X + 0.5y)?. What is this product? 
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Chapter 5 Organizer 
Topic and Procedure Examples 

Multiplying monomials, p. 325 

x4 +x? = yoth 

1, Multiply the numerical coefficients. 

2. Add the exponents of a given base. 

Multiply. 
(a) 312,315 = 327 

(b) (—3x7)(6x?) = —18x5 

(c) (2ab)(4a*b*) = 8a3b4 

You Try It 
(on a separate sheet of paper) 

1. Multiply. 

(a) 2°-2" 

(b) (—8a*)(—2a°) 

(©) (~ab*)(3a*b’) 
Dividing monomials, p. 327 (x # 0) Divide. = 

hats 16x’ A 
E x*~> Use if ais greater than b. (a) 3 2x 

xo )—— Use if b is greater than a. 3 

1. Divide or reduce the fraction created by 2 ee id 
the quotient of the numerical coefficients. © —12x°y 2x? 

2. Subtract the exponents of a given base. 18x3y!0 3y3 

Exponent of zero, p. 329 Simplify. 
6 

x=1 ifx #0 (a) 5°=1 (b) ~=1 
% 

iy i (ec) w’=1 (d) 3x"y = 3y 

Raising a power, product, or quotient Simplify. 

‘to a power, pp. 330-331 

! ( x2)? eye 

Rag je == xy" 

Bee o«0 
1, Raise the numerical coefficient to the 

power outside the parentheses. 

“2. Multiply the exponent outside the 

parentheses times all exponents inside 
the parentheses. 

Negative exponents, p. 336 

Ifx # Oand y ¥ 0, then 

Scientific notation, p. 337-338 

A positive number is written in scientific 

notation if it isin the forma X 10”, where 

‘1 <a < 10 and nis an integer. 

Performing calculations with numbers 

written in scientific notation, p. 339 

Rearrange the order when multiplying. 

Use the definition of multiplication of 

fractions when dividing. 

(a) (49)? = x77 

(b) (3x7)? = 27x° 

DP \e 8x" oG)-s 
(d) (—3x4y5)* = Bie tye0 

(e) (—Sab)? = —125a%b? 

Write with positive exponents. 

S 1 1 
(a) x °= “6 () 4 = w? 

w 2 2 1 1 

= d 2-2 =—= — (c) a 4,2 (d) pe 4 

2. Divide. 

2ixs 
3x7 

aaot 

9x? 

14ab’ 

28a°b 

(a) 

(b) 

(c) 

3. Simplify. 

(a) 9° 
5 

(©) = 

(b) m® 

(d) 6ab" 

A. Simplify. 

(a) (a*)> 

(b) (2n*)? 

ae o(® 
(d) (—5s7t°)? 

(e) (-a’b)° 

5. Rewrite with positive exponents. 
& 1 

(a) a? brs 
x 

=o 

© = (a) 3° 
nN 

Write in scientific notation. 

(a) 2,568,000 = 2.568 x 10° 

(b) 0.0000034 = 3.4 x 10° 

Multiply or divide. 
4.5 x 10° 

(a) (5.2 x 107)(1.8 x 10°) (b) SS = 
Sees 6 x 10: 

= 5D) SA SO Sale : 

= 9.36 x 10! a re Oe ioe 

= O75 10" 

Adding polynomials, pp. 343-344 

To add two polynomials, we add their like 
terms. 

Subtracting polynomials, p. 345 

To subtract the polynomials, change all signs 
of the second polynomial and add the result 

to the first polynomial. 

a—b=a+(-b) 

6. Write in scientific notation. 

(a) 386,400 
(b) 0.000052 

7. Multiply or divide. 

(a) (3.1 x 10°) (2.5 x 104) 

3.8 x 10° 
b 
@) 1:25" < 10° 

Add. 

= —6r) + 5x? + xe 5S 

Subtract. 

(5x? — 6) — (-3x? + 2) = (5x? — 6) + (3x? - 2) 

= 8x? — 8 

=e 102 

8. 
(—7x? + 2x? + 5) + (x3 + 3x? + x) 

Add. 
(x4 — 5x3 + 2x7) + (-7x4 + x3 - x?) 

9. Subtract. (8 — x2) — (5 + 2x?) 
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Topic and Procedure 

Multiplying a monomial by a 
polynomial, p. 350 

Use the distributive property. 

a(b +c) =ab + ac 
(b + c)a = ba + ca 

Multiplying two binomials, 

pp. 350-351, 356 

1. The product of the sum and difference of 

the same two terms; 

(a+ b)(a-b) =a - b? 

2. The square of a binomial: 

(a+b)? =a + 2ab+b’ 
(a — b)? = a? — 2ab + b* 

3. Use FOIL for other binomial multipli- 

cation. The middle terms can often be 

combined, giving a trinomial. 

Multiplying two polynomials, p. 358 

To multiply two polynomials, multiply each 
term of one by each term of the other. This 

method is similar to the multiplication of 
many-digit numbers. 

Examples 

Multiply. 

(a) —5x(2x? + 3x — 4) = —10x? — 15x? + 20x 

(b) (6x° — Sxy — 2y?)(3xy) = 18x4y — 15xy? — 6xy? 

Multiply. 

(a) (3x + 7y)(3x — 7y) = 9x? — 49y? 

(b) (3x + Ty)? = 9x? + 42xy + 49y? 
(3x — Ty)? = 9x? — 42xy + 49y? 

(c) (3x — 5) (2x + 7) = 6x? + 21x — 10x — 35 
= 6x + 11x - 35 

Multiply. (3x2 — 7x + 4) (3x — 1) 
Vertical method: 3x7 - Ixt4 

x Sheik 

—3x7 + Ix-4 
9x3 — 21x? + 12x 
9x3 — 24x? + 19x - 4 

Horizontal method: (Sx + 2)(2x? — x + 3) 

= 10x° — 5x? + 15x + 4x? — 2x + 6 

= 10x? — x? + 13x + 6 

Multiplying three or more 
polynomials, p. 359 

1. Multiply any two polynomials. 

2. Multiply the result by any remaining 
polynomials. 

Multiply. 

(2x + 1)(x — 3)(x + 4) = (2x? -— Sx -— 3)(x + 4) 

= 2x3 + 3x? — 23x - 12 

Dividing a polynomial by a 
monomial, p. 362 

1, Divide each term of the polynomial by 

the monomial. 
2. When dividing variables, use the property 

a 

ae = xa-P 
x? 

Divide. (15x37 + 20x” — 30x) + (5x) 

aS Dee 
Shs Bp Sx 

= 3x? + 4x - 6 

Dividing a polynomial by a 
binomial, p. 362 

1, Place the terms of the polynomial and 
binomial in descending order. Insert a 0 
for any missing term. 

2. Divide the first term of the polynomial by 
the first term of the binomial. 

3. Multiply the first term of the answer by 
the binomial, and subtract the result from 

the first two terms of the polynomial. 

Bring down the next term to obtain a new 

polynomial. 

4. Divide the new polynomial by the bino- 

mial using the process described in step 2. 
§. Continue dividing, multiplying, and sub- 

tracting until the degree of the remainder is 
less than the degree of the binomial divisor. 

6. Write the remainder as the numerator of 
a fraction that has the binomial divisor as 
its denominator. 
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Divide. 

(8x3 + 2x? — 13x + 7) + (4x - 1) 

2x7 + x - 3 

4x — 1)8x3+ 2x*- 13x +7 

8x? — 2x? 
4x? — 13x 

4x7 -— x 
120-7 

== 1/2 2S) 

4 

The answer is 

4 2 2x cl om 

You Try It 
(on a separate sheet of paper) 

10. Multiply. 
(a) —2a(3a? — 5a + 1) 

(b) (—x? + 3xy — 3y*) (4xy) 

11. Multiply. 
(a) (2a + 5b)(2a — 5b) 

(b) (2a + 5b)? 

(c) (2a — 5b)? 

(d) (2a — b)(3a + Sb) 

12. Multiply. 
(a) 6x? — 5x + 3 

Ztatal 

(b) (x — 5) (3x? = 2x + 1) 

13. Multiply. (x + 5)(x — 1)(3x + 2) 

14. Divide. (18a? — 9a? + 3a) + (3a) 

15. Divide. 

(3x3 + 13x? - 13x + 2) + (3x - 2) 



Chapter 5 Review Problems 
Section 5.1 

Simplify. In problems 1-12, leave your answer in exponent form. 

1. (—6a7)(3a°) PAS SY) 

nee ee 
di os 

—15xy* —12a°p® 
. 10. aru 

25x y* 18a°b 

13. (—3a3b")? 14. (3x3y)4 

Section 5.2 

Simplify. Write with positive exponents. 

ly. a°*b° 18. mp 

3 
21. (6a*b>)? 22. eae. 

y 
Write in scientific notation. 

25. 156,340,200,000 26. 179,632 

Write in decimal notation. 

2D. 12.10" 30. 6.034 x 10° 

3. (3xy”)(2x3y*) 4, (2x3y*)(—Txy?) 

30 g}3 

7, 8. 
y 9 

| (2b7)4 11. (x3)° 17 
(x ) ela 

sabe ( xy? ) 

15. | —— 16. 
( fo 4w>z” 

2x76 owe 
19, sie 20, (2x~°y) 2 

4 —5,,-6 =: ey Se) 

23, Sat 7A rae 
W “Zz Cae 

27. 0.00092 28. 0.00000174 

31. 2.5 x 10°! 2 ao 

Perform the calculation indicated. Leave your answer in scientific notation. 

(28,000,000 )(5,000,000,000 ) 

7000 
“Re 

(0.00078) (0.000005 )( 0.00004) 
0,002 

37. Atomic Clock An atomic clock is based on the fact 
that cesium emits 9,192,631,770 cycles of radiation in 

one second. How many of these cycles occur in one 

day? Round to three significant digits. 

Section 5.3 

Combine. 

39. (2.8x? — 1.5x + 3.4) + (2.7x* + 0.5x — 5.7) 

a4, (3.12. 102.0 X 10°)(1.5: x 10°) 

36. Mission to Pluto The New Horizons spacecraft began 
its 3.5 X 10°-mile journey to Pluto in January 2006. If 
the cost of this mission is $0.20 per mile, find the total 
cost. (Source: www.pluto.jhuapl.edu) 

38. Computer Speed Today’s fastest modern computers 
can perform one operation in 1 x 107" second. How 
many operations can such a computer perform in 

1 minute? 

40. (4x7 — x? — x + 3) — (—3x7 + 2x? + 5x - 1) 

Pee (ta ta) 42. 5x get (5x xt 
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Section 5.4 

Multiply. 

AAS *(3x'+-71)\(3e — 1) 45. (7x =.2,)\ (4x eed) 

48. (xy* + 5xy — 6)(—4xy?) 49. (Sa + 7b) (a — 3b) 

Section 5.5 

Multiply. 

51. (4x + 3)? 52. (@ + 5b) (a= 30) 

55. (x? + 7x +3)(4x-—1) 56. (x — 6)(2x — 3)(x + 4) 

Section 5.6 

Divide. 

57, (12y? + 18y? + 24y) + (6y) 

60, (15x + 11x — 14) + (5x + 7) 

63. (6x7 +x —9) + (2x + 3) 

Applications 

Solve. Express your answer in scientific notation. 

66. 

68. 

Fighting Obesity President Obama signed into law 
the Healthy Hunger-Free Kids Act of 2010, which 
includes 4.5 x 10’ dollars to provide children with 
healthy food in schools and fight childhood obesity. 
If the population of the United States in 2010 was 
3.1 x 10° people, how much per person did the 
United States spend to fight childhood obesity? 
Write your answer in dollars and cents. (Source: 
www.whitehouse.gov) 

Electron Mass The mass of an electron is approxi- 
mately 9.11 x 10° gram. Find the mass of 30,000 
electrons. 

To Think About 

Find a polynomial that describes the shaded area. 

A 70. 
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46. 

55. 

58. (30x° + 35x4 — 90x3) + (5x?) 

61. (12x — x — 63) + (4x + 9) 

64. (x3 = x — 24) + (x - 3) 

67. 

69. 

(2x + 3) (10x + 9) AT. 5x(2x? — 6x + 3) 

50. (2x* — 3) (4x? — 5y) 

(7x + 6y (x: bY) 54, (Sa — 2b)? 

59, (16x> — 24x? + 32x) + (4x) 

62. (2x7 — x7 + 3x —1) + (x + 2) 

65. (2x? — 3x +1) + (x —2) 

Population The population of Africa in 2020 was 
about 1.25 x 10’. The population of North Amer- 
ica in 2020 was about 5.97 x 10°. What was the 
total population of the two countries? (Hint: First 
write 5.97 x 108 as 0.597 x 10° before you do the 
calculations.) 

Gray Whales During feeding season, gray whales eat 

3.4 x 10° pounds of food per day. If the feeding peri- 
od lasts for 140 days, how many pounds of food total 
will a gray whale consume? 



How Am | Doing? Chapter 5 Test 

MATE COACH MyLab™ Math (£9) Pearsonmathstats 1. L] 

2. LJ 
Answer the following test questions on a separate sheet of paper. After you take this test read 
through the Math Coach on pages 374-375. Math Coach videos are available via MyLab Math and 3 & 
YouTube. Step-by-step test solutions on the Chapter Test Prep Videos are also available via MyLab = 

Math and YouTube. (In the YouTube channel, PearsonMathStats, go to Playlist “Tobey Beginning and C] 
Intermediate Algebra, 6e.") 4. 

Simplify. Leave your answer in exponent form. 5 Ll 

Pee 3" ine 3. (84)° CO - (39)(3%) ait (8) 6 
In questions 4-8, simplify. 1. LJ 

=35xey 3 
4, (—3xy4)(—4x3y°) 5. aT 6. (—Sxy°) 8. fal 

Th2\2 3x2)3 9. a 
1. (% 2 ) Hie g, | 3 } 9, Evaluate. 4 

; (G2) 10. ig 
In questions 10 and 11, simplify and write with only positive exponents. f = 

10. 6a74b-2c5 Hey, | . 6a Cc ry 12. [| 

12. Write in scientific notation. 0.0005482 13. L] 
. . . . 8 

. Write in decimal notation. 5.82 x 10 14, [] 

14, Multiply. Leave your answer in scientific notation. & 

(4.0 x 10-)(3.0 x 10°8)(2.0 x 10!) 15. 
Combine. 16. lel 

15. (2x? — 3x — 6) + (—4x? + 8x + 6) 17, Lia 
cL ees a oe ioe ay 3) = (14x° — 7x + 11) 18. C] 

Multiply. 
Bev : 19. & 

STomeuatax — 44~ + 6x — 2) 18. (Oxy — Oxy + Zor yy) 

19. (5a — 4b)(2a + 3b) Me 20. ae es 2)i(Ox > Liles) 20. [I 

21. (7x2 + 2y?)? 22, (5s — 111) (5s + 118) 21. LJ 
23. (3x — 2) (4x? - 2x? + 7x - 5) 24. (3x? — Sxy) (x? + 3xy) 29. Bi 

Divide. 23. a 

25. (15x° — 5x4 + 25x37) + 5x3 26. (8x? — 22x? — 5x + 12) + (4x + 3) 
3 24. LJ 

Paneitare Ox = 36) + (x — 3) 

Solve. Express your answer in scientific notation. Round to the nearest hundredth. 25. B 

28. At the end of 2014, Saudi Arabia was estimated to have 2.6 x 10!' barrels of 26. SB 
oil reserves. By one estimate, they have 69 years of reserves remaining. If they & 

disbursed the oil in an equal amount each year, how many barrels of oil would 27. 
they pump each year? (Source: saudiembassy.net) 28 ft 

29. A space probe is traveling from Earth to Pluto at a speed of 2.49 x 10‘ miles 
per hour. How far would this space probe travel in one week? 29. a 

Total Correct: ast 
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The following problems are from the Chapter 5 Test. Here are some helpful hints to keep you 

from making common errors on test problems. 

er 

AG 
Chapter 5 Test, Problem 8 Simplify. 

MAI COAG 
Mastering the skills you need to do well on the test. 

$$ 
~ HELPFUL HINT Do the meee i in three stages. First, use the power to a power rule to 

raise the numerator to the third power. Second, raise the denominator 

to the second power. Then divide the monomials using the rules of 
exponents, Bes sure to simplify any fractions. 

Did you use the power to a power rule to raise both 3! and 
x” to the third power in the numerator and both 6! and x! 
to the second power in the denominator? 

Yes aaa No 

If you answered No, stop and review the power to a power 

rule before completing these steps again. 

Z, 
Did you remember to simplify the fraction a9 

Yes: === No 

Finally, did you remember to use the quotient rule to sub- 

tract the exponents in the x terms? 

Yes No 

If you answered No to either of these questions, go back 

and examine your work carefully before completing these 
steps again. 

If you answered Problem 8 incorrectly, go back and rework 

the problem using these suggestions. 

Chapter 5 Test, Problem 11 Simplify and write with only positive exponents. —=—~ 
x 

~ HELPFUL HINT First, use the definition of a negative exponent to rewrite the expression using aaiy positive 
i _Then use the mules for eeporeoe to simplify the resulting eon 

exponents. | 

Did you ns euoye dae desea exponents by rewriting the 
x y y 2 

expression as 

Yes No 

If you answered No, review the definition of negative ex- 

ponents in Section 5.2 and complete this step again. 

Did you use the quotient rule to simplify the x terms and 
the product rule to simplify the y terms? 

Yes No 

If you answered No, review the rules for exponents in 

Sections 5.1 and 5.2 and simplify the expression again. 

Now go back and rework the problem using these 
suggestions. 

Need more help? Watch the MAT] COACH videos in MyLab™ Math or on YouTube. 
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fe oeheet 5 Test, Problem 20 Multiply. (3x + 2)(2x + 1)(x — 3) 
) 

correct exponent for each term. 

Did you use the FOIL method to multiply the first two 
binomials and obtain 6x* + 7x + 2? 

Yes No 

If you answered No, stop and complete this step. 

Did you multiply the result above by (x — 3)? 

Yes No 

Did you multiply each term of 6x? + 7x + 2 by x? 

| Yes No 

HELPFUL HINT A good approach is to start by multiplying the first two binomials. Then multiply that result by the 
third binomial. Be careful to avoid sign errors when multiplying, and be careful to write down the 

Did you multiply each term of 6x? + 7x + 2 by —3? 

Yes No 

If you answered No to any of these questions, go back and 
examine each step of the multiplication carefully. Be sure 
to write the correct exponent each time that you multiply. 
Be careful to avoid sign errors when multiplying by —3. 
Then combine like terms before writing your final answer. 

If you answered Problem 20 incorrectly, go back and rework 
the problem using these suggestions. 

Chapter 5 Test, Problem 27 Divide. (2x? — 6x — 36) + (x — 3) 

HELPFUL HINT Review the procedure for dividing a polynomial by a binomial in Section 5.6. Make sure you understand 
each step. Be sure you understand where the expression Ox? came from in the dividend. Be careful with 
subtraction. Write out the subtraction steps to avoid sign errors. 

Did you write the division problem in the form 

eee + Ox — 6x — 36? 

Yes No 

If you answered No, remember that every power must be 
represented. We must use Ox? as a placeholder so that we 
can perform our division. 

When you carried out the first step of division, did you ob- 
tain 2x? as the first part of your answer? 

‘Yes No 

When you multiplied x — 3 by 2x? and then subtracted, did 
you get the result 6x7? 

\ 

‘Yes - No 

If you answered No to these questions, stop and examine 
your first division step carefully. Make sure that you sub- 
tracted carefully too. Remember to write out the subtraction 

steps: Ox? — (—6x”) = 6x?. 

Next, did you bring down —6x from the dividend to obtain 
6x” — 6x? 

Yes No 

If you answered No, go back and look at the dividend again 
and see how to obtain this result. 

Now go back and rework the problem using these 
suggestions. 

Need more help? Look for section examples marked with Me to review. 
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CHAPTER 

Factoring 

CAREER OPPORTUNITIES 

CAD Operator 

Computer-aided design (CAD) involves the use of 

computers, design, and graphics software to produc 

design plans for a wide variety of items, both 

large and small. Building, aircraft, boat, tool, and 

automotive construction are just a few of the areas 

where computer-aided design plays a prominent 

role. Besides good communication skills and 

familiarity with computer operating systems, CAD 

operators need to know lots of algebra. This chaptet 

includes some of the mathematics that computer- 

aided design professionals use in their daily work. 

To investigate how the mathematics in this chapter 

can help with this field, see the Career Exploration 

Problems on page 419. a 



El Factoring Polynomials Whose Terms Contain 

a Common Factor @® 

Removing a Common Factor @ 

Recall that when two or more numbers, variables, or algebraic expressions are mul- 

tiplied, each is called a factor. 

339 Bae Sa (2x — 3)(x + 4) 

factor factor. factor factor factor factor 

When you are asked to factor a number or an algebraic expression, you are being 
asked, “What factors, when multiplied, will give that number or expression?” 

For example, you can factor 6 as 3+2 since 3-2 = 6. You can factor 15x° as 

3x? + 5x3 since 3x?+5x? = 15x°. Factoring is simply the reverse of multiplying. 6 and 
15x° are simple expressions to factor and can be factored in different ways. 

The factors of the polynomial 2x” + 5x — 12 are not so easy to recognize. Fac- 
toring a polynomial changes an addition and/or subtraction problem into a multipli- 
cation problem. In this chapter we will be learning techniques for finding the factors 
of a polynomial. We will begin with common factors. 

Example 1 Factor. (a) 3x — 6y (b) 9x + 2xy 

Solution Begin by looking for a common factor, a factor that both terms have in 
common. Then rewrite the expression as a product. 

(a) 3x — 6y =3(x — 2y) Thisis true because 3(x — 2y) = 3x — 6y. 

(b) 9x + 2xy = x(9 + 2y) This is true because x(9 + 2y) = 9x + 2xy. 

Some people find it helpful to think of factoring as the distributive property 
in reverse. When we write 3x — 6y = 3(x — 2y), we are doing the reverse of dis- 
tributing the 3. This is the main point of this section. We are doing problems of the 
form ca + cb = c(a + b). The common factor c becomes the first factor of our 
answer. 5 

Gee Student Practice 1 Factor. 

(a) 21a — 7b (b) 5xy + 8x 

When we factor, we begin by looking for the greatest common factor. For 
example, in the polynomial 48x — 16y, a common factor is 2. We could factor 
48x — l6y as 2(24x — 8y). However, this is not complete. To factor 48x — 16y com- 
pletely, we look for the greatest common factor of 48 and of 16. 

48x — ly = 16(3x — y) 

Example 2 Factor 24xy + 12x” + 36x7. Remember to remove the greatest com- 
mon factor. 

Solution We start by finding the greatest common factor of 24, 12, and 36. You 
may want to factor each number, or you may notice that 12 is a common factor. 12 

is the greatest numerical common factor. 

Notice also that x is a factor of each term. Thus, 12x is the greatest common 

factor. 

24xy + 12x? + 36x? = 12x(2y + x + 3x”) o 

Student Practice 2. Factor 12a” + 16ab? — 12a7b. Be careful to re- 
move the greatest common factor. 
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Student Learning Objective 

After studying this section, you will 

be able to: 

1 Factor polynomials whose 
terms contain a common 

factor @® 
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FACTORING A POLYNOMIAL WITH COMMON FACTORS 

1. Determine the greatest common numerical factor by asking, “What is 
the largest integer that will divide into the coefficients of all the terms?” 

. Determine the greatest common variable factor by first asking, “What 
variables are common to all the terms?” Then, for each variable that is 

common to all the terms, ask, “What is the largest exponent of the vari- 
able that is common to all the terms?” 

. The common factor(s) found in steps 1 and 2 are the first part of the answer. 

4. After removing the common factor(s), what remains is placed in paren- 
theses as the second factor. 

Example 3 Factor. (a) 12x? — 18y? (b) xy? + 3xy? + y? 

Solution 

(a) Note that the largest integer that is common to both terms is 6 (not 3 or 2). 

12x? — 18y? = 6(2x? — 3y’) 

(b) Although y is common to all of the terms, we factor out y’ since 2 is the largest 
exponent of y that is common to all terms. We do not factor out x, since x is not 

common to all of the terms, 

x’y* + 3xy? + y>? = y?(x? + 3x + y) o 

‘tee Student Practice 3 Factor. 

(a) 16a? — 24b3 (b) r°s? — 4r45 + 7r° 

Checking Is Very Important! You can check any factoring problem by multiplying 
the factors you obtain. The result must be the same as the original polynomial. 

Example 4 Factor. 8x°y + 16x*y? — 24x3y? 

| Solution We see that 8 is the largest integer that will divide evenly into the 
three numerical coefficients. We can factor x” out of each term. We can also factor 

y out of each term. 

8x7y + 16x2y? — 24x7y3 = Bxy(x + 2y — 3xy?) 

Check. 

8x2y(x + 2y — 3xy2) = Bx°y + 16x*y? - 24x73 Vv o 

Student Practice 4 Factor. 18a°b2c — 27ab%c? — 45a2b2c? 

Example 5 Factor. 9a°b? + 9a7b? 

i Solution We observe that both terms contain a common factor of 9. We can also 

i factor a” and b? out of each term. Thus the greatest common factor is 9a7b?. 

Qa>b* + 9a2b* = 9a*b*(a + 1) 

CAUTION: Don’t forget to include the 1 inside the parentheses in Example 5. The - 
solution is wrong without it. You will see why if you try to check a result written 
without the 1. o 

a Student Practice 5 Factor and check. 30x°y? — 24xy? + 6xy? 



) 

Example 6 Factor. 3x(x — 4y) + 2(x — 4y) 

Solution Be sure you understand what are terms and what are factors of the 
polynomial in this example. There are two terms. The expression 3x(x — 4y) is the 
first term. The expression 2(x — 4y) is the second term. Each term is made up of 
two factors. 

Observe that the binomial (x — 4y) is acommon factor of the terms. A com- 

mon factor may be any type of polynomial. Thus we can factor out the common 
factor (x — 4y). 

3x(x — 4y) + 2(x — 4y) = (x — 4y)(3x + 2) oO 

Student Practice 6 Factor. 3(a + 5b) + x(a + 5b) 

Example 7 Factor. 7x7(2x — 3y) — (2x — 3y) 

Solution The common factor of the terms is (2x — 3y). What happens when we 
factor out (2x — 3y)? What are we left with in the second term? 

Recall that (2x — 3y) = 1(2x — 3y). 

Thus 7x7(2x — 3y) — (2x — 3y) 

= 7x?(2x — 3y) — 1(2x — 3y) Rewrite the original expression with 1 as a 
factor. 

= (2x — 3y)(7x* — 1) Factor out (2x — 3y). o 

Student Practice 7 Factor. 8y(9y? — 2) — (9y? — 2) 

.Example 8 A computer programmer is writing a program to find the total area 

of 4 circles. She uses the formula A = zr’. The radii of the circles are a, b, c, and d, 

respectively. She wants the final answer to be in factored form with the value of 7 
occurring only once, in order to minimize the rounding error. Write the total area of 

the 4 circles with a formula that has 7 occurring only once. 

Solution For each circle, A = mr’, where r = a,b,c, ord. 

We add the area of each of the 4 circles. 

The total area is wa” + wb? + ac? + md’. 
In factored form the total area = (a? + b? + c? + d’), o 

f= Student Practice 8 Use A = qr’ to find the shaded area. The radius 
of the larger circle is b. The radius of the smaller circle is a. Write the shaded-area 

formula in factored form so that 7 appears only once. 

Section 6.1 Removing a Common Factor 379 
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Verbal and Writing Skills, Exercises 1-4 Jn exercises 1 and 2, write a word or words on a separate sheet of paper to 
complete each sentence. 

1. In the expression 3x?+5x*,3x? and Sx? are called 2. In the expression 3x7 + 5x°, 3x” and 5x° are called 

3. We can factor 30a++15a>-— 45a” as 4, We can factor 4x3 — 8x? + 20x as 4(x3 — 2x? + 5x). 
5a(6a* + 3a” — 9a). Is the factoring complete? Why Is the factoring complete? 
or why not? 

Remove the greatest common factor. Check your answers for exercises 5-28 by multiplication. 

5. 8a2 + 8a 6. 7b? + 7b 7, 2lab — 14ab? 8. 24ab — 18ab? 

9, 2mrh + 2nr? 10. 5a2b? — 35ab 11, 5x? + 25x? — 15x 12. 8x° — 10x? — 14x 

13. 12ab — 28bc + 20ac 14, 14xy + 21yz — 42xz 15. 16x° + 24x° -— 32x? 16. 36x° + 45x4 — 18x? 

17. 14x*y — 35xy — 63x 18. 40a” — 16ab — 24a 19, 54x? — 45xy + 18x 20. 48xy — 24y? + 40y 

21. 3xy? — 2ay + Sxy — 2y 22. 2ab? + 3xb? — 5b* + 2b? 23. 24x’y — 40xy? 

24. 35abc? — 49ab7c 25. 7x°y? + 21xy* 26. 8x°y* + 32xy’ 

27. 16x*y? — 24x*y? — 8x2y 28. 18x2y? — 12xy? + 6xy 

Hint: In exercises 29-42, refer to Examples 6 and 7. 

29. Ta(x + 2y) — b(x + 2y) 30. 6(3a + b) — z(3a + b) 31. 3x(x — 4) — 2(x — 4) 

32. 5x(x — 7) + 3(x - 7) 33. 6b(2a — 3c) — 5d(2a — 3c) 34, 7x(3y + 5z) — 6t(3y + 5z) 

35. 7c(b — a?) — Sd(b — a*) + 2f(b — a?) 36. 2a(x* — y) — 5b(x? — y) + c(x? — y) 

37. 3a(ab — 4) — 5(ab — 4) — b(ab — 4) 38. 4b(3ab — 2) + 2(3ab — 2) — 5a(3ab — 2) 

39. 4a°(a — 3b) + (a — 3b) 40. 2b?(2a — 5b) + (2a — 5b) 

41. (a +2) — x(a +2) 42. y(3x — 2) — (3x - 2) 
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Use the figure below for exercises 43 and 44. 

A 44, Use A = mr’ to find the shaded area. The radii of the 

circles are x, y, and z, respectively. Write the shaded- 

area formula in factored form so 7 appears only once. 

. 43. Use C = 2mr to find the circumference of each circle. 

The radii of the circles are x, y, and z, respectively. 

Write the sum of the circumferences of all three cir- 

cles in factored form so 7 appears only once. 

Cumulative Review 

Coffee Production In a recent year, the top six coffee-producing countries of the world produced 6,400,000 metric tons of 
coffee beans. The percent of this 6.40 million metric tons produced by each of these countries is shown in the following graph. 

Use the graph to answer the following questions. (Source: worldatlas.com) 

Percent of Coffee Produced by the Top Six 
Coffee-Producing Countries of the World 

Ethiopia 6% India 5% 

Indonesia 8% 

Colombia 12% ——~ 

Vietnam 26% 

45. [0.5.3] How many metric tons of coffee were pro- 

duced in Vietnam? 

47, [0.6.1] The population of Vietnam in 2015 was ap- 
proximately 89,700,000 people. How many pounds 
of coffee were produced in Vietnam for each person? 
(Round your answer to the nearest whole number. 

One metric ton is about 2205 pounds.) 

Quick Quiz 6.1 Remove the greatest common factor. 

1. 3x — 4x? + 2xy 

3 580.1, 3D) — 7b(a +35) 

46. [0.5.3] How many metric tons of coffee were pro- 

duced in Brazil? 

48. [0.6.1] The population of Brazil in 2015 was approxi- 
mately 200,400,000 people. How many pounds of cof- 
fee were produced in Brazil for each person? (Round 
your answer to the nearest whole number. One metric 

ton is about 2205 pounds.) 

2. 20x? — 25x? — 5x 

4. Concept Check Explain how you would remove the 
greatest common factor from the following polynomial. 

36a°b? — 72a?b? 
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[6.2] Factoring by Grouping ® 

fl Factoring Expressions with Four Terms 
After studying this section, you will 

be able to: 

ea Factor expressions with four 
terms by grouping. @® 

by Grouping @® 

A common factor of a polynomial can be a number, a variable, or an algebraic 
expression. Sometimes the polynomial is written so that it is easy to recognize the 
common factor. This is especially true when the common factor is enclosed by 
parentheses. 

Example 1 Factor. x(x — 3) + 2(x — 3) 

Solution Observe each term: 

Kida) + 2G ies) 

first second 

term term 

The common factor of the first and second terms is the quantity (x — 3), so we have 

x(x — 3) + 2(x — 3) = (x — 3)(x +2). Oo 

boas Student Practice 1 Factor. 3y(2x — 7) — 8(2x — 7) 

Now let us face a new challenge. Think carefully. Try to follow this new idea. 
Suppose the polynomial in Example 1, x(x — 3) + 2(x — 3), were written in the 
form x? — 3x + 2x — 6. (Note that this form is obtained by multiplying the factors 
of the first and second terms.) How would we factor a four-term polynomial like this? 

In such cases we remove a common factor from the first two terms and a dif- 
ferent common factor from the second two terms. That is, we would factor x from 

x? — 3x and 2 from 2x — 6. 

x? — 3x + 2x —- 6 = x(x — 3) + 2(x — 3) 

Because the resulting terms have a common factor (the binomial enclosed by the pa- 
rentheses), we would then proceed as we did in Example 1 to obtain the factored form 
(x — 3)(x + 2). This procedure for factoring is often called factoring by grouping. 

Example 2 Factor. 2x” + 3x + 6x + 9 

Solution 

2x? + 3x + 6x + 9 

Factor out a common Factor out a common 

factor of x from the factor of 3 from the 

first two terms. second two terms. 

x20 3) S(2x% 4.3) 
eS ee —_ 

ec. 
Note that the sets of parentheses in the two terms contain the same expres- 

sion at this step. 

The expression in parentheses is now a common factor of the terms. Now we 
finish the factoring. 

2x? + 3x + 6x + 9 = x(2x + 3) + 3(2xe + 3) 

= (2x + 3)(x + 3) o 

Student Practice 2. Factor. 6x? — 15x + 4x — 10 
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Example 3 Factor by grouping. 4x + 8y + ax + 2ay 

Solution 

Factor out a common 

factor of 4 from 

the first two terms. 

(pee ee (oo Sa 

4x + 8y + ax + 2ay = 4(x + 2y) + a(x + 2y) 
SS SS ae 

Me | 
Factor out a common 

factor of a from 

the second two terms. 

4(x + 2y) + a(x + 2y) = (x + 2y)(4+ a) The common factor of the terms 
is the expression in parentheses, 
TP ERAT oO 

Student Practice 3 Factor by grouping. ax + 2a + 4bx + 8b 

In some problems the terms are out of order. In this case, we have to rearrange 
he order of the terms first so that the first two terms have a common factor. 

Example 4 Factor. bx + 4y + 4b + xy 

Solution 

bx + 4y + 4b + xy = bx + 4b + xy + 4y Rearrange the terms so that the first 
two terms have a common factor. 

= b(x + 4) + y(x + 4) Factor out the common factor b from 
the first two terms and the common 

factor y from the second two terms. 

=(x+4)(b+y) Oo 

Student Practice 4 Factor. 6a” + 5bc + 10ab + 3ac 

Sometimes you will need to factor out a negative common factor from the sec- 
nd two terms to obtain two terms that contain the same parenthetical expression. 

Example 5 Factor. 2x? + Sx — 4x — 10 

Solution 

2x? + 5x — 4x — 10 = x(2x + 5) — 4x - 10 Factor out the common factor x 
from the first two terms. 

= x(2x + 5) — 2(2x + 5) Factor out the common factor —2 
from the second two terms. 

= (2x + 5)(x — 2) 
CAUTION: If you factored out the common factor +2 in the second step, the two 

resulting terms would not contain the same parenthetical expression. If the expres- 
sions inside the two sets of parentheses are not exactly the same, you cannot express 
the polynomial as a product of two factors! oO 

Student Practice 5 Factor. 6xy + 14x — 15y — 35 
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=> | Student Practice 6 Me Example 6 Factor. 2ax — a — 2bx + b 

Factor. Solution 

3x + 6y — Sax — 10ay 2ax — a —2bx +b Factor out the common factor a from the first two 

For all Student Practice prob- 
lems, write out the steps on a 
separate sheet of paper. Check 
the step-by-step solutions in 
the back of the textbook. 

a(2x es 1) 1h ( Oe 1) terms. Factor out the common factor —b from the 

second two terms. 

(2x2 D)i(a ib) Since the two resulting terms contain 
the same parenthetical expression, we 

can complete the factoring. oO 

CAUTION: Many students find that they make a factoring error in the first step of 
problems like Example 6. When factoring out —b, be sure to check your signs care- 
fully: =2bx + b = =b(2x = 1). 

Example 7 Factor and check your answer. 8ad + 21bc — 6bd — 28ac 

Solution We observe that the first two terms do not have a common factor. 

8ad + 21bc — 6bd — 28ac 

= 8ad — 6bd — 28ac + 21bc Rearrange the order using the 
commutative property of addition. 

= 2d(4a — 3b) — 7c(4a — 3b) Factor out the common factor 2d 
from the first two terms and the 

common factor —7c from the last 

two terms. 

= (4a — 3b) (2d — 7c) Factor out the common factor (4a — 3b). 

To check, we multiply the two binomials using the FOIL procedure. 

(4a — 3b) (2d — 7c) = 8ad — 28ac — 6bd + 21bc 

= 8ad + 21bc — 6bd — 28ac VW Rearrange the order of the 
terms. This is the original 
problem. Thus it checks. O 

Student Practice 7 Factor and check your answer. 

10ad + 27bc — 6bd — 45ac 

GM STEPS TO SUCCESS 1 Don't Really Need to Actually Read This Book, Do |? 
Successful students find that they can get a lot of benefit from 

reading the book. Here are some suggestions they have made 

after they completed the course: 

it This book was written by faculty who have learned how to 

help you succeed in doing math problems. So take the time 

to read over the assigned section of the book. You will be 

amazed by the understanding you will acquire. 

Read your textbook with a paper and pen handy. As you 

come across a new definition or a new idea, underline it. 

As you come across a suggestion that helps you understand 
things better, be sure to underline it. 

Interact with the book. When you see something you don’t 

understand put a big question mark next to it. Try reading 

it again. Find a similar example in the book and go over 

the steps. If that doesn’t help, ask your instructor or a class- 

mate to explain the procedure or idea. 

4. Use your pen to follow each step that is worked out for 

each example. Underline the steps that you think are 

especially challenging. This will help you when you do the 
homework. 

Making it personal: Which of these four suggestions do you 

think you would benefit from the most? Write down that sug- 

gestion. Now write down what you need to do in order to take 
full advantage of your textbook. Make a commitment to doing 

this for your next homework assignment. 
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[62] Exercises — MyLab™ math 

Verbal and Writing Skills, Exercises 1 and 2 

1. To factor 3x” — 6xy + 5x — 10y, we must first remove a common factor of 3x from the first two terms. What do we y 
do with the last two terms? What should we get for the answer? 

2. To factor 5x? + 15xy — 2x — 6y, we must first remove a common factor of 5x from the first two terms. What do we 

do with the last two terms? What should we get for the answer? 

Factor by grouping. Check your answers for exercises 3-26. 

3. ab — 4a + 6b — 24 A. xy ae Ty? 14 

Bee a + 3x — 12 Ge teen = 24 

mee ODk'— ay — 3by 8. 4y — 12x — 3yw + 9xw 

9. Sax + bx — 6a ~'2b 10. ad + 3a — d* — 3d 

11. 5a + 12bc + 10b + 6ac 12. 4u* + 0+ 4uv + u 

137, Oe — 12a + CxS \2dx 14. 4 SX Spy 125 

15. y? — 2y — 3y + 6 16. axe = 3a) — 2bx*+\6b 

17. 54 — 6y + 9y — y? 18. 35 —5Sa+7a- a? 

a9 One y-- 2ay-— 3x 7 ge al idee) eee 4 4 

21. 2x* + 8x — 3x - 12 22. 3y? — y + 9y - 3 
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23. 8-2+4-1 24, x? — 2x — xy + 2y 

25. 6x? + 15xy* + 8xw + 20y7w 26. 10xw + 14x? + 25wy? + 35xy? 

To Think About 

27. Although 6a” — 12bd — 8ad + 9ab = 6(a” — 2bd) — a(8d — 9b) is true, it is not the correct solution to the prob- 
lem “Factor 6a” — 12bd — 8ad + 9ab.” Explain. Can this expression be factored? 

28. Tim was trying to factor 5x” — 3xy — 10x + 6y. In his first step he wrote down x(5x — 3y) + 2(—5x + 3y). Was he 
doing the problem correctly? What is the answer? 

Cumulative Review 

- 2 6 aie Jae 29, [1.3.3] Divide. > + (-2) 30, [141.8] Add. -3 + = 

a AL. [512] Simpkn 
Pe 

32. [5.5.2] Multiply. (2x - 5)? 

33. [2.6.1] Salaries in the Pharmacy Industry In 2015, 34, [2.7.2] Oil Production in North America In 2011, 

the average annual salary of a pharmacist in the United in North America 17,000 thousand barrels of oil were 
States was $22,000 more than triple the average annual produced each day. By 2013, this figure had increased 
salary of a pharmacy technician. The two average an- by 13% in North America. By 2015, this figure had in- 
nual salaries totaled $162,000. Find the average salary creased by 11% from the amount produced in 2013. 
of a pharmacist and the average salary of a pharmacy How many thousand barrels of oil were produced 
technician in 2015. (Source: www.pharmacist.com) each day in North America in 2015? 

Quick Quiz 6.2 Factor by grouping. 

1. Jax + 12a — 14x — 24 2. 2xy? — 15 + 6x — Sy? 

3. 10xy — 3% + 40bye— 125 4. Concept Check Explain how you would factor the 
following polynomial. 

10ax + b* + 2bx + Sab 
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[s 3] Factoring Trinomials of the Form x* + bx + c @® 

t | Factoring Polynomials of the Form x* + bx +c @® 

Suppose that you wanted to factor x” + Sx + 6. After some trial and error you 
might obtain (x + 2)(x + 3), or you might get discouraged and not get an answer. 

If you did get these factors, you could check this answer by the FOIL method. 

(x + 2)(x +3) =x? + 3x + 2x + 6 

=x? + 5x+6 

But trial and error can be a long process. There is another way. Let’s look at the 
preceding equation again. 

Od BB ak fe 

(x + 2)(x +3) =x* + 3x +2x +6 
— 

nN =x ee + 6 

The first thing to notice is that the product of the first terms in the factors gives 
the first term of the polynomial. That is, x-x = x?. 

as first term is the product of these terms. 

x?+ 5x +6 = (Mra 2) (0 eh 

The next thing to notice is that the sum of the products of the outer and in- 
ner terms in the factors produces the middle term of the polynomial. That is, 
(x3) + (2+x) = 3x + 2x = Sx. Thus we see that the sum of the second terms in 
the factors, 2 + 3, gives the coefficient of the middle term, 5. 

Finally, note that the product of the last terms of the factors gives the last term 

of the polynomial. That is,2+3 = 6. 

The coefficient of the middle term 

is the sum of these two numbers. 

x? + 5x + 6 = eee Oc eS) 

Ds The last term is the product of these two numbers 

Let’s summarize our observations in general terms and then try a few examples. 

FACTORING TRINOMIALS OF THE FORM x? + bx + ¢ 

1. The answer will be of the form (x + m)(x +n). 

2. mandn are numbers such that: 

(a) When you multiply them, you get the last term, which is c. 

(b) When you add them, you get the coefficient of the middle term, 
which is b. 

Example 1 Factor. x? + 7x + 12 

Solution The answer will be of the form (x + m)(x +n). We want to find 
the two numbers, m and n, that you can multiply to get 12 and add to get 7 The 

numbers are 3 and 4. 

x? + 7x +12 = (x + 3)(x + 4) oO 

Student Practice 1 Factor. x? + 8x + 12 

Student Learning Objectives 

After studying this section, you will 

be able to: 

EN Factor polynomials of the form 
x>+ bx+c. @ 

Factor polynomials that have 
a common factor and a 
factor of the form 

x* + bx+c. @ 
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Example 2 Factor. x? + 12x + 20 

Solution We want two numbers that have a product of 20 and a sum of 12. The 
numbers are 10 and 2. 

x ioe 20 = (x + 10) (x +2) 

Note: If you cannot think of the numbers in your head, write down the possible 
factors whose product is 20. 

Product Sum 
——— _—————— 

1+ 20 = 20 1+ 20 = 21 

2°10 = 20 2+ 10112 

4-5 = 20 4+5=9 

Then select the pair whose sum is 12. Select this pair. 

a | o 

Student Practice 2. Factor. x? + 17x + 30 

You may find that it is helpful to first list all the factors whose product is 30. 

So far we have factored only trinomials of the form x? + bx + c, where b and 

c are positive numbers. The same procedure applies if b is a negative number and c 
is positive. Because m and n have a positive product and a negative sum, they must 
both be negative. 

Example 3 Factor. x* — 8x + 15 

Solution We want two numbers that have a product of +15 and a sum of —8. 
They must be negative numbers since the sign of the middle term is negative and 
the sign of the last term is positive. 

fis ae SU ae) 

x2 - 8x + 15 = (x — 5)(x —.3) Think: (-5)(-3) = +15 
| and —5 + (-3) =-8. 

the product (—5)(—3) 

Multiply using FOIL to check. Oo 

Student Practice 3 Factor. x? — 11x + 18 

Example 4 Factor. x? — 9x + 14 

Solution We want two numbers whose product is 14 and whose sum is —9. The 
numbers are —7 and —2. So , 

x* — 9x + 14 = (x — 7) (x — 2) or (x — 2)(x — 7). oO 

a Student Practice 4 Factor. x2 — 11x + 24 

i 

All the examples so far have had a positive last term. What happens when the 
last term is negative? If the last term is a negative number, one of the numbers m or 
n must be a positive number and the other must be a negative number. Why? The 
product of a positive number and a negative number is negative. 
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Example 5 Factor. x? — 3x — 10 

Solution We want two numbers whose product is —10 and whose sum is —3. 
The two numbers are —5 and +2. 

x? — 3x — 10 = (x — 5)(x +2) Oo 

Student Practice 5 Factor. x” — 5x — 24 

What if we made a sign error and incorrectly factored the trinomial 
x* — 3x — 10 as (x + 5)(x — 2)? We could detect the error immediately since the 
sum of +5 and —2 is 3. We need a sum of —3! 

Example 6 Factor and check your answer. y* + 10y — 24 

Solution The two numbers whose product is —24 and whose sum is +10 are 
+12. and —2. 

y? + 10y — 24 = (y + 12)(y — 2) 

CAUTION: It is very easy to make a sign error in these problems. Make sure that you 
- mentally multiply your answer by FOIL to obtain the original expression. Check 
each sign carefully. 

Check. (y + 12)(y —2) = y? — 2y + 12y —-24=y*+10y —24 Vv oO 

Student Practice 6 Factor. y? + 17y — 60 

| Multiply your answer to check. 

Example 7 Factor. x? — 16x — 36 

Solution We want two numbers whose product is —36 and whose sum is —16. 

List all the possible factors of 36 (without regard to sign). Find the pair that 
has a difference of 16. We are looking for a difference because the signs of the fac- 
tors are different. 

Factors of 36 The Difference Between the Factors 

36 and 1 35 

18 and 2 16 <—This is the value we want. 

12 and 3 9 

9 and 4 5 

6 and 6 0 

Once we have picked the pair of numbers (18 and 2), it is not difficult to find 
the signs. For the coefficient of the middle term to be —16, we will have to add the 

numbers —18 and +2. 

x2 — 16x — 36 = (x — 18) (x + 2) oO 

ed Student Practice 7 Factor. x* — 7x — 60 

You may find it helpful to list the pairs of numbers whose product is 60. 

At this point you should work several problems to develop your factoring skills. 
This is one section where you really need to drill by doing many problems. 
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Feel a little confused about the signs? If you do, you may find these facts helpful. 

FACTS ABOUT FACTORING TRINOMIALS OF THE FORM x? + bx + ¢ 

The two numbers m and rn will have the same sign if the last term of the 
polynomial is positive. : 

1. They will both be positive if the coeffi- 24 px+c=(x m)(x_n) 
cient of the middle term is positive. 

x + 5x + 6 = (x + 2)(x + 3) 

. They will both be negative if the coef- 
ficient of the middle term is negative. «° — 5x + 6 = (x — 2)(x — 3) 

The two numbers m and n will have opposite signs if the last term is 

negative, 

1. The /arger of the absolute values of the 
two numbers will be given a plus sign 
if the coefficient of the middle term is 
positive. 

. The larger of the absolute values of the 

two numbers will be given a negative 
sign if the coefficient of the middle 
term is negative. 

1] a Or — 7 = (7) ee 

_t i= 6x 7 Se wee 

Do not memorize these facts; rather, try to understand the pattern. 

Sometimes the exponent of the first term of the polynomial will be greater 
than 2. If the exponent is an even power, it is a square. For example, x4 = (x”) (x7). 
Likewise, x° = (x) (x). 

Example 8 Factor. y* — 2y” — 35 

Solution Think: y* = (y)(y”) This will be the first term of each set of parentheses. 

(y" ave 2 

(y? + )(y? — ) The last term of the polynomial is negative. 
Thus the signs of m and n will be different. 

(y? + 5)(y? — 7) Now think of factors of 35 whose difference is 2. 

Multiply using FOIL to check. oO 

Student Practice 8 Factor. a* + a” — 42 

2 | Factoring Polynomials That Have a Common Factor 
and a Factor of the Form x* + bx +c 

Some factoring problems require two steps. Often we must first factor out a com- 
mon factor from each term of the polynomial. Once this is done, we may find that 
the other factor is a trinomial that can be factored using the methods previously 
discussed in this section. 
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Example 9 Factor. 2x? + 36x + 160 

' Solution 

2x” + 36x + 160 = 2(x? + 18x + 80) First factor out the common factor 2 from 
each term of the polynomial. 

= 2(x + 8)(x + 10) Then factor the remaining polynomial. 

The final answer is 2(x + 8)(x + 10). Be sure to list all parts of the answer. 

Check. 2(x + 8)(x + 10) = 2(x? + 18x + 80) = 2x? + 36x + 160 V 

Thus we are sure that the answer is 2(x + 8)(x + 10). o 

Student Practice 9 Factor. 3x2 + 45x + 150 

> Example 10 Factor. 3x? + 9x - 162 [f=sq Student Practice 10 

Solution Factor. 4x? — 8x — 140 

3x? + 9x — 162 = 3(x? + 3x — 54) First factor out the common 
factor 3 from each term of For all Student Practice problems, write out 
the polynomial. 

2 the steps on a separate sheet of paper. Check 
= 3(x — 6)(x + 9) Then factor the remaining the step-by-step solutions in the back of the 

polynomial. textbook. 

The final answer is 3(x — 6)(x + 9). Be sure you include the 3. 

Check. 3(x — 6)(x + 9) = 3(x? + 3x — 54) = 3x? + 9x - 162 V 

Thus we are sure that the answer is 3(x — 6)(x + 9). o 

CAUTION: Don’t forget the common factor! 
It is quite easy to forget to look for a greatest common factor as the first step 

of factoring a trinomial. Therefore, it is a good idea to examine your final answer 
in any factoring problem and ask yourself, “Can I factor out a common factor from 
any binomial contained inside a set of parentheses?” Often you will be able to see a 
common factor at that point if you missed it in the first step of the problem, 

. Example 11 Find a polynomial in factored form for the shaded area in the figure. 

[Cc 
4 

x+4 

Solution To obtain the shaded area, we find the area of the larger rectangle and 
subtract from it the area of the smaller rectangle. Thus we have the following: 

shaded area = x(x + 4) — (4)(3) 

=x* + 4x - 12 

Now we factor this polynomial to obtain the shaded area = (x + 6)(x - 2). O 

Student Practice 11 

, [ieee Student Practice 11 Find a polynomial in factored form for the shad- x| 4 
ed area in the figure. 
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Verbal and Writing Skills, Exercises 1 and 2 

Fill in the blanks on a separate sheet of paper. 

1. To factor x* + 5x + 6, find two numbers whose _______ is 6 and whose ______ is 5. 

2. To factor x* + 5x — 6, find two numbers whose ________ is —6 and whose ________ is 5. 

Factor. é 

3. x2 + 8x + 16 4, x? + 13x + 42 5. x* + 12x + 35 6. x2 + 10x + 21 

1, x7 -4x +3 8 x2 — 8x + 16 9, x? — 11x + 28 10. x? — 13x + 12 

1. x? + 5x — 24 12. x? + 5x — 36 13, x7 — 13x — 14 14. x? — 6x — 16 

15. x2 + 2x — 35 16. x? +x-12 17. x? — 2x - 24 18. x? — 11x — 26 

19, x? + 15x + 36 20. x2 + 15x + 44 21. x? — 10x + 24 22. x? — 13x + 42 

23. y+ + 13y? + 30 24. y* + 9y* + 20 25. x4 — 6x2 + 5 26. x4 — 15x? + 54 

Mixed Practice Look over your answers to exercises 3-26 carefully. Be sure that you are clear on your sign rules. 
Exercises 27-42 contain a mixture of all the types of problems in this section. Make sure you can do them all. Check your | 

answers by multiplication. 

27. a? + 6a — 16 28. a? — 10a + 24 29, x? — 12x + 32 30. x? — 6x - 27 

31. x? + 4x - 21 32. x? — 9x + 18 33. x? + 15x + 56 34, x? + 20x + 99 

35. y? + 4y — 45 36. x? + 12x — 45 37. x? + 9x — 36 38. x? — 13x + 1 

39. x? — 2x — 15 40. x? — 3x — 18 41. x? — 16x + 63 42, x? + 19x + 48 

In exercises 43—54, first factor out the greatest common factor from each term. Then factor the remaining polynomial. Refer 
to Examples 9 and 10. 

43. 4x? + 24x + 20 44. 4x? + 28x + 40 45. 6x? + 18x + 12 46. 6x2 + 24x + 18 

47. 5x2 — 30x + 25 48. 2x? — 20x + 32 49, 3x? — 6x — 72 50. 3x? — 18x — 48 

51. 7x* + 21x — 70 52. 4x? — 8x — 60 53. 5x? — 35x + 30 54. Tx? — 35x + 42 
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Section 6.3 Factoring Trinomials of the Form x* + bx + c 

Geometry Find a polynomial in factored form for the 
shaded area. Both figures are rectangles with dimen- 
sions as labeled. 

Geometry How much larger is the perimeter of 
the large rectangle than the perimeter of the small 
rectangle? 

Cumulative Review 

57. [5.1.1] Multiply. (9ab?) (2a°b°c°) 

59, 

61. 

[5.2.1] Simplify. as the expression with no nega- 

tive exponents. —7—> 
Fyre 

[2.6.2] Travel Speed A new car that maintains a con- 
stant speed travels from Watch Hill, Rhode Island, to 

Greenwich, Connecticut, in 2 hours. A train, traveling 

20 mph faster, makes the trip in 15 hours. How far is it 

58. 

60. 

62. 
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[5.1.3] Simplify. (—Sy®)? 

[5.4.2] Multiply. (2x + 3y)(4x — 2y) 

[0.6.1] Salary Carla works in an electronics store. 

She is paid $600 per month plus 4% commission on 
her sales. If Carla’s sales for the month are $80,000, 

how much will she earn for the month? 

from Watch Hill to Greenwich? (Hint: Let c = the car’s 
speed. First find the speed of the car and the speed of 
the train. Then be sure to answer the question.) 

Average Temperature The equation T = 19 + 2M has been used by some meteorologists to predict the monthly average tem- 

perature for the small island of Menorca off the coast of Spain during the first 6 months of the year. The variable T represents 
the average monthly temperature measured in degrees Celsius. The variable M represents the number of months since January. 

63. [1.8.2] What is the average temperature of Menorca 

during the month of April? 

64. [1.8.2] During what month is the average tempera- 
ture 29°C? 

Quick Quiz 6.3 Factor completely. 

1, x* + 17x + 70 2. x? — 14x + 48 

3. 2x? — 4x — 96 4. Concept Check Explain how you would completely 

factor 4x? — 4x — 120. 
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[64] Factoring Trinomials of the Form ax? + bx + c ® 

Student Learning Objectives 1 | Using the Trial-and-Error Method @® 

After studying this section, you will 
be able to: 

1 | Factor a trinomial of the form 
ax? + bx + c by the trial- 
and-error method. @® 

Factor a trinomial of the form 
ax? + bx + c by the grouping 
method. @® 

Factor a trinomial of the form 
- ax? + bx + c after acommon 

factor has been factored out of 
each term. @® 

When the coefficient of the x?-term in a trinomial of the form ax? + bx + cisnot1, 
the trinomial is more difficult to factor. Several possibilities must be considered. 

Example 1 Factor. 2x? + Sx + 3 

Solution In order for the coefficient of the x?-term of the polynomial to be 2, 
the coefficients of the x-terms in the factors must be 2 and 1. 

Thos 27s See (2x ie 

In order for the last term of the polynomial to be 3, the constants in the fac- 
tors must be 3 and 1. 

Since all signs in the polynomial are positive, we know that each factor in pa- 
rentheses will contain only positive signs. However, we still have two possibilities, 
They are as follows: 

(Qi 1 (Fb) 

(Qa 3) (git! 1) 

We check them by multiplying by the FOIL method. 

(2x +1)(x + 3) = 2x? + 7x +3 Wrong middle term 

(2x + 3)(x +1) = 2x* + 5x +3 Correct middle term 

Thus the correct answer is 

(Ox meatal Ofde (vas 1 )\( Qi 3) Qo 

ba Student Practice 1 Factor. 2x7 + 7x + 5 

Some problems have many more possibilities. 

Example 2 Factor. 4x? — 13x + 3 

Solution ' 

The Different Factorizations of 4 Are: The Factorization of 3 Is: 

(2)(2) (1)(3) | 
(1)(4) 

Let us list the possible factoring combinations and compute the middle term ; 
by the FOIL method. Note that the signs of the constants in both factors will be 
negative. Why? 

Possible Factors Middle Term Correct? 

(2% 3) Ziad Sx. No 

(44 = 3) ra) sii No 

(4e = ae) eaileh a Yes 

The correct answer is (4x = 1)" 3) ori" 3) (4x = 1), 
This method is called the trial-and-error method. 

ce Student Practice 2 Factor. 9x? — 64x + 7 
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Example 3 Factor. 3x” — 2x — 8 

Solution 

Factorization of 3 Factorizations of 8 

(3)(1) (8)(1) 

(4)(2) 

Let us list only one-half of the possibilities. We'll let the constant in the first 
factor of each product be positive. 

Possible Factors Middle Term Correct Factors? 

Gera) (3x — 1) HS No 

Caneel) 3x =: 8) 25K No 

eee 4) (3x = 2) +10x No 

bre 2) (3x — 4) SOK No (but only because the 
sign is wrong) 

So we just reverse the signs of the constants in the factors. 

Middle Term Correct Factors? 

ix 2 )\(3x +4) ON Yes 

The correct answer is (x —2)(3x +4) or (3x + 4)(x — 2). oO 

Student Practice 3 Factor. 3x? — x — 14 

Example 4 Factor. 6x” + Sx - 4 

Solution 

Factorizations of 6 Factorizations of 4 

(6)(1) (4)(1) 
(2)(3) (2)(2) 

We list a few of the possibilities (without regard to the sign) starting with (2x) (3x) 

for the first term of each product. 

(2 @y( 3x” 1) (2x Patan” 4) (2k), 2) aaa en) 

Look at the options below. Using the FOIL method, which option would yield a 
middle term +5x when adding the outer and inner eat 

(2x ee (ox 1) (2x " (3x 4) . Zz) 

No er sum = i No aa sum 

of +5x +5x is possible of +5x 
with —3x and +8x 

The middle possibility yields +5x if we make the 3x negative. Once we have 
picked the pair of numbers, it is not difficult to find the signs and write the factors 
(2 Seta 4). 

Now check your answer using FOIL to be sure you obtain the original 
expression. Pay particular attention to the last term; it must be —4. 

Check. (2x — 1)(3x + 4) = 6x? + 5x -4 V 
Note: If you cannot find the factors using (2)(3) for the coefficient of x*,then 

try the same method using (6)(1). oO 

Student Practice 4 Factor. 10x? + 7x — 6 
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It takes a good deal of practice to readily factor problems of this type. The 
more problems you do, the more proficient you will become. The following method 
may help you factor more quickly. 

P] Using the Grouping Method @® 

One way to factor a trinomial of the form ax? + bx + c is to write it with four 
terms and factor by grouping, as we did in Section 6.2. For example, the trinomial 
2x? + 13x + 20 can be written as 2x? + 5x + 8x + 20. Using the methods of 
Section 6.2, we factor it as follows. 

2x? + 5x + 8x + 20 = x(2x + 5) + 4(2x + 5) 

= (2x + 5)(x +4) 

We can factor all factorable trinomials of the form ax* + bx + cin this way. We will — 
use the following procedure. | 

aati 

GROUPING METHOD FOR FACTORING TRINOMIALS OF 
THE FORM ax? + bx +c 

1. Obtain the grouping number ac. 

. Find the two numbers whose product is the grouping number and whose 
sum is b. 

. Use those numbers to write bx as the sum of two terms. 

4. Factor by grouping. 

. Multiply to check. 

Example 5 Factor by grouping, 3x? — 2x — 8 

Solution 

1. The grouping number is (3)(—8) = — | 

2. We want two numbers whose product is —-24 and whose sum is —2. They are — 
—6 and 4. 

3. We write —2x as the sum —6x + 4x. 

4. Factor by grouping, 

3x? — 6x + 4x — 8 = 3x(x — 2) + 4(x — 2) 

(eo) \ (ax -P 4 ) o 

Student Practice 5 Factor by grouping. 3x” + 4x -— 4 

Example 6 Factor by grouping, 4x” — 13x + 3 

Solution 

1, The grouping number is (4)(3) = 12. 

2. The factors of 12 are (12)(1) or (4)(3) or (6)(2). Note that the middle term 
of the polynomial is negative. Thus we Riots the numbers —12 and —1 because 
their product is still 12 and their sum is —13. 

3... We. write =13x as. the sum) >12x, 7-9 4y,),0r —12x.—.1x, 

4, Factor by grouping. 

4x? — 13x + 3 = 4x? — 12x — 1x + 3 

= 4x(x — 3) — 1(x — 3) Remember to factor out — 
from the last two terms so oe 
both sets of parentheses contain 

the same expression. 

= (x 3) (4c) 
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Student Practice 6 Factor by grouping. 9x? — 64x + 7 

To factor polynomials of the form ax* + bx +c, use the method, either 
trial-and-error or grouping, that works best for you. 

Factoring Out a Common Factor 

Some problems require first factoring out the greatest common factor and then fac- 
toring the trinomial by one of the two methods of this section. 

Example 7 Factor. 9x? + 3x — 30 

Solution 

9x” + 3x — 30 = 3(3x7 + 1x — 10) We first factor out the common factor 3 
from each term of the trinomial. 

= 3(3x — 5)(x +2) We then factor the trinomial by the 
grouping method or by the trial-and- 
error method. 

Bos Student Practice 7 Factor. 8x? + 8x — 6 

Be sure to remove the greatest common factor as the very first step. 

Example 8 Factor. 32x? — 40x + 12 

Solution 

32x” — 40x + 12 = 4(8x? — 10x + 3) — We first factor out the greatest 
common factor 4 from each term of 

the trinomial. 

= 4(2x — 1)(4x — 3) We then factor the trinomial by 
the grouping method or by the 

trial-and-error method. oO 

fa Student Practice 8 Factor. 24x? — 38x + 10 

You will find that learning new material is much easier if you 

know what is coming. Take a few minutes at the end of your 
study time to glance over the next section of the book. If you 

quickly look over the topics and ideas in this new section, it will 

help you get your bearings when the instructor presents new 

material. Students find that when they preview new material, 

GPM STEPS TO SUCCESS Look Ahead to See What Is Coming 
it enables them to see what is coming. It helps them to be able 
to grasp new ideas much more quickly. 

Making it personal: Do this right now. Look ahead to the next 

section of the book. Glance over the ideas and concepts. Write 

down a couple of facts about the next section. 
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Factor by the trial-and-error method. Check your answers using FOIL. 

14 ies 2. 3x she SSre Teh A Ax? =n Sab 

5. 4x2 + 5x — 6 6. 5x2 + 9x -2 7 Dike Sc 3 8. 2x7 -x-6 

Factor by the grouping method. Check your answers by using FOIL. 

9, 9x7 + 9x +2 10. 4x7 + 11x + 6 11. 15x? — 34x + 15 12. 10x” — 29x + 10 

13. 2+ 3x = 20 14. 6x? + 11x — 10 15. 8x? + 10x — 3 16. 5x? — 34x —7 

Factor by any method. 

17. 6x” — 5x — 6 18. 3x? — 13x — 10 19. 10x? + 3x -1 20. 6x7 +x -5 

21. 7x? — 5x — 18 22. 9x? — 22x — 15 23. 9y? — 13y + 4 24. Sy? -1ly +2 

25. Sa’ — 17a + 6 26. 2a? — lla + 12 27. 14x? + 17x — 6 28. 32x? + 36x — 5 

29. 15x? + 4x - 4 30. 8x7 — 11x +3 31. 12x? + 28x + 15 32. 24x7 + 17x + 3 

33. 12x? — 16x — 3 34, 12x7 +x -6 35. 3x4 — 14x? — 5 36. 4x4 + 8x? — 5 

37. 2x? + lixy + 15y? 38. 15x? + 28xy + Sy? 39, 5x? + l6xy — 16y? 40. 12x? + 11xy — Sy? 

Factor by first factoring out the greatest common factor. See Examples 7 and 8. 

41. 10x? — 25x — 15 42. 20x? — 25x — 30 43. 6x? + 9x? — 60x 44. 6x? — 16x? — 6x 

Mixed Practice Factor. 

45. 5x2 + 3x —2 46. 6x7 +x-2 47, 12x? — 38x + 20 48. 30x? — 26x + 4 

49. 12x° — 20x? + 3x 50. 12x? — 13x? + 3x 51. 8x2 + 24x — 14 52.. 12x? + 26x = 10 
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Cumulative Review 

53. [3.3.1] Find the slope of the line that passes through 
(—1, 6) and (2, 4). 

399 

Pgs les 7 
54, [2.4.1] Solve. Ge ie 

Overseas Travelers The double-bar graph shows the top states visited by foreign travelers (excluding travelers from Canada 
ind Mexico) for last year and five years ago. 

Top 

re 

Number of visitors (in millions) 

Source: 
www.census.gV 

55. [0.6.1] (a) How many overseas travelers visited 

these five states last year? 

(b) What percent of these travelers visited Hawaii (HI)? 
Round to the nearest tenth. 

57. [0.6.1] (a) Find the difference in the number of visi- 

tors to California (CA) last year versus five years ago. 

(b) This decrease is what percent of the visitors 
from five years ago? Round to the nearest tenth. 

Quick Quiz 6.4 Factor by any method. 

1, 12x? + 16x - 3 

3. 6x? — 3x? — 30x 

st year 
ve years age Ye armed 

States Visited b
y 

Foreign Travelers 

56. [0.6.1] Of the overseas visitors to these five states five 

years ago, what percent traveled to California (CA)? 

Round to the nearest tenth. 

58. [0.6.1] (a) Find the difference in the number of visi- 

tors to New York (NY) last year versus five years ago. 

(b) This increase is what percent of the visitors from 
five years ago? Round to the nearest tenth. 

2. 10x? — 21x + 9 

4. Concept Check Explain how you would factor 
10x? + 18x2y — 4xy’, 



Use Math to Save Money 

Did You Know? Even if you always pay on time, having a high 
debt-to-credit ratio will hurt your credit score. 

Get Out of Debt and Improve Your 

Credit Score 

Understanding the Problem: 

Megan would like to purchase a house in a few years, but 

currently her credit score is not very high. This will affect her 

ability to get a mortgage. She needs to find a way to improve 

her credit score. Part of her problem is that she has almost 

maxed out her credit cards. 

© Credit card 1 has a current balance of $5100 and a credit 

limit of $5500. 

e Credit card 2 has a current balance of $3800 and a credit 

limit of $4000. 

e Credit card 3 has a current balance of $3200 and a credit 

limit of $3500. 

Making a Plan: 

Megan talks to a credit counselor and is told that even 

though she has always paid her bills on time, she has a high 

debt-to-credit ratio, and this is lowering her credit score. 

(To calculate this ratio, first-total the current balances on all 

the credit cards. Next, total the credit limits on all the credit 

cards. Then divide the total current balance by the total credit 

limit. Finally, convert this value to a percentage.) Lowering 

this percentage will increase her credit score. Getting this 

percentage down to less than 50% would be good. It would 

be even better for her credit score if she could get this 

percentage down to less than 33%. 

Step 1: Megan and her counselor total up her balances and 

come up with a plan for Megan to reduce her debt over 

the next couple of years. Reducing her balances without re- 

ducing her credit limits will lower her debt-to-credit ratio. 

Task 1: What is the total current balance (or total debt) on 

Megan’s cards? 

Task 2: What is her total credit limit? 

Step 2: Now they can calculate her debt-to-credit ratio. 

Task 3: Calculate Megan's debt-to-credit ratio as a percentage. 
Round to the nearest percent. 

Finding a Solution: 

They decide that Megan should try to reduce her debt-to-credit 
ratio to 50% over the next two years. 

400 

Step 3: They calculate how much she needs to pay off to 

achieve this goal. 

Task 4: What amount of debt would be 50% of her total 

credit limit? 

Task 5: How much does she need to pay off to reach that 

amount? 

Step 4: Megan is going to have to cut some spending to reach 

this goal in two years, but she knows it is going to be worth 

her efforts. As she pays down her debt, a greater percentage 

of her payments will go toward the principal, so she will be 
paying down her balances faster as time goes on. She wonders 

if she will be able to reduce her debt-to-credit ratio to 33% by 

the end of the third year. 

Task 6: How much would she need to pay off in the third year 

to reach 33%? 

Applying the Situation to Your Life: 

Most people know that paying their bills on time is very im- 

portant and that it has a positive impact on their credit score. 

What many people don’t know is that having a high debt-to- 
credit ratio will lower their score. Paying down the debt is a 
great way to fix this problem. Some people think they should 

cancel their credit cards after they pay them off, but keeping 
them open increases the total credit limit. This reduces the 

debt-to-credit ratio, which will boost the credit score. You 

should close your accounts only if you are having trouble 

controlling your spending. 
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[65] Special Cases of Factoring ® 
As we proceed in this section you will be able to reduce the time it takes you to @@R RR" Learning Objectives 

factor polynomials by quickly recognizing and factoring two special types of polyno- : ; é ; 
mials: the difference of two squares and perfect-square trinomials. pace sree ying ims secuon you 

be able to: 

El Factoring the Difference of Two Squares @® Recognize and factor 
; expressions of the type 

Recall the formula from Section 5.5: a? — b? (difference of two 

(a+ b)(a— b) =a? - B, ee 
Recognize and factor 
expressions of the type 
a* + 2ab + b? (perfect- 

DIFFERENCE OF TWO SQUARES square trinomial). @® 

a* — b? = (a+ b)(a— b) Recognize and factor expres- 
sions that require factoring out a 

common factor and then using a 
special-case formula. @® 

In reverse form we can use it for factoring. 

We can state it in words in this way: 

“The difference of two squares can be factored into the 
sum and difference of those values that were squared.” 

Example 1 Factor. 9x? — 1 

Solution We see that the polynomial is in the form of the difference of two 
squares. 9x? is a square and 1 is a square. So using the formula we can write the 
following. 

9x? — 1 = (3x +1)(3x —1) Because 9x? = (3x)? and1 = (1)? oO 

fod Student Practice 1 Factor. 64x? — 1 

; Example 2 Factor. 25x? — 16 => | Student Practice 2 Factor. 36x? — 49 

Solution Again we use the formula for the difference of squares. 

25x? — 16 = (Sx + 4)(5x — 4) Because 25x? = (5x)? and 16 = (4)? 
Oo For all Student Practice problems, write out the 

steps on a separate sheet of paper. Check the 
step-by-step solutions in the back of the textbook. 

Sometimes the polynomial contains two variables. 

Example 3 Factor. 4x” — 49y? 

Solution We see that 

4x? — 49y? = (2x + Ty) (2x — Ty). Oo 

Student Practice 3 Factor. 100x” — 81y? 

CAUTION: Please note that the difference of two squares formula only works if 
the last term is negative. So if Example 3 had been to factor 4x” + 49y*, we would 
not have been able to factor the problem. We will examine this in more detail in 
Section 6.6, 
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Student Practice 6 

Factor. 25x” — 30x + 9 

For all Student Practice prob- 
lems, write out the steps on a 
separate sheet of paper. Check 
the step-by-step solutions in 
the back of the textbook. 

Some problems may involve more than one step. 

Example 4 Factor. 81x* — 1 

Solution We see that 

8ix4 — 1 = (9x? + 1)(9x2 —1). Because 81x4 = (9x7)? and 1 = (1)? 

Is the factoring complete? No. We can factor 9x” — 1. 

8ix* — 1 = (9x? + 1)(3x + 1)(3x —1) Because (9x? — 1) = (3x + 1)(3x — ye 

Bs Student Practice 4 Factor. x8 — 1 

PF Factoring Perfect-Square Trinomials @® 

There is a formula that will help us to very quickly factor certain trinomials called perfect- 
square trinomials. Recall from Section 5.5 the formulas for binomials squared. 

(a+b)? = a* + 2ab + b* 

(a — b)? =a* — 2ab + 

We can use these two equations in reverse form for factoring. 

PERFECT-SQUARE TRINOMIALS 

a* + 2ab + b* = (a + b)? 

a* — 2ab + b? = (a — b)? 

A perfect-square trinomial is a trinomial that is the result of squaring a bino- 
mial. How can we recognize a perfect-square trinomial? 

1. The first and last terms are perfect squares. 

2. The middle term is twice the product of the values whose squares are the first 
and last terms. 

Example 5 Factor. x? + 6x + 9 

Solution This is a perfect-square trinomial. 

1. The first and last terms are perfect squares because x? = (x)* and9 = (3)’, 
2. The middle term, 6x, is twice the product of x and 3. 

Since x? + 6x + 9 is a perfect-square trinomial, we can use the formula 

a’ + 2ab + b? = (a + b)? 

with a = x and b = 3. So we have 

x? + 6x +9 = (x + 3)%. oO 

woe Student Practice 5 Factor. x? + 10x + 25 

Mig Example 6 Factor. 4x? — 20x + 25 

Solution — This is a perfect-square trinomial. 

Note that 20x =2(2x+5). Also note the negative sign. 

Thus we have the following. 

4x? — 20x + 25 = (2x — 5)? Since a” — 2ab + b? = (a — b)? o 

A polynomial may have more than one variable and its exponents may be higher 
than 2. The same principles apply. 
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Example 7 Factor. 

(a) 49x? + 42xy + 9y? (b) 36x* — 12x +1 

Solution 

(a) This is a perfect-square trinomial. Why? 

49x? + 42xy + Oy” = (7x + 3y)? Because 49x? = (7x)2, dy? = (3y)?, 
and 42xy = 2(7x-3y) 

(b) This is a perfect-square trinomial. Why? 

36x4 — 12x? + 1 = (6x? - 1)? Because 36x* = (6x7)?, 1 = (1)7, 
and 12x” = 2(6x?+1) o 

fee Student Practice 7 Factor. 

(a) 25x? + 60xy + 36y? (b) 64x° — 48x3 + 9 

Be careful. Some polynomials appear to be perfect-square trinomials but are 
not. They were factored in other ways in Section 6.4. 

Example 8 Factor. 49x” + 35x + 4 

Solution This is nota perfect-square trinomial! Although the first and last terms 
are perfect squares since (7x)? = 49x? and (2)* = 4, the middle term, 35x, is not 
double the product of 2 and 7x. 35x # 28x! So we must factor by trial and error or 
by grouping to obtain 

49x? + 35x + 4 = (7x + 4) (7x +1). o 

Bosd Student Practice 8 Factor. 9x? + 15x + 4 

Factoring Out a Common Factor Before Using 

a Special-Case Formula @® 

For some polynomials, we first need to factor out the greatest common factor. Then 
we will find an opportunity to use the difference of two squares formula or one of 
the perfect-square trinomial formulas. 

Example 9 Factor. 12x? — 48 

Solution We see that the greatest common factor is 12. 

12x? — 48 = 12(x? - 4) First we factor out 12. 

= 12(x + 2)(x — 2) Thenwe use the difference of two squares 
formula, a2 — b? = (a + b)(a— b). oO 

Student Practice 9 Factor. 20x” — 45 

Look carefully at Example 10. Can you identify the greatest common factor? 

Example 10 Factor. 24x? — 72x + 54 

‘Solution 

24x? — 72x + 54 = 6(4x? — 12x + 9) First we factor out the greatest common 
factor, 6. 

= 6(2x — Wie Then we use the perfect-square trinomial 
formula, a” — 2ab + b? = (a — b)’. oO 

Student Practice 10 Factor. 75x? — 60x + 12 
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Factor by using the difference of two squares formula. 

Us 

13. 

17. 

100x? — 1 2. 36x? - 1 

x2 — 49 6. 9x? — 64 

x — 25 10. x? — 36 

16x? — 49y 14, 25x? — 81y 

16x* — 81 18. 8ia* -1 

Factor by using the perfect-square trinomial formula. 

21. 

25. 

29. 

33. 

Ox? + 6x +1 22. 25x? + 10x +1 

36x? — 60x + 25 26. 9x* — 42x + 49 

30. x7 + 8x + 16 x? + 14x + 49 

81x? + 36xy + 4y? 34, 36x” + 60xy + 25y? 

15. 

19. 

23. 

27. 

31. 

Jo! 

81x? — 16 4, 49x? — 25 

DS TS 8. 49x? — 4 

1 — 16x? 12. 1 — 64x? 

36x? — 169y? 16. 4x? — 9y? 

25a” — 81b* 20. 9x? — 49y? 

y* — 10y + 25 24. y? — 12y + 36 

49x? + 28x + 4 28. 25x? + 30x + 9 

25x* — 40x + 16 32. 64x? — 16x +1 

9x? — 30xy + 25y? 36. 49x? — 28xy + 4y? 

Mixed Practice Factor by using either the difference of two squares or the perfect-square trinomial formula. 

37, 

41. 

45. 

16a? + 72ab + 81b? 38. 169a2 + 26ab + b* 

64x? + 80x + 25 42. 16x? + 56x + 49 

x* — 16 46. x°=1 

To Think About, Exercises 49-52 

49, 

51. 

404 

In Example 4, first we factored 81x* — 1: 

(9x2 + 1)(9x? —1). Then we factored 9x? — 1: 
(3x + 1)(3x — 1). Show why you cannot factor 
OMe 

What value could you give to c so that 16y? — 24y + ¢ 
would become a perfect-square trinomial? Is there 
only one answer or more than one? 

39. 

43. 

47. 

50. 

52. 

49x? — 42xy + 9y? 40. 9x? — 30xy + 25y? 

144x? - 1 44, 16x? — 121 

Ox* — 24x” + 16 48. 64x* — 48x? + 9 

What two numbers could replace the b in 
36x? + bx + 49 so that the resulting trinomial would 
be a perfect square? (Hint: One number is negative.) 

Jerome says that he can find two values of b so that 
100x* + bx — 9 will be a perfect square. Kesha says. 
there is only one that fits, and Larry says there are 
none. Who is correct and why? | 
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Factor by first looking for a greatest common factor. See Examples 9 and 10. 

53, 16x” — 36 54, 27x? — 75 55, 147x? — 3y’ 

56. 16y* — 100x? 57. 16x? — 16x + 4 58. 45x? — 60x + 20 

59, 98x? + 84x + 18 60. SOx” + 80x + 32 

Mixed Practice Factor. Be sure to look for common factors first. 

61. x? + 16x + 63 62. x? — 3x — 40 63. 2x? + 5x — 3 

64. 15x? — 11x +2 65. 12x” — 27 66. 16x” — 36 

67. 9x? + 42x + 49 68. 9x? + 30x + 25 69. 36x? — 36x + 9 

70. 6x? + 60x + 150 71. 2x? — 32x + 126 72. 2x? — 34x + 140 

Cumulative Review 

73. [5.6.2] Divide. (x° + x? — 2x - 11) + (x - 2) 74, [5.6.2] Divide. (6x? + 11x? — 11x — 20) + (3x + 4) 

Iguana Diet The green iguana can reach a length of 6 feet and weigh up to 18 pounds. Of the basic diet of the iguana, 
40% should consist of greens such as lettuce, spinach, and parsley; 35% should consist of bulk vegetables such as broccoli, 

zucchini, and carrots; and 25% should consist of fruit. 

75. [0.6.1] If a certain iguana weighing 150 ounces has a daily diet 
equal to 2% of its body weight, compose a diet for it in ounces 
that will meet the iguana’s one-day requirement for nutrition. 

76. [0.6.1] If another iguana weighing 120 ounces has a daily diet 
equal to 3% of its body weight, compose a diet for it in ounces 
that will meet the iguana’s one-day requirement for nutrition. 

Quick Quiz 6.5 Factor the following. 

1. 49x? — 81y’ 2. 9x? — 48x + 64 

3. 162x” — 200 4, Concept Check Explain how to factor the polynomial 
24x? + 120x + 150. 
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[66] A Brief Review of Factoring @& 

El identifying and Factoring Polynomials @® 
After studying this section, you will 

be able to: 

| Identify and factor any polyno- 

Often the various types of factoring problems are all mixed together. We need to be 

able to identify each type of polynomial quickly. The following table summarizes the 

information we have learned about factoring. 
mial that can be factored. @® Many polynomials require more than one factoring method. When you are 

asked to factor a polynomial, it is expected that you will factor it completely. Usu- 
Determine whether a polynomial ally, the first step is factoring out a common factor; then the next step will become 
is prime. @® apparent. 

Carefully go through each example in the following Factoring Organizer. Be 

sure you understand each step that is involved. 

Factoring Organizer 

Number of Terms 

in the Polynomial 

A. Any number of 

terms 

B. Two terms 

C. Three terms 

D. Three terms 

E. Three terms 

FE. Four terms 

Identifying Name and/or Formula Example 

Common factor 2x? — 16x = 2x(x — 8) 
The terms have a common factor con- 3x2 + Sy — 12 = 3(x2 + 3y — 4) 
sisting of a number, a variable, or both. 

4x’y + 2xy* — wxy + xyz = xy(4x + 2y — w + z) 

Difference of two squares 16x” — 1 = (4x + 1) (4x - 1) 
First and last terms are perfect squares. ee ee a 
Qe 8a — b) Ds — 19% 3 (Soy See Sha Gy o3h,0) 

Perfect-square trinomial 25x? — 10x + 1 = (Sx — 1)? 
First and last terms are perfect squares. 16x? + 24x + 9 = (4x +3)? 

a’ + 2ab + b* = (a+ by? 

a* — 2ab + b* = (a - by? 

Trinomial of the form x? + bx + ¢ x? — 7x +12 = (x —3)(x - 4) 
It starts with x*. The constants of the x? + Ur — 26 = (x + 13)(x — 2) 
two factors are numbers whose product 2 bet 
is c and whose sum is b. x° — 8x — 20 = (x — 10)(x + 2) 

Trinomial of the form ax” + bx + c Use trial-and-error or the grouping method to factor 9x? — 64x + 7 | 
. a. . 

Tt starts with ax", where a is any Factorization of 9 Factorization of 7 
number but 0 or 1. (3)(3) and (1)(9) (7)(1) 

The constant terms of the factors must both be negative since the 
b term of the trinomial is negative and the c term of the trinomial is 
positive. 

Possible Factors 

(he Gre — 78} Cie = Wie? = 1h) (Cha NGS = 7) 

The only product with the middle term —64x is (9x — 1)(x — 7). id 

9x? — 64x + 7 = (9x — 1)(x — 7) iy 

Factor by grouping 1 OV Ge AWY aS 6Z— OX + Dwy — 3xze— OZ 
Rearrange the order if the first two WCE 2y)) = Sz outa io) 
terms do not have a common factor. ait 2y),( 40 = Sz) ; ll 

Example 1 Factor. These example problems are mixed. 

ere 

(a) 25x° — 10x? + x (b) 20x7y? — 45y? (c) 15x? — 3x3-+ 18x 

Solution 

(a) 25x? — 10x27 +x = (253% — 10x + 1) Factor out the common factor x. 

= x(x —1)7 The other factor is a perfect-square 
trinomial. 
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\ (b) 20x?y? i 45y* > Sy? (4x? +9) Factor out the common factor Sy, 

—s Sy? (2x Fd) (2x — 3) The other factor is a difference of 
squares. 

(c) 15x? — 3x3 + 18% = —3x? + 15x? + 18x Rearrange the terms in descending 
order of powers of x. 

== ox (x = 35 = 6) Factor out the common factor —3x. 

—3x(x — 6)(x +1) Factor the trinomial. o 

Student Practice 1 Factor. Be careful. These practice problems are mixed. 

(a) 3x? — 36x + 108 (b) 9x*y? — dy? 

(c) 12x — 9 — 4x? 

Example 2 Factor. ax? — 9a + 2x? — 18 

Solution We factor by grouping since there are four terms. 

ax? — 9a + 2x? — 18 = a(x? — 9) + 2(x? — 9) Factor out the common factor 
a from the first two terms and 
2 from the second two terms. 

(a + 2)(x? - 9) Factor out the common factor 
(x? — 9), 

= (a + 2)(x — 3)(x +3) Factor x? — 9 using the difference 
of two squares formula. Oo 

b= Student Practice 2. Factor. Sx? — 20x + 2x” - 8 

Determining Whether a Polynomial Is Prime @® 

Not all polynomials can be factored using the methods in this chapter. If we cannot 

factor a polynomial by elementary methods, we will identify it as a prime polyno- 
mial. If, after you have mastered the factoring techniques in this chapter, you en- 
counter a polynomial that you cannot factor with these methods, you should feel 
comfortable enough to say, “The polynomial cannot be factored with the methods 
in this chapter, so it is prime,” rather than “I can’t do it—I give up!” 

Example 3 Factor, if possible. 
(a) x? + 6x + 12 (b) 25x” + 4 

Solution 

(a) The factors of 12 are 

(1)(12) or (2)(6) or (3)(4). 
None of these pairs add up to 6, the coefficient of the middle term. Thus 

the problem cannot be factored by the methods of this chapter. It is prime. 

(b) We have a formula to factor the difference of two squares. There is no way to 
factor the sum of two squares. That is, a? + b* cannot be factored. 

Thus 25x? + 4 is prime. Oo 

dime Student Practice 3 Factor, if possible. 

te) Fe ox ~ 8 (b) 25x? + 82x + 4 
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Review the six basic types of factoring in the Factoring Organizer on page 406. Each of the six types is included in exercises 1-12. 

Factor if possible. Check your answer by multiplying. 

1. 3x? — 6xy + 5x 2. 8x? + Sxy — Tx 

3. 16x? — 25y? 4, 36x? — 49y? 

5. x? + 64 6. 25x” + 80xy + 64y7 

7. x? + 8x + 15 8. x7 + 15x + 54 

9, 15x? + 7x — 2 10. 6x? + 13x — 5 

TL. an— sex + Say = Sey 12.. b= 20x + Sby — 10dy 

Mixed Practice Factor, if possible. Be sure to factor completely. Always factor out the greatest common factor first, 

if one exists. 

13. y* + 14y + 49 , 14. y? + 16y + 64 

15. 4x7 — 12x + 9 : 16. 16x” + 25 

17, 2x* — 11x + 12 18. 3x? — 10x + 8 

19. x? — 3xy — 70y’ 20. x? — 6xy — 16y’ 

PACS (ROY) ae sno = IS 22. Dy 1p — oy — 42 

23. 16x — 4x3 24, 8y? + 10y — 12 

25. 2x? + 3x — 36 26. 7x? + 3x -2 

27. 3xyz* — 6xyz — Oxy 28. —16x? — 2x — 32x? 

29. 3x° + 6x — 105 30. 7x? + 21x — 70 

31. 5x°y? — 10x7y? + Sxy? 32. 2x4ty — 12x7y + 18x’y 

33. 7x? — 2x4 +4 34, 14x” — x7 + 32x 

408 
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35. 6x? — 3x + 2 36. 4x> + 8x? — 60x 

37. Sx? — 5x? + 10x°y — 10xy 38. 2a‘b — 8a7b + 3a*b — 12b 

Remove the greatest common factor first. Then continue to factor, if possible. 

39. Sx? + 10xy — 30y 40. 6x? + 30x — S4y 

41. 30x° + 3x°y — 6xy? 42. 48x> + 20x*y — 8xy? 

43, 30x? — 38x + 12 44, 15x? — 35x + 10 

To Think About 

45. A polynomial that cannot be factored by the methods 46. A binomial of the form x? — dcan be quickly factored 

of this chapter is called or identified as prime. If it can be factored, what is 
true of the number d? 

Cumulative Review 

47. [2.7.2] Independent Contractor When Dave Barry de- 48. [0.6.1] Antiviral Drug A major pharmaceutical com- 
cided to leave the company and work as an indepen- 

dent contractor, he took a pay cut of 14%. He earned 

$41,280 this year. What did he earn in his previous 
job? 

49, [4.1.6] Solve the system. 50. 

Quick Quiz 6.6 Completely factor the following, if possible. 

pany is testing a new, powerful antiviral drug. It kills 
13 strains of virus every hour. If there are presently 

294 live strains of virus in the test container, how many 

live strains were there 6 hours ago? 

[3.3.4] Graph on a sheet of graph paper, using a co- 
ordinate system similar to the one shown. y = 2x + 3 

BY 

Ee eoeige+ 12 2H = or = 6 

3. 25x? + 49 4. Concept Check Explain how to completely factor 
2x* + 6xw — Sx — 15w. 
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[6.7] Solving Quadratic Equations by Factoring ® 

El) Solving Quadratic Equations by Factoring @® 
After studying this section, you will 

be able to: 

Bu Solve quadratic equations by 
factoring. @® 

Use quadratic equations to solve 
applied problems. @® 

In Chapter 2, we learned how to solve linear equations such as 3x + 5 = 0 by find- 
ing the root (or value of x) that satisfied the equation. Now we turn to the ques- 
tion of how to solve equations like 3x” + 5x + 2 = 0. Such equations are called 
quadratic equations. A quadratic equation is a polynomial equation in one variable 
that contains a variable term of degree 2 and no terms of higher degree. ‘ 

The standard form of a quadratic equation is ax? + bx + c = 0, where a, b, 
and c are real numbers anda # 0. 

In this section, we will study quadratic equations in standard form, where a, b, ; 

and c are integers. ; 

Many quadratic equations have two real number solutions (also called real 
roots). But how can we find them? The most direct approach is the factoring method, 
This method depends on a very powerful property. 

‘ 

ZERO FACTOR PROPERTY 
a 

Ifa: b = 0, thena = Oorb=0. . 

Notice the word or in the zero factor property. When we make a statement in | 
mathematics using this word, we intend it to mean one or the other or both. Therefore, 

the zero factor property states that if the product a: b is zero, then a can equal zero or 
b can equal zero or both a and b can equal zero, We can use this principle to solve qua- 
dratic equations. Before you start, make sure that the equation is in standard form. 

SOLVING A QUADRATIC EQUATION 

. Make sure the equation is set equal to zero. 

. Factor, if possible, the quadratic expression that equals zero. . 

. Set each factor containing a variable equal to zero. 

. Solve the resulting equations to find each root. 

. Check each root. 

Example 1 Solve the equation to find the two roots and check. 3x? + 5x +2 =0 

Solution 

3x7 + 5x +2 =0 The equation is in standard form. 

(3x 422) (ee 0 Factor the quadratic expression. 

Sx 2 = 0 x+1=0 — Seteach factor equal to 0. 

Spijece x = -1 Solve the equations to find the two roots. 

ge 
3 

The two roots (that is, solutions) are —} and —1. 
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‘Check. We can ale ne if the two numbers —2 s and —1 are solutions to the 

equation. Substitute — 3 for x in the original Eiiaton. If an identity results, —$ is a 
solution. Do the same ior =" 

Sh rox + 2 = 0 3x7 5 
ave 2 

a(-2) vt s(-3) DE 0 3(=1)?+/5(=1) 9220 

4 2 2 
eae) ery +2240 3(1) + 5(-1) +240 

3. Se) 
ee le ee 2b, 0 " £ emer 2, BD 

OS ae, aH ath 

2 ie 
O=0 v7 

Thus —% and —1 are both roots of the equation 3x? + 5x + 2 = 0. oO 

Student Practice 1 Solve the equation to find the two roots and 
check. 10x* — x -2 =0 

Example 2 Solve the equation to find the two roots. 2x” + 13x — 7 = 0 

Solution 

2x? + 13x -7=0 The equation is in standard form. 

ea TR ET) =O Factor. 

eee lev) x+7=0 Set each factor equal to 0. 

2x =1 x = —7 Solve the equations to find the two roots. 

Lt 

oS 
The two roots are 5 and —7. 

Check. If x = 5, then we have the following. 

0) «H(2) raf) «n(2)- 
If x = —7, then we have the following. 

2(—7)? + 13(-7) — 7 = 2(49) + 13(-7) -—7 

= 987 9-7'= 0 wv 

Thus $ and —7 are both roots of the equation 2x” + 13x - 7 = 0. o 

m4 Student Practice 2 Solve the equation to find the two roots. 

3x? + 1lx -4=0 

If the quadratic equation ax* + bx + c = 0 has no visible constant term, then 
c = 0. All such quadratic equations can be solved by factoring out a common factor 
and then using the zero factor property to obtain two solutions that are real numbers. 

411 
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Example 3 Solve the equation to find the two roots. 7x” — 3x = 0° 

Solution 

Tx? — 3x =0 The equation is in standard form. Here c = 0. 

x(7x — 3) =0 Factor out the common factor. 

x=0O =7x-—3=0 Seteach factor equal to 0 by the zero factor property. 

7x =3 Solve the equations to find the two roots. 

tiahag, 

The two roots are 0 and 3. 

Check. Verify that 0 and 2 are the roots of 7x? — 3x = 0. 

Student Practice 3 Solve the equation to find the two roots. 

fae x =) 

If the quadratic equation is not in standard form, we use the same basic alge- 
braic methods we studied in Sections 2.1— 2.3 to place the terms on one side and zero 
on the other so that we can use the zero factor property. 

Example 4 Solve. x? = 12 — x 

Solution 

x? = 12-— x The equation is not in standard form. 

x+x-12=0 Add x and —12 to both sides of the equation so that the 
right side is equal to zero; we can now factor. 

(x —3)(x +4) =0 Factor. 

x-3=0 x+4=0 _ Seteach factor equal to 0 by the zero factor property. 

x =3 x = —4 Solve the equations for x. 

Check. Ifx =3: (3)? 212=3 Ifx=-4: (-4)? £12 - (-4) 

9 212 —3 16421244 

9=9 vo 16=16 ¥ 

Both roots check. 

eo Student Practice 4 Solve. x2 — 6x +4 = -8 +x 

a 
Example 5 Solve. ~ 5 ~=6 

Solution We must first clear the fractions from the equation. 

a ce 
2( 5 ) = 2(6) Multiply each side by 2. 

x? = = 12 Simplify. 

x?>-x-12=0 Place in standard form, 

(x ~— 4) (4+ 3) = 0 Factor. 

x-4=0 %x%+3=0 _— Seteach factor equal to zero. 

=4 x = —3 Solve the equations for x. 

The check is left to the student. 

EE EEE EE ee 

dea Student Practice 5 Solve. 

2x? — Tx ie 
5 

3 
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Using Quadratic Equations to Solve Applied 
Problems @® 

Certain types of word problems—for example, some geometry applications —lead 
to quadratic equations. We’ll show how to solve such word problems in this section. 

It is particularly important to check the apparent solutions to the quadratic 
equation with conditions stated in the word problem. Often a particular solution to 
the quadratic equation will be eliminated by the conditions of the word problem. 

.Example 6 Carlos lives in Mexico City. He has a rectangular brick walkway in 
front of his house. The length of the walkway is 3 meters longer than twice the width. 
The area of the walkway is 44 square meters. Find the length and width of the rect- 
angular walkway. 

Solution 

1. Understand the problem. 2w +3 
Draw a picture. 

Let w = the width in meters. xe i 

Then 2w + 3 = the length in meters. 
2w +3 

2. Write an equation. 

area = (width) (length) 

44 = w(2w + 3) 

3. Solve and state the answer. 

44 = w(2w + 3) 

44 = 2w? + 3w Remove parentheses. 

0 = 2w* + 3w — 44 Put in standard form. 

O = (2w + 11)(w — 4) Factor. 

2w+ 11=0 w-—4=0 Set each factor equal to 0. 

2w = -11 w = 4 Simplify and solve. 

1 
= “55 Although —5} is a solution to the quadratic equa- 

tion, it is not a valid solution to the word problem. 
It would not make sense to have a rectangle with a 

negative number as a width. 

Since w = 4, the width of the walkway is 4 meters. The length is 2w + 3, so we 

have 2(4) +3 =8+3 = 11. 

Thus the length of the walkway is 11 meters. 

4. Check. Is the length 3 meters more than twice the width? 

11 23 + 2(4) 11=3+8 Vv 

Is the area of the rectangle 44 square meters? 

4x11244 44=44 Vv o 

_[Bsee4 Student Practice 6 The length of a rectangle is 2 meters longer than 
triple the width. The area of the rectangle is 85 square meters. Find the length and 
width of the rectangle. 
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A Example 7 The top of a local cable television tower has several small triangular 
Altitude = a reflectors. The area of each triangle is 49 square centimeters. The altitude of each 

triangle is 7 centimeters longer than the base. Find the altitude and the base of one 
of the triangles. 

Solution 

Let b = the length of the base in centimeters 

b + 7 = the length of the altitude in centimeters 

To find the area of a triangle, we use 

i) 1 ab 
= —_— j =i b =—, area = 5 (altitude ) (base ) 74 5 

ab ; : 
ae = 49 Write an equation. 

(b + 7)(6) 
a = 49 Substitute the expressions for altitude and base. 

b? + 7b 
oe = 49 Simplify. 

b* + 7b = 98 Multiply each side of the equation by 2. 

b* + 7b — 98 = 0 Place the quadratic equation in standard form. 

(b —7)(b + 14) =0 Factor. 

b-7=0 b+14=0 Set each factor equal to zero. 

b=7 b = —14 Solve the equations for b. 

We cannot have a base of —14 centimeters, so we reject the negative an- 
swer. The only possible solution is 7. So the base is 7 centimeters. The altitude is 
b+7=7+7= 14. The altitude is 14 centimeters. 

The triangular reflector has a base of 7 centimeters and an altitude of 
14 centimeters. 

Check. When you do the check, answer the following two questions. 

1. Is the altitude 7 centimeters longer than the base? 

2. Is the area of a triangle with a base of 7 centimeters and an altitude of 14 centi- 
meters actually 49 square centimeters? oO 

A Student Practice 7 A triangle has an area of 35 square centimeters. 
The altitude of the triangle is 3 centimeters shorter than the base. Find the alti- 
tude and the base of the triangle. 

Many problems in the sciences require the use of quadratic equations. You will 
study these in more detail if you take a course in physics or calculus in college. Often 
a quadratic equation is given as part of the problem. 

When an object is thrown upward, its height (S) in meters is given, approxi- 
mately, by the quadratic equation 

S = —5 + of +h. 

The letter / represents the initial height in meters. The letter v represents the initial 
velocity of the object thrown. The letter t represents the time in seconds starting 
from the time the object is thrown. 
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Example 8 A tennis ball is thrown upward with an initial velocity of 8 meters/ 
second. Suppose that the initial height above the ground is 4 meters. At what time ¢ 
will the ball hit the ground? 

Solution In this case S = 0 since the ball will hit the ground. The initial up- 
ward velocity is v = 8 meters/second. The initial height is 4 meters,soh = 4. 

S = -5t? + vt +h Write an equation. 

0 = —5t? + 8t +4 Substitute all values into the equation. 2 é 

5t? — 8 -4=0 Isolate the terms on the left side. (Most students can factor 

more readily if the squared variable is positive.) 

(5¢ +2)(t— 2) = 0 Factor. 

St+2=0 t-— 2 =0 Set each factor equal to 0. 

St = -2 t = 2 Solve the equations for r. 

ae 
5 

We want a positive time ¢t in seconds; thus we do not use t = — 2, 

Therefore, the ball will strike the ground 2 seconds after it is thrown. 

Check. Verify the solution. Oo 

>| Student Practice 8 A Mexican cliff diver does a dive from a cliff 45 
meters above the ocean. This constitutes free fall, so the initial velocity is v = 0, 
and since there is no upward velocity (no springboard), then h = 45 meters. How 
long will it be until he breaks the water’s surface? 

GP STEPS TO SUCCESS Be Involved. 
If you are in a traditional class: 

Don’t just sit on the sidelines of the class and watch. 
Take part in the classroom discussion. People learn mathemat- 

ics best through active participation. Whenever you are not 

clear about something, ask a question. Usually your questions 

will be helpful to other students in the room. When the teach- 

er asks for suggestions, be sure to contribute your own ideas. 

Sit near the front where you can see and hear well. This will 

help you to focus on the material being covered. 

Making it personal: Which of the suggestions above is the one 

you most need to follow? Write down what you need to do to 
improve in this area. 

If you are in an online class or a nontraditional class: 

Be sure to e-mail the teacher. Talk to the tutor on duty. 

Ask questions. Think about concepts. Make your mind interact 

with the textbook. Be mentally involved. This active mental 

interaction is the key to your success. 

Making it personal: Which of the suggestions above is the one 

you most need to follow? Write down what you need to do to 

improve in this area. 



[s7] Exercises = MyLab™ Math 

Using the factoring method, solve for the roots of each quadratic equation. Be sure to place the equation in standard form 

before factoring. Check your answers. 

1, x7 - 4x -12 =0 22 =—-x—-D=0 3. x7 + 14x + 24=0 

4, x? — 6x — 40 =0 5. 2x? -— 7x +6=0 3x” — 17x + 10 = 0 a 

7. 6x? — 13x = —6 8. 10x? + 19x = 15 9. x7 + 13x = 0 

10. 6x2 -—x=0 11. 8" = 72 12) oe = 81 

13. 5x? + 3x = 8x 14, 3x? -x = 4x 15, 6x" = 16x — & 

16. 24x? = -10x + 4 17. (x — 5)(x + 2) = -4(x + 1) 18. (x —5)(x + 4) =2(x -5) 

, 5 Kee SX 
19. 9x7 + x41 = —5x 20. 4x2 — 5x + 25 = 15x 21 ii adil cole 

x Os x? + 10x x2 + 5x 
7 J) eee Meese = pee ee xe tT Ox ae 1=1 23 ; 2 24. 5 

10x? — 25x 12x? — 4x 
9) Sig EI SEES: a 3 5 26. - 8 
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To Think About 

27, Why can an equation in standard form with c = 0 
(that is, an equation of the form ax” + bx = 0) always 
be solved? 

Applications 

29. Geometry The area of a rectangular garden is 140 

square meters. The width is 3 meters longer than one- 
half of the length. Find the length and the width of the 
garden. 

A 30. 
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28. Martha solved (x + 3)(x — 2) = 14 as follows: 

Met r= 14° or “x =12 = 114 

x=11 or x = 16 

Josette said this had to be wrong because these values 

do not check. Explain what is wrong with Martha’s 
method. 

Geometry The area of a triangular sign is 33 square 

meters. The base of the triangle is 1 meter less than 

double the altitude. Find the altitude and the base of 

the sign. 

Forming Groups Suppose the number of students in a mathematics class is x. The teacher insists that each student partici- 

pate in group work each class. The number of possible groups is: 

Gr 

31. The class has 13 students. How many possible groups 

are there? 

33. A teacher claims each student could be in 36 different 

groups. How many students are there? 

x? —3x +2 

! 

32. Four students withdraw from the class in exercise 31. 

How many fewer groups can be formed? 

34. The teacher wants each student to participate in a dif- 
ferent group each day. There are 45 class days in the 

semester. How many students must be in the class? 

Falling Object Use the following information for exercises 35 and 36. When an object is thrown upward, its height (S), in 

meters, is given (approximately) by the quadratic equation 

S = —5t* + of + h, 
where v = the upward initial velocity in meters/second, 

t = the time of flight in seconds, and 
h = the height above level ground from which the object is thrown. 

35. Johnny is standing on a platform 6 meters high and 

throws a ball straight up as high as he can at a velocity 
of 13 meters/second. At what time ¢t will the ball hit 
the ground? How far from the ground is the ball after 

2 seconds have elapsed from the time of the throw? 
(Assume that the ball is 6 meters from the ground 
when it leaves Johnny’s hand.) 

36. You are standing on the edge of a cliff near Acapulco, 
overlooking the ocean. The place where you stand is 
180 meters from the ocean. You drop a pebble into 
the water. (“Dropping” the pebble implies that there 
is no initial velocity, so v = 0.) How many seconds 

will it take to hit the water? How far has the pebble 

dropped after 3 seconds? 
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Internal Phone Calls The technology and communication office of a local company has set up a new telephone system so” 
that each employee has a separate telephone and extension number. They discovered that if there are x people in the office — 
and each person talks to AEs as) else in the office by phone, the number of different calls (T) that take place is described 
by the equation T = 0.5(x* — x), where x is the number of people in the office. Use this information to answer exercises 37 

and 38. 

37. On the day after Thanksgiving, only asmall number 38. If70 people are presently employed at the office, how 
of employees were working at the office. It has been many different telephone calls can be made between 
determined that on that day, a total of 105 differ- these 70 people? 
ent phone calls could have been made from people 
working in the office to other people working in the 
office. How many people worked on the day after 
Thanksgiving? 

The same equation given above is used in the well-known “handshake problem.” If there are n people at a party and 
each person shakes hands with every other person once, the number of handshakes that take place among the n people is 

H=05(n* =n); 

39. Atamathematics conference, 55 differenthandshakes 40. Barry is hosting a holiday party and has invited 16 
took place among the organizers during the opening friends. If all his friends attend the party and every- 
meeting. How many organizers were there? one, including Barry, shakes hands with everyone else 

at the party, how many handshakes will take place? 

Cumulative Review Simplify. 

41. [5.1.1] (2xy?) (—5x3y) 42, [5.1.1] (3a4b>) (4a°b*) 

21a°b” 
18x3y 6 

43. [5.1.2] =1agbe 44, [5.1.2] 54x S4x8yi0 

Quick Quiz 6.7 Solve. 

1. 15x? — 8x +1=0 2. 4424(4—2) =7 

3. 4x? = 9x + 9 4, Concept Check Explain how you would solve the fol- 

lowing problem: A rectangle has an area of 65 square 
feet. The length of the rectangle is 3 feet longer than 
double the width. Find the length and the width of 
the rectangle. 



CAREER EXPLORATION PROBLEMS 

) 

Background: CAD Operator 
| Mauricio is a skilled CAD operator who has worked with boats since he was a child. 

As a recent college graduate with a degree in computer-aided design technology, 
he’s accepted a job with a nationally known sail maker and marine supply manu- 
facturer. He feels incredibly lucky to be putting his skills to use in a career he loves. 

As he begins his workweek, Mauricio is presented with two new job orders. 
The first is to create a construction design drawing with dimensions for a boat cover 

based on general specifications. The second project is to create a design for a racing 
sailboat’s mainsail. 

Facts 
e The boat storage cover has two pieces, one rectangular and the other triangu- 

lar. Mauricio examines the following information: For the rectangular piece, 
126 square feet of material is needed, and its length has to be 3 feet shorter 

than 3 times its width. For the triangular piece, 10 square feet of material is 
needed. The height of the triangular section is 1 foot less than the length of 
its base. Mauricio begins to determine the dimensions of both pieces, writing a 
program that he'll be able to use for similar orders. 

-® The second order Mauricio needs to complete is a construction design drawing 

with the specifications of the racing boat’s mainsail. He knows that the material 
used for these sails is very expensive and is measured in square yards, so ultimate- 

ly, he'll have to convert to those units of measurement. The general information 
given is that the total area for the constructed sail is 132 square feet. Regulations 
require that the sail’s height, when fully assembled, be 2 feet less than double 
its base. 

Tasks 
1. Mauricio must write a program to calculate dimensions for new orders of boat 

storage covers. What are the dimensions of the rectangular piece (length and 
width) and the triangular piece (base and height) for this initial storage cover? 

(Note: Each dimension must be a positive number, so eliminate any negative solu- 

tions.) 

2. Mauricio must complete a construction design drawing with the specifications 
for the racing boat's mainsail. What are the dimensions (base and height) of the 

mainsail? 

3. Because the material used for sail construction is measured in square yards, Mau- 

ricio must convert the measurements for the sail’s area. What is the sail’s area 

measured in square yards? 
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Chapter 6 Organizer 
Examples Topic and Procedure 

Common factor, p. 377 

Factor out the largest common factor from 

each term. 

Four terms. Factor by grouping, p. 382 

Rearrange the terms if necessary so that the 
first two terms have a common factor. Then 

factor out the common factors. 

ax + ay — bx — by = a(x + y) — d(x + y) 

; = (4+ ya 0) 
—— 

Factor. 

(a) 2x? — 2x = 2x(x — 1) 
(b) 3a? + 3ab — 12a = 3a(a + b - 4) 
(c) 8x4y — 24x3 = 8x3 (xy — 3) 

Factor by grouping, 

2ax” + 21 + 14x? + 3a 
= 2ax? + 14x? + 3a + 21 
= 2x*(a + 7) + 3(a + 7) 
= (a + 7)(2x? + 3) 

Trinomials of the form 

x? + by + c,p. 387 

Factor trinomials of the form x* + bx + c by 
finding two numbers that have a product of c 

and a sum of b. 

If each term of the trinomial has a common 
factor, factor it out as the first step. 

Factor. 

(a) x? — 18x + 77 = (x — 7)(x — 11) 

(b) x2 + 7x — 18 = (x + 9)(x — 2) 

(c) 5x? — 10x — 40 = 5(x? — 2x — 8) 
= 5(x — 4)(x + 2) 

Trinomials of the form ax? + bx + c, 
wherea # Nanda # 1,p. 394 

Factor trinomials of the form ax? + bx + c by 
the grouping method or by the trial-and-error 

method. 

Factor. 
6x? + 11x — 10 

Grouping number = —60 

Two numbers whose product is —60 and whose sum 

is +11 are +15 and —4. 

6x? + 15x — 4x — 10 = 3x(2x + 5) — 2(2x + 5) 

= (2x + 5)(3x — 2) 

Special cases 

Difference of two squares, p. 401 

Perfect-square trinomials, p. 402 

If you recognize the special cases, you will be 
able to factor quickly. 

a’ — b* = (a+ b)(a — b) 

a’ + 2ab + b? = (a+b)? 

a’ — 2ab + b? = (a- b)? 

(a) 25x? — 36y? = (5x + 6y)(5x — 6y) 

(b) 16x4 — 1 = (4x? + 1) (2x + 1)(2x - 1) 

(c) 25x2 + 10x + 1 = (5x + 1)? 

(d) 49x? — 42xy + 9y? = (7x — 3y)? 

Multistep factoring, p. 406 

Many problems require two or three steps of 

factoring. Always try to factor out the greatest 
common factor as the first step. 

(a) 3x? — 21x + 36 = 3(x* — 7x + 12) 
= 3(x — 4)(x - 3) 

(b) 2x3 — x? — 6x = x(2x? — x — 6) 
=X (20 Ss) es) 

(c) 25x* — 49x = x(25x? — 49) 
= x(5x + 7) (Sx — 7) 

(d) 8x? — 24x + 18 = 2(4x? — 12x + 9) 
= 2(2x — 3)? 

Prime polynomials, p. 407 

A polynomial that is not factorable is called 
prime. 

Solving quadratic equations by 
factoring, p.410 

1. Write as ax? + bx +c = 0. 
2. Factor. 

3. Set each factor equal to 0. 

4. Solve the resulting equations. 

420 

Explain why each polynomial is prime. Ue 

(a) x? + y? is prime. 

(b) x? + 5x + 7is prime. 

Solve. 3x2 + 5x =2 

3x? + 5x -2=0 

(Gx DiGos 2) =10 

3x -1=0 x+2=0 

x=5 Nee eee 

2. Factor by grouping. 

3. 

You Try It 
(on a separate sheet of paper) 

1 Factor. 

(a) 5a? — 15a 
(b) 4x? — 8xy + 4x 

(©) 6x4 — 18x? 

3ax — 12x? — 8 + 2a 

Factor. 

(a) x? + 9x + 18 

(b) x? + 2x — 35 

(c) 3x? — 9x — 12 | 

4. Factor. 8x? + 6x — 9 

Daewoo ole ou 5 tsk ven! by a 
Factor. 5. Factor. : 

(a) 9x? — 16y? | 

(b) 81x4 -— 1 

(c) 16a? + 24a + 9 

(d) 4x? — 20xy + 25y? 

$$ 

Factor completely. 6. Factor completely. 
(a) 4x? + 4x — 24 

(b) 3x3 + 7x? + 2x 

(c) 9x? — 64x 

(d) 48x? — 24x + 3 

Explain why each polynomial is prime. 
(a) x? + 4 

(b) x7 +x+2 : 

8. Solve. 2x? — x =3 



‘Topic and Procedure Examples You Try It 
(on a separate sheet of paper) 

Using quadratic equations to solve applied The length of a rectangle is 4 less than three times 9. The length of a rectangle is 3 more than 

problems, p. 413 the width. Find the length and width if the area is 55 twice the width. Find the length and 
Boge word problems, like those involving the square inches, width if the area is 90 square feet. 

product of two numbers, area, and formulas Let w = width. 

with a squared variable, can be solved using the | Then 3w — 4 = length. 
factoring methods we have shown. 55 = w(3w — 4) 

55 = 3w* — 4w 
0 = 3w? — 4w — 55 

0 = (3w + 11)(w — 5) 

=-3 or w=5 

—} is not a valid solution. Thus width = 5 inches 
and length = 11 inches. 

Chapter 6 Review Problems 
Section 6.1 

Factor out the greatest common factor. 

1. 12x? — 20x?y 2. 10x? — 35x3y 

3. 24x3y — 8x’y? — 16x33 4. 3a° + 6a? — 9ab + 12a 

5. 2a(a + 3b) — 5(a + 3d) 6. 15x°y + 6xy? + 3xy 

Section 6.2 

Factor by grouping. 

Dy 2awerioa —.8x = 20 8. a? — dab + 7a — 28b 

9, x’y + 3y — 2x? — 6 10. 30ax — 15ay + 42x — 21y 

ioe on + 10x — 2 12. 30w? — 18w + Swz — 3z 

Section 6.3 

Factor completely. Be sure to factor out the greatest common factor as your first step. 

3. or 6x — 27 14. x° + 9x — 10 

15. x? + 14x + 48 16. x? + 8xy + 15y? 

BE7, x7 gh d3x? + 42 18. ee 

19. 6x? + 30x + 36 20. 2x? — 28x + 96 
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Section 6.4 

Factor completely. Be sure to factor out the greatest common factor as your first step. 

ps Bebe e = IS) 

23, 2x = 8 

25. 20x? + 48x -— 5 

27, 6x? + 4x — 10 

29. 4x? — 26x + 30 

31. 12x? + xy — 6y’ 

Section 6.5 

22. 

24. 

26. 

28. 

30. 

32. 

12x? + 11x — 5 

3x? + 2x - 8 

20x? + 21x — 5 

6x? — 4x — 10 

4x? — 20x — 144 

6x? + Sxy — 25y” 

Factor these special cases. Be sure to factor out the greatest common factor. 

33. 49x? — y? 

35. y* — 36x? 

37. 36x + 12x +1 

39. 16x? — 24xy + Oy? 

41, 2x? — 32 

43, 28x? + 140x + 175 

Section 6.6 

34, 

36. 

38. 

40. 

42. 

44. 

16x? — 36y” 

Oy? — 25x? 

2a 20r + 4 

49x? — 28xy + Ay? 

3x? — 27 

72x? — 192x + 128 

If possible, factor each polynomial completely. If a polynomial cannot be factored, state that it is prime. 

45. 4x? — 9y? 

47, 9x? — 9x — 4 

49, 3x7 = "18y + 27 

51. 4x? — 13x — 12 

53. 

Bik 

422 

12a” + 14ab — 10b2 

la >= 1 =a b 

46. 

48. 

50. 

52. 

54. 

56. 

x? + 13x — 30 

50x*y? + 30x2y? — 10xy? 

25x? — 60x” + 36x 

3x2a> — 11x*a? — 20x°a 

121a” + 66ab + 9b? 

3x3 — 3x + Syx” — Sy 



\Mixed Practice 

If possible, factor each polynomial completely. If a polynomial cannot be factored, state that it is prime. 

57. 

59, 

61. 

63. 

65. 

67. 

69. 

71. 

18b — 42 + 3bc — Tec 

SDE ese aD Vea 28y 

6x* — x? — 15 

12x3 + 17x? + 6x 

4y> + 10y? — 6y 

x? — 6x + 12 

8y> + 4y? — 60y 

Dax oa — 10b.— 4bx 

Section 6.7 

Solve the following equations by factoring. 

73. 

5s 

77, 

79, 

81. 

83. 

x*+x-20=0 

Ix? = 15x + x* 

2x? + 9x -5=0 

x? + 14x +45 =0 

3x2 + 6x = 2x? — 9 

5x? —- lix +2=0 

Solve. 

58. 

60. 

62. 

64. 

66. 

68. 

70. 

72. 

74. 

76. 

78. 

80. 

82. 

& 84. Geometry The area of a triangle is 25 square inches. A 85. 

86. 

The altitude is 5 inches longer than the base. Find the 
length of the base and the altitude. 

Rocket Height The height in feet that a model rock- 
et attains is given by h = —16r? + 80t + 96, where ¢ 
is the time measured in seconds. How many seconds 
will it take until the rocket finally reaches the ground? 
(Hint: At ground level h = 0.) 

87. 

Obs elor= 24x — 15bx 

xt — 81y!? 

28yz — l6xyz + x*yz 

12w? — 12w + 3 

Ox* — 144 

8x7 = 19x — 6 

16x4y* — 56x*y + 49 

2x7 —9 + x? — 18x 

2x* + 11x -6 =0 

5x? — x = 4x? + 12 

x? + 11x +24=0 

5x? = 7x + 6 

4x? + 9x -9 =0 

Geometry The area of a rectangle is 30 square feet. 

The length of the rectangle is 4 feet shorter than double 

the width. Find the length and width of the rectangle. 

Output Power Anelectronictechnician is working with 
a 100-volt electric generator. The output power of the 
generator is given by the equation p = —5x* + 100x, 
where x is the amount of current measured in amperes 

and p is measured in watts. The technician wants to 
find the value for x when the power is 480 watts. Can 
you find the two answers? 
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How Am | Doing? Chapter 6 Test 

MATH COACH MyLab™ Math (G9) Pecarsonmathstats 

‘a Answer the following test questions on a separate sheet of paper. After you take this test read 
1. through the Math Coach on pages 425-426. Math Coach videos are available via MyLab Math and 

YouTube. Step-by-step test solutions on the Chapter Test Prep Videos are also available via MyLab 

2: & Math and YouTube. (In the YouTube channel, PearsonMathStats, go to Playlist “Tobey Beginning 
and Intermediate Algebra, 6e.”) 

3. LI If possible, factor each polynomial completely. If a polynomial cannot be factored, 

4. a state that it is prime. 

1, x? + 12x — 28 Me 2. 16x? — 81 
5. Ea 

b. L 3. 10x? + 27x + 5 Me 4, 9a — 30a + 25 

” L] 
8 fet} 5. 7x — 9x? + 14xy Me 6. 10xy + 15by — &x — 12b 

9. L] 
7. 6x° — 20x? + 16x 8. 5a’c — llac + 2c 

10. LI 

i. a 9. 81x? — 100 16691 — 1544 

12 aa 

13, Ly 14. 20x? - 45 12. 36x? +1 

14, LI 
13. 3x° + 11x? + 10x 14. 60xy? — 20x*y — 45y? 

15. L a 

A a 15. 81x? - 1 16. 8ly* - 1 

17. 2 

18. Cl 17, 2ax + 6a = Su 415 18. aw? — 8b + 2bw* — 4a 

19. L] 
Mg 19, 3x7 — 3x — 90 20. 2x3 — x? — 15x 

20. LI 
Solve. 

21. L] 
21. x? + 14x'+ 45 =0 22. 14 + 3x(x +2) = —7x 

22. L] 

23. [oT 23.2? xs 10m 0 24. x? — 3x -28 =0 

24. L] 
Solve using a quadratic equation. 

25. LJ A 25. The park service is studying a rectangular piece of land that has an area of 91 
square miles. The length of this piece of land is 1 mile shorter than double the 

Total Correct: ) cern width. Find the length and width of this rectangular piece of land. 
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The following problems are from the Chapter 6 Test. Here are some helpful hints to 

keep you from making common errors on test problems. 

Chapter 6 Test, Problem 2 Factor co 16x? — 81 

oe 
; ke, 

MATH COACH >| 
Mastering the skills you need to do well on the test. 

so a” 

1A abe 

A BLAIR 
) 

HELPFUL HINT It is important to learn the difference-of-two-squares formula: a” — yo = (a + b)(a — b). Remember 

that the numerical values in both terms will be perfect squares. The first ten perfect squares are 1, 4, 9, 
16, 25, 36, 49, 64, 81, and 100. 

Did you remember that (4x)? = 16x”? 

Yes No 

‘Did you remember that 9 = 81? 

Yes No 

If you answered No to these questions, stop and review the 
list of the first ten perfect squares. Consider that 47 = 16 
Bachan == x" 

Do you see how 16x? — 81 can be factored using the for- 

mula a? — b?? 

Yes No 

If you answered No, stop and review the difference-of-two- 
squares formula again. Make sure that one set of paren- 
theses contains a + sign and the other set of parentheses 
contains a — sign. 

If you answered Problem 2 incorrectly, go back and rework 

the problem using these suggestions. 

Chapter 6 Test, Problem 4 Factor completely. 9a” — 30a + 25 

Did you remember that (3a)? = 9a7? 

Yes No 

Did you remember that 5* = 25? 

Yes No 

If you answered No to these questions, stop and review 
the first ten perfect squares. Consider that 3? = 9 and 

2 aa=a. 

HELPFUL HINT Remember the gu eee Pes cnorial formula: a2 — 2ab + a 

things to determine if you can use this formula: 

(a — b)?. You must verify two 

(1) The numerical values in the first term and the last term must be perfect squares. 

(2) The middle term must equal “twice the aes aest of the values whose tebetes are the first and last terms.” 

Do you see how 9a” — 30a + 25 can be factored using the 

formula (a — b)?? 

Yes No 

If you answered No, check to see if the middle term, 30a, 

equals twice the product of 3a and 5. 

Now go back and rework the problem using these 
suggestions. 

Need more help? Watch the MAT ili COACH videos in MyLab™ Math or on YouTube. 
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Chapter 6 Test, Problem 6 Factor completely. 10xy + 15by — 

HELPFUL HINT Look for common pate first. We can find the greatest common factor of the first two terms and fac- 
tor. Then we can find the greatest common factor of the second two terms and factor. Make sure that 

you obtain the same binomial factor for each step. Be careful with +/-— signs. 

Did you identify Sy as the greatest common factor of the 
first two terms: 10xy + 15by? 

Yes No 

Did you identify 4 as the greatest common factor of the 
second two terms; —8x — 12b? 

Yes No 

If you answered Yes to these questions, then you obtained 
(2x + 3b) in the first term and (—2x — 3b) in the second 
term. These are not the same binomial factor. Stop and con- 
sider how to get the same binomial factor of (2x + 3b). 

In your final answer, is the binomial factor of (2x + 3b) 
listed once? 

Yes No 

If you answered No, remember that to factor completely 
we must remove all common factors from both terms. Stoy 

now and complete this step. 

If you answered Problem 6 incorrectly, go back and reworl 
the problem using these suggestions. 

Chapter 6 Test, Problem 19 Factor completely. 3x? — 3x — 90 

HELPFUL HINT lope fee the. ae common aes: of all tines terms as your first aol Don't ioaal to jneliies this 

— 
common factor as part of your answer. Always check your final product to make sure that it matches 

the original} poumetnial: Do die ny: ee, 

Did you obtain (3x — 18) (x 
as your answer? 

Yes No 

If you answered Yes, then you forgot to factor out the 
greatest common factor 3 as your first step. 

HD) Of (3x 15 ea) 

Do you see how to factor x” — x — 30? 

Yes No 

If you answered No, remember that we are looking for tw 
numbers with a product of —30 and a sum of —1. 

Be sure to double-check your final answer to be sure there 
are no common factors and include 3 in your final answer. 

Now go back and rework the problem using these 
suggestions. 

Need more help? Look for section examples marked with Me to review. 
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‘Cumulative Test for Chapters 0-6 

This test provides a comprehensive review of the key objectives for Chapters 0-6. 

Answer the following test questions on a separate sheet of paper. 

In questions 1-3, simplify. 

5. 

u = “3 2 —— + 2 + 3 

iS) 10 , 2 6 

il 1 : 
eS + a 4. Find 6% of 1842.5 

A national walkout of 11,904 employees of the VBM Corp. occurred last month. 
This was 96% of the total number of employees. How many employees does 
VBM have? 

Evaluate 3a” + ab — 4b*fora=5 7. Simplify. 
and b = -1. Tx(3x — 4) — 5x(2x — 3) -— (3x)? 

In questions 8-10, solve. 

8. 

: 10. 

Sx +6 = A(x - 11) Da 3(4 = Oe) = tae ee 

fee > 17 

Solve by any method. If there is not one solution to a system, state why. 

1 

14, 

15. 

er- Sy 12. 10x — 5y = 45 

3 aa ts 3x —8y = 7 

ae 47 

A boat trip 6 miles upstream takes 3 hours. The return takes 90 minutes. How 
fast is the stream? 

Find the slope of the line passing through (6,—1) and (—4,—2). 

3 
Find an equation of the line that passes through (2, 5) with slope ar 
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16. 16. Graph the line 4x — 8y = 10 ona sheet of graph paper, using a coordinate sys- 
tem similar to the one shown. Plot at least three points. 

Az. 

18. 

19. 

20 17. Multiply. (4x — 5) (5x + 1) 18. Multiply. (3x — 5)? 

7 

AE 

In questions 19 and 20, simplify. : 

19. (—4x4y>) (Sxy3) 20. (—2x3y?z°)4 : 

20; | 
q 

-3,,-4 
21. Write with only positive exponents. = 

23. wee 

| 

24. 22. Write in scientific notation. 0.00056 | 

ia 

25. . 

Factor each polynomial completely. If a polynomial cannot be factored, state that it 
26. is prime. . 

23. 121x? — 64y? 24, 4x + 120 — 80x? 

21. | 
25. 16x° + 40x? + 25% AL yh 5 moby . 

28. 
27. 2ax — 4bx + 3a — 6b 

28. Solve: x? + 5x — 36 =0 
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CHAPTER 

Rational 
Expressions 
and Equations 

CAREER OPPORTUNITIES 

Operations Analyst 
The effective management of the logistics 

and daily operations of a business is vital to 

its success. Teams of operations management 

and logistics professionals are the individuals 

who accomplish this. From predicting average 

costs to identifying the time required for 

manufacturing goods, these professionals use 

math every day to simulate the best practices 

needed for creating efficient operations. 

To investigate how the mathematics in this 

chapter can help with this field, see the 

Career Exploration Problems on page 469. 
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[7.1] Simplifying Rational Expressions @ 

Student Learning Objective 

After studying this section, you will 

be able to: 

Simplify rational expressions 
by factoring. @® 

Recall that a rational number is a number that can be written as one integer divided 
by another integer, such as 3 + 4 or }. We usually use the word fraction to mean 2. 
We can extend this idea to algebraic expressions. A rational expression is a polyum 

mial divided by another polynomial, such as 

eS eae 
+2) + a (2x sere X44 Or ma 

The last fraction is sometimes also called a fractional algebraic expression. There is 
a special restriction for all fractions, including fractional algebraic expressions: The 
denominator of the fraction cannot be 0. For example, in the expression 

Ey aes 

ye AY 

the denominator cannot be 0. Therefore, the value of x cannot be —4. The following 

important restriction will apply throughout this chapter. We state it here to avoid 
having to mention it repeatedly throughout this chapter. 

RESTRICTION 

The denominator of a rational expression cannot be zero. Any value of the 
variable that would make the denominator zero is not allowed. 

We have discovered that fractions can be simplified (or reduced) in the follow- 
ing way. 

Pee ol ee 
25 5:8 5 

This is sometimes referred to as the basic rule of fractions and can be stated as follows. 

BASIC RULE OF FRACTIONS 

For any rational expression ; and any polynomials a, b, and c (where b # O 
andc # 0), 

ac 

bc 

We will examine several examples where a, b, and c are real numbers, as well 

as more involved examples where a, b, and c are polynomials. In either case we shall 

make extensive use of our factoring skills in this section. 
One essential property is revealed by the basic rule of fractions: If the numera- 

tor and denominator of a given fraction are multiplied by the same nonzero quantity, 
an equivalent fraction is obtained. The rule can be used two ways You can start with 
b< and end with the equivalent fraction §. Or, you can start with ¢ and end with the 
equivalent fraction f<. In this section we focus on the first process. 

Example 1 Reduce. = 

21 7:2 _ 7 Usethe rule f- =F. Let c = 3 because 3. is 
Solution 39 13-3 13. the greatest coptnon factor of 21 and 39. oO 

Student Practice 1 Reduce. 

28 
63 
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El Simplifying Rational Expressions by Factoring @® 

The process of reducing fractions shown in Example 1 is sometimes called dividing 
out common factors. When you do this, you are simplifying the fraction. Remember, 
only factors of both the numerator and the denominator can be divided out. To ap- 
ply the basic rule of fractions, it is usually helpful if the numerator and denominator 
of the fraction are completely factored. You will need to use your factoring skills 
from Chapter 6 to accomplish this step. 

A i ate ls tena 
Example 2 Simplify. Lis 

Solution 

4x +12  4(x +3) Factor 4 from the numerator. 

5x +15  5(x +3) Factor 5 from the denominator. 

_ 44-+3) 
~ 5 (x+y 

4 
== o 

5 

Apply the basic rule of fractions. 

lime’ 4 Student Practice 2 Simplify. 

PE OM) 

14x -— 7 

4+ Ox+1 Example 3 Simplify. <A 
x — 

Solution 

_ (x +7)(x +2) Factor the numerator. 

~ (x —2)(x +2) Factor the denominator. 

Ca 
ce - = owas Apply the basic rule of fractions. 

Sa 3 

xg 

dee Student Practice 3 Simplify. 

4x? — 9 

2x? — x — 3 

Some problems may involve more than one step of factoring. Always remem- 
ber to factor out the greatest common factor as the first step, if it is possible to do so. 

Example 4 simplify. —2——*— 
oa = OX 

Solution 
DG (x? ay) Factor out the greatest common factor from the 

x ( eee = 6) polynomials in the numerator and the denominator. 

A(x-+3)(x — 3) Factor each polynomial and apply the basic 

AGB) (x — 2) Tule of fractions. 

CAUTION: Do not try to remove 

terms that are added. In Example 3, 

do not try to remove the x” in the 
top and the x? in the bottom of the 
fraction as arpa The basic rule 
of fractions applies only to quanti- 
ties that are factors of both numera- 

tor and denominator. 
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Student Practice 4 Simplify. 

x? — 16x 

x? — 2x? — 8x 

When you are simplifying, be on the lookout for the special situation where a 
factor in the denominator is the opposite of a factor in the numerator. In such a case 

you should factor a negative number from one of the factors so that it becomes 
equivalent to the other factor and can be divided out. Look carefully at the following 
two examples. 

Be oe Jl) 
Example 5 Simplify. ——— p Ne 

Solution Notice that the variable term in the numerator, 5x, and the variable 
term in the denominator, —2x, are opposite in sign. Likewise, the numerical terms 
—15 and 6 are opposite in sign. Factor out a negative number from the denominator. 

5x -—15 5(x-—3) _ Factor 5 from the numerator. 

6—2x —2(-3+ x) Factor —2 from the denominator. 

Note that (x — 3) and (—3 + x) are 
equivalent since (+x — 3) = (—3 + x). 

5 3) 
2a 
5 
Z 

Note that >; is not considered to be in simplest form. We usually avoid leaving 
a negative number in the denominator. Therefore, to simplify, give the result as 

=5 
aa OL was: Oo 

Apply the basic rule of fractions. 

Student Practice 5 Simplify. 

see —= A) 

15 = 6% 

2x? = + 
Example 6 Simplify. pases 8 a 

Lox 

Solution 

t=) eres) Factor the numerator and the denominator. 
a (4—x)(4+x) Observe that (x — 4) and (4 — x) are opposites. 

(x = 4) (Ques) 
= ediindie a Factor —1 out of (+4 = x) to obtain —1( 47 -y, 

ei 2x = 3) Apply the basic rule of fractions since (x — 4) 
—1(=44+x)(4 + x) and (—4 + x) are equivalent. 

24289 

=1 (Ale 

=) (ones 

4 ox 

Student Practice 6 Simplify. 

4x? + 3x — 10 

25 — 16x? 
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After doing Examples 5 and 6, you will notice a pattern. Whenever the factor 
jn the numerator and the factor in the denominator are opposites, the value —1 
results. We could actually make this a property. 

For all monomials A and B where A # B, it is true that 

A-B_ ———=-1 
B-A 

You may use this property when reducing fractions if it is helpful to you. Otherwise, 
you may use the factoring method shown in Examples 5 and 6. 

Some problems will involve two or more variables. In such cases, you will need 

to factor carefully and make sure that each set of parentheses contains the correct 
terms. 

x? — Txy + 12y’ 
Example 7 Simplify. 

2x” — Txy — 4y? 

Solution 
_ (x — 4y)(x — 3y) Factor the numerator. 

~ (2x + y)(x — 4y) Factor the denominator. 

Peete 
= a eee Apply the basic rule of fractions. 

Lad 

Dian 

Student Practice 7 Simplify. 

x? — 8xy + 15y” 

2x? — 11xy + Sy? 

6a” + ab — 7b* 
Example 8 Simplify. ——_,—_,— . Pe 36a? — 496? 
Solution 

(6a + 7b)(a— 6) Factor the numerator. 

- (6a + 7b)(6a — 7b) Factor the denominator. 

a> b 
= er = - Apply the basic rule of fractions. 

STEN ts 

6a — 7b 

{§m=d4 Student Practice 8 Simplify. 
25a” — 1667 

10a? + 3ab — 4b? 
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| CAD | Exercises MyLab™ Math 

Simplify. 

4x — 24y 3x + 4y 
ee pe 

x — 6y 9x W2y 

3 6x + 18 4 pe = 210) 

"x? + 3x ” 5x3 — 6x2 

5 tort 1 F 16x? + 8x + 1 

192 “olathe 6x2 

; 3a*b(a — 2b) . 6a*b 

; 6ab? ” 9a*b*(a + 3b) 

ee SD x7 +x—-12 
9. Aron ca 

10. cSt) = 

e-—x x? — 3x 

PH sm eet ae u. PG ane = 0, 2. = a 6 

3x3 + 5x? — 2x 2x3 + x? - 3x 

3 i Gh ee, tole B. pean lee Dice 14, : se 40x 

x° — 49x x? + 10x? + 25x 

2 dle 2 — 9x + 18 15. si jhe = 4 16. x : x 

Oe hae) 2ha = OF 9 

Bae oS: Nib h Pea 
epee Fp cet ae 

4x* - 5x +1 3y* — 10y + 3 

a4 ~ 2+ dy — 19. a ipbe 9 20. = 4x — 6 

Shim sees = 7 x’ + 3x -— 4 

Mixed Practice Take some time to review exercises 1-20 before you proceed with exercises 21-30. 

BS mn Ha 

a a = "i ca ae == 35 

pe = 5 cf = ae 7 

434 
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3x" + 13x — 10 oa 2x? + 15x + 18 

20 — x — x? "42 +x — x? 

a? + ab — 6b? a? + 2ab — 15b? 
30. 

3a? + Sab — 3b? 4a? — 13ab + 3b? 

Cumulative Review 

Multiply. 

31. [5.5.2] (3x — 7)? 32. [5.5.1] (7x + 6y)(7x — 6y) 

33. [5.4.2] (2x + 3)(x - 4) 34, [5.5.3] (2x + 3)(x — 4)(x - 2) 

2a = 3b 3b ist ee 
. [1.7.2] Simplify. — + — + 3a? — — . [1.3.3] Divide. —— + — 35. [1.7.2] Simplify. ~ ee ge 36. [1.3.3] Divide. 5 a 

37. [0.3.2] Dividing Acreage David and Connie Swensen 
wish to divide 4{ acres of farmland into three equal- 
size house lots. What will be the acreage of each lot? 

38. [0.3.1] Roasting a Turkey Ron and Mary Larson are 

planning to cook a 175-pound turkey. The directions 
suggest a cooking time of 22 minutes per pound for 
turkeys that weigh between 16 and 20 pounds. How 
many hours and minutes should they allow for an 

approximate cooking time? 

Quick Quiz 7.1 Simplify. 

x> + 3x? 6 — 2ab 

n° 2x? — 15x * ab* — 3b 
1. 

Sx? + 6x — 5 

16x” + 40x + 25 
Concept Check Explain why it is important to com- 
pletely factor both the numerator and the denominator 
when simplifying 

cy 
x’y at xy? = 2y3 
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[7.2] Multiplying and Dividing Rational Expressions @® 

STeeReseaaie —e Multiplying Rational Expressions @® 
After studying this section, you will 

be able to: 

1 | Multiply rational 

expressions. @® 

Divide rational 
expressions. @® 

To multiply two rational expressions, we multiply the numerators and multiply the 
denominators. As before, the denominators cannot equal zero. 

4 : a @ 
For any two rational expressions — and — where b # Oandd # 0, 

b d 

Simplifying or reducing fractions prior to multiplying them usually makes the com- 
putations easier to do. Leaving the reducing step until the end makes the simplifying 
process longer and increases the chance for error. This long approach should be avoided. 

As an example, let’s do the same problem two ways to see which one is easier. 
Let’s simplify the following problem by multiplying first and then reducing the result. 

5 49 

7 105 
245 

7 x 125 = 875 Multiply the numerators and multiply the denominators. 

_ Reduce the fraction. (Note: It can take a bit of trial and 

+ 5 error to discover how to reduce it.) 

Compare this with the following method, where we reduce the fractions prior 
to multiplying them. 

5. 49 
Tf tioa re) 

EET Step 1. It is easier to factor first. We factor the 
= >< —_——_——. . : 

7 5+5+5 numerator and denominator of the second fraction. 

. ea A:+7 7 Step 2. Then we apply the basic rule of fractions to 
~ ee m §+5+5 25 ~ divide out the common factors 5 and 7 that appear 

in both a numerator and in a denominator. 

A similar approach can be used with the multiplication of rational expressions. 
We first factor the numerator and denominator of each fraction. Then we divide out 
any factor that is common to a numerator and a denominator. Finally, we multiply 
the remaining numerators and the remaining denominators. 

—. xe —x-12 2x7 + 7x - 4 
Example 1 Multiply. een se 

Solution 

(x — 4) Sa eee 1) 

(x-—4)(x +4) (x + 3)(x -7) 
= (4-4) (4+ 37 fe+4)(2x —1) Apply the basic rule of fractions. 
(Ay et ty +35 (x - 7) (Three pairs of factors divide out.) 

Factoring is always the first step. 

Pal: ; 
= The final answer. Oo 

ja 9 

Student Practice 1 Multiply. ; 

Or ere 3k = 10 

x? — Ix +10 2x7 + 11x45 
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In some cases, it may take several steps to factor a given numerator or de- 
nominator. You should always check for the greatest common factor as your first 
step. 

3,16 2x” — 8x 
Example 2 Multiply. oe. Mean. 19 

Solution 

i (x? + 4) (x? - 4) yh, Ale, ee ne) Factor each numerator and denominator. 
x/( x2 + 4) 4 (2x? +x — 6) Sea a ee: common factor 

(x? + 4) (x + 2)(x - 2) 2x(x — 4) 
= an A 9 2(x + 2)(2x — 3) Factor again where possible. 

2 (2 +-4Y (x-+27 (x - 2) eee X — 4) Divide out factors that appear 
oe xLe+4y \ X(x+2Z)(2x — 3) in both a numerator and a 

denominator. (There are four 

such pairs of factors.) 

a (e2)(x — 4) x* — 6x + 8 Write the answer as one fraction. (Usually, if 

eT Ox 3 oF Mees there is more than one factor in a numerator or 

denominator, the answer is left in factored form.) 
Oo 

lied Student Practice 2 Multiply. 

2y-6y-8 y?—-S5y+6 

y—-y 2 . 24-32 

Dividing Rational Expressions @® 

For any two fractions § and §, the operation of division can be performed by in- 
verting the second fraction and multiplying it by the first fraction. When we invert 
a fraction, we are finding its recprocat, oe numbers are reciprocals of each other 
if their product i is 1. The reciprocal of 3 5 Is 3. The reciprocal of 7 is +. The reciprocal 
of fis 3 5 Sometimes people state the rule for dividing fractions this way: “To divide 
0 fractions, keep the first fraction unchanged and multiply by the reciprocal of the 
second fraction.” 

The definition for division of fractions is 

ee = iS i 

This property holds whether a, b, c, and d are polynomials or numerical values. (It is 
assumed, of course, that no denominator is zero.) 

In the first step for dividing two rational expressions, invert the second fraction 
and rewrite the quotient as a product. Then follow the procedure for multiplying 
rational expressions. 
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6x + 12y = 9x? — 36y? 

2x — 6y 4x? — 36y? 
Meg Example 3 Divide. 

Solution 

6x + 12y 4x? — 36y? Invert the second fraction and 
= ar eoitgy 1 "rey pa ary 2 agi write the problem as the product 

of two fractions. 

6(x + 2y) AC? =0y2) 

eC: — ayye) 9(x? — 4y’) 

) 

Factor each numerator and 

denominator. 

_ (3)(2)(% + 2y)  (2)(2) + 3y)(x = 3y) 
ame =a “ 3)(3)@e + aie — 2y) Factor again where possible. 

2 L332) e+ 2y)y : (2)(2)(x + 3y)(42—3y) _ Divide out factors that appear in 
2X (x—3yy (39(3) ae +2y)(x — 2y) both a numerator and a denom- 

inator. 
2)(2)(4 3 

= (2) 2 oa Write the result as one fraction. 
3(4=2y) 

4(x +3 
= sa Simplify. 

S(t = oy) 

Ae Miler wt ax lly. : 
Although it is correct to write this answer as Ge Moy’ it is customary to leave the — 

answer in factored form to ensure that the final answer is simplified. oF 

Student Practice 3 Divide. 

xh Sipe © © O28 Set? 
We te Be es 2X hx 

A polynomial that is not in fraction form can be written as a fraction if you give 

it a denominator of 1. 

= Bie ae 15 
Example 4 Divide. ———— + (x? — 9x + 20) 

ver @ 

Solution 
2 : Co oe 20) 

Note that x* — 9x + 20 can be written as Seng = 

Lea : Invert and multipl = . nvert an iply. x+6 x2 — 9x + 20 aid 
_ 3S Seay) 1 Factor where possible. Note that we had to factor 
: x+6 ’ (x — 5)(x - 4) —3 from the first numerator so that it would have ~ 

a factor in common with the second denominator. — 

ee ee 1 Divide out the common factor. (—5 + x) is 

CAUTION: It is logical to as- Z x +6 (57 (x = 4) equivalent to (x — 5). 

sume that the exercises in 
—3 The final answer. Note that the answer can be 

Section 7.2 have at least one = 
Sona oh Peete Mae Conners (x + 6)(x — 4) written in several equivalent forms. 

divided out. Therefore, if 3 3 ; 
i or or Oo after factoring, you do not (x + 6)(x — 4) (x + 6)(4—x) 

observe any common fac- 

tors, 00 ROU Sar Student Practice 4 Divide. 
what suspicious. In such 

cases, it would be wise to ees (9-2) 
double-check your factoring x-3 
steps for errors. 



Exercises MyLab™ Math 

Verbal and Writing Skills, Exercises 1 and 2 

Complete each sentence on a separate sheet of paper. 

1. Before multiplying rational expressions, we should 
always first try to 

Multiply. 

z mer ie x’ + xp 20 

" x -4 x? +6x4+9 

24x3 ox ei 

4° - 36 = 16x? 

Pees — 10 4° — 3x - 4 

e+x-—20 x7 +4¢+3 

Divide. 

9 oo | x+5 

ee oe x = 6x —- 16 

Se ae 
: 5 Vise = 12 

ae 3x? + 12xy + 12y? 4x + By 

xt dry t3y? oxty 

Mixed Practice Perform the operation indicated. 

baat. 5)? yas An +4 
15, ——_-——_- 

. 3x2 — Ix + 2 x+5 

10. 

14, 

Division of two rational expressions is done by keep- 
ing the first fraction unchanged and then 

3x -—6 x7 +6x +5 

x+5 2x? — 8 

Qx2 4x? + 26x? + 40x 

6x + 15 10x? 

0 eee? — 2x — 24 

x? —5x—6 x* — 3x — 28 

SE eene SO FOR tlt 
x+9 x? + 13x + 36 

Ax? — 25 oe |. (dy + 10 
joe os * Ae + 10) 

5x + 10xy + Sy? ee ee 

x? + Sxy + 6y? x +: 2y 

3x7 - 10x -—8 4x +5 

(Aes? (x — 4)? 

439 
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17. 

19. 

21. 

Pale Var ee 

10-2x  5x+15 

y? + 4y - 12 y? — 16 

y? + 2y — 24 y?>+2y-8 

x 10ers 
2x7 + 13x + 6 x? + Sx — 24 

Cumulative Review 

23. 

A 25. 

[2.3.2] Solve. 6x? + 3x — 18 = Sx — 2 + 6x? 

[2.5.2] Golden Gate Bridge The Golden Gate 
Bridge has a total length (including approaches) of 
8981 feet and a road width of 90 feet. The width of 
the only sidewalk on the bridge is 10.5 feet. (The side- 

walk spans the entire length of the bridge.) Assume 

it would cost $x per square foot to resurface the road 
or the sidewalk. Write an expression for how much 
more it would cost to resurface the road than the side- 

walk. 

Quick Quiz 7.2 

1. Multiply. 

3. Divide. 

ay 10 x a ae 4 

oe AG 5 

2 1B Ly ke ap OF A? 
3x7 + 3x x2 + 4x43 

18. 

20. 

22. 

24. 

A 26. 

2. 

4, 

SpA 2s x? — 3x — 54 

16—4x2 x2 + 10x + 16 

4y? + 13y + 3 by? +y-1 

12y*-y-1 2y7 + Ty +3 

xv+x-12 Naxr = Ae 

3x7 —- 8x -—3 x°+2x-8 

3 
[1.2.1] Perform the operations indicated. Dn oP 

[2.6.1] Garden Design Harold Rafton planted a square 
garden bed. George Avis also planted a garden that 
was 2 feet less in width but 3 feet longer in length than 

Harold’s garden. If the area of George’s garden was 

36 square feet, find the dimensions of each garden. 

3x? — 13x = 10. x? — 25x 

3x? + 2x x* — 25 
Multiply. 

Concept Check Explain how you would divide 
mx= 7 1 

Meal axa 
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0) Adding and Subtracting Rational Expressions @ 

Bl Adding and Subtracting Rational Expressions 
with a Common Denominator After studying this section, you will 

be able to: 
If rational expressions have the same denominator, they can be combined in the 
same way as arithmetic fractions. The numerators are added or subtracted and the 1 | Add and subtract rational 
denominator remains the same. expressions with a common 

denominator. @® 

Determine the LCD for rational 

expressions with different 
denominators. @® 

ADDING RATIONAL EXPRESSIONS 

: ; a c 
vie any rational expressions i and b' SL eee RC 

expressions with different 
where b + 0. denominators. @® 

5a 6a 
Example 1 Add. + 

R GuieeD = ahi2b 

Solution 

Sa 6a _S5a+6a_ 11a Note that the denominators are the same. 
at+2b at+2b at+2b  a+2b Only add the numerators. Keep the same 

denominator. 

Do not change the denominator. oO 

Student Practice 1 Add. 

25 + ¢t Siamur 

Both PS eG 

SUBTRACTING RATIONAL EXPRESSIONS 

: Be 1a C 
For any rational expressions — and —, 

b b 

where b # 0. 

3x 8x 
Example 2 Subtract. ace ye eh 

Solution 

She 8x Oh ON cee EE eee eee Write as one fraction. 
fe yi et y)(x—2y) (e+ y)(x — 2y) 

-- pps 

A ese 
Simplify. oO 

fee Student Practice 2 Subtract. 

b A 2b 

(ie 2?) (dab) Mi Blain 2b) (a + db) 
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Determining the LCD for Rational Expressions 

with Different Denominators @® 

How do we add or subtract rational expressions when the denominators are not the 
same? First we must find the least common denominator (LCD). You need to be clear 
on how to find the least common denominator and how to add and subtract fractions 
from arithmetic before you attempt this section. Review Sections 0.1 and 0.2 if you 
have any questions about this topic. 

HOW TO FIND THE LCD OF TWO OR MORE 
RATIONAL EXPRESSIONS 

1. Factor each denominator completely. 

. The LCD is a product containing each different factor. 

. If a factor occurs more than once in any one denominator, the LCD will 
contain that factor repeated the greatest number of times that it occurs 
in any one denominator. 

: 5 6 
Example 3 Find the LCD. > — tea 

Solution Factor each denominator. 

2x — 4.= 2(x - 2) Bx 40 = 3(x AZ) 

The different factors are 2,3, and (x — 2). Since no factor appears more than once 
in any one denominator, the LCD is the product of these three factors, 

LEDi=(2)(3)(% = 2) = 6 = 2) Oo 

‘te’ Student Practice 3 Find the LCD. 

7 ai) 

6x + 21° 10x + 35 

Example 4 Find the LCD. 

5 13 8 12 
a) ——, ——— b) =, — 
@) toab%? 18a3be4 OY oo eereroe + 2x - 3 

Solution If a factor occurs more than once in any one denominator, the LCD 

will contain that factor repeated the greatest number of times that it occurs in any 
one denominator. 

(a) 12ab’c =2+2:3+* a: b-bec 

al | 2°3+3:asara'b'| crcrerc 
oe eae 

LCD = 2°2:3°3*a°a°a°b*b*c*c*c°c 

LCD = 27°3?3 Game se = "36a°b*e* 
(b) x? - Sx +4 = (x — 4)(x - 1) 

xv +2x-3= | aaa | 

LCD = Gia — 1) (x +3) o 

Student Practice 4 Find the LCD. 

3 19 2, 6 
(b) a) ——,/ ——— >, 

@) SOxy?z’ 40x3yz x? + 5x + 6’ 3x? + Sx - 2 

ee 



) 

Adding and Subtracting Rational Expressions 
’ with Different Denominators @® 

If two rational expressions have different denominators, we first change them to 
equivalent rational expressions with the least common denominator. Then we add 
or subtract the numerators and keep the common denominator. 

Example 5 Add. ae he 
xy y 

Solution The denominators are different. We must find the LCD. The two factors 

are x and y. We observe that the LCD is xy. 

S 2 > 2. 6G : a) x 
an sa ti ae. Muluply the second fraction by — 
ayy AGE Py) ee a 

See ex : : 
a= a Now each fraction has a common denominator of xy. 

xy Xy 

Shs 225 : ; 
= S Write the sum as one fraction. oO 

[feed Student Practice 5 Add. 

en 
Gu ade 

De ii 3 

x? — y? Kastan) 
Example 6 Add. 

Solution We factor the first denominator so that x? — y* = (x + y)(x — y). 
Thus, the factors of the denominators are (x + y) and (x — y). We observe that 
ie = (x + y)(x — y). 

on ve 5 Cy ®) neue 
4g a Multiply the second fraction b = 

(@#y)(e-y) ” & Fy) &-y) “4 SS 
o Bx Fi 5) gl ehy Now each fraction has a common 
4 (x + y)(x — y) (x + y)(x - y) denominator of (x + y)(x — y). 

et Brant vey Write the sum of the numerators over 

a (x + y)(x -y) the common denominator. 

Ba) OY) — 
a ae Combine like terms. Oo 

(x + y)(x — y) 

ieee Student Practice 6 Add. 

WO 10) 2 

a* — 4b? a+ 2b 

It is important to remember that the LCD is the smallest algebraic expression 
into which each denominator can be divided. For rational expressions the LCD must 

contain each factor that appears in any denominator. If the factor is repeated, the 
LCD must contain that factor the greatest number of times that it appears in any 

one denominator. 
In many cases, the denominators in an addition or subtraction problem are 

not in factored form. You must factor each denominator to determine the LCD. 

Combine like terms in the numerator; then determine whether that final numerator 

can be factored. If so, you may be able to simplify the fraction. 
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le 7 Add. = Examp Pe May noe 

Solution 

5 3x 

444 Chapter 7 Rational Expressions and Equations 

I 
{ 

. + a 

roy 8+ xy 

ts 5 me 3K Factor the two denominators. Observe 
a (x + y)(x-y) x(x + y) that the LCD is x?(x + y)(x — y). 

r. 5 red 30 (x — y) Multiply each fraction by the : 
a 2" (x + y) ; (x — y) appropriate expression to 

obtain a common denominator of 

Le ty) ia 

5x? 3x? — 3xy 

x(x, +9) Sy) eae ce) 

5x2 + 3x? — 3xy Write the sum of the numerators over 

2 h i ‘ w(x + y)(x - y) the common denominator 

8x? — 3xy ae 
=> Combine like terms. 

x(x + y)(e=y) 

K (8% = sy) 
a Factor the numerator. 

Ba (x Ey ea 

aa Sy ay Divide out the common factor x in the 
¥ x(x + y)(x — y) numerator and denominator and simplify. oO 

ie Student Practice 7 Add. 

i 
a? +2ab+b* a?+ ab 

It is very easy to make a sign mistake when subtracting two fractions. You will 
find it helpful to place parentheses around the numerator of the second fraction so 
that you will not forget to subtract the entire numerator. 

Student Practice 8 | ie Example 8 Subtract, “14 — *—3 
Subtract. bo — 2 Wye 

s+ 7 eee Solution Factor the second denominator. 

5 _3x+4  x-3 
Observe that the LCD is 2(x — 2). 

a2 sx a4 x —3 Multiply the first fraction by 5 so that the resulting 
For all Student Practice prob- a ey Ts od ee 2) fraction will have the common denominator. 

lems, write out the steps on a 
separate sheet of paper. Check = 

2(3x + 4) — (x —3) Write the indicated subtraction as one fraction. Note the 
; A th dx 3' 

the step-by-step solutions in 2(x — 2) is Naa al Mili 
the back of the textbook. 6x. + 8 ae 

= 2 (aa a Remove the parentheses in the numerator. 

a ae ll 
a 2(x — 2) Combine like terms. 
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Sidelight: Alternate Method 
\To avoid making errors when subtracting two fractions, some students prefer to 
change subtraction to addition of the opposite of the second fraction. In other words, 

Cee an 6 

Braye Piondiier obvi 

Let’s revisit Example 8 to see how to use this method. 

we use the property that 

Insert parentheses around x — 3, 

_ 2 3x +4 , =(x— 3) Change subtraction to addition of the opposite, and 

multiply the first fraction by ; 

22) 

Ox = 8+ Tees 4. 
=) eae anna aca Apply distributive property to simplify the numerator. 

2( x2) 

ce 
ee Combine like terms. 

etx — 2) 

Try each method and see which one helps you avoid making errors. 

Paes. 8x 4 
Example 9 Subtract and simplify. oy re 

Solution 

Soe, 24 

x*-16 x-4 

ie 8x ie 4 Factor the first denominator. Use the property 

oe 4) (xX — 4) x 4 that ¢ — £ = 4 4 ©. 

8x Ste dae ap ah x+4 
Multiply the second fraction by oo 

Vee 4)(x- 4) x-4 wea x+4 

8x + (—4)(x + 4) Write the sum of the numerators over the common 
fi (x + 4)(x — 4) denominator. 

orm 4x — 16 ; 
= (@ + 4)(x — 4) Remove parentheses in the numerator. 

4x — 16 Combine like terms. Note that the numerator can be factored. 

(cee 4)i(x — 4) 

4 (x4) Since (x — 4) is a factor of the numerator and the denominator, 
re (x + 4)(e—4y we may divide out the common factor. 

x+4 

seed Student Practice 9 Subtract and simplify. 

eB pio 1 

xe=— 4 Qx* + de 
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[7.3] Exercises MyLab™ Math 

Verbal and Writing Skills, Exercises 1 and 2 

1. Suppose two rational expressions have denominators 
of (x + 3)(x + 5) and (x + 3)”. Explain how you 
would determine the LCD. 

Perform the operation indicated. Be sure to simplify. 

2. 

4 

“5+2x 2x4+5 * 3x +8 

ax 8) ot 6 

é =0, er " 5x +7 

Find the LCD. Do not combine fractions. 

9 K) 12 5 
13. 
2x — 6’ 9x — 27 pe 3x +12’ 5x + 20 

ah 4 
wh ; 5 

Spe ae wWbe = 5) Clee = Gye ap Il 

Add. 

7 8 
19) 

le Ia, 

3 8 
21. 

KT ee? 40 

4 
ye a Z 

Wart yl 

5 
he 

By By ae 2 

2 1 
As se 

3xy 6yz 

446 

8 + 3x 

8x +3 6x + 10 
Syear 7 

11. 

15. 

18. 

20. 

22. 

24. 

26. 

28. 

Suppose two rational expressions have denominators 
of (x — 4)?(x + 7) and (x — 4)*. Explain how you 
would determine the LCD. 

5 Bye Ser 

“x+3 x+3 

8 In 62ers 

“5x+2 S5x+2 

SI i 9 14 

He 203.3 12. ar ae isry |= 30x" y 14xy”  35x"y 

8 1 ene 6 
x+3’ x?-9 4 x +2 

4 3 

5 Z 

Vas yr 3 

2 go 2: 

20.— 5 ».A@ 

2S 
4xy 12yz 

a 



) 

Subtract. 

Weer G x —2 
if 3)|«(ox = 6 

= a 

a+3b06Uua—b 
33. 2 te oe 5 

‘ 8 6 

Oi on t3 x+2 

37. te : 
e+2%x-3 x —-S5et+4 

3 il 
Se 

x°+9x+20 x°+10x + 24 

- ~ 41. a 8 rect, 

xY—5x+6 x7 -6x +8 

Mixed Practice Add or subtract. 

6x 3 5x 

fear | 6X Y 
43. 

3y Sy 
SE Gye bo dye = Sy — 5 

Section 7.3 Adding and Subtracting Rational Expressions 

30. 

32. 

34, 

36. 

38. 

40. 

42. 

44, 

Ix +3 Se) 

x-4 2x -— 8 

4 3 

5 2 

aya x — 4 

1 5 

ewe 444 

i} 5 
SS - FE 

x?-3x-10 x?-2x-15 

Pe i) acta 

wt+dnt 3° x? + 2x -3 

8b . 3b 

2b-a a-2b 

one 7 x+5 

x? —5x-6 x7 +3x+2 
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2x Nee Te 38 | 
2x? —-5x-3 x-3 Bye = 5x —- 2 x - 2 

47. 

Cumulative Review 

[2.3.3] Solve. 4.8 — 0.6x = 0.8(x — 1) 
1 1 il 

49, [2.4.1] Solve. 32 a2) 3 (t +3) = 4 x +1) 50 

il : : 
51. [2.8.4] Solve for x. x — = = : 7 a0" 52. [5.1.3] Simplify. (3x°y*)* 

: 
53. [2.8.4] Commuting Costs A single subway fare costs 54, [0.5.3] Languages in Finland In Finland,91.5% of the 

$2.75. A monthly unlimited-ride subway pass costs population speaks Finnish. The other official language — 
$90. How many days per month would you have to is Swedish, spoken by 5.3% of the population. One of 
use the subway to go to work (assume one subway the minority languages is Sami, spoken by 0.04% of the 
fare to get to work and one subway fare to get back population. (Source: www:stat.fi) In 2015 there were : 
home) in order for it to be cheaper to buy a monthly 5,475,000 people in Finland. How many more people 

subway pass? spoke Swedish than Sami? 

: 

Quick Quiz 7.3 Perform the operation indicated. Simplify. 

3 @; 2 acy! “bi y 
1 A 

x -2x-8 x-4 xy by 

3 J 

3. + : t Ch inh i ye 2 Oe 8 4. Concept C s aus ow to find the LCD of the 

actions ———— 
WOxy*z, 25x7yz> 



Use Math to Save Money 

Did You Know? A lower credit score could cost you hundreds 
of dollars a year in higher finance fees. 

Credit Card Follies 

Understanding the Problem: 

Stores tempt customers with the promise of “15% off all 

purchases made today” if the customer opens and puts the 

purchases on a store credit card. Adam is thinking about 

applying for one. He has a lot of shopping to do, and sav- 

ing 15% on his $500 purchase is hard to resist. He hesitates, 

though, because his friend Matt is telling him that in some 
cases, people lose money on the deal. 

Making a Plan: 

Opening up a store credit card can cost you in two different 
ways. The first way is through the high interest rates store 

cards usually charge. The second way is not as straightforward. 

Opening a store credit account can lower your credit score 

because it increases your debt liability. If you need to apply 

for credit elsewhere, you will pay a higher interest rate due to 

your lower score. You need to weigh these costs against the 

benefit of the one-time savings. 

Step 1: Adam calculates how much he will save today if he 

opens a store credit account. 

Task 1: How much will Adam save today? 

Step 2: The card has an annual interest rate of 25%. Using sim- 

ple interest, Adam calculates that he would pay about $62.50 

in finance fees if he carried the balance for six months. (Note: 

500 x 0.25 x ; = 62.50) 

Task 2: How much would Adam pay in interest if he carried 

the balance for a year? 

Step 3: Adam is surprised at how much he could end up paying 

in finance charges. Matt then tells him other ways it could cost 

him. His credit score would go down due to his opening a new 

account. Also, since the store card has a $1000 limit, the $500 
purchase would be 50% of the available credit. The higher 
the percentage of available credit you are using, the lower 

your credit score. Matt tells Adam that if he needs to put the 

purchase on a card, he should use his existing card, which has a 

$5000 limit. 

Task 3: What percentage of available credit would Adam be 

using if he put the purchase on his existing card? 

Step 4: Even though Adam isn't planning on applying for 

a large loan next year, it is still a possibility. What if his 

car broke down and he decided to finance a new one? An 

increase in the interest rate due to a lower credit score could 

cost him hundreds of dollars over the life of the loan. 

Task 4: If he paid $9 more a month because of a higher in- 

terest rate, how much more would he pay over the life of a 

four-year auto loan? 

Finding a Solution: 

Adam decides that the risk of higher future fees is not worth 

the one-time savings on his purchase. He declines the offer 

and puts the purchase on his existing card. 

Applying the Situation to Your Life: 

The next time you are tempted to sign up for a store credit 

card, you will have a better idea of the costs associated with 

that decision. That way, you can weigh the choices and make 
an informed decision. 

449 
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[7.4] Simplifying Complex Rational Expressions @® 

El) Simplifying Complex Rational Expressions by Adding or 
After studying this section, you will Subtracting in the Numerator and Denominator @® 
be able to: 

A complex rational expression (also called a complex fraction) has a fraction in the 

1 | Simplify complex rational numerator or in the denominator or both. 
expressions by adding or 
subtracting in the numerator 3+ 2 “ear a+b 
and denominator. @® x y 3 

= 2 
Simplify complex rational z aL) 2 Sais 
expressions using f 4 

the LCD. @® The bar in a complex rational expression is both a grouping symbol and a symbol 
for division. 

at+b 

ss is equivalent to (2 = *) = (=) i Sees 
4 

We need a procedure for simplifying complex rational expressions. 

PROCEDURE TO SIMPLIFY A COMPLEX RATIONAL EXPRESSION: 

ADDING AND SUBTRACTING 

1. Add or subtract so that you have a single fraction in the numerator and 
in the denominator. 

. Divide the fraction in the numerator by the fraction in the denominator. 
This is done by inverting the fraction in the denominator and multiplying 
it by the numerator. 

Example 1 Simplify. 
2 
ye 

Solution 

Step 1 Add the two fractions in the denominator. 

i 1 

Fee 
1g 24% Zs 

ea 2 
pe OY? Bi y 

Step 2 Divide the fraction in the numerator by the fraction in the denominator. 

2 2+ 1 i i ae ee ee q 

| CE=> | Student Practice 1 

1 1 

ee 
Simplify, ——* 2 

ee 

A complex rational expression may contain two or more fractions in the — 
numerator and the denominator. . 
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i i Student Practice 2 
2 Example 2 Simplify. <— ie 
Ses = a 
a b Simplify. 

Solution We observe that the LCD of the fractions in the numer- gy 
ator is xy. The LCD of the fractions in the denominator is ab. 

au 2 a = For all Student Practice problems, write out + . B 
ae ee Multiply each fraction by the appropriate the steps on a separate sheet of paper. Check 
Se Ba value to obtain common denominators. the step-by-step solutions in the back of the 
ce & a textbook. 

oor x Add the two fractions in the numerator. 

Bed 

3b — 2a Subtract the two fractions in the denominator. 

ab 

fe OU walked : 
= . 3 5 Invert the fraction in the denominator 

xy b— 2a and multiply it by the numerator. 

wbly + x) 
= Write the answer as one fraction. Oo 

xy(3b — 2a) 

For some complex rational expressions, factoring may be necessary to deter- 
mine the LCD and to combine fractions. 

1 2 

2_4 ui 56 ae 
Example 3 Simplify. ~—————— 

Solution We need to factor x” — 1. 

1 2 dean 

(x+1)(x-1) %+1 x-—1 TheLCD for the fractions in the numerator 
i eer is xt 1) (x = 1, 5 

i See Add the two fractions in the numerator. 

ed tae 1) (x = 1) 

fy Be 

ea All 1 

SER: Simplify the numerator. Invert the fraction 
in the denominator and multiply. 

= ae Write the answer as one fraction. oO 
poe rl xe = TY 

Student Practice 3 

x Dy 
+ 

Ginnie xvr+4e4+3 2x41 

Peek x+1 

When simplifying complex rational expressions, always check to see if the final 

fraction can be reduced or simplified. 
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+ 

Example 4 Simplify. “ ; 
a? — b2 

Solution The LCD of the two fractions in the numerator is (a + b)(a — b). 

5 
a — b 

3a — 3b 3a + 3b 
_(a+b)(a—b) (a+b)(a-b) —e——eeeorrvmcv—: 

az — b2 

Study carefully how we combine the two fractions in the numerator. Do you see 

how we obtain —6b? 

—6b 

ar (2) =p 
= fos phen) Factor a? — b* as (a + b)(a — b). 

(a + Dita = 5) 

- a+b = 
ep : ( Ma ) Since (a + b)(a — b) are factors in 

(a + b)(a — b) 5 both a numerator and a denominator, 
they may be divided out. 

5) 5 

[f==dJ Student Practice 4 Simplify. 
6 

x = ye 

1 3 

Nee ey 

2 | Simplifying Complex Rational Expressions 

Using the LCD @® 

There is another way to simplify complex rational expressions: Multiply the numer- 
ator and denominator of the complex fraction by the least common denominator of 
all the denominators appearing in the complex fraction. 

PROCEDURE TO SIMPLIFY A COMPLEX RATIONAL EXPRESSION: 

MULTIPLYING BY THE LCD 

. Determine the LCD of all individual denominators occurring in the 
numerator and denominator of the complex rational expression. 

. Multiply both the numerator and the denominator of the complex 
rational expression by the LCD. 

. Simplify, if possible. 
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sees 
: er ae ab? ab 
Example 5 Simplify by multiplying by the LCD, ———— p p 5 

~ 2ab 
Solution The LCD of all the denominators in the complex rational expression 
is 2a°*b?. 

eS ast a) = # 
ab” ab Multiply the numerator and 

denominator by the LCD. 
abe? LS eres 

a y) 3D) 2p2 2ao?( Fa) ~ 20e*( 7) . 2a*b (2 ) 

oY \ ab? ab 
- Multiply each term by 2a7b’. 

ee - 2ator(a) ~ 2020°(5-) ; ) 
2a°b 

10a — 4ab 
So Simplify. 6a°b? — 5b ne . 

ieee Student Practice 5 Simplify by multiplying by the LCD. 

2 3 
ory 

5 
aan wll 
xy 

So that you can compare the two methods, we will redo Example 4 by multi- 
plying by the LCD. 

Example 6 Simplify by multiplying by the LCD. “ 
a; _ bh? 

Solution The LCD of all individual fractions contained in the complex fraction 

is (a + D)(a — b). 

eb ya »)(,) ae BY ae »)(5) 
= Ph Multiply each term 

i by the LCD, 
ae ye Icyou 

pe =D )~ 3dr Bb 
= ( ) \ ) Simplify. 

5 

betes 3D 3ao= 3D 
= 5 Remove parentheses. 

6b ae 
= mace Simplify. O 

453 



[74] Exercises 
Simplify. 

10. 

13. 

16. 

19. 

454 

MyLab™ Math 

11. 

14. 

17. 

8 
ie 

3. 

oe 
x ak 

ee 
ie 8 a 

2 
3x eo 

8 2 
Xa oe 

9, 
yee S 
—+— 

3 eG 

il 
4 a 

= 12. 
2+- 

9 

pe 

a is 
4 ‘ D 

rae eae It 

3 

taste 18. 
1 2, 

x7-9 x+3 

2% 
+ 

eS 2 : 

Sit 
+ 

ye 3 2) : 



\ 

23. 

) 

To Think About, Exercises 21 and 22 

| 4 
yea. 8) 

21. Consider the complex fraction . What values 

1 
Xx 

are not allowable replacements for the variable x? 

Simplify. 

2%. (L- 1 ) 

“\Sy x + Sy 

Cumulative Review 

% = by 

‘25. [3.3.2] Find the slope and y-intercept of the line 
5x + 6y = 8. 

27. [2.6.1] When nine is subtracted from double a number, 

the result is the same as one-half of the same number. 

What is the number? 

Quick Quiz 7.4 Simplify. 
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5 

Consider the complex fraction : ce What values 

fe areal 

are not allowable replacements for the variable x? 

22. 

1 1 2x — 4y 
24, as 5 og 5 

hoo 2 Xo = Sur ZV 

2 N . [2.8.4] Solve and graph on a number line similar to 
the oneshown. 7 + x < 11 + Sx 

x 

a 2) | 0 1 2 3 4 5 

2 oO . [2.7.2] Isabella received a pay raise this year. The 
raise was 5% of last year’s salary. This year she will 
earn $25,200. What was her salary last year before the 

raise? 

4. Concept Check To simplify the following complex 
fraction, explain how you would add the two frac- 
tions in the numerator. 

7 15 

je = By PREG) 

So) 
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¢ 

[7.5] Solving Equations Involving Rational Expressions @® — 

Ei} Solving Equations Involving Rational Expressions That 
After studying this section, you will 

be able to: 

1 Solve equations involving 
rational expressions that have 
solutions. @® 

Determine whether an equation 
involving rational expressions 
has no solution. @® 

Have Solutions @® 

In Section 2.4 we developed procedures to solve linear equations containing frac- 
tions whose denominators are numbers. In this section we use a similar approach to 
solve equations containing fractions whose denominators are polynomials. It would 
be wise for you to review Section 2.4 briefly before you begin this section. It will be 
especially helpful to carefully study Examples 1 and 2 in that section. 

. Solve the resulting equation. 

. Check your solution. Exclude from your solution any value that would 
make the LCD equal to zero. 

Do. oe 3 
Example 1 Solve for x and check your solution. H si ae, 

Solution 

5 2 3 ? 
She * ie one 3 = 3x|- ig Observe that the LCD is 3x. Multiply each term by 3x. 

15 + 2x = -9 

2x = —9 —15 Subtract 15 from both sides. 

2x = —24 

x= —1y Divide both sides by 2. 

Check. 
re) F 22 __ 3. Replace each x in the original 

Bi” 3 —12 equation by —12. 

ee 
12 Seat 

3 3 
i ¥ Itchecks. 

Example 2 Solve and check. 

Solution 

Observe that the LCD = x(x + 3). 

Aes +3)( 
x+3 

6x = 3(x + 3) 

6x = 3x + 9 

3x =9 

x =3 

esp 3) 

TO SOLVE AN EQUATION CONTAINING RATIONAL EXPRESSIONS 

. Determine the LCD of all the denominators. 

. Multiply each term of the equation by the LCD. 

3 
) = x(x + 3)(2) Multiply both sides by x(x + 3). 

Simplify. Do you see how this is done? 

Remove parentheses, 

Subtract 3x from both sides. 

Divide both sides by 3. 

OO — a 



Replace each x 

Go) |) Cayo) 
It checks. VY 

eee Student Practice 2. Solve and check. 

Geass. 2 

Dye ae I Pa 
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by 3. 

It is sometimes necessary to factor denominators before the correct LCD can 

be determined. 

3 hex 
Example 3 NG eae i mple 3 Solve and chec. er 5 ep 

Solution 

3 4X 
-l= aye 8) Factor 2x + 10. We 

x +5 2(x + 5) determine that the 
RED As Zee eoye 

AX 
2(x + 5)(—2.) —2(e +5)(1) = 2(x+ o) Preweaa Multiply each 

x+5 2(x +5) term by the 

LCD. 

2(3) = 20+ 5)= 428K Simplify. 

(6) 3 2g INO ee Remove parentheses. 

2h = 4 = (4 = x Combine like terms. 

-4=4+x Add 2x to both sides. 

-8=x Subtract 4 from both sides. 

Check. =j eed Replace each x in the original 
ae 2(—8) + 10 equation by —8. 

AS ins pm 4+8 

8) NG ae 1G, 

12 
ool md 

“5 

ee It checks. The solution is —8. oO 

Determining Whether an Equation Involving Rational 

Expressions Has No Solution @® 

[faq Student Practice 3 
Solve and check. 

el 2, 4 
5 = + 

x- -4 {ae ey BE Sy 

For all Student Practice problems, write 
out the steps on a separate sheet of pa- 

per. Check the step-by-step solutions in 
the back of the textbook. 

Equations containing rational expressions sometimes appear to have solutions when 
in fact they do not. By this we mean that the “solutions” we get by using completely 

correct methods are, in actuality, not solutions. 
In the case where a value makes a denominator in the equation equal to zero, 

we say it is not a solution to the equation. Such a value is called an extraneous 
solution. An extraneous solution is an apparent solution that does not satisfy the 
original equation. If all of the apparent solutions of an equation are extraneous solu- 
tions, we say that the equation has no solution. It is important that you check all 
apparent solutions using the original equation. 
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Example 4 Solve and check. ‘ * 5 

Solution 

Observe that the LCD is (y — 2). 

YA ea ce 

y-4y+8=2 

—3y +8 =2 

—3y = -6 

Zo 6 
3 =—3 

= 

)- 0-24 = 0- 

2 
-— 4 = —— 

yo 2 

2 
2) (3) Multiply each term by (y — 2). yr 

Simplify. Do you see how this is done? 

Remove parentheses. 

Combine like terms. 

Subtract 8 from both sides. 

Divide both sides by —3. 

2 is only an apparent solution. 

This equation has no solution. 

Why? We can see immediately that y = 2 is not a solution of the original equation. 

the expression is undefined. 

Check A aoa ee 2 Suppose that you try to check the apparent solution 

en. 42 y-2 by substituting 2 for y. 

ee ee 
PMs?! Pia: 

2 ae 2 This does not check since you do not obtain a real 

0 0 number when you divide by zero. 

These expressions are not defined. 

There is no such number as 2 + 0. We see that 2 does not check. This equation has 
no solution. 

Student Practice 4 Solve and check. 

2x —2 

xX 1 
+1 



Exercises MyLab™ Math 

Solve and check exercises 1-18. 

in ae =) Sipe =H ey 5) { i 5) 2 1 -+5=— 2—+l=— Mtoe ~—tl= = 
& x at ae 2 see ape ce 

5 LS iia Ptcoe wl! S 7 aaa eS 8 eee 

ia -3x 3f x Ax ot ee ie 0, ~ oy 10 

6 3 3 2 2 4 3 3 
Ht = — 0. = —_— ‘ = => 

? See = 3) aye A ey eX, a Dyed Ss) ope ser one 

si) = Ae 3 
a) i ee 15. 7 

ot Se oe 6) x 

fee. 2.2 eh = ee eo 
24 x 4x x x+4 + 4 

Mixed Practice Solve and check. If there is no solution, say so. 

Hi Ra Seat! 20. 2 ae or 4 

x 4 hee 4 x+5 x+5 

2 Zhe = 3) x 3 
° ae oS Pas 3) — 

zl Kas w= 6 . x+3 ay ae 3a 

2 i Dag 8x 3 3 
: = a 24, eS + 

- x+1 x-1 x-1 Ay? — 1 Dse sp We ah 

| + 25. x+2 ih it 26. ear So 2 2) 

27. 28. 

459 
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2 
“YES | ae x 1 

rae dll 3 Si 

i xv—-5x+4 x-1 x-4 

9 1 2 
30) = 

Ox? -1 3x+1 3x-1 

6 —5 =5 

x*- 5x +6 

To Think About In each of the following equations, what values are not allowable replacements for the variable x? 
Do not solve the equation. 

Spe = De ze 2 

xt+6 3x+1 3x74+19%+6 
33. 

Cumulative Review 

35. [6.4.1] Factor. 8x* — 2x -1 

A 37. [2.6.1] Geometry The perimeter of a rectangular 
computer monitor is 44 inches. The length is 8 inches 
less than twice the width. Find the dimensions of the 
monitor. 

Quick Quiz 7.5 Solve. If there is no solution, say so. 

4x 3x 6 

o. (SL eee 

36, [23:3] Solve. 5(4 = 2) = 8 — (3 +H) 

38. [3.6.1] Determine the domain and range of the rela- 

tion. Is the relation a function? {(7, 3), (2,2), (—2, 0), 

(2, =e (Z, 3} 

4. Concept Check Explain how to find the LCD for the . 
following equation, Do not solve the equation. 

oe Migs 5 3 

Geo +6 eee 
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U. 6} Ratio, Proportion, and Other Applied Problems @ 

ae Solving Problems Involving Ratio and Proportion @® 
After studying this section, you will A ratio is a comparison of two quantities. You may be familiar with ratios that com- Breile te. 

pare miles to hours or miles to gallons. A ratio is often written as a quotient in the 
. . . oe 

form of a fraction. For example, the ratio of 7 to 9 can be written as 5. 1 Solve problems involving ratio 
A proportion is an equation that states that two ratios are equal. For example, and proportion. @® 

7 Dal 2; 10 a iG Solve bl i vi ira —== ==— and —=— areproportions. problems involving similar 
pa! uae ae mod fe triangles. @® 

Let’s take a closer look at the last proportion. We can see that the LCD of the frac- Solve distance problems involv- 

tional equation is bd. ing rational expressions. 
a c 

(bd) Ain (bd) Fi Multiply each side by the LCD and simplify. 4 | Solve work problems. @® 

da = be 

ad = bc Since multiplication is commutative, da = ad. 

Thus we have proved the following. 

THE PROPORTION EQUATION 

If — a tnenmad-—-0G 

| for all real numbers a, b, c, and d, where b # Oandd # O. 

This is sometimes called cross multiplying. It can be applied only if you have 
one fraction and nothing else on each side of the equation. 

Example 1 Michael took 5 hours to drive 245 miles on the turnpike. At the same 
rate, how many hours will it take him to drive a distance of 392 miles? 

Solution 

1. Understand the problem. Let x = the number of hours it will take to drive 392 
miles. If 5 hours are needed to drive 245 miles, then x hours are needed to drive 

392 miles. 

2. Write an equation. We can write this as a proportion. Compare time to distance 
in each ratio. Place hours in both of the numerators and miles in both of the 

denominators. 

Time Eset Hours XL hours <—sagline 

Distance —— 245 miles 392 miles |< Distance 

3. Solve and state the answer. 

5(392) = 245x Cross-multiply. 

ee aa a Divide both sides by 245. 

8=x 

It will take Michael 8 hours to drive 392 miles. 

4, Check. Is 33< = 3$5? Do the computation and see. o 

ame rate, how long would it take her to drive 315 miles? 

Student Practice 1 It took Brenda 8 hours to drive 420 miles. At the 

S 
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Example 2 If?inch on a map represents an actual distance of 20 miles, how long 
is the distance represented by 45 inches on the same map? 

Solution Let x = the distance represented by 4} inches. 

Initial measurement 
— e ae <— Second measurement on the map 

on map 4 8 

Initial distance => 4) “x <— Second distance 

(3) x) = (20)( 45) Cross-multiply. 

5 

@le = (207 (=) Write 44 as = and simplify. 

Z 

ox 165 : : 
SS Sa Multiply the fractions. 
4 2 

3x Z 
4 (=) = & (2) Multiply each side by 4. 

3x = 330 Simplify. 

oO Divide both sides by 3. 

west 4% inches on the map represents an actual distance of 110 miles. oO 

§=s4 Student Practice2 If 3 inch on a map represents an actual distance of 30 

miles, how long is the distance represented by 2} inches on the same map? 

Solving Problems Involving Similar Triangles @® 

Similar triangles are triangles that have the same shape but may be different sizes. 

For example, if you draw a triangle on a sheet of paper, place the paper in a photo- 
copy machine, and make a copy that is reduced by 25%, you would create a triangle 
that is similar to the original triangle. The two triangles will have the same shape. 
The corresponding sides of the triangles will be proportional. The corresponding 
angles of the triangles will be equal. 

5 centimeters 

3 centimeters 3.75 centimeters 
2.25 centimeters 

4 centimeters 3 centimeters 

Original triangle 25% reduction 

You can use the proportion equation to show that the corresponding sides of 
the triangles above are proportional. In fact, you can use the proportion equation to 
find an unknown length of a side of one of two similar triangles. 

A Example 3 A ramp is 32 meters long and rises up 15 meters. A ramp at the same 
angle is 9 meters long. How high does the second ramp rise? 

Solution To answer this question, we find the length of side x in the following 
two similar triangles. 

32 meters 

Ramp A Ramp B 
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Length oframp A —— 32 _ 9 <— Length of ramp B 

\ Rise of ramp A eto eee Wise Of tamnp B 

32x = (9)(15) Cross-multiply. 

32x = 135 Simplify. 

135 Bs ; 
= Divide both sides by 32. 

a2 

7 = 4— OF pox 30 

The ramp rises 435 meters high. o 

ieee Student Practice 3 Triangle Cis similar to Triangle D. Find the length 
of side x. Express your answer as a mixed number. 

13 centimeters f ) 16 centimeters x ° 18 centimeters 

Triangle C Triangle D 

We can also use similar triangles for indirect measurement—for instance, to 

find the height of an object that is too tall to measure using standard measuring de- 
vices. When the sun shines on two vertical objects at the same time, the shadows and 

the objects form similar triangles. 

Example 4 A young person who is 5 feet tall casts a shadow that is 8 feet long. At 
the same time of day, a building casts a shadow that is 72 feet long. How tall is the 
building? 

Solution 

1. Understand the problem, First we draw a sketch. We do not know the height of 
the building, so we call it x. 

‘Building: 
|x feet 
| 

Person: 

5 feet 

8-foot shadow 72-foot shadow 

2. Write an equation and solve. 

Height of person — 5_ x <— Height of building 

Length of person’s shadow ——> 8 72 <— Length of building’s shadow 

(5)(72) = 8x Cross-multiply. 

360 = 8x 

45 =x 

The height of the building is 45 feet. o 

[Smeg StudentPractice4 A young tree that is 6 feet tall casts a shadow that is 
| 7 feet long, At the same time of day, a large flagpole casts a shadow that is 38.5 feet 
long. How tall is the flagpole? 
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In problems such as Example 4, we are assuming that the building and the per- 
son are standing exactly perpendicular to the ground. In other words, each triangle 
is assumed to be a right triangle. In other similar triangle problems, if the triangles 
are not right triangles, you must be careful that the corresponding angles in the two 

triangles are the same. 

Solving Distance Problems Involving 

Rational Expressions @® 

om Some distance problems are solved using equations with rational expressions. We 
| Parce que vous. will need the formula Distance = Rate X Time, D = RT, which we can write in 
“nétes pas un oiseau 

D 
the form T = R In the United States, distances are usually measured in miles. In 

most other countries, distances are usually measured in kilometers. 

Example 5 A French commuter airline flies from Paris to Avignon. Plane A flies at 
a speed that is 50 kilometers per hour faster than plane B. Plane A flies 500 kilometers 
in the amount of time that plane B flies 400 kilometers. Find the speed of each plane. 

Solution 

1. Understand the problem. Let s = the 
speed of plane B in kilometers per hour. 
Then s + 50 = the speed of plane A in 
kilometers per hour. 
Make a simple table for D, R, and T. Plane B 

; D ie 
Since T = R for each plane we divide 

the expression for D by the expression Plane A 
for R and write it in the table in the col- 

umn for time. 

2. Write an equation and solve. Each plane flies the same amount of time. That is, 
the time for plane A equals the time for plane B. 

500 __ 400 

§ 4p 0) s 

You can solve this equation using the methods in Section 7.5 or you may 
cross-multiply. Here we will cross-multiply. 

500s = (s + 50)(400) Cross-multiply. 

500s = 400s + 20,000 Remove parentheses. 

100s = 20,000 Subtract 400s from each side. 

s = 200 Divide each side by 100. 

Plane B travels 200 kilometers per hour. 

Since s + 50 = 200 + 50 = 250, plane A travels 250 kilometers per hour. O 

Student Practice 5 Two European freight trains traveled toward Paris 
for the same amount of time. Train A traveled 180 kilometers, while train B traveled 

150 kilometers. Train A traveled 10 kilometers per hour faster than train B. What 
was the speed of each train? 



\ 

a Solving Work Problems 

Some applied problems involve the length of time needed to do a job. These prob- 
lems are often referred to as work problems. 

Example 6 Reynaldo can sort a huge stack of mail on an old sorting machine in 
9 hours. His brother Carlos can sort the same amount of mail using a newer sorting 
machine in 8 hours. How long would it take them to do the job working together? 

Express your answer in hours and minutes. Round to the nearest minute. 

Solution 

1. Understand the problem. Let’s do a little reasoning. 
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If Reynaldo can do the job in 9 hours, then in / hour he could do $ of the 
job. 

If Carlos can do the job in 8 hours, then in 7 hour he could do ; of the job. 

Let x = the number of hours it takes Reynaldo and Carlos to do the job 
together. In 7 hour together they could do t of the job. 

_ 2. Write an equation and solve. The amount of work Reynaldo can do in 1 hour 

plus the amount of work Carlos can do in 1 hour must be equal to the amount 
of work they could do together in 1 hour. 

Amount of work he Amount of work | _ 

done by Reynaldo done by Carlos 

Amount of work 

done together 

9 8 

it 1 
+ 

Let us solve for x. We observe that the LCD is 72x. 

1 il 1 
72x( 5) a 7x(2) = 72x(+) Multiply each term by the LCD. 

8 

8x + 9x = 72 Simplify. 

17x = 72 

pres de 
‘or 

x= 4a 

To change a of an hour to minutes, we multiply. 

60 minutes 240 4 

fe eo thew! 17 
To the nearest minute this is 14 minutes. Thus doing the job together will take 

4 hours and 14 minutes. 

Student Practice 6 John Tobey and Dave Wells obtained night cus- 
todian jobs at a local factory while going to college part-time. Using the buffer 
machine, John can buff all the floors in the building in 6 hours. Dave takes a little 
longer and can do all the floors in the building in 7 hours. Their supervisor bought 
another buffer machine. How long will it take John and Dave to do all the floors 
in the building working together, each with his own machine? Express your an- 
swer in hours and minutes. Round to the nearest minute. 

Combine like terms. 

Divide each side by 17, 

minutes, which is approximately 14.118 minutes 

1 

x 

Calculator 

Reciprocals 

You can find t for any value of x 

on a scientific calculator by using 

the key labeled [x] or the key 
labeled . For example, to 
find §, we use 9[x~']or 9 [1 /x]. 

The display will read 0.11111111. 

Therefore we can solve 

Example 6 as follows: 

ees a = 
The display will read 0.2361111. 

Thus we have obtained the equa- 
tion 0.2361111 = 3. 

Now, this is equivalent to 

oO 

x = 02361111" 
(Do you see why?) 

Thus we enter 0.236111 [x~], 
and the display reads 4.2352943. 
If we round to the nearest hun- 

dredth, we have x =~ 4.24 hours, 

which is approximately equal to 
our answer of 4;5 hours. 
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Solve. 

1 t= 

Applications Use a proportion to answer exercises 9-14. 

9. 

11. 

13. 

Exchange Rates Robyn spent two months traveling 
in New Zealand. The day she arrived, the exchange 

rate was 1.5 New Zealand dollars per U.S. dollar. 

(a) If she exchanged $500 U.S. dollars when she 

arrived, how many New Zealand dollars did she 
receive? 

(b) Three days later the exchange rate of the New 
Zealand dollar was 1.43 New Zealand dollars per 
U.S. dollar. How much less money would she have 

received had she waited three days to exchange 
her money? 

Speed Units Alfonse and Melinda are taking a drive 

in Mexico. They know that a speed of 100 kilometers 
per hour is approximately equal to 62 miles per hour. 
They are now driving on a Mexican road that has a 
speed limit of 90 kilometers per hour. How many 
miles per hour is the speed limit? Round to the near- 
est mile per hour. 

Map Scale Ona map the distance between two moun- 
tains is 35 inches. The actual distance between the 
mountains is 136 miles. Russ is camped at a location 
that on the map is inch from the base of the mountain. 
How many miles is he from the base of the mountain? 
Round to the nearest mile. 

10. 

12. 

14, 

ieee 
144 9 

187 
xe a8 

pees 
te wo 

Ee 
le ng 

Exchange Rates Sean spent a semester studying in 
Germany. On the day he arrived in Berlin, the ex- 

change rate for the euro was 0.87 euro per U.S. dollar. 
Sean converted $350 to euros that day. 

(a) How many euros did Sean receive for his 

$350? 

(b) On his way home Sean decided to spend a week in 
London. He had €200 (200 euros) that he want- 
ed to change into British pounds. If the exchange 
rate was 1.03 British pounds per euro, how many 
pounds did he receive? 

Baggage Weight Dick and Anne took a trip to France. 
Their suitcases were weighed at the airport and the 
weight recorded was 39 kilograms. If 50 kilograms is 
equivalent to 110 pounds, how many pounds did their 
suitcases weigh? Round to the nearest pound. 

Map Scale John, Stephanie, Stella, Nathaniel, and Jo- 

siah are taking a trip from Denver to Pueblo. The scale 
on the AAA map of Colorado is approximately 3 inch 
to 15 miles. If the distance from Denver to Pueblo mea- 
sures 5.5 inches on the map, how far apart are the two 
cities? 

Geometry Triangles A and B are similar. Use them to answer exercises 15-18. Leave your answers as fractions. 

Nee 
m % 

A 15. 

A17. 

466 

Pp 

Triangle A 

If x = 20in.,y = 29in., and m= 13in., find the 

length of side n. 

If x =175 meters, n = 40 meters, 

meters, find the length of side y. 
and m= 35 

Zz 

Triangle B 

Al6. If p = 12in., m = 16in., and z = 20in., find the — 

A 18. 

length of side x. 

If z = 18cm, y = 25cm, and n = 9cm, find the length 
of side p. 
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Geometry Just as we have discussed similar triangles, other geometric shapes can be similar. Similar geometric shapes will 
have sides that are proportional. Quadrilaterals abcd and ghjk are similar. Use them to answer exercises 19-22. Leave your 
answers as fractions. 

19, If a = Sft, d = 8 ft, and g = 7 ft, find the length of 

side k. 

. fb = 20m,h = 24m, andd = 32 m, find the length 

of side k. 

Use a proportion to solve. 

23. Geometry A rectangle whose width-to-length ratio 

is approximately 5 to 8 is called a golden rectangle 
and is said to be pleasing to the eye. Using this ratio, 

what should the length of a rectangular picture be if its 
width is to be 30 inches? 

A 20. 

A 22. 

A 24. 

Ifj = 12in.,k = 14in.,andc = 9 in., find the length 

of side d. 

If a = 20cm, d = 24cm, and k = 30cm, find the 

length of side g. 

Shadows Samantha is at the local park where there 
are several sculptures. She notices that a 5.5-foot-tall 
sculpture casts a shadow of 9 feet. At the same time, 

the newest sculpture casts a shadow of 20 feet. How 

tall is the newest sculpture? Round your answer to 
the nearest foot. 

Floral Displays Floral designers often create arrangements where the flower height to container height ratio is 5 to 

3. The FIU Art Museum wishes to create a floral display for the opening of a new show. They know they want to use 
an antique Chinese vase from their collection that is 13 inches high. How tall will the entire flower arrangement be if 

they use this standard ratio? (Round your answer to the nearest inch.) 

. Securing Wires A wire line helps to secure a radio 
transmission tower. The wire measures 23 meters 
from the tower to the ground anchor pin. The wire is 

secured 14 meters up on the tower. If a second wire is 
secured 130 meters up on the tower and is extended 
from the tower at the same angle as the first wire, 

how long would the second wire need to be to reach 

an anchor pin on the ground? Round to the nearest 

meter. 

. Acceleration Ben Hale is driving his new Toyota 
Camry on Interstate 90 at 45 miles per hour. He accel- 
erates at the rate of 3 miles per hour every 2 seconds. 
How fast will he be traveling after accelerating for 11 
seconds? 

. Flight Speeds A Montreal commuter airliner travels 
40 kilometers per hour faster than the television news 
helicopter over the city. The commuter airliner travels 
1250 kilometers during the same time that the tele- 
vision news helicopter travels only 1050 kilometers. 
How fast does the commuter airliner fly? How fast 

does the television news helicopter fly? 

130 meters 

Js oe 
</ 

<= 
\> 

a 14 meters 23 meters 

28. Braking Tim Newitt is driving a U-Haul truck to 
Chicago. He is driving at 55 miles per hour and has 

to hit the brakes because of heavy traffic. His truck 

slows at the rate of 2 miles per hour for every 3 sec- 
onds. How fast will he be traveling 10 seconds af- 

ter he hits the brakes? Round to the nearest tenth. 

30. Driving Speeds Jenny drove to Dallas while Mary 
drove to Houston in the same amount of time. Jenny 
drove 225 miles, while Mary drove 175 miles. Jenny 

traveled 12 miles per hour faster than Mary on her 
trip. What was the average speed in miles per hour for 
each woman? 
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31. Fluff Containers Marshmallow fluff comes in only two 
sizes, a 74-07 glass jar and a 16-oz plastic tub. At the 
local Stop and Shop, the 16-oz tub costs $2.19 and the 
75-oz jar costs $1.29. 

(a) How much does marshmallow fluff in the glass jar 

cost per ounce? (Round your answer to the near- 

est cent.) 

(b) How much does marshmallow fluff in the plastic 

tub cost per ounce? (Round your answer to the 

nearest cent.) 

(c) If the marshmallow fluff company decided to add 
a third size, a 40-oz bucket, how much would the 

price be if it was at the same unit price as the 16- 
oz plastic tub? (Hint: Set up a proportion. Do not 
use your answer from part (b). Round your an- ~ 

swer to the nearest cent.) 

33. Raking Leaves When all the leaves have fallen at Fred 

and Suzie’s house in Concord, New Hampshire, Suzie 

can rake the entire yard in 6 hours. When Fred does 

it alone, it takes him 8 hours. How long would it take 
them to rake the yard together? Round to the nearest 
minute. 

32. Green Tea Won Ling is a Chinese tea importer in 
Boston’s Chinatown. He charges $12.25 for four sam- 

ple packs of his famous green tea. The packs are in 
the following sizes: 25 grams, 40 grams, 50 grams, and 
60 grams. 

(a) How much is Won Ling charging per gram for his 

green tea? 

(b) How much would you pay for a 60-gram pack if he 

were willing to sell that one by itself? 

(c) How much would you pay for an 800-gram pack- 
age of green tea if it cost the same amount per 
gram? (Hint: Set up a proportion. Do not use your 
answer from part (a). Round your answer to the 
nearest cent.) 

34. Meal Preparation To celebrate Diwali, a major Indi-- 
an festival, Deepak and Alpa host a party each year 
for all their friends. Deepak can decorate and prepare 
all the food in 6 hours. Alpa takes 5 hours to decorate 
and prepare the food. How long would it take if they 
decorated and made the food together? Round your 
answer to the nearest minute. 

Cumulative Review 

35. [5.2.2] Write in scientific notation. 0.000892465 36. [5.2.2] Write in decimal notation. 6.83 x 10? 

x3 =o >) —| 

37. [5.2.1] Write with positive exponents. 38. [5.2.1] Evaluate. (2) 
zw 8 

Quick Quiz 7.6 

NGS ge 
1. Solve for x. aa = 7 A2. While hiking in the White Mountains, Phil, Melissa, 

Noah, and Olivia saw a tall tree that cast a shadow 

34 feet long. They observed at the same time that a 

6-foot-tall person cast a shadow that was 8.5 feet long. 
How tall is the tree? 

3. Last week Jeff Slater noted that 164 of the 205 flights . Concept Check Mike found that his car used 18 gallons 
to Chicago’s O’Hare Airport flying out of Logan 
Airport departed on time. During the next week 215 
flights left Logan Airport for Chicago’s O’Hare Air- 
port. If the same ratio holds, how many of those flights 
would he expect to depart on time? 

of gas to travel 396 miles. He needs to take a trip of 
450 miles and wants to know how many gallons of gas | 
it will take. He set up the equation % = #0. Explain 
what error he made and how he should correctly solve 
the problem. 



CAREER EXPLORATION PROBLEMS 

Background: Operations Manager 
Brian is a member of the operations management team of Fitness Equipment Engi- 
neering. As a member of the team, he’s responsible for identifying the cost and time 
associated with manufacturing new equipment. 

Facts 
¢ Recently, a new treadmill with state-of-the-art features has been approved for manu- 

facture. Fixed daily costs are $22,000, and the cost of producing each treadmill is $350. 

The production facility has two assembly lines, line A and a newer, faster robotic 

line, line B. The production cycle for a single shipment of new treadmills using 
assembly line A is 18 hours, whereas the production cycle for a single shipment of 
the new treadmills using line B is 14 hours. 

Tasks 
1. Brian wants to create a model that will identify the average daily cost when n 

treadmills are produced. What form should this model take? 

2. Assembly line A is slated to be used to produce the new treadmills, but Brian pro- 

poses that both assembly lines be used for the production cycle of the single ship- 
ment of new treadmills. His supervisor wants to know how long the production 
cycle will be if the two lines are used simultaneously. Rounded to the nearest hour, 
how long is the production cycle for the single shipment using both assembly lines? 

3. Brian now wants to determine the average cost per hour for producing 50 tread- 
mills and 100 treadmills, given that a workday is 8 hours. 
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Chapter 7 Organizer 
Topic and Procedure Examples [id You Try It 

(on a separate sheet of paper) 

. aps 5 : zs 2 2 Simplifying rational expressions, eer 36x? — l6y He PON (12 ea 90 
Simply les —— ‘is, Spa Sy 

p. 430 Se ia? + Qday + By a a? = OF 
1. Factor the numerator and 4(3x + 2y)(3x — 2y) ~ 2(3x — 2y) 

denominator. ~ 2(3x + 2y) (3x + 2y) 3x + 2y 
2. Divide out any factor common 

to both the numerator and 

denominator. 

Multiplying rational expressions, x-y x? + dxy + 3y? x? — 4xy — Sy? Ax” — y? ype De i Mattiplyg ee 2, Multiply, pr 
p. x? + Qxy + y? x? — 4xy + 3y 2x? — Oxy — Sy? 4x? — dxy + y? 

1. Factor all numerators and (x + y) (4 = y) (et yiGaeasy) 
denominators. : toe Gate LS ti 3 

2. Simplify the resulting rational ( yk y) y){ ¥) 

expression as described above, = x 
wey 

Dividing rational expressions, ult 14x7 + 17x -6 | 4x7 — 8x — 21 _., 2x? + 3x — 20 x? — 16 
Divide. 5 ims 3. Divide. + 

p. 437 x” 25 x” + 10x + 25 8x + 8 4x? — 12x — 16 

1. Invert the second fraction (25°53) (7x — 2) (Aes + 5) 
and rewrite the problem as a ~ (x + 5)(x - 5) : (2x — 7)(2x + 3) 
product. (T= 2) (3) 

2. Multiply the rational 

expressions, (5 = "S(2xe= ty) 

Adding rational expressions, ab sal eae! ie af 

p. 441 oe Noe Sh Gg Bk sss 2% + 6 i x -—9 

1, If the denominators differ, tte! sal 
factor them and determine the 

least common denominator 

(LCD). 

2. Use multiplication to change 

each fraction into an equiva- 

lent one with the LCD as the 

denominator. 

3. Add the numerators; put the 

answer over the LCD, 

4, Simplify as needed. 

Subtracting rational expressions, 

p. 441 

Move the subtraction sign to the 

numerator of the second fraction. 

Add. Simplify if possible. 
a eee 

Simplifying complex rational 

expressions, p. 450 

1. Add the two fractions in the 
numerator. 

2. Add the two fractions in the 
denominator. 
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~ (et 2)e=2) 3a 
BED= 3+ 2)\(a— 2) 

a Soa 3 

~ GO + ae o 
_ 3x = 3 xe = or 
~ -3(x + 2)(x — 2) 

voter = 2) 
* aCe aaa = 2) 

ad x - 1 

3(x + 2)(x — 2) 
& Gor Da) 

_ Be + Gas) 
Oo” 3x + 4 

Subtract. 3 ec 

55 —(3x + 4) 
= oe ae 2! 

wet Gioaamid 

2D 

~%=4 

oe) 

_ 2@ 32) 
= eee 

es . 1 

Simplify, “4 +7 * 

Pho oe 

x is te = 2) 
(e+ 2)(e—2) Coy = 2) 

3 @- 2) 2) 
(x +2) (x-2) (= G+ 2) 

9x 3% sas 
5. : - Subtract a aes 

% 2 

: F =) 5 iste, 6. Simplify. = implify, 5 

i 5) x27-9 



. 

Topic and Procedure 
\ 

CO ee Se 

3. Divide the fraction in the 
numerator by the fraction in 
the denominator. This is done 

by inverting the fraction in the 

denominator and multiplying 
by the numerator. 

4, Simplify. 

Solving equations involving 
rational expressions, p. 456 

1. Determine the LCD of all 

denominators, 

2. Note what values will make 

the LCD equal to 0, These are 

excluded from your solutions. 
3. Multiply each side by the LCD, 

distributing as needed. 

4. Solve the resulting polynomial 

equation. 
5. Check. Be sure to exclude those 

values found in step 2. 

Examples 

et =. 

Beets )(x = 2) 

~.3x-6-4x—8 

(x + 2)(x — 2) 
Ee ae et Sa 
G+ 2)(%— 2)  @P2@S2) 

etek 1) (Exo PNG 7) 

(er 2)i(x — 2) —x — 14 

2 eae) PAG wera ya (yess ill) 

7 eT ier ear x+14 
4 

Solve. ol reer 

LCD = (x — 2)(x + 2). 
3 

(% 2) (4 4 2) = Fg a et 2) 

3(e 4 2) =A) 

3x +6 = 4x - 8 

== 14 

x=14 

3: et 

pe 4 a tae 
ag yi 
We 'f 

1 1 

re cs 

You Try It 
(on a separate sheet of paper) 

Solving applied problems with 
proportions, p. 461 

1, Organize the data. 
2. Write a proportion equating the 

respective parts. Let x represent 
the value that is not known. 

3. Solve the proportion. 

ee Se ae ee ee ee 

Renee can make five cherry pies with 3 cups of flour. How 

many cups of flour does she need to make eight cherry pies? 

Scherry pies _ 8 cherry pies 

3 cups flour x cups flour 

eee: 
Shee se 

5x = 24 

eat 
5) 

4 
bE 45 

4 cups of flour are needed for eight cherry pies, 

A 8. On the blueprint of Rob and Amy’s new 
family room addition, the room measures 

2 inches wide by 3 inches long, The actual 
width of the family room will be 10.5 

feet. How long will the actual room be? 

Chapter 7 Review Problems 
Section 7.1 

Simplify. 

bx 

s bx — by 

2x? + 7x — 15 

2s 25\— x7 

4x — 4y 

" Sy — 5x 

Bet Ory — Ayr 
2x? + S5xy — 3y” 
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5x? — 10x? 

* 95x* + 5x° — 30x? 

Section 7.2 

Multiply or divide. 

2x? + Oeuk + 3x — 18 

" 3x2 27 dy? = Ax 

6y? + 13y — 5 4y? + 20y + 25 

Qy>+3y 12y? 

B x - Vis 24y’ 4x? + 4xy — 24y? 

* 2x? — 2xy — 24y? x? — 10xy + 16y? 

Section 7.3 

Add or subtract. 

6 nes 

Wap. 1s) 
15. 

21. Sheae il " 1 

3x iG 

eM] 3 
23. Se 

x Sie 2k 9) 

Section 7.4 

Simplify. 

A ee se 
By y x 2 

25 ee 26. 
Jue k a 
ey 4. a 

b= waar ilar 

28, =i A 
(ae 

TR ys, Vectek 
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10. 

14. 

16. 

18. 

20. : 
a 

22. 

24. 

y? + 8y + 16 ; y? + Ty + 12 

5y7+20y 2y*+5y-3 

3xy” + 12y? 

2x? — 11x +5 

2xy + 8y 

8x 2 = 3B 

2x? + 10x + 2 

Sy) = te) 

; an 3 

Ax* + 20x-4 

27. 

30. 



Section 7.5 

Solve for the variable. If there is no solution, say so. 

84-1 3 

: 6a+8 4 

a, 
x 2 

ces, yt 

ae 

ax 2 4 

- x7 4 pe ee 

18 41. y ee: y 
few lo 60Oy +406 Up 4 

a4 1 
a 

tees Yolo 

Section 7.6 

Solve. 

xo t iw) 
reer Oe alen 

16 24 1 aye = 360 

eee ae 

Use a proportion to answer each question. 

b 51. 

53. 

Paint Needs A 2-gallon can of paint will cover 800 
square feet. How many gallons of paint will be need- 
ed to cover 2500 square feet? Round to the nearest 

tenth of a gallon. 

Map Scale On a map of Texas, the distance between 
El Paso and Dallas is 4 inches. The actual distance 
between these cities is 640 miles. Houston and Dal- 
las are 1.5 inches apart on the same map. How many 
miles apart are Houston and Dallas? 

34. 

36. 

38. 

42. 

By ptlabes ee 

a3 a3 

5 1 
=——=—+2 
aoe eed hm at 

3 2a y 

leo oy — 3 

Shir al Ae 
3y SN I IS: 

Le 2 

Yee 1° x 1 

3 4 i 

52. 

54. 

33 x 
4% = = 

ime 

1 
7 7 

50. —=— 
oo 
4 

Recipe Ratios Aunt Lexie uses 3 pounds of sugar to 
make 100 cookies. How many cookies can she make 
with 5 pounds of sugar? Round to the nearest whole 
cookie. 

Travel Speeds A train travels 180 miles in the same 
time that a car travels 120 miles. The speed of the train 

is 20 miles per hour faster than the speed of the car. 
Find the speed of the train and the speed of the car. 
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A 55. Shadows Lester takes a walk across acanyon in New A 56. Shadows A flagpole that is 8 feet tall casts a shadow 

57. 

Mexico. He stands 5.75 feet tall and his shadow is 3 
feet long. At the same time, the shadow from the peak 
of the canyon wall casts a shadow that is 95 feet long. 
How tall is the peak of the canyon? Round to the 
nearest foot. 

Window Cleaning As part of their spring cleaning 
routine, Tina and Mathias wash all of their windows, 

inside and out, Tina can do this job in 4 hours. When 
Mathias washes the windows, it takes him 6 hours. 
How long would it take them if they worked together? 

Mixed Practice 

Perform the operation indicated. Simplify. 

59. 

61. 

63. 

65. 

67. 

69. 
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a2+2a-8 

6a” — 3a? 

x? - y? x? + xy — 6y? 

x? + dxy + By? x? + xy — 2y? 

eS) % 

x*>—-5x x-5 

Baie 
She She 

Emel 
Xe re 

t=. (2 | 

x+2y \y x+3y 

25° SS 

Baca fey ts) 

58. 

60. 

62. 

64. 

66. 

68. 

70. 

of 3 feet. At the same time of day, a tall office building 
in the city casts a shadow of 450 feet. How tall is the 
office building? 

Plowing Fields Sally runs the family farm in Boone, 
Iowa. She can plow the fields of the farm in 20 hours. 
Her daughter Brenda can plow the fields of the farm 
in 30 hours. If they have two identical tractors, how 
long would it take Brenda and Sally to plow the fields 
of the farm if they worked together? 

4a? + 20a? 

2a” + 13a + 15 

x Ox + 18 

x+3 x74 3x 

a+b a+b 

ax +ay bx + by 

7 8 
pyre 

y 
+ — yr : 

en 4 . 
Sere eye GE | 

4 4 : 
+ ———- = 

b-1 p-b 



How Am | Doing? Chapter 7 Test 

MATH COACH MyLab™ Math (9) Pearsonmathstats 1 

Answer the following test questions on a separate sheet of paper. After you take this test read through 
the Math Coach on pages 476-477. Math Coach videos are available via MyLab Math and YouTube. 2. 
Step-by-step test solutions on the Chapter Test Prep Videos are also available via MyLab Math and 
YouTube. (In the YouTube channel, PearsonMathStats, go to Playlist “Tobey Beginning and Intermediate 

nearest whole number.) 18. 

20. In northern Michigan the Gunderson family heats their home with firewood. 
They used $100 worth of wood in 25 days. Mr. Gunderson estimates that he 19. 

needs to burn wood at that rate for about 92 days during the winter. If that is so, 
how much will the 92-day supply of wood cost? 20 

21. A hiking club is trying to construct a rope bridge across a canyon. A 6-foot con- 
struction pole held upright casts a 7-foot shadow. At the same time of day, a tree 1 
at the edge of the canyon casts a shadow that exactly covers the distance that is : 
needed for the rope bridge. The tree is exactly 87 feet tall. How long should the 
rope bridge be? Round to the nearest foot. Total Correct: (oral, 

Algebra, 6e.") 3. Ee 

Perform the operation indicated. Simplify. 4. [J 

2ac + 2 itera ke 
Ls ia poet es q 

3a‘c + 3a°d y +4y+4 3. 

f 2 a? 3, x + 2x. a = 4. iG oe ‘ 4y 6. C] 

Dearie! 12x3 +24 12y? x? + xy — 2y? 

2a*-3a-2 a? -Sat+6 1 3 ik L] 
HT De 2 ae 5) 6. aes I 

Gaia: +.6 Gay, Bik oe Oe ee a 

8. be a = 3; - 

4 il +s Me 8 5 = 18 : . GS 3h s 
g. LI 

ask 6 a 
Sy 2 M i pa CO 

; , ———e" 10. 9 a 2 C 10 ig 

aye x Dye BHP 7 wa 

2x” + 3xy — 9y” 1 2 
11. —— 2; a 7 

Ae? + 13xy + 3y x+4 ~+6r+8 12. L] 

In questions 13-18, solve for x. Check your answers. If there is no solution, say so. 0 
13. 2 ~ -- - 

aie pt * apie ee ss — 14. LI 
i x-4 3 7 

wees 3 x43 Mira: = 5 17 vegan 15. [] 

Be ae ey ae 3 

al ean, 5 2s: TO 16. LJ 

19. A random check of America West air flights last month showed that 113 of a 
the 150 flights checked arrived on time. If the inspectors check 200 flights next 7. 

month, how many can be expected to be on time? (Round your answer to the q 
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MAW COAG 
Mastering the skills you need to do well on the test. 

The following problems are from the Chapter 7 Test. Here are some helpful hints to keep you 

from making common errors on test problems. 

20° — 30 =e Meee a0 
ivi d simplify. Chapter 7 Test, Problem 5 Divide and simplify Ae 6 

| HELPFUL HINT The operation of division is performed by inverting the second fraction and 
multiplying it by the first fraction. This step should be done first, before you } 

begin factoring. . 

Did you keep the first fraction the same as it is written and 
2 ao 

then multiply it by =————? 
og: a’ —5a+6 

If you answered No, go back and check each factoring step 
to see if you can get the same result. Complete the problem 
by dividing out any common factors. 

If you answered Problem 5 incorrectly, go back and re- 

work the problem using these suggestions. 
Yes No 

If you answered No, stop and make this correction to your 
work. 

Were you able to factor each expression so that you 
(2a lta = 2a + 3) (a — 3), 

open (a Sed) mig —2)(a — 3)" 
No Yes 

Chapter 7 Test, Problem 8 Subtract and simplify. oo ot 
x” — 3x = © 

| HELPFUL HINT First factor the trinomial in the denominator so that you can determine the LCD of these two fractions. 

Then multiply by what is needed in the second fraction so that it becomes an equivalent fraction with 

the LCD as the denominator. When subtracting, it is a good idea to place brackets around the second 

numerator to avoid sign errors. 

Did you factor the first denominator into (x — 6)(x + 3)? 2 

Yes No 

Did you obtain 3x — x“ — x — 12 in the numerator? 

Yes No 

Did you then determine that the LCD is (x — 6) (x + 3)? 

Yes No 

If you answered No to these questions, stop and review 

how to factor the trinomial in the first denominator and 

how to find the LCD when working with polynomials as 
denominators. 

Did you multiply the numerator and denominator of the 
second fraction by (x + 3) and place brackets around the 
this product to obtain 

3x [(x — 4) (« + 3)] 
(x —6)(x +3) (aa ae 

Yes No 

If you answered Yes, you forgot to distribute the negative 
sign. Rework the problem and make this correction. 

As your final step, remember to combine like terms and 
then factor the new numerator before dividing out com- 
mon factors. 

Now go back and rework the problem using these 
suggestions. 

Need more help? Watch the MAT il COACH videos in MyLab™ Math or on YouTube. 
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\ —-4 
Chapter 7 Test, Problem 10 Simplify. — 

HELPFUL HINT There are two ways to simplify this expression: 

1. combine the numerators and the denominators separately, or 

2. multiply the numerator and denominator of the complex fraction by the LCD of all the denominators. 

Consider both methods and choose the one that seems easiest to you. We will show the steps of the first method 
for this particular problem. 

Did you multiply 4 by ; and then subtract ;. a oo 

Yes No 

; 4 
If you answered No, remember that 4 can be written as —, 

and to find the LCD, you must multiply numerator and 
denominator by the variable b. 

In the denominator of the complex fraction, did you obtain 

_3bx as the LCD and multiply the first fraction by ; and the 

, b § 
second fraction by D before subtracting the two fractions? 

Yes No 

SS ee | 

If you answered No, stop and carefully change these two 
fractions into equivalent fractions with 3bx as the denomi- 
nator. Then subtract the numerators and keep the common 
denominator. 

Were you able to rewrite the problem as follows: 
6 4b eel Sie 10d, 

bres abieshxs: — 
Yes No 

If you answered No, examine your steps carefully. Once 
you have one fraction in the numerator and one fraction in 
the denominator, you can rewrite the division as multipli- 

cation by inverting the fraction in the denominator. 

If you answered Problem 10 incorrectly, go back and rework 
the problem using these suggestions. 

oo. oe 
Chapter 7 Test, Problem 14 Solve for x. : 

Did you factor x* + x — 6 to get (x + 3)(x — 2) and 
identify the LCD as (x + 3)(x — 2)? 

Yes No 

If you answered No, go back and complete these steps 
again. 

Did you notice that we are solving an equation and that 

we can multiply each term of the equation by the LCD 
and then multiply the binomials to obtain the equation 
We? — 9 = (2x? — 15) — (x? -x - 2)? 

Yes No 

=—2 x 4g 

the denominators. Verify that you are solving an equation, then multiply each term of the equa- ) 

tion by the LCD. Solve the resulting equation. Check your solution. 

If you answered No, look at the step —[(x + 1)(x — 2)]. 

After you multiplied the binomials, did you distribute the 
negative sign and change the sign of all terms inside the 
grouping symbols? 

Yes No 

If you answered No, review how to multiply binomials and 
subtract polynomial expressions. Then combine like terms 
and solve the equation for x. 

Now go back and rework the problem using these 
suggestions. 

Need more help? Look for section examples marked with Me to review. 
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A Transition from Beginning 
to Intermediate Algebra 

[t1] Integer Exponents, Square Roots, Order 
of Operations, and Scientific Notation @ 

In this transition chapter you will notice objectives that are similar to those studied 
in earlier chapters. Although the objective names and content may seem similar, the 
material in this chapter not only reviews of some key objectives but also raises the 
skill level and introduces additional objectives necessary for the upcoming chapters. 

fi Raising a Number to a Power @® 

Exponents or powers are used to indicate repeated multiplication. For example, we 
can write 66+ 6-6 as 6%, In the expression 6", 4 is the exponent or power that tells us 
how many times the base, 6, appears as a factor. This is called exponential notation. 

_ EXPONENTIAL NOTATION 

If x is a real number and n is a positive integer, then 

XS XX Ks 
Sonn nEEEEnNEEY aE 

n factors 

Example 1 Evaluate. 
3 

fal (22)! (b) —2' (c) 3° (d) (-5)° (e) (3) 

Solution 

(a) (~2)" = (-2)(—2)(~2)(-2) = (4)(~2)(-2) = (~8)(-2) = 16 
Notice that we are raising —2 to the fourth power. That is, the base is —2. 
We use parentheses to clearly indicate that the base is negative. 

(b) —2* = —(2+2+2+2) = -16 
Here the base is 2. The base is not —2. We wish to find the negative of 2 raised 
to the fourth power. 

(c) 3° = 3+3+3+3+3 = 243 

plea) = (~5)(45)(—5). = (25)(-5). = -125 

(=) -3 : 
Student Practice 1 Evaluate. 

1 2 

© (5) 1 ST Se) ee 

To Think About: Raising Negative Numbers to a Power Look at Student Practice 1. 
What do you notice about raising a negative number to an even power? To an odd power? 
Will this always be true? Why? 

(d) —4* 

Student Learning Objectives 

After studying this section, you will 
be able to: 

1 | Raise a number to a positive 
integer power. @® 

Find square roots of numbers 
that are perfect squares. @® 

Evaluate expressions by 
using the proper order of 
Operations. @® 

4 | Rewrite expressions with 
negative exponents as 
expressions with positive 
exponents. @® 

5 | Use the product rule 
of exponents. @® 

6 | Use the quotient rule 
of exponents. @® 

Use the power rules 
of exponents. @® 

8 | Express numbers in scientific 
notation. @® 

T-1 



T-2 A Transition from Beginning to Intermediate Algebra 

Finding Square Roots @® 

We say that a square root of 16 is 4 because 4-4 = 16. You will note that, since 
(—4)(—4) = 16, another square root of 16 is —4. For practical purposes, we are usu- 
ally interested in the nonnegative square root. We call this the principal square root. 
Vis the principal square root symbol and is called a radical. 

radical > V9 = 3 

radicand (4 principal square root 

The number or expression under the radical sign is called the radicand. Both 16 and 
9 are called perfect squares because their square roots are integers. 

lf x is an integer and a is a positive real number such that a = x’, then xis a 

square root of a, and a is a perfect square. 

Example 2 Find the square roots of 25. What is the principal square root? 

Solution Since (—5S)? = 25 and 5? = 25, the square roots of 25 are 5 and —5. 

The principal square root is 5. oO 

Student Practice 2. What are the square roots of 49? What is the prin- 
cipal square root of 49? 

We can find the square root of a positive number. However, there is no real 

number for V—4 or V—9. The square root of a negative number is not a real number. 

Example 3 Evaluate. 

1s 
(a) V0.04 (b) 36 (c) V—-16 

Solution 

(a) (0.2)? = (0.2)(0.2) = 0.04. Therefore, 0.04 = 0.2. 

V25 ie 05 5 
b) W i — d = Th SS = (b) We can write 36 ane 36 GL hus, 46- te 

(c) This is not a real number. oO 

de Student Practice 3 Evaluate. 
4 

(a) V0.09 (b) V a1 (c) V—25 

The square roots of some numbers are irrational numbers. For example, V3 

and V7 are irrational numbers. We often use rational numbers to approximate 
square roots that are irrational. They can be found using a calculator with a square 
root key. To approximate V3 on most calculators, we enter the 3 and then press the 
LV |key. Using a calculator, we might get 1.7320508 as our approximation. 

E] The Order of Operations of Real Numbers @® 

Parentheses are used in numerical and algebraic expressions to group numbers and 
variables. When evaluating an expression containing parentheses, evaluate the nu- 

merical expressions inside the parentheses first. When we need more than one set 



Section T.1 Integer Exponents, Square Roots, Order of Operations, and Scientific Notation T-3 

of parentheses, we may also use brackets. To evaluate such an expression, work from 

the inside out. 
When many arithmetic operations or grouping symbols are used, we use the 

following order of operations. 

ORDER OF OPERATIONS FOR CALCULATIONS 

. Combine numbers inside grouping symbols. 

. Raise numbers to their indicated powers and take any indicated roots. 

. Multiply and divide numbers from left to right. 

. Add and subtract numbers from left to right. 

Example 4 Evaluate. 12 — 3[7 + 5(6 — 9)] 

Solution 

‘12 — 3[7 + 5(6 — 9)] = 12 — 3[7 +5(-3)] Begin with the innermost 
grouping symbols. 

= 12 — 3[7 + (—15)] Multiply inside the grouping symbols. 

= 12 — 3[-8] Add inside the grouping symbols. 

= 12+ 24 Multiply. 

= 36 Add. Oo 

Student Practice 4 Evaluate. 

(a) 6(12 - 8) +4 (b) 5[6 — 3(7 -9)] - 8 

To Think About: Importance of Grouping Symbols Rewrite the expression in 
Example 4 without grouping symbols. Then evaluate the expression. Remember to 
first multiply from left to right and then add and subtract from left to right. Explain 
why the answers may differ. 

A radical or absolute value bars group the quantities within them. Thus, we 
simplify the numerical expressions within the grouping symbols before we find the 
square root or the absolute value. 

Example 5 Evaluate. 

(a) V(-3)? + (4)? (bh) [502 FS 13 | 

Solution 

(ay (3)? + (4)? = V9 +16 = V25 = 5 

(b) (5 — 8 + 7 - 13| = |-9| =9 

fe=—2 Student Practice 5 Evaluate. 

(a) V(—5)? + 12? (b) |-3 -7 +2 - (-4)| 

A fraction bar acts like a grouping symbol. We must evaluate the expressions 
above and below a fraction bar before we divide. 



T-4 A Transition from Beginning to Intermediate Algebra 

2-67-12 +3 
4-8 

Solution We evaluate the numerator first. 

2:67 —-12 +3 = 2°36 — 12 +3 Raise toa power. 

=72-4 Multiply and divide from left to right. 

= 68 Subtract. 

Example 6 Evaluate. 

Next we evaluate the denominator. 

4-8=-4 
Thus, 

2-6 —12 +3, 68 — == o 
4-8 Ere 

Student Practice 6 Evaluate. 

Za 5 —2) 

1+ 2-3? + 5(-3) 

4 | Rewriting Expressions with Negative Exponents 

as Expressions with Positive Exponents @® 

Before we formally define the meaning of a negative exponent, let us look for a 
pattern. 

On this side 34 = 81 On this side 

we decrease each 33 = 27 we divide each 

exponent by 1 3= 9 number by 3 

to obtain the 31= 3 to obtain the 

expression on = 1 number on the 

the next line. Bakes 9 next line. 

le esa 

oO} 
What results would you expect on the last two lines? 37! = 3? Then 37? = 5 = 

Do you see the pattern? Then we would have 

ean ae ese tp ea = 337 39 and 3 a Rr 

Now we are ready to make a formal definition of a negative exponent. 

ae ates 

DEFINITION OF NEGATIVE EXPONENTS 

If x is any nonzero real number and n is an integer, 

Example 7 Simplify. Do not leave negative exponents in your answers. 

(a) 25 (b) w® 

: il il a il 
Solution (a) 2° = Saas (b) wo = 3 Oo 

Student Practice 7 Simplify. Do not leave negative exponents in your 
answers. (a) 3-2 (b) 78 
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15) The Product Rule of Exponents @® 

Numbers and variables with exponents can be multiplied quite simply if the base is 
the same. For example, we know that 

(x?)(x*) = (x+x+x)(x+x), 

Since the factor x appears five times, it must be true that 

Hence we can state a general rule. 

PRODUCT RULE OF EXPONENTS 

If x is a real number and m and n are integers, then 

x7. yf = xmtn 

This rule says that the exponents are integers. Thus, they can be negative. 

Example 8 Multiply, then simplify. Do not leave negative exponents in your answer. 

(a) (8a~3b-8)(2a°b°) (b) (a + b)(a + b)? 

Solution 

fated -b °)(2a°b°) = 16a 3*5p 8*5 
= 16a*b° 

1602 7 ay 16a” We do not leave negative exponents in 

4 b3/ 3 the answer: b™? = a 

(b) (a + bY (a + bY = (a+ b)**? = (a+b) The baseisa + b. 

You may leave your answer in exponent form when the base is a binomial. © 

Student Practice 8 Multiply, then simplify. Do not leave negative 
exponents in your answers. 

(a) (7xy 7) (2x>y*) (b) (x + 2y)*(x + 2y)” 

[J The Quotient Rule of Exponents @® 

We now develop the rule for dividing numbers with exponents. We know that 

ne ene 2 
= = x 

eo Peat a 

Note that x°~? = x. This leads us to the following general rule. 

| QUOTIENT RULE OF EXPONENTS 

If x is a nonzero real number and m and n are integers, 

moe ah ian 

T-5 
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556 She 
Example 9 Divide. —~— p ivide Ixy 

Solution Simplify your answer so there are no negative exponents. 

Sey 8: ee a2” ».) ‘i 1/1 4/7 = pray 8) a Les ayoet = Ley a (5) (2 ee 
Day Pe 9 

Student Practice 9 Divide. Then simplify your answer. 

Oey 

But what exactly is x°? Whenever we divide any nonzero value by itself we always 
get 1,so0 we would therefore expect that x? = 1. But can we prove that? Yes. 

il 
n— —_ 

n? 
x 

Since x 

Then x ":x"=1 Multiply both sides by x”. 

xt" = 1° Use the product rule. 

x°=1 Since-n+n=0. 

RAISING A NUMBER TO THE ZERO POWER 

For any nonzero real number x, x° = 1. 

Example 10 Divide, then simplify your answers. Do not leave negative exponents | 
in your answers. | 

—150a*p'4c? 
a) (3x)° apenas aa 
en © ~300abc? : 

Solution 

(a) (3x)° = 1 Note that the entire expression is raised to the zero power. 

45005 bee ed ay ia Rome) 2p3 a one a eee eee = 2S 
—300abc ~ 300 dake b= Cc Z 2 . 

Remember that we don’t usually write an exponent of 1. Thus,a = a! and b = bi. 

Student Practice 10 Divide, then simplify your answers. Do not leave — 
negative exponents in your answers. q 

(@) 30x®y> (b) —15a*b*c4 
20x32 3a°b*c? 

(c) (57°)(2a)° 

For the remainder of this section, we will assume that for all exercises involving 
exponents, a simplified answer should not contain negative exponents. 
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7 The Power Rules of Exponents @® 

Note that (x*)? = x4+x4-y4 = y4t4+4 = y4°3 = y!? In the same way we can show 

yy 
ch Uae 4 x 

and (*) == # 0). : . 0) 

Therefore, we have the following rules. 

POWER RULES OF EXPONENTS 

If x and y are any real numbers and m and n are integers, 

ome = xm, (xy)? = x"y", and 

ify #0. 

Example 11 Use the power rules of exponents to simplify. 

(a) (x°)° (b) (2°)* (e) [(a + b)°} 
Solution 
(a) (x9)5 = x65 = x0 

(b) ey =o Be careful. Don’t change the base of 2. 

(c) [(a + b)"]* = (a + b)® The base isa + b. o 

dee Student Practice 11 Use the power rules of exponents to simplify. 

(a) (w*)* (b) (5*)° (©) [(x ~ 2y)°P 

Example 12 Simplify. 
SESS ON 

(a) (3xy’)* (b) (# : ) (Gan tet 

Solution 

faynaay = 3'x*y = 81x4)* 

(b) (2) eae 8a) 
3ab* Bap 27b° 

2,-3.0) —4 —4 8,12 bt bv 
(c) (2a*b ec) =2 "a °b a erp Oo 

3 

(a) (4x°y4)? ) (S35) (c) (3xy?)? 
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Summary of Rules 

of Exponents when x,y # 0 

. Xe? = xmtn 

Piles || 
Ro ere 

» AAP eee 

We need to derive one more rule. You should be able to follow the steps. 

1 

te x SS eee a 

ye 1 Fei a coll see 

y" 

RULE OF NEGATIVE EXPONENTS 

If m and n are positive integers and x and y are nonzero real numbers, then 

oe pee. Xo Sea 
F le, = d = =—, or example = ce: an = 3 

Example 13 Simplify. 

3x 4yeZ 9 Sy 
(a) dy Sy? (b) (—) 

4x-y 2G Vz 

Solution 

(a) First remove all negative exponents. 

—2,3,-1 2 

Sade ee) Only variables with negative exponents will change 

4x3yz? ~ Ax3x2z1 their position. 

it By8z? 

4x>z! 

- 3y8z 

4x° 
(b) First remove the parentheses by using the power rules of exponents. 

5xy> —2 52x vay 6 

Cook Any = . 

ye oy? Change positions of variables 

~ 52,8276 with negative exponents. 

ay* A oe 
= 751076 Simplify using product rules. 

me . 

Student Practice 13 Simplify. 

(a) Tey ee (b) (25) 

8x7 ay 67 2 pay? 
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8 | Scientific Notation 

Scientific notation is a convenient way to write very large or very small numbers. For 
example, we can write 50,000,000 as 5 x 10’since 10’ = 10,000,000, and we can write 

0,0000000005 = 5 x 10°” since 107! = nage : = (.0000000001. 
10° 10,000,000,000 

In scientific notation, the first factor is a number that is greater than or equal to 1, 

but less than 10. The second factor is a power of 10. 

SCIENTIFIC NOTATION 

A positive number written in scientific notation has the form a x 10”, where 
1 sa < 10 and nis an integer. 

Decimal form and scientific notation are just equivalent forms of the same 
number. To change a number from decimal notation to scientific notation, follow the 

steps below. Remember that the first factor must be a number between 1 and 10. This 
determines where to place the decimal point. 

CONVERTING FROM DECIMAL NOTATION TO SCIENTIFIC NOTATION 

1. Move the decimal point from its original position to the right of the first 
nonzero digit. 

2. Count the number of places that you moved the decimal point. This num- 
ber is the absolute value of the power of 10 (that is, the exponent). 

3. If you moved the decimal point to the right, the exponent is negative; if 
you moved it to the left, the exponent is positive. 

Example 14 Write in scientific notation. 

(a) 7816 (b) 15,200,000 

Solution 

(a) 7816 = 7.816 x 10° 

(c) 0.0123 (d) 0.00046 

We moved the decimal point three places to the left, 

so the power of 10 is 3. 

(b) 15,200,000 = 1.52 x 10’ 

~ (ec) 0.0123 = 1.23 x 10°? We moved the decimal point two places to the right, p 
so the power of 10 is —2. 

(d) 0.00046 = 4.6 x 1074 oO 

eee Student Practice 14 Write in scientific notation. 

(a) 128,320 (b) 476 (c) 0.0786 (d) 0.007 

T-9 

Calculator 

Scientific Notation 

Most scientific calculators can 

display only eight digits at one 

time. Numbers with more 

than eight digits are shown in 
scientific notation. 

1.12 E 08] means 1.12 x 10°. 

Note that the display on your 

calculator may be slightly 

different. You can use the 
calculator to compute large 

numbers by entering the 

numbers using scientific 
notation. For example, to 

compute 

(748% 10") G5 x 10°) 

on a scientific calculator, 

press these keys: 

7.48[EE|24 

3.5[EE)8 [=] 
The display should read: 

2.618 E 33 

The label on the key used for 

entering the power of 10 will vary 

depending on the calculator. 

Some scientific calculators 
have an key. 

Try the following: 

(a) 35,000,000 + 77,000,000 

(b) 800,000,000 — 29,000,000 

(c) (6.23 x 10!7) x (4.9 x 10°) 

(d) (2.5 x 10’)? 

(e) How many seconds are 
there in 1000 years? 
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We can also change a number from scientific notation to decimal notation. 

We simply move the decimal point to the right or to the left the number of places 

indicated by the power of 10. 

CONVERTING FROM SCIENTIFIC NOTATION TO DECIMAL NOTATION 

1. Start with the first factor and locate the decimal point. Move the decimal 

point the number of places indicated by the power of 10. 

. If the exponent is positive, move the decimal point to the right. If the 

exponent is negative, move the decimal point to the left. 

Example 15 Write in decimal notation. 

(a) 8.8632 x 107 (b) 6.032 x 10°? (c) 4.4861 x 10> 

Solution 

(a) 8.8632 x 10* = 88,632 
Move the decimal point two places to the left. 

(b) 6.032 x 10 7 = 0.06032 

(c) 4.4861 X 10> = 0.000044861 oO 

Ges Student Practice 15 Write in decimal notation. 

(a) 4.62 x 10° (b) 1.973 x 10° (c) 4.931 x 10°! 

Using scientific notation and the laws of exponents can greatly simplify 
calculations. 

(0.000000036 )( 0.002 ) 

0.000012 

Solution Rewrite the expression in scientific notation. 

(ox 10 °\(2.x% 10) 

2 x 10-9 
Now rewrite using the commutative property. 

(3-67 (2)(10-8)(1073) mee, 10." 

Example 16 Evaluate using scientific notation. 

Simplify and use the laws of exponents. 
427 (10°) a 107 

= 6.0 x 10H O) 
=1640) <x 10° o 

Student Practice 16 Evaluate using scientific notation. 

(55,000)(3,000,000) 
5,500,000 

a —————— 
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[1.1] Exercises = MyLab™ Math 

Verbal and Writing Skills, Exercises 1-6 

1. In the expression a°, identify the base and the 
exponent. 

3. When a negative number is raised to an even power, 
is the result positive or negative? 

5. What are the square roots of 121? Why are there two 
answers? 

Evaluate. 

7, 2° 807° 

1. 6? 12, —3* 

Bs (-4) 16 (4) 

19. (0.04)° 20. (0.03)° 

Find the value of each expression containing a principal square root. 

23. 21. V81 ip, OV ECR) 

4 i 
25. Vi 7a 

ne 3] ne 35 
Liar + » afoot = 

$o Nia6)' 36 Pig ahs 

13, 

17. 

27. 

31. 

When a negative number is raised to an odd power, is 
the result positive or negative? 

Will —a” always be negative? Why or why not? 

What is the principal square root? 

(=5) 16, (—4)° 

-14 14, —-3? 

(0.7)? 18. (—0.5)? 

~V'16 24. —\/64 

V0.09 28. V0.25 

—36 32. V-49 

Follow the proper order of operations to evaluate each of the following. 

Bas = 3 + 7(-4) 

36. —8? — 4(1 — 12) 

39, 4(-6) — 32+ V25 

S4min. (=8) = Gen) 

37, 5[(1.2 — 0.4) — 0.8] 

40. 9(-2) — 24+ V81 

35, —5? 4 3(1 — 8) 

38. —2[(3.6 + 0.3) — 0.9] 

(2? = 5| =3 
41, aan 
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s —2 + |23 - 10] 
: 3-4 

Gree 
45. > ee 

(—3)* 94 

Simplify. Rewrite all expressions with positive exponents only. You may leave your answer in exponent form when the base 

is a binomial. 

AT 48, 

Multiply. 

51, (3x)(—2x°) 52. 

55, 4x°y 56. 

59, (—6x?yz°)(—4x°y2z) 60. 

Divide. Simplify your answers. 

be (=~5)2 = 3 + 14 ra V/ ($2)? 213. 3 
198 G Fe SSF iad Ppt 

4 V4-7+ 23 

sith caw 

43 

(Sy*)(3y) 

—6a7b" 

(5%a3b4)(—2a3b°) 

63. =z 64. —, 

6, ——— 68. —— 

Use the power rules to simplify each expression. You may leave your answer in exponent form when the base is a binomial. 

PEON ( 5} 

71. (=) 72. 
z (a) yoz® 

49, x 50. 

53, (-11x*y?)(-x4y’) 54, 

57. (x + y)*(x + y)4 58. 

61. ( - nn) (Sm?n>) 62. 

2x3 

65. ae 66. 

—20a~3p-8 

sD zy 

b~2 2 

73. (3 ;) 
4a-b 

Tacay )-*(2x)7 78. 

AS 

—6x*y3 

5a°b ) 
74, = An 

( —3a*p® 

ya 

(15 y)(=6 

(a + b)(a + bY 

(Zen ) (6m™n) 

3 

8y 

e QT xy 

(x°y 7) (Sx) 
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Mixed Practice, Exercises 81-92 

Simplify. Express your answers with positive exponents only. 

9-342 34973 y3\3 oes 
shi 26 —— ea 

i lal a : ae a ( x ) i on 

ee see 87 (S55 =) 88 ee =) oe oogrs : Te 4y3 5x 4y76 

‘i Sad ts =o ( 23 a 5.33 (2 ~6 ) 
89. 79.55 90. ol. go 91. (9x y) 3° 92. (oko y ) ar y 

Write in scientific notation. 

93. 38 94, 759 95. 1,730,000 96. 405,300,000 

97, 0.83 98. 0.0654 99. 0,0008125 100. 0.0000048 

Write in decimal notation. 

101. 7.13 x 10° 102. 4.006 x 10° 103. 3.07 x 10°! 104. 7.07 x 10° 

105. 9.01 x 1077 106. 6.668 <x 107? 

107. (3.1 x 10-4) (1.5 x 102 108. (2.3 x 1074) (3.0 x 10° Boe ( )( ( )( ) 109. 12 x10 3.1 x 10° 

Applications 

111. Oxygen Molecules The weight of one oxygen 112. Solar Probe The average distance from Earth to the 
molecule is 5.3 x 10° gram. How much would sun is 4.90 x 10! feet. If a solar probe is launched 
2 X 104 molecules of oxygen weigh? from Earth and travels at 2 x 10* feet per second, 

how long would it take to reach the sun? 
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[1.2] Polynomial Operations @ 

El identifying Types and Degrees of Polynomials @® 
After studying this section, you will 

be able to: 

1 | Identify types and degrees 
of polynomials. @® 

Evaluate polynomial 
functions. @® 

Add and subtract 
polynomials. @® 

Multiply two binomials 
by FOIL. @® 

5 | Multiply two binomials 

(a+b)(a-b). @ 
6 | Multiply two binomials 

(a — b)* or (a + b)?. 

Multiply polynomials with more 
than two terms. 

A polynomial is an algebraic expression of one or more terms. A term is a number, 
a variable raised to a nonnegative integer power, or a product of numbers and vari- 
ables raised to nonnegative integer powers. There must be no division by a variable. 
Three types of polynomials that you will see often are monomials, binomials, and 

trinomials. 

1. A monomial has one term. 

2. A binomial has two terms. 

3. A trinomial has three terms. 

Number of 
Variables Monomials | Binomials Trinomials Other Polynomials 

One Variable 8x3 2y* + 3y 5x? + 2x — 6 xt + 2x3 — x? + 9 | 

Three Variables} 12uvw? | 11a*b + Sc? | 4a°b4 + Tc — 2a°|3c? + 4c — 8d + 2e — &? 

The following are not polynomials. 

2x3+5x7-3 4ab'? 
a lM 

3 
+ ae 

y 

To Think About: Understanding Polynomials Give a reason each expression 
above is not a polynomial. . 

Polynomials are also classified by degree. The degree of a term is the sum 
of the exponents of its variables. The degree of a polynomial is the degree of the 
highest-degree term in the polynomial. If the polynomial has no variable, then it 
has degree zero. 

Example 1 Name the type of polynomial and give its degree. 

(a) 5x° + 3x? + 2 (b) 7x + 6 

(c) 5x’y + 3xy? + 6xy (d) 7x*y° 

Solution 

(a) This is a trinomial of degree 6. 

(b) This is a binomial of degree 1. Remember that if a variable has no exponent, 
(c) This is a trinomial of degree 4. the exponent is understood to be 1. 

(d) This is a monomial of degree 9. oO 

Student Practice 1 State the type of polynomial and give its degree. 

(a) 3x° — 6x4 + x? 

(b) 5x? +2 

(c) 3ab + 5ab? — 6a‘b 
(d) 16x4y® 



Some polynomials contain only one variable. A polynomial in x is an expression of 
the form 

Qk Oyaik + yank” 7 + +> + Gy 

where n is a nonnegative integer and the constants a, a,—1,dy,—2,-.-, 4 are real 
numbers. We usually write polynomials in descending order of the variable. That is, 
the exponents on the variables decrease from left to right. For example, the polyno- 
mial 4x° — 2x3 + 6x” + Sx — 8 is written in descending order. 

Evaluating Polynomial Functions @® 

A polynomial function is a function that is defined by a polynomial. 
For example, 

p(x) = 5x*-3x+6 and p(x) = 2x° — 3x3 + 8x — 15 

are both polynomial functions. 
To evaluate a polynomial function, we use the skills developed in Section 3.6. 

Example 2 Evaluate the polynomial function p(x) = —3x° + 2x? —5x +6 to 
find (a) p(—3) and (b) p(6). 

Solution 

(a) p(—3) = —3(-3)? + 2(-3)? — 5(-3) +6 
| = =3(-277-+-2(9) — 5(-3) + 6 

=81+18+15+6 
= 120 

(b) p(6) = —3(6)° + 2(6)* — 5(6) + 6 
l| =3(216)0 2(36) — S(Gh + 6 

—648 + 72 —- 30+ 6 

= —600 Oo 

am Student Practice 2 Evaluate the polynomial function 
p(x) = 2x* — 3x3 + 6x — 8 to find 

(a) p(-2) (b) p(5) 

Adding and Subtracting Polynomials @® 

We can add and subtract polynomials by combining like terms as we learned in 
Sections 1.7 and 5.3. 

Example 3 Add. (5x? — 3x — 8) + (-3x? — 7x + 9) 

Solution 

5x? — 3x — 8 — 3x* — 7x + 9 Weremove the parentheses and combine like terms. 

=2x*- 10x +1 Oo 

Student Practice 3. Add. (—7x? + 5x — 9) + (2x? — 3x +5) 

Section T.2 Polynomial Operations T-15 
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To subtract real numbers, we add the opposite of the second number to the first. 
Thus, for real numbers a and b, we have a — (b) = a + (—b). Similarly for polyno- 
mials, to subtract polynomials we add the opposite of the second polynomial to the first. 

Example 4 Subtract. (—5x” — 19x + 15) — (3x? — 4x + 13) 

Solution 

(—5x? — 19x + 15) + (—3x? + 4x — 13) We add the opposite of the second 
polynomial to the first polynomial. 

=H 8x? — 15x + 2 o 

= Student Practice 4 Subtract. (2x? — 14x + 9) — (—3x? + 10x + 7) 

£4 Multiplying Two Binomials by FOIL @® 

The FOIL method for multiplying two binomials has been developed to help you 
keep track of the order of the terms to be multiplied. The acronym FOIL means the 
following: 

F First 

O Outer 

I Inner 

L Last 

That is, we multiply the first terms, then the outer terms, then the inner terms, and 

finally, the last terms. 

Example 5 Multiply. (5x + 2y)(7x — 3y) 

Solution First Last First + Outer + Inner + Last 

pe eS SH 
(5x, 2y (7x = 3By = 35x 1S 14k, ae oye 

put = 35x? = xy = 6y" 
Inner 

Outer oO 

b= Student Practice 5 Multiply. (7x + 3y)(2x — 5y) 

Example 6 Multiply. (7x? — 8)(2x — 3) 

Solution — First Last 

i 
(7x2 = 8)(2x — 3) = 14x3 — 21x2 — 16x + 24 

Inner Note that in this case we were not able 

Outer to combine the inner and outer products. oO 

ce Student Practice 6 Multiply. (3x? - 2)(5x — 4) 
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Multiplying (a + b)(a — b) @® 

Products of the form (a + b)(a — b) deserve special attention. 

(a+ b)(a- b) =a*-ab+ab-b=a—- pb? 

Notice that the middle terms, —ab and +ab, equal zero when combined. The prod- 

uct is the difference of two squares, a” — b*. This is always true when you multiply 
binomials of the form (a + b)(a — b). You should memorize the following formula. 

(a+ b)a-b)=a-b 

Example 7 Multiply. (2a — 9b)(2a + 9b) 

Solution (2a — 9b)(2a + 9b) = (2a)? — (9b)? = 4a? — 81b? 

Of course, we could have used the FOIL method, but recognizing the special prod- 
uct allowed us to save time. Oo 

Student Practice 7 Multiply. (7x — 2y)(7x + 2y) 

FA Multiplying (a - b)?or(a + b)? @® 

Another special product is the square of a binomial. 

| (a — b)? = (a --b)(a — b) = a* — ab — ab + b* = a? — 2ab + 

Once you understand the pattern, you should memorize these two formulas. 

(a—b)?>=a*-2ab+b? (a+b)? =a? +2ab+b’ 

‘This procedure is also called expanding a binomial. 

Note: (a — b)* # a? — b* and (a + b)? # a® + b? 

Example 8 Multiply. 

(a) (Sa — 8b)? (b) (3u + 110’)? 

Solution 

. (a) (Sa — 8b)? = (5a)? — 2(5a)(8b) + (8b)* = 25a” — 80ab + 64b? 

(b) Here a = 3u and b = 110”. 

(3u + 1107)? = (3u)? + 2(3u)(11v7) + (1107)? 

= 9u? + 66uv* + 12104 o 

Student Practice 8 Multiply. 

(a) (4u + 5v)? (b) (7x? — 3y)? 

Multiplying Polynomials with More Than Two Terms 

The distributive property is the basis for multiplying polynomials. Recall that 

a(b +c) = ‘ab + aye. 

We can use this property to multiply a polynomial by a monomial. 

Sxy (Sx? + 2x? — 4x + 1) = 3xy (5x°) + 3xy (2x7) — 3xy (4x) + 3xy(1) 
= 15x*y + 6x°y — 12x*y + 3xy 
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A similar procedure can be used instead of FOIL to multiply two binomials. 

(3x + 5) (6x + 7) (3x + 5)6x + (3x + 5)7 We use the distributive 
property again. 

= (3x)(6x) + (5)(6x) + (3x)(7) + (5)(7) 
= 18x? + 30x + 21x + 35 
= 18x? + 51x + 35 

The multiplication of a binomial and a trinomial is more involved. One way to 
multiply two polynomials is to write them vertically, as we do when multiplying two- 
and three-digit numbers. We then multiply them in the usual way. 

Example 9 Multiply. (4x? — 2x + 3)(—-3x + 4) 

Solution 4x? — 2x + 3 

=e ae 4 

16x — 8x +12 Multiply (4x? — 2x + 3) (+4). 
—12x7 + 6x? — 9x Multiply (4x? — 2x + 3)(—3x). 

—12x3 + 22x? — 17x + 12 Add the two products. 

a Student Practice 9 Multiply. (2x2 — 3x + 1)(x? — 5x) 

Another way to multiply polynomials is to multiply horizontally. We redo 
Example 9 in the following example. 

Example 10 Multiply horizontally. (4x? — 2x + 3)(—3x + 4) 

Solution By the distributive law, we have the following: 

(4x? — 2x + 3)(—3x + 4) = (4x? — 2x + 3)(—3x) + (4x? — 2x + 3)(4) 

12x? + 6x@ = 9x + 16x72. Bx ae 
2) eet 12. 

In actual practice you will find that you can do some of these steps mentally. 

= Student Practice 10 Multiply horizontally. (2x? — 3x + 1) (x? — 5x) 



Exercises MyLab™ Math 

Name the type of polynomial and give its degree. 

1, 2x7 — 5x +3 2. 7x? + 6x? —2 3. —3.2a*bc? 

3 2) 2 1 
% : 3 2 5, ae 3 es = . = LPS + au @) 4. 26.8a°bc gin 5imn 6 qin 5inn 

For the polynomial function p(x) = 5x* — 9x — 12, evaluate the following: 

7. p(3) 8. p(—4) 

For the polynomial function g(x) = —4x? — x? + 5x — 1, evaluate the following: 

9. 'p(=2) 10. g(1) 

For the polynomial function h(x) = 2x4 — x? + 2x? — 4x — 3, evaluate the following: 

11. A(-1) 12. h(3) 

Add or subtract the following polynomials as indicated. 

13. (x? + 3x — 2) + (-2x? — 5x +1) + (x? -—x-5) 14, (3x? + 2x — 4) + (-x? —x +1) + (-3x? + Sx +7) 

15. (7m? + 42 — m + 2.5) — (—3m3 + 5m + 3.8) 16. (5x3 — x? + 6x — 3.8) — (x3 + 2x? — 4x — 10.4) 

17. (Sa° — 2a* — 6a + 8) + (Sa + 6) — (-a?-—a+2) 18. (a> + 3a”) + (2a* — a> — 3a* + 2) — (at + 3a? — 5) 

Thy i. t ) (3 Pe ) (: F ) 
» ( Sx? + 5x) + (=x? - = 20. { Sx? — = =x? 19 (2x sx) & 3% 0 at ae + 6* + 3X 

21, (2.3x3 — 5.6x2 — 2) — (5.5x3 — 7.4x2 + 2) 22. (5.9x3 + 3.4x2 — 7) — (2.9x3 — 9.6x? + 3) 

Multiply. 

23, (5x + 8)(2x + 9) 24, (6x + 7)(3x + 2) 25, (Sw + 2d)(3a — 4b) 

26. (7a + 8b)(Sd — 8w) Die Or + y (20 soy) 2B 0 2X —y ) 

29. (7r — s*)(—4a — 11s”) 30. (—3r — 2s”)(Sr — 6s”) 
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Multiply mentally. See Examples 7 and 8. 

31. (5x — 8y)(5x + 8y) 32. (2a — 7b)(2a + 7b) 33, (5a — 2b)? 34. (4a + 3b)? 

35. (Sr + 3)? 36. (Im-—1)? © 37. (6 + 5x”)(6 — 5x”) 

38. (8 — 3x°)(8 + 3x?) 39. (3m? + 1)? 40. (4r? — 5)? 

Multiply. 

41, 2x(3x? — 5x + 1) 42, —5x(x* — 6x — 2) 

1 3 io 43, —~ab(4a — Sb — 10) 44. 7ab’(a — 8b + 6) 

45, (2x — 3)(x? —x +1) 46. (4x + 1)(2x? + x + 1) 

AT, (3x? — 2xy — 6y’)(2x — y) 48, (5x? + 3xy — 7Ty*)(3x — 2y) 

49. (3a° + 4a? — a — 1)(a — 5) 50. (4b? — b? + 2b — 6)(3b + 1) 

First multiply any two binomials in the exercise; then multiply the result by the third binomial. 

Sl. (x 2) ee) 2) S25 = 6) (x 2 ree) 

53. (a — 2)(6 as 20) 54. (4 + 3a)(1 — 2a)(3 - a) 

Applications 

455. Geometry Ace Landscape Design makes large raised A56. Geometry At Wilkinson Auditorium, (3n + 8) rows 
boxes for plantings. The height of the boxes they build of chairs can be arranged for large ceremonies. Each 
is (2x + 5) feet, and the area of the rectangular base row can have (3n” + 2n + 3) chairs, Find the num- 
measures (2x” + x + 4) feet”. If the box is filled with ber of chairs that can be arranged. 
soil, what is the volume of soil needed? 



Section T.3 Factoring Polynomials 

[73] Factoring Polynomials 
When two or more algebraic expressions (monomials, binomials, and so on) are 

multiplied, each expression is called a factor. We learned to multiply factors in 
Sections 5.4,5.5 and T.2. 

In this section, we will learn how to find the factors of a polynomial. Factoring is 
the opposite of multiplication and is an extremely important mathematical technique. 

1 | Factoring Out the Greatest Common Factor @® 

To factor out a common factor, we make use of the distributive property. 

ab + ac =a(b +c) 

The greatest common factor is simply the largest factor that is common to all terms 
of the expression. 

It must contain 

1. The largest possible common factor of the numerical coefficients and 

2. The largest possible common variable factor 

Example 1 Factor out the greatest common factor. 

(a) 7x? — 14x (b) 40a° — 20a? 

Solution 

(a) 7x? — 14x = 7-x-x — 7°2+x = 7x(x — 2) 

Be careful. The greatest common factor is 7x, not 7. 

(b) 40a° — 20a? = 20a7(2a — 1) 

The greatest common factor is 20a’. 

Suppose we had written 10a(4a” — 2a) or 10a(2a)(2a — 1) as our answer. 
Although we have factored the expression, we have not found the greatest 
common factor. oO 

Student Practice 1 

(a) 19x? — 38x? 

Factor out the greatest common factor. 

(b) 100a* — 50a? 

How do you know whether you have factored correctly? You can do two things 
to verify your answer. 

1. Examine the polynomial in the parentheses. Its terms should not have any 
remaining common factors. 

_ 2. Multiply the two factors. You should obtain the original expression. 

In each of the remaining examples, you will be asked to factor a polynomial 
(i.e., to find the factors that, when multiplied, give the polynomial as a product). 
For each of these examples, this will require you to factor out the greatest common 

factor. 

T-21 

Student Learning Objectives 

After studying this section, you will 

be able to: 

1 | Factor out the greatest 
common factor from a 
polynomial. @® 

Factor a polynomial by 

the grouping method. @® 

3 | Factor trinomials of the form 
x? + bx + ¢. 

Factor trinomials of the form 
ax° + bx+c. @® 
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Example 2 Factor 6x° — 9x*y — 6xy?. Check your answer. 

Solution 6x? — 9x’y — 6x’y* = 3x?(2x — 3y — 2y”) 

Check: 

1. (2x — 3y — 2y”) has no common factors. If it did, we would know that we had 
not factored out the greatest common factor. 

2. Multiply the two factors. 

3x?(2x — 3y — 2y?) = 6x3 — 9x?y — 6xy? 

Observe that we do obtain the original polynomial. oO 

Student Practice 2 Factor 9a3 — 12a*b? — 15a‘. Check your answer. 

The greatest common factor need not be a monomial. It may be a binomial or 
even a trinomial. For example, note the following: 

Satay 2 erins) = (x43 )(Sa'+ 2) 

Sa(x + 4y) + 2(x + 4y) = (x + 4y)(Sa + 2) 

The common factors are binomials. 

Example 3 Factor. 

(a) 2x(x #35) = 3x 4 

(b) Sa(a + b)) = 2b Ge ea Gee) 

Solution 

(a) 2x(x + 5) — 3(x +5) = (x + 5)(2x — 3) 
(b) Sa(a + b) — 2b(a4 Bb) — (a2 + b) = Sala + 5) — 2b(a + Bb) — 1 (@ ee 

= (a + b)(Sa — 2b - 1) 

The common factor is a + b. 

Note that if we place a 1 in front of the third term, it makes it easier to factor. O 

p= Student Practice 3. Factor 7x(x + 2y) — 8y(x + 2y) — (x + 2y). 

PF Factoring by Grouping @® 

Because the common factors in Example 3 were grouped inside parentheses, it was | 

easy to pick them out. However, this rarely happens, so we have to learn how to ma- 
nipulate expressions to find the greatest common factor. 

Polynomials with four terms can often be factored by the method of Example 3(a). 
However, the parentheses are not always present in the original problem. When they 
are not present, we look for a way to remove a common factor from the first two terms. 
We then factor out a common factor from the first two terms and a common factor 
from the second two terms. Then we can find the greatest common factor of the original 
expression. 
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Example 4 Factor. ax + 2ay + 2bx + 4by 

Solution 

Remoye the greatest common factor (a) from the first two terms. 

—w—_es= a , 

ax + 2ay + 2bx + 4by = a(x + 2y) + 2b(x + 2y) 
Screen sremeerene! ee 

Remove the greatest common factor (24) from the last two terms. 

Now we can see that (x + 2y) isa common factor. 

ace 2 er 2b( x 2y) = (x + 2y)(a + 2b) Oo 

Student Practice 4 Factor. bx + Sby + 2wx + 10wy 

Sometimes a problem can be factored by this method, but we must first re- 
arrange the order of the four terms so that the first two terms do have a common 

factor. 

Example 5 Factor. xy — 6 + 3x - 2y 

Solution Rearrange the terms so that the first two terms have a common factor 
and the last two terms have a common factor. 

Duar —.2y, — 6 Factor out a common factor of x from the first two 
terms and —2 from the second two terms. 

=x(y + 3) —2(y +3) — Since we factor out a negative number, we have: 
ene Dy eS), 

= (y + 3)(x - 2) Factor out the common binomial factor (y + 3). O 

Student Practice 5 Factor. xy — 12 — 4x + 3y 

To Think About: Example 5 Follow-Up Notice that if you factored out a common 
factor of +2 from the last two terms, the resulting terms would not contain the same 
parenthetical expression: x(y + 3) + 2(—y — 3). If the expressions inside the two 
sets of parentheses are not exactly the same, you cannot express the polynomial as 

a product of two factors! 

Example 6 Factor 2x? + 21 — 7x” — 6x. Check your answer by multiplication. 

Solution 

2x3 — 7x? — 6x + 21 Rearrange the terms. 

= x?(2x — 7) — 3(2x — 7) Factor out a common factor from each group of two 
terms. 

= (2x — 7)(x? — 3) Factor out the common binomial factor 2x — 7. 

Check: 

(2x — 7)(x? — 3) = 2x3 - 6x — 7x2 + 21 Multiply the two binomials. 

= 2x3 + 21 — 7x? — 6x Rearrange the terms. 

The product is identical to the original expression. oO 

=a Student Practice 6 Factor. 2x3 — 15 — 10x + 3x’ 
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Factoring Trinomials 

If we multiply (x + 4)(x + 5) 
already have the polynomial x? 

of the Form x7 + bx +c @® 

, we obtain x* + 9x + 20. But suppose that we 
+ 9x + 20 and need to factor it. In other words, 

oa ee ne 

suppose we need to find the expressions that, when multiplied, give us the polyno- 
mial. Let’s use this example to find a general procedure. | 

Factor x2 + 9x + 20. 

(hare 

FACTORING TRINOMIALS 

The coefficient of x is the 

sum of these two numbers. 

The solution is (x + 4)(x + 5). 

The last term is the product 
of these two numbers. 

OF THE FORM x2 + bx +c 

1. The answer has the form (x + m)(x +n), where m and rn are real 
numbers. 

2. The numbers m and n are 

(a) m:n =cand 

(b) m+n=b5. 

chosen so that 

If the last term of the trinomial is positive and the middle term is negative, the 

two numbers m and n will be negative numbers. 

Example 7 Factor. x? — 14x + 24 

Solution We want to find two numbers whose product is 24 and whose sum is 

—14. They will both be negative numbers. 

Factor Pairs of 24 Sum of the Factors 

(=24)1) =i | SS S25) 

(—12)(-2) -12-2=-14 v 
(—6)(-4) ={( = dl == = 110) 

(=8)(3) —-§-3=-11 

The numbers whose product is 24 and whose sum is —14 are —12 and —2. Thus, 

x? — 14x 24-4 = 12)\e— 2), Oo 

Student Practice 7 Factor. x? — 10x + 21 
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If the last term of the trinomial is negative, the two numbers m and n will be 
opposite in sign. 

Example 8 Factor. x* — 2x? — 24 

Solution Sometimes we can make a substitution that makes a polynomial easier 
to factor. We need to recognize that we can write this as (x”)? — 2(x”) — 24. We 
can make this polynomial easier to factor if we substitute y for x’. 

Then we have 

y? — 2y — 24. 

The two numbers whose product is -24 and whose sum is —2 are —6 and 4. 
Therefore, we have 

y? — 2y — 24 = (y — 6)(y +4). 
, SO Our answer is 

Bax? = 24 = (x? ~— 6)(x? + 4). o 

Buty = x’ 

Student Practice 8 Factor. x* + 9x? + 8 

Note from Example 8 that c, the last term of the trinomial, is negative 
(c = —24) and that m and n are opposite in sign (m = —6 andn = 4), When we 
know the signs of both b and c, we then also know the signs of m and n as described 
in the box below. 

FACTS ABOUT SIGNS 

Suppose x* + bx + c= (x + m)(x +n). We know certain facts about m 
and n, 

1. mand n have the same sign if cis positive. (Vote: We did not say that they 
will have the same sign as c.) 

(a) They are positive if b is positive. 

(b) They are negative if b is negative. 

2. mand n have opposite signs if c is negative. The larger number is positive 
‘if b is positive and negative if b is negative. 

If you understand these sign facts, continue on to Example 9. If not, review 

Examples 7 and 8. 

Example 9 Factor. 

(a) y? + Sy — 36 (b) x4 — 4x? - 12 

Solution 

(a) y* + Sy — 36 = (y + 9)(y - 4) The larger number (9) is positive because 
\ b = Sis positive. 

(b) x4 — 4x? — 12 = (x? — 6)(x? + 2) The larger number (6) is negative because 
b = —4is negative. Oo 

‘[Seee4 Student Practice 9 Factor. 
(a) a* — 2a — 48 (py 2x7 215 

Does the order in which we write the factors make any difference? In other words, 
if x? + bx +c = (x + m)(x + n),then 

x*+ bx +eo= (xt m)(xtn) = (x +n)(x +m). 

Since multiplication is commutative, the order of the factors is not important. 
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We can also factor trinomials that have more than one variable. 

Example 10 Factor. 

(a) x? — 21xy + 20y? (b) x2 + 4xy — 21y? 

Solution 

(a) x? — 21xy + 20y? = (x — 20y)(x — y) 

The last terms in each factor 

contain the variable y. 

(b) x? + 4xy — 21y? = (x + Ty)(x — 3y) o 

Student Practice 10 Factor. 

(a) x? — 16xy + 15y (b) x? + xy — 42y? 

24 Factoring Trinomials of the Form ax? + bx +c @® 

Using the Grouping Number Method. One way to factor a trinomial 

EE ——————— 

ax* + bx + cis to write it as four terms and factor it by grouping as described earlier 
in this section (and also in Section 6.2). For example, the trinomial 2x? + 11x + 12 
can be written as 2x? + 3x + 8x + 12. 

2x? + 3x + 8x + 12 = x(2x + 3) + 4(2x + 3) 

= (2x43) (x +4) 

We can factor all factorable trinomials of the form ax” + bx + c in this way. Use the 
following procedure. 

GROUPING NUMBER METHOD FOR FACTORING TRINOMIALS 

OF THE FORM ax? + bx +c 

. Obtain the grouping number ac. 

. Find the factor pair of the grouping number whose sum is b. 

1 

2 

3. Use those two factors to write bx as the sum of two terms. 

4 . Factor by grouping. 

Example 11 Factor. 6x” + 7x — 5 

Solution 

1. The grouping number is (a)(c) = (6)(—5) = —30. 

2. Since b = 7, we want the factor pair of —30 whose sum is 7 

~30 = (-30)(1) ~30 = (5)(—6) 
=h@0)C> 1) =(—5)(6) 
= (19) -2) = (3)(-10) 
= (a1) )(2) = 13)10) 

3. Since —3 + 10 = 7, use —3 and 10 to write 6x* + 7x — 5 with four terms. 

6x2 + Tx — 5 = 6x? — 3x + 10x — 5 

4, Factor by grouping. 

6x? = 3x 10K —'S = 3x(2¥ — 1) +/5(2x-—'1) 

= (2x — 1)(3x + 5) 

coo Student Practice 11 Factor. 10x” — 9x + 2 
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If the three terms have a common factor, then prior to using the four-step 
grouping number procedure, we first factor out the greatest common factor from the 
terms of the trinomial. 

Example 12 Factor. 6x? — 26x? + 24x 

Solution First we factor out the greatest common factor 2x from each term. 

6x? — 26x” + 24x = 2x(3x? — 13x + 12) 

Next we follow the four steps to factor 3x — 13x + 12. 

1, The grouping number is 36. 

2. We want the factor pair of 36 whose sum is —13. The two factors are —4 and —9. 

3. We use —4 and —9 to write 3x” — 13x + 12 with four terms. 

Oy 13x + 12 = 3x” — 4x — Ox + 12 

4, Factor by grouping. Remember that we first factored out the factor 2x. This 
factor must be part of the answer. 

2x (3x? — 4x — 9x + 12) = 2x[x(3x — 4).-— 3(3x - 4)] 

= 2x(3x — 4)(x — 3) Oo 

bosd Student Practice 12 Factor. 9x° — 15x” — 6x 

Using the Trial-and-Error Method. Another way to factor trinomials of the 
form ax? + bx + cis by trial and error. This method has an advantage if the grouping 
number is large and we have to list many factors. In the trial-and-error method, we try 

different values and see which can be multiplied out to obtain the original expression. 
If the last term is negative, there are many more sign possibilities. We will see 

this in the following example. 

Example 13 Factor by trial and error. 10x? — 49x — 5 

Solution The first terms in the factors could be 10x and x or 5x and 2x. The sec- 

ond terms could be +1 and —5 or —1 and +5. We list all the possibilities and look 

for one that will yield a middle term of —49x. 

Possible Factors Middle Term of Product 

(22 = 1) Gee aes) aoe 

(Qari (ox —-5) 5% 

(2 a SS Ty) eo 

(235 = SM (Sha eek) = way 

(Oke = SiGe a8 ah) se 

(Cle se Se al) =Bye 

(ye ee as))) +49x 

(Hake ae ID (ee s))) —49x 

his, 10x? = 49x — 5.= (10x + 1)(x — 5). 
As a check, multiply the two binomials to see if you obtain the original 

expression. 

10x? — 50x + 1x -—5 

10x? — 49x — 5 o 

Ale ky (x — 5) 

Student Practice 13 Factor by trial and error. 8x? — 6x — 5 
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Example 14 Factor by trial and error. 6x4 + x” — 12 

Solution The first term of each factor must contain x*. Suppose that we try the 
following: 

Possible Factors Middle Term of Product 

(2x? — 3) (3x? + 4) —x? 

The middle term we get is —x?, but we need its opposite, +x”. In this case, we just 
need to reverse the signs of —3 and 4. Do you see why? Therefore, 

6x* + 7 = 12 = (2x7 + 3) (Geo o 

Student Practice 14 Factor by trial and error. 6x4 + 13x? — 5 



Exercises MyLab™ Math 

Factor out the greatest common factor. For additional review and practice, see Section 6.1. 

1. 80 — 10y 2. 16x — 16 3. 5a” — 25a 4, 7a’ — 14a 

5. 4a°b’ — 8ab + 32a 6. 15c7d* + 10c” — 60¢ 7. 30y4 + 24y3 + 18y? 8. 16y> — 24y* — 40y3 

9. 15ab” + 5ab — 10a%°b 10. —12x’y — 18xy + 6x 

11. 10a7b* — 30a°b° + 10a°b* — 40a*b? 12. 28x3y? — 12x*y4 + 4x3y* — 32xy? 

Bon ocAy + y) —.2(x 14. 5a(a + 3b) — 4(a + 3b) 

Hint for Exercises 15 and 16: Is the expression in the first parentheses equal to the expression in the second parentheses? 

iota — 3b) + 8(—3b + a) 16, 4yig sy), — 3(-Sy + x) 

17. 3x(a + 5b) + (a + 5b) 18. 20(s a8) — (s — 32) 

19, 2a7(3x — y) — 5b3(3x — y) 20. 7a3(Sa + 4) — 2(5a + 4) 

Dimeaoe + y) — 8y(Sx + y) = (Sx + y) 22. Sys ey tO ZLy — 8x) + Cy — &) 

maga — 6D) — 3D(a — 6b) — 2(a — 6b) 24. 3a(a + 4b) — Sb(a + 4b) — 9(a + 4b) 

Factor by grouping. For additional review and practice, see Section 6.2. 

25. x3 + 5x7 + 3x + 15 26. x? + 8x2 + 2x + 16 

ine 6.— 3ax — 9a 28. 2bc + 4b — 5c — 10 

29, ab 4a + 12. — 3b 30. 2m? — 8mn — 5m + 20n 

plete 20) ++ 3xy.mdl2y 32. 3X ZI axy = 28y 

ao. Sys 2x — 6 = 3xy 34. 10y = 3xv—"6 = Sxy 
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Factor each polynomial. For additional review and practice, see Section 6.3. 

35. x7 + 8x +7 36. x7 +: 12x + 11 37. x? — 8x + 15 38. x” — 10x + 16 

39. x? — 10x + 24 40. x? — 9x + 18 Ad a’ + 4a — 45 42. a? + 2a - 35 

43. x? — xy — 42y? 44, x? — xy — S6y? 45, x? — 15xy + 14y? 46. x? + 10xy + 9y? 

47, x‘ — 3x? — 40 48. xt + 6x7 +5 49, x* + 16x*y? + 63y4 50. x* — 6x” — 55 

Factor out the greatest common factor from the terms of the trinomial. Then factor the remaining trinomial. 

51. 2x? + 26x + 44 52, 2x” + 30x + 52 53. x° + x? — 20x 54, x° — 4x? — 45x 

Factor each polynomial. You may use the grouping number method or the trial-and-error method. For additional review 
and practice, see Section 6.4. 

55. 2x7 -x-1 56. 3x7 +x-2 57, 6x* — 7x — 5 58. Sx” — 13x — 28 

59, 3a” - 8a + 5 60. 6a* + lla + 3 61. 402 + a- 14 62. 3a? — 20a + 12 

63, 2x? + 13x + 15 64. 5x’ - 8x -— 4 65. 3x4 — 8x? — 3 66. 6x4 — 7x? — 5 

67. 6x? + 35xy + 11y? 68. 5x? + 12xy + Ty? 69. 7x? + 11xy — 6y* 70. 4x? — 13xy + 3y? 

Factor out the greatest common factor from the terms of the trinomial. Then factor the remaining trinomial. 

71. &x° — 2x? —x 72. 9x? — 9x? — 10x 73. 10x* + 15x? + 5x? 74, 16x* + 48x3 + 20x 



; 

| 
: 

[7.4] Special Cases of Factoring @ 

Bl Factoring the Difference of Two Squares @® 

We learned in Sections 5.5 and T.2 how to multiply binomials using the special 
product formula: (a + b)(a — b) = a* — b’. We can use it now as a factoring 
formula. 

FACTORING THE DIFFERENCE OF TWO SQUARES 

a* — b? = (a+ b)(a — b) 

Example 1 Factor. x” — 16 

Solution In this case a = x andb = 4 in the formula. 

a’ — b*? =(a+b)(a-b) 
l l yovev 4 
ayy =F 4x — 4) o 

Student Practice 1 Factor. x” — 9 

Example 2 Factor. 25x? — 36 

Solution Here we will use the formula a? — b? = (a + b)(a — b). 

256" S36 = "(5x)" = (6)"=— (Sx + 6) (546) oO 

Student Practice 2 Factor. 64x? -— 121 

Example 3 Factor. 100w* — 924 

Solution 100w* — 924 = (10w’)? — (3z7)? = (10w? + 3z*)(10w* — 327) o 

Student Practice 3 Factor. 49x? — 25y* 

Whenever possible, a common factor should be factored out in the first step. 
Then the formula can be applied. 

Example 4 Factor. 75x? — 3 
Solution We factor out the common factor 3 from each term. 

75x? — 3 = 3(25x” — 1) 
= 3(5x #1) (5x — 1) Oo 

Student Practice 4 Factor. 7x” — 28 

Section T.4 Special Cases of Factoring T-31 

Student Learning Objectives 

After studying this section, you will 
be able to: 

1 | Factor a binomial that is the 
difference of two squares. @® 

Factor a perfect square 
trinomial. @® 

Factor a binomial that is the 
sum or difference of two 
cubes. @® 
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H] Factoring Perfect Square Trinomials @® 

Recall the formulas for squaring a binomial from Sections 5.5 and T.2. 

(a — b)* = a? — 2ab + Bb? 

(a+b)? =a? + 2ab +b’ 

We can use these formulas to factor perfect square trinomials. 

PERFECT SQUARE FACTORING FORMULAS 

a* — 2ab + b? = (a — b)?* 
a* + 2ab + b? = (a + b)? 

Recognizing these special cases will save you a lot of time when factoring. How 

can we recognize a perfect square trinomial? 

1. The first and last terms are perfect squares. (The numerical values are 1, 4, 9, 16, 

25, 36,...,and the variables have an exponent that is an even whole number.) 

2. The middle term is twice the product of the values that, when squared, give the 
first and last terms. 

— 

Example 5 Factor. 25x? — 20x + 4 

Solution Is this trinomial a perfect square? Yes. 

1. The first and last terms are perfect squares. 

25x? — 20x + 4 = (5x)? — 20x + (2)? 

Se 2. The middle term is twice the product of the value 5x and the value 2. In other _ 
words, 2(5x) (2) = 20x. 

25x? — 20x + 4 = (5x)? — 2(5x)(2) + (2)? 

Therefore, we can use the formula a” — 2ab + b? = (a — b)?.Thus, 

{ a ae 
25x? — 20x + 4 = (5x —2)% a} 

——— ee b= Student Practice 5 Factor. 9x” — 30x + 25 

Example 6 Factor. 200x” + 360x + 162 

a 

Solution First we factor out the common factor 2. 

200x? + 360x + 162 = 2(100x? + 180x + 81) 

a? + 2ab + b? = (a + b)? 

2(100x? + 180x + 81) = ee. + (2)(10x)(9) + (9)7] 

2(10x + 9)? o 

b= Student Practice 6 Factor. 242x? + 88x + 8 
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Example 7 Factor. 

(a) x? + 14x? + 49 (b) 9x4 + 30x2y? + 25y4 
Solution 

(a) x* + 14x? + 49 = (x7)? + 2(x”)(7) + (7)? 
= (x? +7) 

(b) 9x"+ 30x2y* + 25y* = (3x7)? + 2(3x?) (Sy*) + (Sy?)? 
= (3x7 + Sy”)? o 

ieee Student Practice 7 Factor. 

(a) 49x* + 28x? + 4 (b) 36x* + 84x?y? + 49y4 

Factoring the Sum or Difference of Two Cubes @® 

There are also special formulas for factoring cubic binomials. We see that the fac- 
tors of x° + 27 are (x + 3)(x? — 3x + 9), and that the factors of x° — 64 are 
(x — 4)(x? + 4x + 16). We can generalize these patterns and derive the following 
factoring formulas. 

SUM AND DIFFERENCE OF CUBES FACTORING FORMULAS 

a? + b? = (a + b)(a? — ab + b?) 
a? — b? = (a — b)(a* + ab + b?) 

Example 8 Factor. 125x° + y? 

Solution Herea = 5x andb = y. 

a 4b? =" (a +5)(a? — ab + bd?) 

yeahs | J 
123% + yy =5x ry)? =. (Sx iy) (25x? — Say + y?) o 

Bos Student Practice 8 Factor. 8x* + 125y° 

Example 9 Factor. 64x? + 27 

Solution Here a = 4x and b = 3. 

ao +b? = (a + b)(a? — ab + b?) 

oud boa yt 
64x? + 27 = (4x)? + (3)? = (4x + 3)(16x? — 12x + 9) Oo 

Student Practice 9 Factor. 64x? + 125y° 

T-33 
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Example 10 Factor. 125w? — 8z° 

Solution Here a = Sw and b = 22’. 

a@—b?= (a —b)(a* + ab + 164) 

ea, tl l i 
125w? — 82° = (Sw)? — (2z7)3 = (Sw — 22”) (25w? + 10wz? + 4z*) 

cS Student Practice 10 Factor. 27w? — 1252° 

Example 11 Factor. 250x? — 2 

Solution — First we factor out the common factor 2. 

250x? — 2 = 2(125x3 — 1) 

= 2(5x — 1) (25x? + 5x + 1) 

Note that this trinomial cannot be factored. oO 

b—4 Student Practice 11 Factor. 54x? — 16 

What should you do if a polynomial is the difference of two cubes and the 
difference of two squares? Usually, it’s easier to use the difference of two squares 
formula first. Then apply the difference of two cubes formula. 

Example 12 Factor. x° — y® 

Solution We can write this binomial as (x7)? — (y*)> or as (x°)? — (9°)? 
Therefore, we can use either the difference of two cubes formula or the difference 
of two squares formula. It’s usually better to use the difference of two squares for- 
mula first, so we'll do that. 

x = y° = (Cae = (7)? 

Here a = x and b = y*. Therefore, 

eee = oe Pi = 'y’). 
Now we use the sum of two cubes formula for the first factor and the difference of 

two cubes formula for the second factor. 

ey = yi aay + y’) 
Se yey ae yt?) 

Hence, 

x® — y6 = (eine — xy 97) (x = y) (x? + ry Fy2). o 

Student Practice 12 Factor. 64a° — 1 
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Often the various types of factoring problems are all mixed together. We need 
to be able to identify each type of polynomial quickly. The following table summarizes 

the information we have learned about factoring in Chapter 6 and Sections T.3 and T.4. 
Many polynomials require more than one factoring method. When you are 

asked to factor a polynomial, it is expected that you will factor it completely. Usu- 
ally, the first step is factoring out a common factor; then the next step will become 

apparent. 

Carefully go through each example in the following Factoring Organizer. Be 

sure you understand each step that is involved. 

Factoring Organizer 

Identifying Name 
and/or Formula 

Number of Terms 
in the Polynomial 

A. Any number of 

terms 

Common factor 

The terms have a common factor 

consisting of a number, a variable, 

or both. 

B. Two terms Difference of two squares 

First and last terms are perfect squares. 

a’ — b? = (a+ b)(a— b) 

Sum and Difference of Cubes C. Two terms 

First and last terms are perfect cubes. 

a> + b? = (a + b)(a* — ab + b’) 

a? — b> = (a — b)(a* + ab + b’) 

D. Three terms Perfect-square trinomial 

First and last terms are perfect squares. 

a’ + 2ab + b? = (a + b)? 

a* — 2ab + b? = (a — b)? 

Examples 

2x? — 16x = 2x(x — 8) 

3x" + Oy — 12 = 3(x? + 3y — 4) 

Ax’y + 2xy? — wxy + xyz = xy(4x + 2y — wt z) 

16x? — 1 = (4x + 1)(4x - 1) 

25y? — 9x2 = (Sy + 3x) (Sy — 3x) 

8x? + 27 = (2x + 3) (4x? — 6x + 9) 

8x3 — 27 = (2x — 3) (4x? + 6x + 9) 

25x? — 10x + 1 = (5x - 1)? 

16x? + 24x + 9 = (4x + 3)? 

Trinomial of the form x? + bx + c 

It starts with x”. The constants of the 
two factors are numbers whose product 

is c and whose sum is b. 

E. Three terms x’ — 7x + 12 = (x - 3)(x - 4) 

x” + 11x — 26 = (x + 13)(x — 2) 

x? — 8x — 20 = (x — 10)(x + 2) 

Three terms Trinomial of the form ax? + bx + c 

It starts with ax”, where a is any 

number but 1. 

[ 
Use trial-and-error to factor 9x? — 64x + 7 

Factorization of 9 Factorization of 7 

(3)(3) and (1)(9) (7) 

The constant terms of the factors must both be negative since the 
b term of the trinomial is negative and the c term of the trinomial is 

positive. 

Possible Factors 

(Rea) (Sha = 7) (Sha FNee il) (Cee iY Ea—= 7) 

The only product with the middle term —64x is (9x — 1)(x — 7). 

9x? — 64x + 7 = (9x — 1)(x — 7) 

Note: You can also factor a trinomial using the grouping method. 
| See Section 6.4. 

Factor by grouping 

Rearrange the order if the first two 
terms do not have a common factor. 

G. Four terms Wwe 2wy — 3xz)— 6yzZ 

WK 1 2y) = 3z(% + 2y) 

wx — 6yz + 2wy — 3xz 

= (% + 2y)\(w = 3z) 
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Verbal and Writing Skills, Exercises 1-4 

1. How do you determine if a factoring problem will use 
the difference of two squares? 

3. How do you determine if a factoring problem will use 

the sum of two cubes formula? 

Use the difference of two squares formula to factor. Be sure to factor out any common factors. 

5. a* — 64 6. y* — 49 

9. 64x? - 1 10. 81x? - 1 

13. 100y? — 81 14, 49y? — 144 

17. 32x? — 18 18. 50x? - 8 

Use the perfect square trinomial formulas to factor. Be sure to factor out any common factors. 

23. 49x? — 14x + 1 21. 9x7 - 6x +1 22. 16y? - 8y +1 

25. 8lw* + 36wt + 40? 26. 25w* + 20wt + 412 

29. 8x? + 40x + 50 30. 108x? + 36x +3 

2. How do you determine if a factoring problem will use 
the perfect square trinomial formula? 

4. How do you determine if a factoring problem will use 
the difference of two cubes formula? 

7, 16x” — 81 

11. 49m? — 9n? 

15. 1 — 36x2y? 

19. 5x — 20x? 

27. 36x? + 60xy + 25y? 

31. 3x? — 24x? + 48x 

12. 

16. 

20. 

24. 

28. 

32. 

Use the sum and difference of cubes formulas to factor. Be sure to factor out any common factors. 

33, x° — 27 34, x7 - 8 

37. 64x73 — 1 38. 125x°7 - 1 

4. 1 — 27x3 42. 1 — 8x3 

45. 645° + 76 46. 1255° + £9 

T-36 

35. x° + 125 

39, 8x° — 125 

43, 64x? + 125 

47. Sy? — 40 

36. 

40. 

44, 

48. 

Ay? — 25 

36x? — 25y2 

1- 64x7y? 

49x? — 36x 

100y? — 20y + 1 

64x? + 48xy + Oy? 

50x? — 20x” + 2x 

x? + 64 

27x? — 64 

27x + 125 

S4y3 — 2 

q 

: 

/ 
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49. 
\ 

Mixed Practice Factor by the methods taught in both Sections T.3 and T.4. 

54, 53. 

56. 

59. 

62. 

65, 

68. 

71. 

74. 

77. 

80. 

83. 

89, 

250x3 + 2 

x? — 2x -— 63 

ae” + 17x + 6 

b* +.6b2 + 9 

ad* — 4ab — d* + 4b 

9m® — 64 

100n° — 140n? + 49 

125m? + 8n? 

3x? + 9x — 84 

40ax* + 72ax — 16a 

12x3 — 14x? + 4x 

Aw? — 20wz + 252? 

400x4 — 36y? 

125m® + 8 

50. 128y3 + 2 

ile 

60. 

63. 

66. 

69. 

72. 

TES 

78. 

81. 

84. 

87. 

90. 

51. x° — 8xy? 

x? + 6x — 40 

25w* — z4 

a* — 10a? + 25 

ab? ++c+b? + abc 

144 — m® 

452° — 5 

64z3 — 27w° 

18x? + 21x + 6 

60bx? — 84bx — 72b 

24a? — 3b° 

81x* — 36x? + 4 

16x* — 81y* 

27n® + 125 

55. 

58. 

61. 

64. 

67. 

70. 

TY: 

76. 

79. 

82. 

85. 

88. 

Section T.4 Special Cases of Factoring T-37 

S20 x= Frys 

6x7 +x-2 

16m* — 25x4 

yz? — 15 — 3z7 + 5y 

25x*z — 14y — 10yz + 35x? 

36y° — 60y> + 25 

2a® — 98 

2x? + 4x — 96 

24x? + 26x + 6 

6x? + 26x? — 20x 

54w? + 250 

36a? — 81b2 

256x4 — 1 
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Try to factor the following four trinomials by using the formulas for perfect square trinomials. Why can’t the formulas be 

used? Then factor each trinomial correctly using an appropriate method. 

O91. 25x? + 25x + 4 

93. 49x* — 35x + 4 

Applications 

A995. 

A 97. 

Carpentry Find the area of a maple cabinet surface 
that is constructed by a carpenter as a large square 

with sides of 4x feet and has a square cut out region 
whose sides are y feet. Factor the expression. 

Tree Reforestation A plan has been made in north- 
ern Maine to replace trees harvested by paper mills. 
The proposed planting zone is in the shape of a giant 
rectangle with an area of 30x? + 19x — 5 square 
feet. Use your factoring skills to determine a possible 
configuration of the number of rows of trees and the 
number of trees to be placed in each row. 

92. 

94, 

16x? + 40x + 9 

Ay? — 25x + 36 

A 96. Base of a Lamp A copper base for a lamp consists of 

A 98. 

a large circle of radius 2y inches with a cut out area 
in the center of radius x inches. Write an expression 
for the area of this copper base. Write your answer in 
factored form. 

Tree Reforestation A plan has been made in north- 
ern Washington to replace trees harvested by paper 
mills. The proposed planting zone is in the shape of 
a giant rectangle with an area of 12x” + 20x — 25 
square feet. Use your factoring skills to determine a 
possible configuration of the number of rows of trees” 
and the number of trees to be placed in each row. 

ee 
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[75] The Point-Slope Form of a Line 

EI) Using the Point-Slope Form of the Equation of a Line @® 
After studying this section, you will 

Recall from Section 3.1 that we defined a linear equation in two variables as anequa- 6 able to: 
tion that can be written in the form Ax + By = C. This form is called the standard 

form of the equation of a line and although this form tells us that the graph is a 4] Use the point-slope form of the 
straight line, it reveals little about the line. A more useful form of the equation was equation of a line. @® 
introduced in Section 3.3 called the slope-intercept form, y = mx + b.This form im- 
mediately reveals the slope and y-intercept of a line, and also allows us to easily write passing through a given point 
the equation of a line when we know its slope and y-intercept. But, what happens if that is parallel or perpendicular 
we know the slope of a line and a point on the line that is not the y-intercept? Can to a given line. @® 

we write the equation of the line? By the definition of slope, we have the following: 

Write the equation of the line 

mx 7m) =y-y 
That is, y — yy = m(x — x;). 

This is the point-slope form of the equation of a line. 

uy 

Line of slope 

POINT-SLOPE FORM 

_The point-slope form of the equation of a line is y — y; = m(x — x;), where 
m is the slope and (x;, y,) are the coordinates of a known point on the line. 

Write the Equation of a Line Given Its Slope and One Point on the Line 

Example 1 Find an equation of the line that has slope —j and passes through the 
point (—6, 1). Express your answer in standard form. 

Solution Since we don’t know the y-intercept, we can’t use the slope-intercept 
form easily. Therefore, we use the point-slope form. 

a Vi = ki Xs) 

3 
y-1= — 4k =a t—()) | Substitute the given values. 

3 9 tpl Jie 3 
y-1= “4 oe Simplify. (Do you see how we did this?) 

3 9 f 
dy -4(1) =4 at — 4 oy Multiply each term by the LCD 4. 

4y — 4 = -3x - 18 Simplify. 
3x + 4y = -18 + 4 Add 3x + 4 to each side, 

3x + 4y = -14 Add like terms. 

The equation in standard form is 3x + 4y = —14. oO 
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fea Student Practice 4 Find an equation of the line that passes through ~ 

(5, —2) and has a slope of ¢. Express your answer in standard form. 

Write the Equation of a Line Given Two Points on the Line We can use the point— 
: slope form to find the equation of a line if we are given two points. Carefully study 

Graphing Calculator the following example. Be sure you understand each step. You will encounter this 
type of problem frequently. 

Using Linear Regression 
to Find an Equation 

Many graphing calculators, Example 2 Find an Pee tous of the line that passes through (3, —2) and (5, 1). 
such as the TI-84 Plus, will find Express your answer in slope—intercept form. 

the equation of a line in slope— Solution First we find the slope. 
intercept form if you enter the 

points as a collection of data a> dee Mee) 2 + 2.3 

i 

: 
4 

| 
: 

and use the Regression feature. m a 7 aoe 5 

We would enter the data from ee a 

Example 2 as follows: Now we substitute the value of the slope and the coordinates of either point into 
the point-slope equation. Let’s use (5, 1). 

Y= 1a 

3 
Substitute m = 5 and (x1, y,) = (5,1). — eee x See 

a 

= 
| 

N| n 
The output of the calculator uses y-1= 

the notation y = ax + b instead 
Remove parentheses. 

x — —+1 Add 1 to each side of the equation. x I 

‘= Il * | che Rewrite 1 : 5) ewrite las =. 

NIOW NIW NiIW NIW W/W 

ie) 

ca | Add the two fractions and simplfy. < l| 
Thus, our answer to Example 2 

using the graphing calculator 

would be y = 1.5x — 6.5. = Student Practice 2 Find an equation of the line that passes through 
(—4, 1) and (—2, —3). Express your answer in slope-intercept form. 

Before we go further, we want to point out that these various forms of the — 
equation of a straight line are just that forms for convenience. We are not using 

different equations each time, nor should you simply try to memorize the different — 

variations without understanding when to use them. They can easily be derived from ~ 
the definition of slope, as we have seen. And remember, you can always use the — 

definition of slope to find the equation of a line. You may find it helpful to review 
Examples | and 2 for a few minutes before going ahead to Example 3. It is important 
to see how each example is different. 

2 Writing the Equation of a Parallel or Perpendicular Line @® 

Let us now look at parallel and perpendicular lines. If we are given the equation of a 
line and a point not on the line, we can find the equation of a second line that passes 

through the given point and is parallel or perpendicular to the first line. We can do 

this because we know that the slopes of parallel lines are equal and that the slopes 
of perpendicular lines are negative reciprocals of each other. 
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PARALLEL LINES 

Parallel lines are two straight lines that never touch. 
Parallel lines have the same slope but different y-intercepts. 

y 

We begin by finding the slope of the given line. Then we use the point-slope 
form to find the equation of the second line. Study Example 3 to see how to find the 
equation of a line parallel to a given line. 

Example 3 Find an equation of the line passing through the point (—2, —4) and 
parallel to the line 2x + 5y = 8. Express the answer in standard form. 

Solution First we need to find the slope of the line 2x + Sy = 8. We do this by 
writing the equation in slope-intercept form. 

Sy = -2x + 8 

bh cabbie os 

The slope of the given line is — 2, Since parallel lines have the same slope, the 

slope of the unknown line is also —2. Now we substitute m = —% and the coordi- 

nates of the point (—2, —4) into the point-slope form of the equation of a line. 

yo yr ae — x) 

2 
y- (-4) = ~5l Aer?) Substitute. 

2 Be 
Yo bial — 5% +2) Simplify. 

4 
vot as ae es! Remove parentheses. 

2 4 
5y + 5(4) =5 ~3x) ~ 5 5 Multiply each term by the LCD 5. 

Sy + 20 = -2x - 4 Simplify. 

2x + Sy = —4 -— 20 Add 2x — 20 to each side. 

2x + Sy = —24 Simplify. 

Ox + 5y = —24 is an equation of the line passing through the point (—2, —4) and 
parallel to the line 2x + Sy = 8. oO 

Student Practice 3 Find an equation of the line passing through (4, —5) 
and parallel to the line 5x — 3y = 10, Express the answer in standard form, 
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PERPENDICULAR LINES 

Perpendicular lines are two lines that meet at a 90° angle. 
Perpendicular lines have slopes whose product is — 1. If m; and mz are slopes | 
of perpendicular lines, then 

Slope m, 

|-__— 

An extra step is needed if the desired line is to be perpendicular to the given — 
line. Carefully note the approach in Example 4. 

Example 4 Find an equation of the line that passes through the point (2, —3) 
and is perpendicular to the line 3x — y = —12. Express the answer in standard form. ~ 

Solution To find the slope of the line 3x — y = —12, we rewrite it in slope— 
intercept form. 

IS aaa 

y = 3x +12 

This line has a slope of 3. peraiare, the slope of a line perpendicular to this 

line is the negative reciprocal — 4 

Now substitute the slope m = —3 ; and the coordinates of the point (2, -3) _ 
into the point-slope form of the Eetation. 

Yay. = oe) 

y em=3) = -F(x = 2) Substitute. 

1 tele 
y+3= —3(% 2) Simplify. 

1 2 
y+3= mee + 3 Remove parentheses. 

1 2. 
3y + 3(3) = nae +3 3 Multiply each term by the LCD 3. 

3y 4 = eee Simplify. 

x +°3y =a Add x — 9 to each side. 

x + 3) =i Simplify. 

x + 3y = —7 is an equation of the line that passes through the point (2, —3) and 
is perpendicular to the line 3x — y = —12. Oo 

Student Practice 4 Find an equation of the line that passes through 
(—4,3) and is perpendicular to the line 6x + 3y = 7. Express the answer in stan- 
dard form. 
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Find an equation of the line that passes through the given point and has the given slope. Express your answer in slope- 
intercept form. 

1. (6,4),m = 5 2. (4,6),m = -+ 

a —7,-2),m = 5 4. (8,0),m = -3 

5. (6,0),m = -| 6. (0,-1),m = -= 

Find an equation of the line passing through the pair of points. Write the equation in slope-intercept form. 

7 (-4, -1) and (3, 4) 8. (72-2) and (—1, —3) 

9, (G. -3) and (Z -s) 10. (Z 1) and (-+ 0) 

Sieeize—3) and (7, —3) 12. (4,8) and (-—3, 8) 

Find an equation of the line satisfying the conditions given. Express your answer in standard form. 

13. Parallel to 5x — y = 4 and passing through (—2, 0) 14. Parallel to3x — y = —5 and passing through (-—1, 0) 

15. Parallel to x = 3y — 8 and passing through (5, —1) 16. Parallel to2y + x = 7 and passing through (—S, —4) 

17. Perpendicularto2y = —3xandpassing through (6, —1) 18. Perpendicular to y = 5x and passing through (4, —2) 

19, Perpendicular to x + 7y = —12 and passing through 20. Perpendicular to x — 4y = 2 and passing through 

(4. =1) (3, -1) 

To Think About 
Without graphing determine whether the following pairs of lines are (a) parallel, (b) perpendicular, or (c) neither parallel 

nor perpendicular. 

3 
21. —3x + Sy = 40 22.aS a Oy 19 (oT ois are tae 

aya Sx = 17 6x + Sy = —30 vey =e 

2 5) 1 3 | 
a * 6 Ch ras 3 26. y= aX — 74 

aoe oy = —12 60 + Sy = —12 14y + 6x = 

T-43 



CHAPTER 
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Rational 
Exponents 
and Radicals 

CAREER OPPORTUNITIES 

Surveyor 
Surveyors are an essential part of property 

development and real estate transactions. 

Using technology, legal records, and 

mapping systems, land surveyors develop 

detailed documents identifying the 

boundaries and characteristics of 

properties on both land and water. Their 

work requires precise measurement and 

accurate computation. The mathematics 

in this chapter is a vital component in 

producing properly completed surveys that 

support real estate purchases, construction, 

and development activity. 

| how the mathematics in 
er can help with this field, see 

oration Problems on 
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[si] Rational Exponents @ 

Simplifying Expressions with Rational Exponents @® 

Before studying this section, you may need to review Sections 5.1 and 5.2. For 

convenience, we list the rules of exponents that we learned there. 

2 1 
ea ee x =1 Cy = xy 

in Sad m n n 

x = ib x a m\n — <n aN Es 
n x —m n (x ) x Pervastd 

x ry. x ) y 

3,,6 
Recall the steps that you would take to simplify an expression such as (=) (2y’). 

3,6 3y6y2 3-1,,6+2 oe xy 2 2m YY xy xY 
ae 2) = —— ( \ Naa i =A ji 

_ To ensure that you understand these rules, study Example 1 carefully and work 
Student Practice 1. If you have any difficulties, we also refer you to the Transition 
Chapter which follows Chapter 7 which contains additional review and practice of 

these rules. 

5 —3\ -2 

Example 1 Simplify. ( me ) 
2x "y 

(=) meioxy ) € y _ xt 
Ox *y Oxy) y ah 

or oy: 

2x4) 2? 

Solution 

71, ,/t 
(xy)"” = x"y 

= Cat = ae 

8 4y 
The answer can also be written as ——. ae 9: Explain why. oO 

Student Practice 1 Simplify. 

3x 2y4 Es] 

ogy 2 

Set, 
Sidelight: Example 1 Follow-Up Deciding when to use the rule ——; 

entirely up to you. In Example 1, we could have begun by writing 
Sry)? (Sx-xt\? _ cae 

en) a eae _ 2y4 

Complete the steps to simplify this expression. 
Likewise, in the fourth step in Example 1, we could have written 

Se 64,2 
v ay 

2282 52x By De 

479 

Student Learning Objectives 

After studying this section, you 

will be able to: 

1 | Simplify expressions with 
rational exponents. @® 

Pe Add expressions with rational 
exponents. @® 

3 | Factor expressions with rational 
exponents. @® 
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Complete the steps to simplify this expression. Are the two answers the same as the 
answer in Example 1? Why or why not? 

We generally begin to simplify a rational expression with exponents by raising 
a power to a power because sometimes negative powers become positive. The order 
in which you use the rules of exponents is up to you. Work carefully. Keep track of 
your exponents and where you are as you simplify the rational expression. 

These rules for exponents can also be extended to include rational exponents — 
that is, exponents that are fractions. As you recall, rational numbers are of the form 
f» Where a and b are integers and b does not equal zero. We will write fractional ex- 
Bonents using diagonal lines, Thus, we will write ? as 5/6, and if a fractional exponent 
contains a variable such as , we will write it as a/b. For now we restrict the base to 
positive real numbers. Later we will talk about negative bases. 

Example 2 Simplify. 

(a) (eye (b) - (c) x2/ x 1/3 (d) 53/7. §2/7 

Solution We will not write out every step or every rule of exponents that we 
use. You should be able to follow the solutions. 

5/6 
(a) (x2/3)4 = x(2/3)(4/1) = 8/3 (b) oT == YSGate —. 4/6 See 

(c) x2/ xB = a x2/3- 3 = x 1/3 (d) 53/7. 57/7 = §3/7+2/7 — ~~ 59/7 oO 

a==e4 Student Practice 2 Simplify. 
33/7 

(a) (ye (b) ant (c) x 4/5 (d) 34/7. 32/7 

Sometimes fractional exponents will not have the same denominator. Remem- 
ber that you need to change the fractions to equivalent fractions with the same de- 
nominator when the rules of exponents require you to add or to subtract them. 

Example 3 Simplify. Express your answers with positive exponents only. 
18x'/4y-1/3 

(a) (2x1/?)(3x"/) (b) 6x Ay i/6 

Solution 
(a) (2x"/)(3x"3) = 6x1/2+1/3 = 6x3/6+2/6 = 6x5/6 

18nl4y te 

Leeieyie = ~3x1/4-(-1/2)y-1/3-1/6
 

(b) 

—3x1/4+2/4)-2/6-1/6 

~3y3/4y-3/6 

= =3,3o2 

3x3/4 

ye 

t= Student Practice 3 Simplify. Express your answers with positive 
exponents only. 

iLypileeealet 
(a) (—3x1/4)(2,1/2) (b) 13x y 

26x yt 
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Example 4 Multiply and simplify. -2x°/°(3x'/? — 4,-1/3) 

Solution We will need to be very careful when we add the exponents for x as 
we use the distributive property. Study each step of the following example. Be sure 
you understand each operation. 

—2x5/6(3x1/2 ig 4x71/3) = —§x9/6+1/2 a 85/6-1/3 

= —6,5/5+3/6 4 gy5/6-2/6 

= —6x8/6 + 93/6 

= —6x4/3 + gyl/2 ci 

Student Practice 4 Multiply and simplify. —3x/2(2x'/4 + 3x7'/) 

Sometimes we can use the rules of exponents to simplify numerical values 
raised to rational powers. 

ig Example 5 Evaluate. 

Solution 
(a) (25)3/? ss (5%)3/2 = 52/13/2 — §(6/2) = 53 — 125 
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=> | Student Practice 5 Evaluate. 

(a) (25)°” (b) (27)°/9 (a) (4)°? 

(b) ay = Gy" = 33/1'2/3 — 3(6/3) = 32 = 9 
For all Student Practice problems, 
write out the steps on a separate sheet 
of paper. Check the step-by-step solu- 
tions in the back of the textbook. 

Adding Expressions with Rational Exponents @® 

Adding expressions with rational exponents may require several steps. Sometimes 
this involves removing negative exponents. For example, to add 2x1”? + x1/?, we 

=1/2 begin by writing 2x" /* as —~. This is a rational expression. Recall that to add ratio- 1/2° 

nal expressions we need to have a common denominator. Take time to look at the 

steps needed to write 2x"! + x!/* as one term. 

Example 6 Write as one fraction with positive exponents. 2x7'/? + x!/? 

Solution 
1 1 

Pin, jhe 2h), ee 2 x _2+x 
x/2 x 1/2 xh/2 x 1/2 x 1/2 

Student Practice 6 Write as one fraction with only positive exponents. 

3x1/3 4 4-1/3 
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: 
: 

Factoring Expressions with Rational Exponents @® 

To factor expressions, we need to be able to recognize common factors. If the terms 

of the expression contain exponents, we look for the same exponential factor in each 

term. For pease in the expression 6x° + 4x? — 8x’, the common factor of each | 

term is 2x’. Thus, we can factor out the common factor 2x? from each term. The 

expression then becomes 2x7(3x° + 2x — 4). | 

We do exactly the same thing when we factor expressions with rational expo- | 

nents. The key is to identify the exponent of the common factor. In the expression 

6x3/4 + 4x!/2 — 8x'/4. the common factor is 2x'/4, Thus, we factor the expression 

6x3/4 + 4x4/? — 81/4 as 2x1/4(3x1/2 + 2x1/4 — 4). We do not always need to factor 
out the greatest common factor. In the following examples we simply factor out a 

common factor. 

Example 7 Factor out the common factor 2x. 2x7/? + 4x°/* 

Solution 

We rewrite the exponent of each term so that we can see that each term contains 
the factor 2x or 2x/? 

2x32 + AyS/2 = Qy2/2+1/2 4 4y2/2+3/2 

eee LM) + A222) 

= 2x(x'/7) + 4x(x°/?) | 

= 2x(x'/2 + 27/2) oOo 

Student Practice 7 Factor out the common factor 4y. 4y?/? — 8y>/ 

For convenience we list here the properties of exponents that we have 
discussed in this section, as well as the property x” = 1. 

When x and y are positive real numbers and a and b are rational numbers: 

"Xf eee os xr yO art 
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& Exercises MyLab™ Math 

Remember that additional review and practice are available in Sections 5.1 and 5.2 as well as the transitional chapter after Chapter 7. 

Simplify. Express your answer with positive exponents. 

3xy1\4 oe) z 

10. («7/3 11. (223 

13, = 14, a 

16. 17. £ 

19, x!/7- 3/7 20. a3/4+qi/4 

@2, p= p2/ 23, y/5.y-1/10 

Write each expression with positive exponents. 

25, x73/4 26, x 1/4 

29, 6 1/2 30. 5-1/8 

Evaluate or simplify the numerical expressions. 

Ba. (27) 34, (16)3/4 

| 

37. (-8)°/ 38. (-27)°9 

3 PEN 

x 

27. 

31, 

35. 

39, 

a75/6p1/3 

3q71/3 

(4)3? 

(-27)°3 

2 3 

5, (#5) 
3b 

12. 

15. 

Leger 

21. 

24, 

28. 

32. 

36. 

40. 

7/8. y-1/2 

4q73/8p1/2 

—3y~>/4 

(oy 

(-64)"/° 
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Mixed Practice, Exercises 41-64 Evaluate or simplify the numerical expressions. Express your answers with positive” 
exponents. 4 

41. (1/4 y 4/3) (4.3/4 1/2 42. olay 12) i 

43. (7x1/3y1/4)(—2x1/4y 1/6) 44, (8x 7/5 y1/3)(—3-1/4y1/6) 

45. 6-673 46. 11'/-11° 

D) 1/5 3 2/3 =) (dap) 

a7, 48. 49, > — 
x y oxy 

12 3 8 246 1/3 =—123\1/2 

50, —— 51. ( > ;) 52. (A *) 
—6xy : Qub- ane 

53. (—4x1/4y5/221/2)2 54, (4x2/3y-1/273/5y3 55. 42/3(4/3 om x'/5) 

56. y7/(y?? + 3?) 57. m' Bm? + 2m) Sn? + Bn) 

59. (8) 1/3 60. (100)! 61. (64) 7/9 

62. (16) >/4 63. (81)°/4 + (25)'/? 64. (4)°/? + 1211/2 

Write each expression as one fraction with positive exponents. 

65, Sy" Aca 2 66. 2y'8 + y% 

67. x + 64° 68. 5 14 + x71 

Factor out the common factor 2a. 

69. 10a°/* — 4a8/ 70. 6a4/3 — 8a3/? 

Factor out the common factor 3x. 

71. 12x4/3 — 3x3/2 72. 18x°/3 — 6x11/8 

To Think About 

73. What is the value of a if x*-x1/4 = x71/89 74, What is the value of b if x? + x1/3 = y-1/129 
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Applications 

Radius and Volume of a Sphere The radius needed to create a sphere with a given volume V can be approximated by the 
equation r = 0.62(V)""*. Find the radius of the spheres with the following volumes. 

. 75. 27 cubic meters A76. 125 cubic meters 

Radius and Volume of a Cone The radius required for a cone to have a volume V and a height h is given by the equation 
ay \? 

r= (2X) . Find the necessary radius to have a cone with the properties below. Use 7 ~ 3.14. 
TT 

177. V = 314 cubic feet and h = 12 feet. A778. V = 3140 cubic feet and h = 30 feet. 

Cumulative Review 
1 

79, [2.4.1] Solve for x. —4(x + 1) = AG 32x) 80. [2.4.1] Solve for x. on +4= —3 aul) 

Quick Quiz 8.1 Simplify. 

16x4 Mee. 1/44 --1/6,:1/2 1, (S42! y*!")(3x%/9y4/4) AIT 

On (eon)? 4. Concept Check Explain how you would simplify the 
following. 

Pe es 
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[s.2]} Radical Expressions and Functions ® 

fl Evaluating Radical Expressions and Functions @® 
After studying this section, you will alanine The square root of a number is a value that when multiplied by itself is equal to the 
e able to: 

original number. That is, since 3-3 = 9,3 is a square root of 9. But (—3)+(—3) = 9, 
so —3 is also a square root. We call the positive square root the principal square root. 

The symbol V is called a radical sign. We use it to denote positive square 
roots (and positive higher-order roots also). A negative square root is written —V . 

1] Evaluate radical expressions 

and functions. 

Change radical ise Thus, we have the following: 

to expressions with rationa 
exponents. @® Vo9=3 -Vo=-3 

Change expressions with V64 = 8 (because 8-8 = 64) 
rational exponents to radical V121.= 11 (because 11-11 = 121) 

-expressions. @® 
Because V9 = V3+3 = V3? = 3, we can say the following: 

4 | Evaluate higher-order radicals 
containing variable radicands 
that represent any real number 
(including negative real DEFINITION OF SQUARE ROOT 
numbers). @® 

lf x is a nonnegative real number, then Vx is the nonnegative (or princiaaia 
square root of x; in other words, (Vx)? = x. 

Note that x must be nonnegative. Why? Suppose we want to find V —36. We must 
find a real number that when multiplied by itself gives —36., Is there one? No, because 

6-6 = 36 and 
(—6)(-6) = 36. 

So there is no real number that we can square to get —36. 
We call x a radical expression. The VV symbol is the radical sign, the x is the 

radicand, and the n is the index of the radical. When no number for n appears in the 
radical expression, it is understood that 2 is the index, which means that we are looking 

for the square root. For example, in the radical expression 25, with no number given 
for the index n, we take the index to be 2. Thus, 25 is the principal square root of 25. 

We can extend the notion of square root to higher-order roots, such as cube 
roots, fourth roots, and so on. A cube root of a number is a value that when cubed 
is equal to the original number. The index n of the radical is 3, and the radical used 
is V7. Similarly, a fourth root of a number is a value that when raised to the fourth 

power is equal to the original number. The index n of the radical is 4, and the radical 
used is /. Thus, we have the following: 

W/27 =3 because 3-3-3 = 3? = 27 

W81=3 because 3+3+3+3 = 34 = 81 
W/32=2 because 2+2+2+2:2 = 25 = 32 

\/—64 = -4 because (—4)(—4)(-4) = (-4)? = -64 
¥/729 =3 because 3+3+3+3+3+3 = 3° = 729 

You should be able to see a pattern here. 

V7 = N/3 =3 
al 3 
W/32 = W/25 =2 

W/-64 = W(-4)3 = -4 

In these cases, we see that Wx" = x. We now give the following definition. 
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_ DEFINITION OF HIGHER-ORDER ROOTS 

1. If x is a nonnegative real number, then /x is a nonnegative nth root and 
has the property that 

esx. 
2. If x is a negative real number, then 

(a) When n is an odd integer, \/x has the property that (Wx)® =x: 

(b) When n is an even integer, \/x is not a real number. 

Example 1 If possible, find the roots. If there is no real number root, say so. 

(a) W/—216 (b) W/—32 (c) W/-16 (d) W/—64 

Solution 

(a) W/-216 = W(-6)3 = —6 because (—6)? = —216. 

(b) W/-32 = W/(—2)° = —2 because (-2)5 = —32. 
4 . ; c 

(c) \V —16 is not a real number because n is even and x is negative. 

(d) V/—64 is not a real number because n is even and x is negative. Oo 

Student Practice 1 If possible, find the roots. If there is no real 

number root, say so. 

(a) V216 (b) 0/32 (c) W/-8 (d) W/-81 

In Section 3.6 we saw that an equation like y = 2x + 7 is a function. For each 

value of x, the equation assigns a unique value to y. We could say, “y is a function of 
x.” If we name the function f, this statement can be symbolized by using the function 
notation y = f(x). Many times we avoid using the y-variable completely and write 

the function as f(x) = 2x + 7. 
Because the symbol Vx represents exactly one real number for all real 

numbers x that are nonnegative, we can use it to define the square root function 
f(x) = Vx. This function has a domain of all real numbers x that are greater than 

or equal to zero. 
We can use function notation when we determine the function value of y for 

specific values of x, as shown in Example 2 below. 

Example 2 Find the indicated function values of the function f(x) = V2x + 4. 

Round your answers to the nearest tenth when necessary. 

(a) f(—2) (b) f(6) (c) f(3) 

Solution 

(a) f(-—2) = /2(=2) 4+4=V-44+4=V0=0 The square root 
of zero is zero. 

() f© = V20) +4= V124+4= V16 =4 

(c) f(3) = V2(3)+4=V6+4= 10 ~ 3.2 We use a calculator to oO 
approximate V/10. 

Student Practice 2 

Find the indicated values of the function f(x) = V 4x — 3. Round your answers 
to the nearest tenth when necessary. 

(a) f(3) (b) f(4) (c) f(7) 
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Student Practice 4 

For the function f(x) = Vx, we know that x cannot be negative. Therefore, the 
domain of this function is the set of all real numbers x that are greater than or equal to 0. 

Example 3 Find the domain of the function. fix) = V3x — 6 

Solution We know that the expression 3x — 6 must be nonnegative. That is, 
or = "6 = 0: 

Sue — () 23 (0) 

30k) 6 

Ne P 

Thus, the domain is all real numbers x where x = 2. ia 

Gee’ Student Practice 3 Find the domain of the function. 

f(x) = V 05x + 2 

Frequently, we are given a function in the form of an equation and are asked 
to graph it. Each value of the function f(x), often labeled y, corresponds to a value 
in the domain, often labeled x. This correspondence is the ordered pair (x, y), or 
(x, (f(x)). The graph of the function is the graph of the ordered pairs. 

Example 4 Graph the function f(x) = Vx +2. Use the values f(—2), 
f(-1), f(0), f.), f(2), and f(7). Round your answers to the nearest tenth when 
necessary. 

Solution We show the table of values here. 

Student Practice 4 Graph the function f(x) = V3x — 9 on a sheet of 
graph paper, using a coordinate system similar to the one shown in the margin. Use 
the values f(3), f(4), f(5), and (6). 

2 Changing Radical Expressions to Expressions 

with Rational Exponents @® 

Now we want to extend our definition of roots to rational exponents. By the laws of 
exponents we know that 

ieee A242 ky 

Since x!/2x!/2 = x, x!/? must be a square root of x. That is, x!/2 = Vx. Is this 
true? By the definition of square root, (Vx)? = x. Does (x'/?)? = x? Using the law 
of exponents we have 

(x¥2)? = (1/2)(2) = yl = y. 

We conclude that 

ee 
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In the same way we can write the following: 

x3 = y x13 = Wy 

4 yl yl/4. yl/4 =x xy/4 = Wx 

xi/naxlin, crate xl/n ye xl/n = Wx 
oe 

n factors 

Therefore, we are ready to define fractional exponents in general. 

DEFINITION 

If nis a positive integer and x is a nonnegative real number, then 

x10 Nx, 

Example 5 Change to rational exponents and simplify. Assume that all variables 
are nonnegative real numbers. 

(a) Wx4 (b) V/(32)° 
Solution 

(a) Wx! = (x4)4 = x44 = xl = x 

yee a2) = (32°)!? = 30°) = 324 = 32 o 

dee’ Student Practice 5 Change to rational exponents and simplify. Assume 
that all variables are nonnegative real numbers. 

(a) Vx (b) Vy" 

Example 6 Replace all radicals with rational exponents. 

(a) Vz (b) V/x? (c) (Ww)? 

Solution 

(a) Vz = 21’ 

(b) Wr = Geyer = x2 

(c) (Ww)? = (w')! = ws oO 

Student Practice 6 Replace all radicals with rational exponents. 

(a) Wb (b) V3 (©) Voy)’ 

Example 7 Evaluate or simplify. Assume that all variables are nonnegative. 

(a) W/32x!° (b) W/125x? (c) (16x*)34 

Solution 

(a) W/32x" = (25x!)1/5 = 2,2 

‘(b) W/125x° = (53x°)13 = 5x3 

(c) (16x4)3/4 = (24x4)3/4 = 23,3 = x3 
: 

tee Student Practice 7 Evaluate or simplify. Assume that all variables are 
nonnegative. 

(a) W/8ix! (b) W/27x5 (c) (32x°)9° 
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Changing Expressions with Rational Exponents 

to Radical Expressions @® 

Sometimes we need to change an expression with rational exponents to a radical 
expression. This is especially helpful because the value of the radical form of an 
expression is sometimes more recognizable. For example, because of our experience 
with radicals, we know that V25 = 5S. It is not as easy to see that 25'/? = 5, There- 
fore, we simplify expressions with rational exponents by first rewriting them as radi- 

cal expressions. Recall that 

tN 

Again, using the laws of exponents, we know that 

xin/n ee aye = eye. 

when x is nonnegative. We can make the following general definition. 

DEFINITION 

For positive integers m and n and any real number x for which x'/” is defined, 

mal ae) x ) ce X/ Xe 

If it is also true that x # O, then 

es 1 

Ce 
xm/n = 

Example 8 Change to radical form. 

(a) (xy)! (b) w () 2x" (d) (3x)°*/4 
Solution 

(a) (ay) = Wey)’ = Way? or (xy) = (Way) 
E 1 1 ,. 1 1 

(b) wi? = a oe oa (Ww)? 

Graphing Calculator 
(c) 3x3/4 = 3W23 or 3x4/4 = 3(-Wx)3 

(d) (3x)34 = W3x)3 = W27x3 or (3x)34 = (Wx) oO. 
Rational Exponents 

To evaluate Example 9(a) on 
a graphing calculator we use 

125 2/=]3 i=’ 2 Student Practice 8 Change to radical form. 

(a) (xy)*4 (b) y? (c) (2x) (d) 2x4 
Note the need to include the 

parentheses around the quantity 
3. Try each part of Example 9 on 

your graphing calculator. 
Example 9 Change to radical form and evaluate. | 
(a) 1252/3 (b) (-16)°/? (c) 14471/2 

Solution 

(a) 1257/3 (0/125)? =e) = 25 

(b) (—16)°/? = (V—-16)>; however, V —16 is not a real number. Thus, (—16)°” 
is not a real number. 

(c) 14471? = 

{ 

144? \/44q 12 . 
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eee Student Practice 9 Change to radical form and evaluate. 

(a) 82 (b) (-8)* (©) 100-9? 

4 | Evaluating Higher-Order Radicals Containing Variable 

Radicands That Represent Any Real Number (Including 

Negative Real Numbers) @® 

We now give a definition of higher-order radicals that works for all radicals, no 
matter what their signs are. 

DEFINITION 

For all real numbers x (including negative real numbers), 

W/x" = |x| when nis an even positive integer, and 

Wx" =x when nis an odd positive integer. 

Example 10 Evaluate or simplify; x may be any real number. 

(a) V(-2)° (b) W/(-2)4 (c) Wx9 (a) ¥/x 
Solution 

(a) W/(-2)> = -2 because the index is odd 

(b) W/(-2)* = |-2| =2 because the index is even 

(c) Wx5 =x because the index is odd 

(d) W/x° = |x| because the index is even o 

ieee Student Practice 10 Evaluate or simplify; y and w may be any real 
numbers. 

(a) V(-3) (b) V(-5)' () Vwi (@) Vy’ 

Example 11 Simplify. Assume that x and y may be any real numbers. 

(a) V49x? (b) V81y!° (c) W2Ix'y7 

Solution 

(a) We observe that the index is an even positive number. We will need the abso- 

lute value. V 49x? = 7|x| 

(b) Again, we need the absolute value. V81y!° = 3|y4| 
Since we know that 3y‘ is positive (anything to the fourth power will be positive), 

we can write 3|y4| without the absolute value symbol. Thus, V81y!° = 3y4, 

_ (c) The index is an odd integer. The absolute value is never needed in such a 

case, W/27x°y? = VW Bascal ye\r wean ays oO 

ffs) Student Practice 11 Simplify. Assume that x and y may be any real 
| numbers. 

(a) V36x" (b) W16y8 (c) W125x%y6 
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Verbal and Writing Skills, Exercises 1-4 

1. In a simple sentence, explain what a square root is. 2. In a simple sentence, explain what a cube root is. 

3. Give an example to show why the cube root of a neg- 4. Give an example to show why it is not possible to 
ative number is a negative number. find a real number that is the square root of a nega- 

tive number. 

Evaluate if possible. 

5. V/100 6. V64 WoVic ow v oe 8. V36 + V121 Pay 
; 9 

100 ss 11. V-36 1240 13. V/0.25 14. 0.0036 

For the given function, find the indicated function values. Find the domain of each function. Round your answers to the 
nearest tenth when necessary. You may use a calculator as needed. 

15. f(x) = V4x + 12; f(—3), f(-1), A), A) 16. f(x) = V2x — 9; fi5), f(6), f7), f(8) 

17. fix) = V05x = 3; f10), 702), (08), 20) 18. f(x) = V25x + 10; f(2), f(4), f(6), f(8) 

Graph each of the following functions on a sheet of graph paper, using a coordinate system similar to the one shown. Plot at 
least four points for each function. 

19. fe) = Vea 20. f(x) = Vx - 3 21. f(x) = V3x+9 22. f(x) = V2x+4 

re f(s) — ine ea 

aca —» x SSS Se Ese | AY 2X 

Evaluate if possible. 

23. W64 24, W/27 25. \/—1000 26. \/—125 27. W/16 

28. W625 29, W81 30. —\/64 31. W/(8) 32. W/(9)6 

33. W/58 34, W111’ 35, 3-2 eerie 
8 27 

For exercises 37-48, replace all radicals with rational exponents and simplify. Assume that variables represent Positive real numbers. 

37. Wy 38. Va 39. W/m? 40. V/b> 

41. W/2a 42. \/4b 43. W(a + by 44, W(a — b) 

45. Vx 46. W/Vy 47. (/3x)° 48. (V/2x)3 
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Evaluate or simplify. 

49, V/(12) 50. \/(-11)5 51. Wx 2,3 

53. V36x°y4 54. V64x°y!0 55. W/16a°b4 

Change to radical form. 

57, yi/7 58, x°/6 59, 7-2/3 

61. (a + 5b)>4 62. (3a + by?” 63. (—x)> 

65. (2xy)> 66. (3ab)?/” 

Bo, Nye 

56. W81a'2p” 

60. 573/95 

64. (-y)/” 

Mixed Practice, Exercises 67-78 Evaluate or simplify. Assume that variables represent positive real numbers. 

3/2 2/3 4\¥2 67. 9 68. 8 69. | — ; (5s) 

1\713 95\-1/2 

71. (=) “em (2) 73. (6A) 
8 9 

75. V121x* 76. V49x° 77. V144a°b** 

Simplify. Assume that the variables represent any real number. 

79, V25x? 80. V100x2 81. W/—-8x° 82. W/—-27x° 

84, W/x!6y40 85. Wa'?b4 86. Wath” 87. V25x!2y4 

Cumulative Review 

1 3/4 

70. (=) 

74, (100a!?)"1/? 

78. V81a'8p? 

83. Wxty4 

88. V64x%y!” 

89. [3.3.2] Solve for x. —Sx + 2y = 6 90. [3.3.2] Solve for y. x = : vied 

Quick Quiz 8.2 Evaluate or simplify. Assume that variables represent positive real numbers. 

Be 

i (< ) QW 64 oh 

see ieix "2 4. Concept Check Explain how you would simplify the 
following. 

Vaix8y!® 
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[283] Simplifying, Adding, and Subtracting Radicals @® 

El Simplifying a Radical by Using the Product Rule @® 
After studying this section, you will 

be able to: 

1 | Simplify a radical by using the 
product rule. @® 

Add and subtract like radical 

terms. @® 

When we simplify a radical, we want to get an equivalent expression with the small- 
est possible quantity in the radicand. We can use the product rule for radicals to 
simplify radicals. 

PRODUCT RULE FOR RADICALS 

For all nonnegative real numbers a and b and positive integers n, 

Va Wb = Web. 

You should be able to derive the product rule from your knowledge of the laws 
of exponents. We have 

Wa Wb = allt pin = (ab)!/" = Vab. 

Throughout the remainder of this chapter, assume that all variables in any rad- 
icand represent nonnegative numbers, unless a specific statement is made to the 
contrary. 

Example 1 Simplify. V/32 

Solution 1: V32 = V16+2 = V16V2 = 4V2 

Solution 2: V32 = V4-8 = V4V8 =2V8 =2V4-2 =2V4V2 =4V2 © 
Although we obtained the same answer both times, the first solution is much 

shorter. You should try to use the largest factor that is a perfect square when you” 
use the product rule. oO 

Student Practice 1 Simplify. 20 

Example 2 Simplify. V48 | 

Solution 48 = V16V3 = 4V3 o 

os Student Practice 2 Simplify. 27 

Example 3 Simplify. 

(a) W/16 (b) W—-81 : 
Solution 

(a) V/16 = W8w2 = 2V/2 : 

(b) W/—81 = W273 = -33 o 

Student Practice 3 Simplify. 

(a) V24 (b) V/—108 
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Example 4 Simplify. V48 

Solution /48 = W/16V/3 = 2W/3 Oo 

Student Practice 4 Simplify. “64 

Example 5 Simplify. 

(a) V27x°y4 (b) V 16x*y3z° 

Solution 

(a) V27x*y4 = V9-3-x2-x-y*? = V9x*y4V3x Factor out the perfect squares. 

<7 ee 

= any Vox 

(b) W/16x4y325 = 

Vv 8:2: exeyreg? = Vy, 8x7 y3z° W2x Factor out the perfect cubes. 

aor ee St Why is z° a perfect cube? 

= 2xyz? W2x o 

feed Student Practice 5 Simplify. 

(a) V45x°y’ (b) W/27a7b*c? 

Adding and Subtracting Like Radical Terms @® 

Only like radicals can be added or subtracted. Two radicals are like radicals if they 

have the same radicand and the same index. 2/5 and 3V5 are like radicals. 2/5 

and 2V3 are not like radicals; 2/5 and 2/5 are not like radicals. When we com- 

bine radicals, we combine like terms by using the distributive property. 

‘Example 6 Combine. 2V/5 + 3V/5 — 4V/5 

Solution 2V5 + 3V5 - 4V5 = (2+3-4)V5 =1V5= V5 Oo 

Student Practice 6 Combine. 19Vxy + 5V xy — 10Vxy 
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, 

Sometimes when you simplify radicands, you may find you have like radicals. 

Example 7 Combine. 5V3 — V27 + 2V/48 

Solution 

5V3 — V27 + 2V48 = 5V3 -— V9V3 + 2V16V3 

= 5V3 - 3V3 + 2(4) V3 

= 5V3 - 3V3 + 8V3 | 

= 103 | 

Student Practice 7 Combine. 

4V/2 - 5V50 - 3/98 

[fesq Student Practice 8 ig 
Combine. Example 8 Combine. 6Vx + 4V/12x — V75x + 3Vx 

4V 2x+V 18x-2V 125x—-6V 20x | Solution 

6Vx + 4V12x — V75x + 33Vx 

For all Student Practice prob- = 6Vx + 4V4V3x — V25V 3x + 3V x | 

lems, write out the steps on a 
separate sheet of paper. Check = 6Vx + 8V3x — 5V3x + 3V x | 
the step-by-step solutions in the e. 
back of the textbook. . = Ve + 9a er = ov ch . 

= 9Vx + 3V3x oF 

Example 9 Combine. 2W 81x3y4 + 3xyW 24y 

Solution 

2W/8ix3y4 + 3xyW/24y = 2W27x3y3W/ By + 3xy WV 8V/3y 

= 2(3xy) VW 3y + 3xy(2)V 3y 

= 6xyW 3y + 6xyW 3y . 

= 12xyV 3y o 

Student Practice 9 Combine. 

B3xy W 54x4y3 — 3y? VW 16x? 
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Simplify. Assume that all variables are nonnegative real numbers. 

1. V8 a RW) a 18 4. V5 

5, 28 6. V'54 7. V50 

8. V80 9, V9x 10. V/36x! 

i. V/40a°" 12. V150a"5? 13. V90x3yz4 

14. V/32x2y5z4 15. V/8 16. \/125 

17. W/40 18. V/128 19. \/54a? 

20. W/32n 21. W/2705b? 22. W/125a°b? 

23, W/40x!2y83 24. W/108x5y!7 25. W/81kp> 

26. W/16k!2p!8 27. W/—32x>y® 28. W/—243x4y10 

_ To Think About, Exercises 29 and 30 

29. W/1792 = aw/7. What is the value of a? 30. \/3072 = b\/6. What is the value of b? 

Combine. 

31. 4V/5 + 8V5 Bp 13 + 1/13 B30 4G VI = 5V7 

34. 2V6 + V2 -5V6 aoe 32 = V2 36. V90 -— V'10 

Bi, aay 12 + 27 38. 5V75 + V/48 39, V8 + 50 - 2/72 
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40. V45 + V’80 - 320 41. /48 — 20/27 4 V2 42, —4V/18 + V/98 — 32 

43, —2\V/9A + 3G W754 M4, AV THIV63 — AV 28 

Combine. Assume that all variables represent nonnegative real numbers. 

45. 3V/48x — 2V/12x 46. 5\V/27x — 4V/75x 

47, 5\V/2x + 2V/18x + 2V32x 48. 4\/50x + 3V/2x + V72x 

49, V/44 — 3V/63x + 4V/28x 50. V20x — V72x + V45x 

51. V/200x3 — xV32x 52. aV/48a + V2703 

53, W/16 + 3V/54 54, V/128 — 4V/16 

55. 4x43 — 3V/xy 56. 2yW/27x3 — 3V/125x3y3 

To Think About 

oa 57. Use acalculator to show that Ss 58. Use a calculator to show that 

\/48 FIT EV 1S = 12'3. Vos + V50 + V128 = 20V2. 

Applications Electricians Electricians approximate the amount of current in amps I (amperes) drawn by an appliance 
in the home using the formula 

P 

[= RP 

where P is the power measured in watts and R is the resistance measured in ohms. In exercises 59 and 60, round your answers 
to three decimal places. 

59. What is the amount of current drawn by a refrigerator 60. What is the amount of current drawn by a clothes dryer 
if P = 825 watts and R = 15 ohms? if P = 3600 watts and R = 12 ohms? 
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Period of a Pendulum The period of a pendulum is the amount of time it takes the pendulum to make one complete 
swing back and forth. If the length of the pendulum L is measured in feet, then its period T measured in seconds is given 
by the formula 

IL 
T= —, 27 39 

Use 7 ~ 3.14 for exercises 61-62. 

61. Find the period of a pendulum if its length is 8 feet. 

62. How much longer is the period of a pendulum con- 
sisting of a person swinging on a 30-foot rope than 
that of a person swinging on a 10-foot rope? Round 
your answer to the nearest hundredth. 

Cumulative Review 
Factor completely. 

63. [6.5.3] 16x° — 56x2y + 49xy? 64. [6.5.3] 81x2y — 25y 

Simplify. 

65. [5.5.1] (2x + 3)(2x — 3) 66. [5.5.2] (2x + 3)? 

Quick Quiz 8.3 Simplify. 

‘L. Vi20x7y8 Pua VY LG 

* en 3 x/ag a a 4, Concept Check Explain how you would simplify the 

following. 
W16x!3y16 
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[8.4] Multiplying and Dividing Radicals @ 

EE Multiplying Radical Expressions @® 
After studying this section, you will ~~ W7~ use the product rule for radicals to multiply radical expressions. Recall that 
be able to: Warp = Wab, : 

iy Multiply radical : 

expressions. @® Example 1 Multiply. (3V2) (SV 11x) 

Divide radical expressions. @® Solution (32) (5V11x) = (3)(5)V2:1ix = 15V/22x o 

by rationalizing the 
denominator. @® 

a RLS es p= Student Practice 1 Multiply. (—4-V2) (-3V/13x) 

Example 2 Multiply. Véx (V3 + V2x + V5) 
Solution 

VETTE ED + (6/6) (er 
= Vise + V12x2 + V30x 
= Vov2x + V4r?V3 + V30x 
= 3V2x + 2xV3 + V30x Oo 

Student Practice 2. Multiply. V2x (V/5 + 2V/3x + V8) 

To multiply two binomials containing radicals, we can use the distributive 
property. Most students find that the FOIL method is helpful in remembering how 
to find the four products. ; 

Example 3 Multiply. (V2 + 3V5) (2V2 — V5) 

Solution By FOIL: 

im 2 
(V2 + 3V5)(2V2 — V5) = 2V4 — V10 + 6V10 — 3/25 
La =4+5V10 - 15 

=-11+5V10 

By the distributive property: 

(V2 + 3V5) (2V2 - V5) = (V2 +3V5) (2V2) - (V2 + 3V5) (V5) 

= (V2) (2V2) + (3V3) (2V2) ~ (V2) (V5) - (3V5) (V3) 
= 2V4 + 6V/10 — V0 - 3V25 
4+5V10 - 15 
-11 +5V10 o 

i= Student Practice 3 Multiply. (V7 + 4V/2)(2V7 - 32) 

Example 4 Multiply. (7 - 3V2)(4- V3) 

Solution WAM 

(7 — 3V2)(4 — V3) = 28 — 7V3 - 12V2 + 3V6 
ts 

ba Student Practice 4 Multiply. (2 — 5V/5) (3 - 22) 
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Example 5 Multiply. (V7 + V3x)? 
Solution 

Method 1: We can use the FOIL method or the distributive property. 

(V7 + V3x)(V7 + V3x) = V49 + V21x + Vai + VOx2 
=7+2V 21x + 3x 

Method 2: We could also use the Chapter 5 formula. 

(a + b)? = a® + 2ab + b?, 

where a = V7 andb = V3x. Then 

(V7 + V3x)? = (V7)? + 2V7V3x + (V3x)? 
= 7+ 2V 21x + 3x o 

Student Practice 5 Multiply, using the approach that seems easiest to you. 

(V5x + V10)? 
| 

Example 6 Multiply. 

(a) V3r( Vx? + 3W4y) (by (W2y + V4) (2Way? - 32) 
Solution 

(a) VW3x( Wx? + 3W4y) = (W3x) (Wa?) + 3( Wx) (Wy) 
= Wie + 3V/ ity 
= xV3 + 3V/12xy 

(b) (W/2y + W/4) (2W4y?2 — 3W/2) = 2W by? — 3W/4y + 2W16y? - 3-8 
= 2(2y) — 3Wa4y + 2W8W/2y? - 3(2) 
= dy — 3V/4y + 4V/2y? — 6 o 

fee 9 Student Practice 6 Multiply. 

(a) W/2x(W/4x? + 3Vy) 
| (b) (W7 + Wx?) (2W49 — Wx) 

2 | Dividing Radical Expressions 

We can use the laws of exponents to develop a rule for dividing two radicals. 

hia? (¢)" Oa Wa 
b pin Wh 

This quotient rule is very useful. We now state it more formally. 

QUOTIENT RULE FOR RADICALS 

For all nonnegative real numbers a, all positive real numbers 6, and positive 

integers n, 
n 
a ed n/a 

Voi wwai®s 
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Sometimes it will be best to change .” whereas at other times it will ice Wa 
" VY 

be best to change —= Te to We. To use the ea rule for radicals, you need to 

have good number sense. You should know your squares up to 15* and your cubes 
up to 5°, 

Example 7 Divide. 

ue w) = a 
V3 8 Vix 

Solution 

Vas _ MON 

3 
= = Var4y3 = 2xyVy o 

is’ Student Practice 7 Divide. 

(a) VIS (b) 3 27 (c) V54a°b" 

sve) 64 V/6b> 

3 | Simplifying Radical Expressions 

by Rationalizing the Denominator @® 

Recall that to simplify a radical we want to get the smallest possible quantity in the 
radicand. Whenever possible, we find the square root of a perfect square. Thus, to 

simplify Ne we have 

Ve 
6 Vig 47 

; ; . te 
Notice that the denominator does not contain a square root. The expression 4s 
in simplest form. 

Let’s look at Wes We have 

ieee viI6 oS 
BP NFA 

Notice that the denominator contains a square root. If an expression contains a 
square root in the denominator, it is not considered to be simplified. How can we 

rewrite ry as an equivalent expression that does not contain the V7 in the denom- 

inator? Since V7V7 = 7, we can multiply the numerator and the denominator by 
the radical in the denominator. 

4 V7 _4V7_4V7 

7 Sn 
This expression is considered to be in simplest form. We call this process rationaliz- 
ing the denominator. 

Rationalizing the denominator is the process of transforming a fraction with 
one or more radicals in the denominator into an equivalent fraction Withee a 
radical in the denominator. 



Section 8.4 Multiplying and Dividing Radicals 

Example 8 Simplify by rationalizing the denominator. a 
2, 

Solution 

laa Student Practice 8 Simplify by rationalizing the denominator. 

7 

V3 

We can rationalize the denominator either before or after we simplify the 
denominator. 

3 
Example 9 Simplify. ——— 

V 12% 

Solution 

Method 1: First we simplify the radical in the denominator, and then we multiply 
in order to rationalize the denominator. 

ae = 3 | SEE TONES 

idee aon. 2V3x eax 4 4«22(2x) x 

Method 2: We can multiply numerator and denominator by a value that will make 

the radicand in the denominator a perfect square (i.e., rationalize the denominator). 

Bs lenile3h logan 

Vi2x V12x V3x 

ENE 
since V12xV3x - V36x2 

36x? 

beaViSee 8 Vax . 
6x 2x 

[te9 Student Practice 9 Simplify. 
8 
20x 

If a radicand contains a fraction, it is not considered to be simplified. We can 

use the quotient rule for radicals and then rationalize the denominator to simplify 
the radical. We have already rationalized denominators when they contain square 
‘roots. Now we will rationalize denominators when they contain radical expressions 
that are cube roots or higher-order roots. 
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f 2) 
Example 10 Simplify. 2 ee 

x 

Solution 

quotient rule for radicals Method 1: 3x2 = Waa 

ve W/9x Multiply the numerator and denominator by an 
A3/ae) ee appropriate value so that the new radicand in 
% W9x the denominator will be a perfect cube. 

/18x Observe that we can evaluate the cube root in 

W273 the denominator. 

2 
Method 2: IS = I 5 9x 

85 3x ie 

Student Practice 10 Simplify. 

3/6 
SX 

To rationalize the denominator of a radical expression containing a sum or 

difference with radicals, we must multiply the numerator and denominator by the 

conjugate of the denominator. For example, the conjugate of x + Vy 1S a Vy; 

similarly, the conjugate of x — Vy iS Xe Vy. What is the conjugate of 3 + V2? It 

is3 — V2. How about V/11 + V xyz? It is 711 - V xyZ. 

CONJUGATES 

The expressions a + b and a — b, where a and b represent any algebraic | 
term, are called conjugates. Each expression is the conjugate of the other 
expression. 

Multiplying by conjugates is simply an application of the formula 

(a + b)(a — b) =a’ - Bb’. 

For example, 

(vx + Vy) (Va — Vy) = (Vx)? - (Vy)? =x >. 
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2) 
Example 11 Simplify. ° : Pry ta A/p 

Solution 
5 a > ae v2 Multiply the numerator and denominator 

34 \/2 34 V2 Ne /2 by the conjugate of 3 + V2 

_ 15-5V2 
32 — (V2)? 

_15=—5Vv2_ 15-5V2 3 
9 =r? id 

Student Practice 11 Simplify. 

PLN Ss 

V7+ V3 
V7 - V3 

Solution The conjugate of V7 — V3 is V7 + V3. 

Vir V3 Vi+V3_ V49+2V21 + V9 

WAV 3  VItiV3 (V7)? = (v3)? 

_7+2V21 +3 
- 7-3 

_ 10 + 2V21 
4 

2(5 + V21) 
Car 

2(5+ V21) 
wee 

_5+ Vat 
2 

Example 12 Simplify. 
Student Practice 12 Simplify. 

WPS 

rit V5 

For all Student Practice problems, write out 
the steps on a separate sheet of paper. Check 

the step-by-step solutions in the back of the 
textbook. 
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Multiply and simplify. Assume that all variables represent nonnegative numbers. 

NSN 

4, 

10. 

13. 

16. 

22. 

25. 

28. 

31. 

34. 
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(-4V/s) (-2V3) 

. (~3vy) (V5z) 

(43a) (aV6ab ) 

-3Va (V2b + 2V5) 

—~2Vab (5Va — Vab) 

(3 — V2)(8 + V2) 

(3V3 + V5) (V3 -2V5) 

(V3 +2V2)(V5 + V3) 

(V3 +4V7)2 

(V3x + 4+ 3)? 

(2x) (Wa — Wide) 

2. 

11. 

14. 

17. 

20. 

23. 

26. 

29. 

32. 

35. 

V11V6 

. (3V10) (-4V2) 

» (3Vx)(-6Vy) 

5Va (3Vb — 5) 

4Vx (V3y - 3V6) 

Vx (2V3 -— 5Vx + V5) 

(V6 +3)(V6-1) 

(V7 + 4V5x) (2V7 + 3V5x) 

(3V5 + V3) (V2 + 2V5) 

(9 —2Vb)? 

(V2x+1-2)? 

(V3 + V2) (V5 - 4) 

15. 

18. 

21. 

24. 

27. 

30. 

33. 

36. 

. (4V7) (-2V3) 

. (-5V5) (-6V6) 

: (3xV2x) (-2V/10xy ) 

. —Va (5 + 4Vb) 

—Va (Va - 2Vb) 

aVy (4V6 + Vy — 7V2) 

(2V3 + V2) (2V3 - 4V2) 

(V6 + 3V3y) (5V6 + 2V3y) 

(V5 - 26)? 

(3Va + 4)? 

(Wx?) (3W4x — 455) 

(W4 - W6)(W2 + V6) 
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Divide and simplify. Assume that all variables represent positive numbers. 

37. 

40. 

Rua 
25 

[274 

64x? 

vy 
/27x3 

38. 

41. 

44, 

Simplify by rationalizing the denominator. 

48. 

$1. 

54. 

57. 

60. 

63. 

V3y + V5 

V3x — 2Vy 

V3x + Vy 

46. 

49, 

52. 

55. 

58. 

61. 

Mixed Practice Simplify each of the following. 

aby 3? — 72 + 318 

67. (3V2 - 5V3)(V2 + 2V3) 

47. 

50. 

SBF 

56. 

59. 

62. 

wW| 

= 

2) 

= 
a 

VEEN 2) 

Vy 
V6 + Vay 

il 5 
AT hae N/5 

66. \/45 = 2/105 — 3/20 

68. (5V6 - 3V2)(V6 + 2V2) 
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69. ale 

oe 
ONE ee 

To Think About 

73. A student rationalized the _ denominator 

+ 2 
E and obtained V3 + 3V2 Find a 

2V3 - V2 5 
decimal approximation of each expression. Are 
the decimals equal? Did the student do the work 

correctly? 

cOvs a 
V/5 +e 

of is 74, A student rationalized the denominator of 

15 : oe 
. Find a decimal approximation 

5 — 

and obtained 

of each expression. Are the decimals equal? Did the 

student do the work correctly? 

In calculus, students are sometimes required to rationalize the numerator of an expression. In this case the numerator will 

not have a radical in the answer. Rationalize the numerator in each of the following: 

7s, V2 4+3V5 16 ee 
4 a 

Applications 

Fertilizer Costs The cost of fertilizing a lawn is $1.25 per square yard. Find the cost to fertilize each of the triangular-shaped 
lawns in exercises 77 and 78. Round your answers to the nearest cent. 

A 77. The base of the triangle is (12 + V5) yards, and the A 78. The base of the triangle is (14 + V6) yards, and the 
altitude is V80 O yards. altitude is V'96 yards. 

A 79. Pacemaker Control Panel A medical doctor has A 80. FBI Listening Device An FBI agent has designed a 
designed a pacemaker that has a rectangular control 
panel. This rectangle has a width of (Vx + 3) mil- 
limeters and a length of (Vx + 5) millimeters. Find 
the area in square millimeters of this rectangle. 

secret listening device that has a rectangular base. The 

rectangle has a width of (Vx op 7) centimeters and 

a length of (Vx + 11) centimeters, Find the area in 
square centimeters of this rectangle. 

Cumulative Review 

81. [4.1.6] Solve the system. 82. [4.2.2] Solve the system. 

—2x + 3y = 21 Oia Sy = fe S 

3X at 2a —x + 2y + 3z = -14 

Sine yy — 2S el0 



wo) Section 8.4 Multiplying and Dividing Radicals 509 

od of U.S. Households The bar graph below shows the percentages of U.S. households that were in varying in- 
ome ranges in 2017 In that year, there were about 126,000,000 households in the United States. Use the graph to answer 

exercises 83-85. 

83. [1.1.3] What percent of U.S. households earned $49,999 or less? ds, 2017 

me of U.S. Ho
usehol 

Inco’ 

oo BD 
os 

84. [0.5.3] How many households earned $150,000 or more? 3 o 

Be 
o¢ 

| Aas Pane ds , I U.S. househo 
85. [0.5.3] How many households earned $49,999 or less? Socom Saag OtT (in dollars) 

www. 

Quick Quiz 8.4 

1, Multiply and simplify. (2V3 — V5) (33 + 2V5) 

Rationalize the denominator. 

9 A WEDN/S 

og PG 
2. 

4. Concept Check Explain how you would rationalize the denominator of the following. 

5V3 - 3V2 
3V2 - 2V3 



Use Math to Save Money : 
yr 

Did You Know? Balancing your checkbook can help you keep 
track of what you are spending. 

Balancing Your Finances 

Understanding the Problem: 

One of the first steps in saving money is to determine your 
current spending trends. The first step in that process is learn- 

ing to balance your finances. 
Terry balanced his checkbook once a month when he 

received his bank statement. Below is a table that records the 

deposits Terry made for the month of May. The beginning 

balance for May was $300.50. 

Date Deposit 

May 1 $200.00 

May 3 $150.50 

May 10 | $120.25 
May 25 $50.00 

May 28 | $25.00 

Keeping a Record of Checks: 

Terry needs to know if he is depositing enough money to 

cover his monthly expenses. Below is a table that records each 

check Terry wrote for the month of May. 

Check Number | Checks 

May 30 

Finding the Facts: 

Step 1: Terry needs to know how much he deposits into the 
bank every month. 

Task 1: Determine how much Terry deposited in the bank in 

May. 

Step 2: Terry needs to know how much he spends each month. 

Task 2: Determine the total amount of the checks Terry wrote 
in May. 

510 

ot ee ae 

Task 3: Based on the given information, will Terry be able to 
cover all his expenses for the month of May? 

Making a Decision 

Step 3: Terry needs to know if he can continue to spend money 
at the same rate or if he needs to cut back on his spending. 

Task 4: Assuming all the checks cleared for May, what would 
Terry's balance be at the beginning of June? 

Task 5: If Terry continues these spending habits, what will 
happen? 

Applying the Situation to Your Life: 

Knowing your monthly income and spending habits can help 
you to save. Balance your checkbook and monitor your spend- 

ing habits each month, and try to cut out unnecessary expenses. 

If you are charged ATM fees for making withdrawals from 
your checking account with an ATM card be sure to subtract 
those costs from your checkbook balance. If you pay monthly 
fees to the bank for the cost of your checking account be sure 

to subtract those costs from your checkbook balance. 

Task 6: How often do you balance your checkbook? 

Task 7: Do you have any unnecessary expenses that can be cut 
out? 
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Radical Equations @ 

BE Solving a Radical Equation by Squaring Each 
Side Once @® Seal oes this section, you will 

e able to: 
A radical equation is an equation with a variable in one or more of the radicals. 

3Vx = 8 and V3x — 1 = 5 are radical equations. We solve radical equations by | Solve a radical equation that 
raising each side of the equation to the appropriate power. In other words, we square requires squaring each side 

both sides if the radicals are square roots, cube both sides if the radicals are cube once. @® 
roots, and so on. Once we have done this, solving for the unknown becomes routine. Solve a radical equation that 

Sometimes after we square each side, we obtain a quadratic equation. In this requires squaring each side 
case we collect all terms on one side and use the zero factor method that we devel- twice. @® 
oped in Section 6.7 After solving the equation, always check your answers to see 
whether extraneous solutions have been introduced. 

We will now generalize this rule because it is very useful in higher-level math- 
ematics courses. 

Graphing Calculator 

RAISING EACH SIDE OF AN EQUATION TO A POWER pig esdislearencn 
If y = x, then y” = x” for all natural numbers n. On a graphing calculator 

Example 1 can be solved in 
two ways. Let y; = V2x + 9 

Example 1 Solve. V2x +9 =x +3 and ioe = ee 3. Use your 

Solution ( 94+ 9)? = (x + 3) Square each side. graphing calculator to determine 
Spas he ee ae eee) Simplify where y, intersects y>. What val- 

ue of x do you obtain? Now let 
O's x? 4 Collect all terms on one side. y = V2x + 9 — x — 3nd find 

O = x(x + 4) Factor. the value of x when y = 0. What eee 
x=0 or x+4=0 Set each factor equal to zero. edema A a ve 

method seems more efficient? 

x=0 aes al Solve for x. Use the method above that 
Check you found most efficient to solve 

: : the following equations, and 
For x = 0: V2(0) +940+3 Forx = —4: V2(-4) + 9 = -4+3 round your answers to 

fo 2 3 AS] ee the nearest tenth. 

3=3 Vv 14-1 Vx+95 =x -—23 

Therefore, 0 is the only solution to this equation. o V6x + 1.3 = 2x - 15 

= Student Practice 1 Solve and check your solution(s). V3x —8 =x —2 

As you begin to solve more complicated radical equations, it is important to 
make sure that one radical expression is alone on one side of the equation. This is 

often referred to as isolating the radical term. 

s Example 2 Solve. V10x + 5 — 1 = 2x [t=] Student Practice 2 Solve and 
Solution check your solution(s). —-4 ++ Vx +4=x 

ValOK 4 3S = 2x 1 Isolate the radical term. 

( V 10x + 5) = (2x + 1) Square each side. 

10x + 5 = 4x7 + 4x +1 Simplify. 
0 = 4x2 — 6x — 4 Collect all terms on one side. For all Student Practice problems, write 

0 = 2(2x* — 3x — 2) Factor out the common factor. out the steps on a separate sheet of pene 
0 = — 2). Factor completely. Check the step-by-step solutions in the 

P back of the textbook. 
a 0. of a= 0 Set each factor equal to zero. 

2x = -1 =2 Solve for x. 

1 
x=-> 

2 Continued on next page 
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Check. 

x= -5 4 f1o(-5) +5-12 2(-+) x =2:V10(22)+ 5-1 = 2(2) 

V-5+5-12-1 V25-144 
Vo-14-1 5-144 

ial / 4=4V7 

Both answers check, so -+ and 2 are roots of the equation. oO 

P Solving a Radical Equation by Squaring 

Each Side Twice @® 

In some exercises, we must square each side twice in order to remove all the 
radicals. It is important to isolate at least one radical before squaring each side. 

Example 3 Solve. V5x +1 — V3x =1 

Solution 

V5x +1=1+ V3x Isolate one of the radicals. 

(V5x +1)? = (1 ap V3x)? Square each side. 

5x +1 = (1+ V3x)(1 + V3x) 

5x +1=1+2V3x + 3x 

2x = 2V3x Isolate the remaining radical. 

x= V3x Divide each side by 2. 

Gy= ( V3x)? Square each side. 

r= 

x = 3x =0 Collect all terms on one side. 

ia > 3) = 0 Factor. 

x=0 or x-3=0 Solve for x. 

x=3 

Check. 

x=0: V5) +1-V30)21 2x=3: V5G)+1-— V3) 41 
Vi-Vo+1 V16 - V9 21 

t= t Vv 1=1 v7 

Both answers check. The solutions are 0 and 3. Oo 

Student Practice 3 Solve and check your solution(s). 

Wop + 5 —2V 2x = 1 
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We will now formalize the procedure for solving radical equations. 

PROCEDURE FOR SOLVING RADICAL EQUATIONS 

1. Perform algebraic operations to obtain one radical by itself on one side 
of the equation. 

2. If the equation contains square roots, square each side of the equation. 

Otherwise, raise each side to the appropriate power for third- and 
higher-order roots. 

. Simplify, if possible. 

. If the equation still contains a radical, repeat steps 1 to 3. 

. Collect all terms on one side of the equation. 

. Solve the resulting equation. 

. Check all apparent solutions. Solutions to radical equations must be 
verified. 

Example 4 Solve. V2y +5 -— Vy -1= Vy +2 

Solution 

(Vay #3 - y=)? = (Vy 2) 
(29 +5 — Vy - 1)(V2y +5 - Vy —1) =y +2 

pee Ss — ING 1)2y +5) + y—-1=yt+2 

—2V(y — 1)(2y + 5) = -2y -2 

Viy - IQy+5)=yt1 rae, each side 

(V2y? + 3y —- 5)? =~ + 1) Square each side. 

ay? +3y-S5=y*+2y+1 

(oe 0 = 0 Collect all terms 

(y + 3)(y — 2) =0 on one side. 

Vee Se Ob Vy a2 

Check. Verify that 2 is a valid solution but —3 is not a valid solution. Oo 

ieee Student Practice 4 Solve and check your solution(s). 

Wy-1+ Vy-4= Vay 

Example 5 Solve. V3x + 2 =5 

Solution 

(W3x + 2)? = 5° Raise each side to the third power. 

[(Gx.+ 2)/3}9 = 5° W3x+2= Gx + 2)? 

3x +2 = 125 Use the rule of exponents: 
(367) = pia 

x = 41 Solve the linear equation. 

Check. Verify that 41 is a valid solution. a 

f=’ 4 Student Practice 5 Solve. 

Veni =2 
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Verbal and Writing Skills, Exercises 1 and 2 

1. Before squaring each side of a radical equation, what 2. Why do we have to check the solutions when we solve 

step should be taken first? radical equations? 

Solve each radical equation. Check your solution(s). 

3. Vier 4. V5x-4=6 5. V 4x33 = 0 6.02 a =e Vanes 

7 y+1=V5y-1 & Vy +10=y—2 9, 2x = Vilx +3 10. 4x = V6x +1 

WW. 2=5+ V2x+1 12. 12+ V4 45 =7 B. yoV7—3=5 14. V2y -6+3=y 

15. = eee 160 = 2) ee 17. x-2Vx-3=3 18. 2V/2xe+2+1=244 

19, V3x7 -—x=x 20. V 5x" — 3x = 2x 2 N/ 243 = 2 22. W334 = 1 

3. Wax —=1=3 24. W/3 - 5x =2 

Solve each radical equation. This will usually involve squaring each side twice. Check your solutions. 

5. Vxr+4=1+ Vx5o 2. Vx+54+1= Vx 418 27, Vox +1 =14+ Vix 

28. 2Vx+4=1+V2x+9 29. Vx+6=1+Vx+2 30. V3x +1-Vx-4=3 
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31. Vow 13 = 1+ Vee 4 32. V8 +17 = V9x +741 33. V2x+9-Vx+1=2 

34. V2x +6=V7-2x+1 35. V4x +6= Vxt+1—-—-Vx4+5 36 V3x+44+ Vx+5= V7-—-2x 

37. 2Vx —- Vx -5=V2x-2 38. V3 - 2Vx = Vx 

pentional Graphing Calculator Problems 

Solve for x. Round your answer to four decimal places. 

BO. x = V4.28x — 3.15 40. ©/5.62x + 9.93 = 1.47 

Applications 

41. Police Officer Police officers often use a formula that A42. Flight Data Recorder The volume V of a steel con- 
relates a car’s speed with the length of the skid marks 
it leaves after the brakes are applied. When a car trav- 
eling on wet pavement at a speed V in miles per hour 
stops suddenly, it will produce skid marks of length S$ 
feet according to the formula V = 2V3S. 

(a) Solve the equation for S. 

(b) Use your result from (a) to find the length of the 

skid mark S if the car is traveling at 30 miles per 
hour 

tainer inside a flight data recorder is defined by the 
equation 

eke 
5’ 

where x is the sum of the length and the width of the 
container in inches and the height of the container is 
5 inches. 

(a) Solve the equation for V. 

(b) Use the result from (a) to find the volume of the 

container whose length and width total 3.5 inches. 

Stopping Distance Recently an experiment was conducted relating the speed a car is traveling and the stopping distance. In 
this experiment, a car is traveling on dry pavement at a constant rate of speed. From the instant that a driver recognizes the 

need to stop, the number of feet it takes for him or her to stop the car is recorded. For example, for a driver traveling at 50 
miles per hour, it requires a stopping distance of 190 feet. In general, the stopping distance x in feet is related to the speed of 
the car y in miles per hour by the equation 

Olly + 1.25 = V3.762Z5 + O22x, 

(Source: www.nhtsa.gov) 

43. Solve this equation for x. 44, Use your answer from exercise 43 to find what the 
stopping distance x would have been for a car traveling 
at y = 60 miles per hour. 
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To Think About 

45. The solution to the equation 46. The solution to the equation 

“ / 2 Ve+a—- Vx = -4 
Je = She SiO == he == 7 4 : 

is x = 25. What is the value of a? 
is x = 3. What is the value of c? 

Cumulative Review Simplify. 

47. [8.1.1] (4°x°)?9 AB. 18,1.1). (0) 49, [8.2.2] W/—216x°y? 50. [8.2.2] W/—32xy° 

51. [4.3.1] Mississippi Queen The Mississippi Queen is 52. [4.3.1] Veterinarian Costs The Concord Veterinary 
a steamboat that travels up and down the Mississippi Clinic saw a total of 28 dogs and cats in one day for a 
River at a cruising speed of 12 miles per hour in still standard annual checkup. The checkup cost for a cat 
water. After traveling 4 hours downstream with the is $70, and the checkup cost for a dog is $85. The total 

current, it takes 5 hours to get upstream against the amount charged that day for checkups was $2200. How 
current and return to its original starting point. What is many dogs were examined? How many cats? 

the speed of the Mississippi River’s current? 

Quick Quiz 8.5 Solve and check your solutions. 

NB Waseda = oe DAS 58 8 = AY = 8} 

3. 4-Vx-4= V2x- 1 4. Concept Check When you try to solve the equation 

2+ Vx + 10 = x, you obtain the values x = —1 and 

x = 6. Explain how you would determine if either of 
these values is a solution of the radical equation. 
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El Simplifying Expressions Involving 

Complex Numbers @® 

Until now we have not been able to solve an equation such as x* = —4 because 
there is no real number that satisfies this equation. However, this equation does 
have a nonreal solution. This solution is an imaginary number. 

We define a new number: 

j= V-1ori? = -1 

Now let us use the product rule 

V-a = V-1Va_andsee if it is valid. 

Ifx? = —4,x = V—4, ThenV—4 = V4(-1) = V4V=-1 = V4-i = 2i. 

Thus, one solution to the equation x” = —4 is 2i. Let’s check it. 

x? = —-4 

(2iy? = —4 

4i? 2 -4 

4(=1) +4 

-4=-4 Vv 

The value —2/ is also a solution. You should verify this. 

Now we formalize our definitions and give some examples of imaginary 
numbers. 

DEFINITION OF IMAGINARY NUMBERS 

- The imaginary number i is defined as follows: 

i= V-1 and 

| The set of imaginary numbers consists of numbers of the form bi, where b 

is areal number and b ¥ O. 

P= -1. 

| DEFINITION 
- For all positive real numbers a, 

Veaa V-1Va =iVa. 

Example 1 Simplify. 

(a) V —36 

Solution 

(a) V—36 = V-1V36 = (i)(6) = 65 

(b) V-17 

(b) V-17 = V-1V17 = iV17 Oo 

Student Practice 1 Simplify. (a) VV—49 (b) V—31 

Section 8.6 Complex Numbers 517 

Student Learning Objectives 

After studying this section, you will 
be able to: 

a Simplify expressions involving 

complex numbers. @® 

Add and subtract complex 
numbers. @® 

Multiply complex numbers. @® 

4 | Evaluate complex numbers 
of the form i”. @® 

5 | Divide two complex 
numbers. @® 
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Graphing Calculator 

Complex Numbers 

Some graphing calculators, such 
as the TI-84, have a complex 

number mode. If your graphing 

calculator has this capability, 
you will be able to use it to do 

complex number operations. 
First you must use the[Mode] 
command to transfer selection 
from “Real” to “Complex” 

or “a + bi.” To verify your 
status, try to find V —7 on your 

graphing calculator. If you 
obtain an approximate answer 
of “2.645751311 i,” then your 

calculator is operating in the 
complex number mode. If you 
obtain “ERROR: NONREAL 
ANSWER,” then your calcu- 

lator is not operating in the 
complex number mode. 

To avoid confusing V17i with V17i, we write the i before the radical. That is, 

we write iV 17. 

Example 2 Simplify. V—45 

Solution 

V=45 = V-1V/45 = iV45 = iV9VS = 31S o 

ao Student Practice 2 _ Simplify. V —98 

The rule VaVb = Vab requires thata = Oand b = 0. Therefore, we cannot 
use our product rule when the radicands are negative unless we first use the defini- 
tion of V —1. Notice that 

V-1-V-1 =i-i =? = -1. 

Example 3 Multiply. V—16+ V—25 

Solution 

First we must use the definition Nei = i. Thus, we have the following: 

(V-16)(V-25) = (iV16)(iV25) 
i°(4)(5) 

—1(20) ?=-1 

= —20 oO 

Student Practice 3 Multiply. V—8- V —2 

Now we formally define a complex number, 

DEFINITION OF COMPLEX NUMBER 

A number that can be written in the form a + bi, where a and b are real 

numbers, is a complex number. We say that a is the real part and bi is the 
imaginary part. 

Under this definition, every real number is also a complex number. For exam- 
ple, the real number 5 can be written as 5 + Oi. Therefore, 5 is a complex number. In 
a similar fashion, the imaginary number 2i can be written as 0 + 2i. So 2i is a com- 

plex number. Thus, the set of complex numbers includes the set of real numbers and 
the set of imaginary numbers. 

DEFINITION 

Two complex numbers a + bi and c + di are equal if and only if a = c and 
b=d. 

This definition means that two complex numbers are equal if and only if their 
real parts are equal and their imaginary parts are equal. 
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Example 4 Find the real numbers x and y if x + 3i\V/7 = -2 + yi. 

Solution By our definition, the real parts must be equal, so x must be —2; the 
imaginary parts must also be equal, so y must be 3V7. oO 

Student Practice 4 Find the real numbers x and y if 

~7 + 2yiV3 = x + 61V3. 

Adding and Subtracting Complex Numbers @® 

ADDING AND SUBTRACTING COMPLEX NUMBERS 

For all real numbers a, 6, c, and d, 

(a + bi) + (c+ di) = (a+c)+(b+d)i and 

(a + bf) — (c + di) = (a — c) + (6 — d)i. 

In other words, to combine complex numbers we add (or subtract) the real parts, 
and we add (or subtract) the imaginary parts. 

Example 5 Subtract. (6 — 2i) — (3 — 5i) 

Solution 

Meee 3 EGS 3) (2 = Cs) = 34 Or H3e oO 

Student Practice 5 Subtract. (3 — 4i) — (2 — 18%) 

Multiplying Complex Numbers @® 

As we might expect, the procedure for multiplying complex numbers is similar to 
the procedure for multiplying polynomials. We will see that the complex numbers 
obey the associative, commutative, and distributive properties. 

Example 6 Multiply. (7 — 6i)(2 + 3i) 

Solution Use FOIL. 

Pea 
(7 — 6i)(2 + 3i) = (7)(2) + (7)(3i) + (—6i)(2) + (—6i)(3i) 

ald 2h — 425 — 1877 
= 14 + 21i — 12i — 18(-1) 
= 14 + 21i — 12) + 18 
= 32 + 9 n 

Student Practice 6 Multiply. (4 — 2i)(3 — 71) 
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520 Chapter 8 Rational Exponents and Radicals 

Example 7 Multiply. 3i(4 — 5i) 

Solution Use the distributive property. 

3i(4 — 5i) = (3)(4)i + G)(-5)i? 
= 12), =) 1517 

= 12i — 15(-1) 

= 15 + 123 o 

rd Student Practice 7 Multiply. —2i(5 + 6i) 

Evaluating Complex Numbers of the Form ini?” @® 

How would you evaluate i”, where n is any positive integer? We look for a pattern. 
We have defined 

po i. 

We could write 

~ pea p= (=1)i =i. 

We also have the following: 

i* = i?+i? = (-1)(-1) = +1 

Pap 7 = (+l) = +i 

We notice that i> = i. Let’s look at i®. 

i® = 4-7? = (+1)(-1) = -1 

We begin to see a pattern that starts with i and repeats itself for i>. Will i7 = —i? 
Why or why not? 

VALUES OF i” 

We can use this pattern to evaluate powers of i. 

Example 8 Evaluate. 

(a) i (b) i” 

Solution 

(a) P= (*P = (1) =1 

(b) 77 = G4) eC) (Gs) = =i 
This suggests a quick method for evaluating powers of i. Divide the exponent by 4. 
i* raised to any power will be 1. Then use the first column of the values of i” chart 
above to evaluate the remainder. o 

Student Practice 8 Evaluate. 
(a) i+? (b) ps 
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Dividing Two Complex Numbers @® 

The complex numbers a + bi and a — bi are called conjugates. The product of two 
complex conjugates is always a real number. 

(a + bi)(a — bi) a’ — abi + abi — b*i? 

sa b*(—1) 
=a +b 

When dividing two complex numbers, we want to remove any expression in- 
volving i from the denominator. So we multiply the numerator and denominator by 
the conjugate of the denominator. This is just what we did when we rationalized the 
denominators of radical expressions. 

Tet 
Exampl Divide. ple 9 ivide. -—— 

Solution 

Tt Gee 21 + 14 Si + 2? 21 + 178 42-1) 
3~-2i 3+2i 9 — 4i? 9 = 4(-2) 

Ba i 2 
9+4 

ee)? 17, 
13 oe 13 

Student Practice 9 Divide. 
4 + 2i 
3 + 4i 

mea 

4i 
Example 10 Divide. 

Solution 

The conjugate of 0 + 4iisO — 47 or simply —4i. 

Some lai + 8 _ -12i + 8(=1) 
4i  —4i -162 —16(-1) 

~=8- 12) A (-2 - 3i) 
16 A4 

oi plus E 
4 3. 4 

‘tee Student Practice 10 Divide. 

Seapets 

=2i 

Graphing Calculator 

Complex Operations 

When we perform complex 
number operations on a 

graphing calculator, the answer 

will usually be displayed as an 
approximate value in decimal 
form. Try Example 9 on your 

graphing calculator by entering 

(ace tac (Siete) pL OU SHOULG 
obtain an approximate answer of 

1.461538462 + 1.307692308i. 
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Verbal and Writing Skills, Exercises 1-4 

1. Does x* = —9 have a real number solution? Why 

or why not? 

3. Are the complex numbers 2 + 3i and 3 + 2i equal? 

Why or why not? 

Simplify. Express in terms of i. 

Describe a complex number and give an example. 

Describe in your own words how to add or subtract 

complex numbers. 

5. V/-25 6. V-100 7. V-28 8. V-80 

9 10. * ui. -V-81 12. -V-36 

13. 2+ V-3 14. 5+ V-7 15. -2.8 + V-16 16. 8.1 + V-144 

17. -3 + V-24 18. —2 — V—40 

19. (V-5)(V-2) 20. (V-7)(V-3) 

21. (V-36)( V-4) 22, (V-25)(V/-9) 

Find the real numbers x and y. 

23. x — 31= 3 24. x- 9 =8+ yi 28, 13. 2:5 =a oe 

26. 3.4 — 0.81 = 2x — yi 27. 23 + yi = 17 Xe 28. 20+ x — 11i = 19 -P ae 

Perform the addition or subtraction. 

29. (> 8) ani 6 may) 30.. (—-10 — 4) + Ga 31. (-3 +: i) fe e = >i) 

32. (2 = 1) + (2 + <i) 33. (2.8 '="0:77) = GG ar) 34. (6.5 + 7.21) = 23> 4p 
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Multiply and simplify your answers. Place in i notation before doing any other operations. 

5. (2i)(7i) 36. (6i)(3i) 

38. (i)(—3i) 39. (2 + 3i)(2 - i) 

Ai = 3(—2 + i) 42. 15i - 5(4 + i) 

44, 4i(7 — 23) 45. (3 + i) 

47. (iV3) (iV7) 

49, (3 + V-2)(4+ V-5) 

Evaluate. 

51. i!’ Lo La 

55, i* 56. i® 

Pee i 60, ire 

Divide. 

2+i 4+2i (ier ne ae 

—3i 5 — 21 

ot 2 + Si os 6i 

69. 4 70. oa 
vi l 

pe a) me 
"4+ 2i 34+ 2i 

37. (—7i)(6i) 

40. (5 — 2i)(1 + 4i) 

43. 2i(5i — 6) 

48. (iV2) (iV6) 

50. (2 + V-3) (6 + V-2) 

61, (1° — 77 62. 218° — 2i7 

65. 

68. 

71. 

74. 
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Mixed Practice Simplify. 

tos = 98 77. (8 — 5i) — (-1 + 3’) 16. Noa iz 

78. (—4 + 6i) — (3 = 41) 79. (3i — 1)(5i — 3) 80. (21 + 7)(7 — i) 

2 — 3i ee 
SE goat eae | 

Applications The impedance Z in an alternating current circuit (like the one used in your home and in your classroom) 

V 
is given by the formula Z = —, where V is the voltage and I is the current. 

83. Find the value of Z if V=3 + 2i and J = 3i. 

Cumulative Review 

85. [2.6.2] Factory Production A juice factory produces 86. [2.7.2] Donation of Computers Citizens Bank has 
juice in three different types of containers. x + 3 

hours per week are spent on producing juice in glass 

bottles. 2x — 5 hours per week are spent on produc- 

ing juice in cans. 4x + 2 hours per week are spent on 

producing juice in plastic bottles. If the factory op- 

erates 105 hours per week, how much time is spent 
producing juice in each type of container? 

Quick Quiz 8.6 Simplify. 

L (67096 2) 

decided to donate personal computers to the Boston 
Public Schools. Each computer donated is worth $120 
in tax-deductible dollars to the bank. In addition, the 

computer company supplying the bank with com- 

puters gives a 7% rebate to any customer donating 
computers to schools. If sixty new computers are pur- 
chased at a list price of $1850 each and sixty comput- 
ers are donated to the Boston Public Schools, what is 
the net cost to the bank for this purchase? 

. Concept Check Explain how you would simplify 
the following. 

(3 + Si)” 

84. Find the value of Z if V=4+2i and J = —3i. — 
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8.7) Variation @ 

El Solving Problems Using Direct Variation @® 
After studying this section, you will 

be able to: 
Many times in daily life we observe how a change in one quantity produces a change 
in another. If we order one large pepperoni pizza, we pay $8.95. If we order two 
large pepperoni pizzas, we pay $17.90. For three large pepperoni pizzas, it is $26.85. 1 Solve problems requiring the use 
The change in the number of pizzas we order results in a corresponding change in of direct variation. @® 
the price we pay. 

Notice that the price we pay for each pizza stays the same. That is, each pizza Solve problems requiring the use 
costs $8.95. The number of pizzas changes, and the corresponding price of the order Obinverse Variation. ip 
changes. From our experience with functions and with equations, we see that the cost Solve problems requiring 

of the order is y = $8.95x, where the price y depends on the number of pizzas x. We the use of joint or combined 
see that the variable y is a constant multiple of x. The two variables are said to vary variation. @® 

directly. That is, y varies directly with x. We write a general equation that represents 

this idea as follows: y = kx. 
When we solve problems using direct variation, we usually are not given the 

value of the constant of variation k. This is something that we must find. Usually all 

we are given is a point of reference. That is, we are given the value of y for a specific 
value of x. Using this information, we can find k. 

Example 1 The time of a pendulum’s period varies directly with the square root 
of its length. If the pendulum is 1 foot long when the time is 0.2 second, find the time 

if the length is 4 feet. 

Solution Lett = the time and L 

We then have the equation 

tek L. 

We can evaluate k by substituting L = 1 and t = 0.2 into the equation. 

P= kVL 
0.2 = k(V1) 
0.2=k because V1 = 1 

Now we know the value of k and can write the equation more completely. 

P= O2VL 
When L = 4, we have the following: 

f= 02V4 
t = (0.2)(2) 

t = 0.4 second oO 

the length. 

dee Student Practice 1 The maximum speed of a racing car varies directly 
with the square root of the horsepower of the engine. If the maximum speed of a 
car with 256 horsepower is 128 miles per hour, what is the maximum speed of a 
car with 225 horsepower? 

Solving Problems Using Inverse Variation 

In some cases when one variable increases, another variable decreases. For exam- 

ple, as you increase your speed while driving to a particular location, the time it 
takes to arrive decreases. If one variable is a constant multiple of the reciprocal of 

_the other, the two variables are said to vary inversely. 
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Example 2 Ify varies inversely with x and y = 12 when x = S, find the value of 
when x = 14. 

' ee . P , k 
Solution If y varies inversely with x, we can write the equation y = —. We ca 
find the value of k by substituting the values y = 12 and x = 5. a 

12 = E § 
5 

60 =k : 

We can now write the equation 
q 

ee . 
eon . 

To find the value of y when x = 14, we substitute 14 for x in the equation. 

moe . 
ead | 
ae o ye | 

Student Practice 2 If y varies inversely with x and y = 45 when 

x = 16, find the value of y when x = 36. : 

Example 3 The amount of light from a light source varies inversely with the 
square of the distance to the light source. If an object receives 6.25 lumens when 
the light source is 8 meters away, how much light will the object receive if the light 
source is 4 meters away? 

Solution Let L = the amount of light and d = the distance to the light source. 

Since the amount of light varies inversely with the square of the distance to 
the light source, we have 

k 
— aul 

Substituting the known values of L = 6.25 and d = 8, we can find the value of k. 

k 
6.25 = @ 

k 
6.25 = 64 

400 =k 



) Section 8.7 Variation 

We are now able to write a more specific equation, 
\ 

; —_ 400 aia 

We will use this to find L when d = 4 meters. 

L = 25 lumens 

Check. Does this answer seem reasonable? Would we expect to have more light if 
we move closer to the light source? ¥ oO 

ieee Student Practice 3 The weight that can safely be supported on top of a 
cylindrical column varies inversely with the square of its height. If a 75-ft column 

can support 2 tons, how much weight can a 3-ft column support? 

Solving Problems Using Joint 

or Combined Variation @® 

Sometimes a quantity depends on the variation of two or more variables. This is 
called joint or combined variation. 

Example 4 y varies directly with x and z and inversely with d?. When x = 7, 
z = 3, and d = 4, the value of y is 20. Find the value of y when x = 5, z = 6, 

and d = 2. 

Solution We can write the equation 

24 

Aree 
To find the value of k, we substitute into the equation y = 20, x =7, z = 3, 

and d = 4. 

k(7)(3 29 = KOO) 
4 

21k 
20 = —— 

16 

320 = 21k 

320 _ 
21 

: 320 : is ; 
Now we substitute Ot for k into our original equation. 

320 
re op ea2oxz 
ie Eare2id 

Continued on next page 
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We use this equation to find y for the known values of x, z, and d. We want t 
find y when x = 5, z = 6, andd = 2. 

_ 320(5)(6) _ 9600 
21(2)? ~—s«84 

dee Student Practice 4 y varies directly with z and w” and inversely with 
x.y = 20 when z = 3, w = 5;andx = 4, Find y whenz = 4, w = 6,andx = 2. 

Diameter, Many applied problems involve joint variation. For example, a cylindrical con- 
« ARON ? crete column has a safe load capacity that varies directly with the diameter raised to 
tf wr | the fourth power and inversely with the square of its length. 
t 

. Therefore, if d = diameter and / = length, the equation would be of the form 

_ kds 
Cae Length 



[37] Exercises = MyLab™ Math 

Verbal and Writing Skills, Exercises 1-4 
Use a separate sheet of paper to complete the following. 

1. Give an example in everyday life of direct variation 2. The general equation y = Ax means that y varies 
and write an equation as a mathematical model. with x. k is called the of variation. 

3. If y varies inversely with x, we write the equation 4. Write a mathematical model for the following situa- 

tion: The strength of a rectangular beam varies directly 
with its width and the square of its depth. 

Round all answers to the nearest tenth unless otherwise directed. 

§. If y varies directly with x and y = 20 when x = 25, 6. Ify varies directly with x and y = 30 when x = 9, find 
find y when x = 65. y when x = 90. 

7. Pressure on a Submarine A marine biology subma- 8. Spring Stretching The distance a spring stretches var- 
rine was searching the waters for blue whales at 50 feet ies directly with the weight of the object hung on the 

below the surface, where it experienced a pressure of spring. Ifa 20-pound weight stretches a spring 8 inches, 
21 pounds per square inch (psi). If the pressure of water how far will a 50-pound weight stretch this spring? 
on a submerged object varies directly with its distance 
beneath the surface, how much pressure would the sub- 
marine experience if it had to dive to 170 feet? 

9. Stopping Distance A car’s stopping distance varies 10. Time of Fall in Gravitation When an object is 
directly with the square of its speed. A car that is travel- dropped, the distance it falls in feet varies directly 
ing 30 miles per hour can stop in 40 feet. What distance with the square of the duration of the fall in seconds. 

will it take to stop if it is traveling 60 miles per hour? An apple that falls from a tree falls 1 foot in }second. 
How far will it fall in 1 second? How far will it fall in 
2 seconds? 
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11. 

13. 

15. 

17. 

If y varies inversely with the square of x, and y = 5 

when x = 3, find y when x = 0.3. 

Gasoline Prices Last summer the price of gasoline 
changed frequently. One station owner noticed that 
the number of gallons he sold each day seemed to 

vary inversely with the price per gallon. If he sold 2800 
gallons when the price was $3.10, how many gallons 

could he expect to sell if the price fell to $2.90? Round 
your answer to the nearest gallon. 

Beach Cleanup Every year on Earth Day, a group of 

volunteers pick up garbage at Hidden Falls Park. The 
time it takes to clean the park varies inversely with the 

number of people picking up garbage. Last year, 39 

volunteers took 6 hours to clean the park. If 60 volun- 

teers come to pick up garbage this year, how long will 

it take to clean the park? 

Construction Worker Keith is a construction worker 
and knows that the weight that can be safely supported 

by a 2- by 6-inch support beam varies inversely with its 
length. He finds that a support beam that is 8 feet long 

will support 900 pounds. Find the weight that can be 
safely supported by a beam that is 18 feet long. 

12. 

14. 

16. 

If y varies inversely with the square root of x, and 
y = 3.5 when x = 0.16, find y when x = 0.3. 

Weight of an Object The weight of an object on 
Earth’s surface varies inversely with the square of its 
distance from the center of Earth. Suppose a person 
weighs 230 pounds on Earth’s surface. This is approx- 
imately 4000 miles from the center of Earth. How 
much would the person weigh 4500 miles from the 
center of Earth? 

Emptying a Tank The time required for a pump to 
empty a tank varies inversely with the rate of pump- 
ing. If the pump can empty a tank in 2.5 hours at a rate 
of 400 gallons per minute, how long will it take the 
same pump to empty the tank at a rate of 500 gallons 

per minute? 

18. Satellite Orbit Speed The speed that is required to 
maintain a satellite in a circular orbit around Earth 
varies directly with the square root of the distance of 
the satellite from the center of Earth. We will assume 

that the radius of Earth is approximately 4000 miles. A 
satellite that is 100 miles above the surface of Earth is 
orbiting at approximately 18,000 miles per hour. What 
speed would be necessary for the satellite to orbit 500 
miles above the surface of Earth? Round to the nearest 
mile per hour. 



\ 

) 

19. Pool Maintenance Worker Michelle works for Aqua 
City Pools as a maintenance worker. She knows that 
the amount of time it takes to fill a whirlpool tub is 
inversely proportional to the square of the radius of the 
pipe used to fill it. She has a pipe of radius 2.5 inches 
that can fill a tub in 6 minutes. How long will it take the 

Section 8.7 Variation 531 

20. Wind Generator The force on a blade of a wind gen- 
erator varies jointly with the product of the blade’s 
area and the square of the wind velocity. The force of 
the wind is 20 pounds when the area is 3 square feet 
and the velocity is 30 feet per second. Find the force 

when the area is increased to 5 square feet and the 
tub to fill if a pipe of radius 3.5 inches is used? velocity is reduced to 25 feet per second. 

Cumulative Review Solve each of the following equations or word problems. 

21. [6.7.1] 3x? - 8&& +4=0 22. [6.7.1] 4x? = -—28x + 32 

23. [2.7.2] Sales Tax In 2019, the state with the highest 

sales tax was Tennessee with 9.47%. Donny shopped 
in Nashville, Tennessee, and bought an amplifier for 

his stereo that cost $503.56 after tax. What was the 

original price of the amplifier? 

24, [7.6.1] Tennis Courts It takes 75 gallons of white 

paint to properly paint lines on three tennis courts. 
How much paint is needed to paint twenty-two tennis 
courts? 

| Quick Quiz 8.7 

1. If y varies inversely with x and y = 9 when x = 3, 
find the value of y when x = 6, 

2. Suppose y varies directly with x and inversely with the 

square of z. y = 6 when x = 3 and z = 5S. Find y when 
x = 6andz = 10. 

. Concept Check If y varies directly with the square root 
of x and y = 50 when x = 5S, explain how you would 
find the constant of variation k. 

3. The distance a pickup truck requires to stop varies 
directly with the square of the speed. A new Ford 
pickup truck traveling on dry pavement can stop in 

' 80 feet when traveling at 50 miles per hour. What 
distance will the truck take to stop if it is traveling at 
65 miles per hour? 



CAREER EXPLORATION PROBLEMS 

Background: Surveyor 
Clarisse is an associate surveyor employed by Cliffside Surveying & Mapping. In addi- 
tion to the field work she does, her duties include checking the data and computa- 
tions her team has compiled to verify its accuracy. After doing this, Clarisse enters the 

data into a spreadsheet that will be used to compile Cliffside’s final set of diagrams 
and report. 

Clarisse has three current assignments. The first is surveying a stretch of shore- 

line abutting an apartment complex so that extensive repairs to its seawall can be 
made. A second project involves verifying the property lines of an office park so 

excavation for a parking lot and new lighting can then begin. Her third project is 
determining the boundaries between city property and private property around a 

planned roadway expansion. 

Facts 
e The shoreline’s measured distance is made up of two sections. The first is the 

hypotenuse of a right triangle whose legs have been measured to be 170 feet 
and 38 feet. The second section is the lég of a right triangle whose hypotenuse 
and second leg are measured as 84 feet and 27 feet, respectively. 

¢ The volume of earth being removed from the office park area is determined by the 

formula V = T hia + b), where hl = 20/3 yd2, a = 6/50 yd, and b = 7V8yd. 

e The amount of light the parking lot surface will receive is to be 3900 lumens from 

an LED source of 50 watts mounted atop light poles 25 feet high. 
e The endpoint of a section of roadway measuring 40.5 feet is 13 feet below the 

starting point of the measured length. 

Tasks 
1. Clarisse needs to approximate to the nearest foot, what the distance of the 

shoreline is so materials and equipment can be put in place to begin the seawall 

repair. What are the lengths of the two sections and the overall length rounded 
to the nearest foot? 

2. Looking over the data for the parking lot excavation project, Clarisse detects 
an error in the computation for the volume of the earth being excavated. It is 
given as approximately 3083 yd?, so she decides to recalculate using the follow- 
ing formula: 

V= + hla + b), where hi = 203 yd2, a = 6V/50yd, and b = 7V8yd. 

What is her result, rounded to the nearest cubic yard? 

3. Clarisse knows that the intensity of light from its source varies inversely as the 
square of its distance from the source. The intensity of light is measured in 
lumens, L, and the distance from the source is expressed as d. The project man- 
ager wants her to recompute how much light the parking lot area would receive 
if the 50-watt LED source was mounted atop light poles 20 feet and 30 feet high. 

4. Clarisse sees that the horizontal distance for the stretch of roadway measuring 
40.5 feet whose endpoint is 13 feet below the starting point hasn’t been calcu- 
lated. What is this value, rounded to the nearest tenth of a foot? 
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Chapter 8 Organizer 

Topic and Procedure Examples => You Try It 
(on a separate sheet of paper) 

Raising a variable with an exponent Simplify. Express your answers with positive 
to a power, p. 479 exponents only. 

(an)? = ym (a) (Gat! 2)-4/8 = x' 

(xy)” = ye AA i ey Re 32/3 

; : (b) (3x 2y MENS = 32/3, MEAY L/S) ree 

(2) = ale ay 
y ye y 4x2 \U/4  gl/Ay-t/2 g/g 1/4y 1/8 o (,)"= ee 31y-1/2 3-1/4y-1/8 Rip 

\ Multiplication of variables with rational Multiply. (3x'/5)(-2x3/5) = —6x4/5 
exponents, p. 480 

xy = ymtn 

Division of variables with rational b =16x3/20 271/10 Ba 
exponents, p. 480 Divide. = ee . 245/20 3 31/10 

xt 

= te eee 

_ Removing negative exponents, p. 480 

1. Simplify. Express your answers with 
positive exponents only. 

(a) (Re 

(b) Carb tye = abs 
ab}/12 

. Multiply. (—a'/?)(4a‘/3) 

. Divide. 
12x7/2 

aye 

Write with positive exponents. . Write with positive exponents. 

1 ee = 
\ parti aw xandy # 0 (a) 3x x4 (a) 5a 
: ie / 2x6 28 —2 

ey” See teen ) 
y™ mt Sy Sx 6a° 

1 1 
=2 SS SS —— =) ler Rae (c) 2 

Multiplication of expressions with Multiply. . Multiply. «(x23 — x1) 
_ rational exponents, p. 481 

Add exponents whenever expressions with 

the same base are multiplied. : 

x23 (1/3 — 1/4) = 13/3 — 2341/4 = y — yltst2 

‘Zero exponent, p. 482 

m= 1. (ifoe0) 

Simplify. (3x'/?)? = 1 

; 
Higher-order roots, p. 487 

If x is a nonnegative real number, Vx is a 
nonnegative n th root and has the property 

‘that 

(Wx)" =x. 

If x is a negative real number, and n is an 

~ odd integer, then ‘/x has the property that 
Ra (\ioc) > =e 

| If xis a negative real number, and n is an even 

integer, V/x is not areal number. 

Rational exponents and radicals, p. 490 

_ For positive integers m and n and any real 
number x for which x'/” is defined, 

xin = (Y/q)m = Wa, 
If it is also true that x ~ 0, then 

xom/n = 1 = lem = if 
xn (W/x)™ "1 ‘mn 

Simplify. 

(a) W/27 = 3 because 33 = 27. 

(b) \/—32 = —2 because (—2)5 = —32. 

(c) W106 is not a real number. 

3 
(a) Write as a radical. x°/7 = W3 or (Wx), 

31/5 = W/3 

(b) Write as an expression with a fractional 
3 exponent. Vw! = w* 

(c) Evaluate. 

2532 = (/25)3 = (5)3 = 125 

si Ns se 

8. (a) Write as a radical. x*° 

. Simplify. (—5x ayy 

. Simplify. 

(a) W16 

(b) V/-1 

(c) V—64 

(b) Write as an expression with a 

fractional exponent. We? 

(c) Evaluate. 27*° 

Higher-order roots and absolute 

value, p. 491 

/x" = |x|when n is an even positive integer. 

W/" = x when nis an odd positive integer. 

Evaluation of higher-order roots, p. 491 

Use exponent notation. 

Simplify. Assume x can be any real number. 

(a) Wx° = |x| 
(b) Wx5 = x 

Simplify. 
AY 239415 = W/(-2)5x'5 

= [(—2)°x!5]'6 = (—2)!x3 = —2x3 

= 

10. Simplify. V—64m'® 

. Simplify. Assume x can be any real 

number. 

(a) Wx4 

(b) Vy? 

Se) 



Topic and Procedure Examples 

Simplification of radicals with the product 
rule, p. 494 

For nonnegative real numbers a and b and 

positive integers n, 

Va Wo = Web. 
Combining radicals, p. 495 

Simplify radicals and combine them if they 
have the same index and the same radicand. 

Simplify when x = 0, y = 0. 

(a) V75x3 = V25x°V/3x 

= 5xV3x 

0) VIE = VE V2e 
= Qxy? Wan” 

> You Try It 
(on a separate sheet of paper) 

11. Simplify when x = 0, y = 0. 

(a) V24x° 

(b) W/54r4s? 

Combine. 

2V/50 — 3V98 = 2V25V/2 - 3V49V/2 
= 2(5) V2 = 3(7)'V72 
= 10V2 — 21V2 = -11V2 

Multiplying radicals, p. 500 

1. Multiply coefficients outside the radical 
and then multiply the radicands, 

2. Simplify your answer. 

Multiply. 

(a) (2V3)(4V5) = 8V15 
(b) 2V6(V2 -3V12) = 2V12 —6V72 

= 2V4V3 - 6/362 
= 4V3 - 36V2 

() (V2 + V3) (2V2 - V3) Use the FOIL 
method. 

=2Vb-S Veneer Von ee 
=4+V6-3 

Simplifying quotients of radicals with the 
quotient rule, p. 501 

For nonnegative real numbers a, positive real 

numbers b, and positive integers n, 

fa _ Va 
bv 

=1+ V6 

5S 
Simply a «ee 

Rationalizing denominators, p. 502 

Multiply numerator and denominator by 

a value that eliminates the radical in the 

denominator. 

Rationalize the denominator. 

(epee ee 
Vi Vai es 

» 
Vs+V2 V5+V2 V5- V2 

3V5-3V2  _ 3V5-3V2 

BCom Ve 
als = 32 vee 

Solving radical equations, p. 511 

1. Perform algebraic operations to obtain 
one radical by itself on one side of the 
equation. 

2. Ifthe equation contains square roots, 
square each side of the equation. Other- 
wise, raise each side to the appropriate 

power for third- and higher-order roots. 

Simplify, if possible. 
If the equation still contains a radical, 

repeat steps 1 to 3. 
5. Collect all terms on one side of the 

equation. 
6. Solve the resulting equation. 

7, Check all apparent solutions. Solutions to 
radical equations must be verified. 

534 

3) 

Solve. 

x= V2x+9—3 

x 3 = Vere9 

(x + 3)? = (V2x + 9)? 

x2+6x+9=2x +9 

x? + 6x —- 2x +9-9=0 

x? + 4x =0 

x(x + 4) =0 

x=0 or x=-4 

Check a0: 02 V2(0) +9 -3 

02V9-3 
O=—se3 

x=-4 —4 4 /2(-4) + 9-3 

-4ivi-3 
—44-2 

The only solution is 0. 

12. Combine. 3V/72 + 4V/18 

13. Multiply. 

(a) (V6)(3.V5) 
(b) 3V3(2 V6 — V'15) 

(c) (V3 — V5)(2 V3 + V5) 

14. Simplify. is 

15. Rationalize the denominator. 

2 
(a) we 

4 
b) —————. 

OAs 

16. Solve. 5+ V3x -— 11 = 

a 



Topic and Procedure Examples 

Simplifying imaginary numbers, p. 517 

jUse i = V-1,i? = —1, and 

V-a= V-1V a fora =0. » TTP OuES EL 
Adding and subtracting complex 
numbers, p. 519 

Combine real parts and imaginary parts 
separately. 

Simplify. 

(a) V-16 = V-1V116 = 4i 

(b) V-18 = V-1V'18 = iVov?2 = 3iV2 

Add or subtract. 

(a) (6 + 6) + 2 — 41) =7 + 23 

(b) (—8 + 3i) — 4 = 21) = —8 + 31 — 4 + 21 

= -12+5i 

Multiplying complex numbers, p. 519 

Use the FOIL method and i? = -1. 

Raising i to a power, p. 520 

| 
w\ 

KD TS a 

| an 

~ ON M M, 

_ Dividing complex numbers, p. 521 

_ Multiply the numerator and denominator by 
the conjugate of the denominator. 

Multiply. 

(5 — 6i)(2 — 4i) = 10 — 20: — 12i + 247? 
= 10 — 32i + 24(-1) 
= 10 — 32i — 24 
= -14 - 32i 

Evaluate. 
Zi = 74.73 

ae (@)o-3 

= (ett) 
=-i 

Divide. 

5+2i S5S+2i 4¥% 20+ 51+ 8+ 27 
4-i 4-i 447 4? — ;? 

= 20 + 130 2(-1) 

"16 — (1) 
_ 20 + 131 — 2 
~  16+1 

18 + 13: ey, 
17. eae 

" Direct variation, p. 525 

_ If y varies directly with x, there is a constant 

of variation k such that y = kx. After k is 

determined, other values of y or x can easily 

be computed. 

f= You Try It 
(on a separate sheet of paper) 

17. Simplify. 

(a) V —100 

(b) V —24 

18. Add or subtract. 

(a) (8 + i) + B -7i) 
(b) (4 + 3i) — (5 + i) 

19. Multiply. (1 — 31)(3 + 21) 

20. Evaluate. i*° 

ad aiican fae 
2+i 

y varies directly with x. When x = 2, y = 7. 
y = kx 

= k(2) Substitute. 

k= ; Solve. 

-y 
2 

What is y when x = 18? 

7 Z 
y= oe + 18 = 63 

Inverse variation, p. 525 

_ If y varies inversely with x, the constant k is 
such that 

aE 
i ES 

22. If y varies directly with the square of x, 
and y = 16 when x = 2, what is y when 
Y= =3)? 

y varies inversely with x. When x is 5, y is 12. What 

is y when x is 30? 

y 

aN 

<< FF N 

Il SD 

Substitute. Il 
Nl ae la 

Solve. 

Substitute. 
«|S 

When x = 30,y = 9° = 2. 

23. If w varies inversely with z, and w = 5 
when z = 0.5 , what is w when z = 5? 
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Chapter 8 Review Problems 

In all exercises assume that the variables represent positive real 

numbers unless otherwise stated. Simplify using only positive 

exponents in your answers. 
2/3,,1/10 

1. (3xy"/)(5x2y) 2. (16a5b5)!/2 3, 31/2.31/6 Sad 
. y \(Sx*y . (16a . : 1/6,,-1/5 

ey) 

3,6 1/2 4\1/3 
5, (2x-MSy/1024/5)-S 6. (2) 1 () 8. (45/3)9/5 

9. Combine as one fraction containing only positive 109, Factor out the common factor 3x from 6x3/2 — 9x1/2, 
exponents. 2x!/3 + 2/9 

In exercises 11-36, assume that all variables represent nonnegative real numbers. Evaluate, if possible. 

11. =V/16 12, V/-—32 13. -\/L 14. 0.04 
25 

15. W/—256 16. J-y 17, 64/3 18. 1254/3 

Simplify. 

19. V49x4y!02? 20. W/64a!25*? 21. W—8a!2p!>¢7! 22. V49x72y? 

Replace radicals with rational exponents. 

23. Wa? 24. V2b 25. W/5a 26. (W/xy)7 

Change to radical form. 

27. m2 28. y?/ 29. (3z)7/ 30. (2x)3/7 

Evaluate or simplify. 
il 1/2 

31. 16°/4 32. (-27)7/ 33. @) 

1 Sy 

34, (0.49)! 35. (=) 36. (25a*b*)3/? 
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) 
Combine where possible. 

37, V/50 + 232 - V8 

40. V125x? + xV 45x 

Multiply and simplify. 

43. (5V12)(3V6) 

45. 3Vx (2V 8x — 3V/48) 

47, 2V7b ( Vab — bV3bc) 

49. (2V5 - 3V6)? 

51. Let f(x) = V4x + 16. 

(a) Find f(12). 

(b) What is the domain of f(x) ? 

Rationalize the denominator and simplify the expression. 

6 2) 

aes 
Be 

SATB 

Dx 

Ga 
3Vx + Vy 

oye + V6 

eee 2/6 

61. Simplify. V—16 + V—45 

55. 

57. 

59. 

Simplify by performing the operation indicated. 

63. (-12 - 6i) + (3 - Si) 

65. (5 — 21)(3 + 3i) 

67. 2i(3 + 4i) 

69. Evaluate. i* 

38. V/28 = 4/7 #5 6a 

Al, 2\/32x — 5xV2 + V18x 

50. 

52. 

54. 

56. 

58. 

60. 

62. 

64. 

66. 

68. 

70. 

a9 2 12 — \/48 + 5/75 

42. 3\/16 — 4/54 

(-2V15)(4xV/3) 

V3a (4 - V21a) 

(5V2 + V3)(V2 - 2V3) 

( W/2x W6)( W/4x? = Vy) 

eres 65); == AY Shey — eee 

(a) Find f(9). 

(b) What is the domain of f(x) ? 

2xy 

Find x and y.2x — 3i+ 5 =yi -2 + V6 

(2 — i) — (12 — 3i) 

(6 — 2i)* 

3 - 4(2 + i) 

Evaluate. i® 
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t= 2b 

3 + 4i 

ceed 

Solve and check your solution(s). 

des 

fide 

79. 

\V 3ixa= 27= 55 

Wag ap ib = ake = 5) 

W/3a Dl = Noe — 1 ed 

Round all answers to the nearest tenth. 

81. 

83. 

85. 

538 

If y varies directly with x and y = 11 when x = 4, 
find the value of y when x = 6. 

Time of Falling Object The time it takes a falling 

object to drop a given distance varies directly with 

the square root of the distance traveled. A steel ball 
takes 2 seconds to drop a distance of 64 feet. How 

many seconds will it take to drop a distance of 196 
feet? 

Suppose that y varies directly with x and inversely 
with the square of z.y = 20 when x = 10 andz = 5. 
Find y when x = 8 and z = 2. 

74. 

76. 

78. 

80. 

82. 

84. 

A 86. 

Shel 

1-31 

12 

5 el | 

il se NY oho se al = ae 

ee 2 == NX 43 Dh — |i 

Saturated Fat Intake The amount of unsaturated 
fat necessary for good health varies directly with 

the number of calories consumed. If a person con- 
sumes 2000 calories per day, it is recommended they 

consume 50 grams of unsaturated fat per day. For 

a person who consumes 2500 calories, what is the 
recommended amount of unsaturated fat he or she 

should consume? 

If y varies inversely with x and y = 8 when x = 3, 

find the value of y when x = 48. 

Capacity of a Cylinder The capacity of a cylinder 
varies directly with the height and the square of the 
radius. A cylinder with a radius of 3 centimeters and 

a height of 5 centimeters has a capacity of approxi- 
mately 135 cubic centimeters. What is the capacity of 
a cylinder with a height of 9 centimeters and a radius 
of 4 centimeters? 
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How Am | Doing? Chapter 8 Test 

MATH COACH MyLab™ Math (£9) Pearsonmathstats : 

Answer the following test questions on a separate sheet of paper. After you take this test read 
through the Math Coach on pages 541-542. Math Coach videos are available via MyLab Math and 
YouTube. Step-by-step test solutions in the Chapter Test Prep Videos are also available via MyLab 2 
Math and YouTube. (In the YouTube channel, PearsonMathStats, go to Playlist “Tobey Beginning and 
Intermediate Algebra, 6e.") 

Simplify. 3. 

1. (2x1/2y1/3)(—3y1/3y1/6) 

7x3 4, 

ua 

oh (8x1/3)3/2 5. 

4 3/2 

4. Evaluate. (2) 6. 

5. Evaluate. V/—32 

Evaluate. 

ars” 

le 7% 16°/4 

Simplify. Assume that all variables are nonnegative. 

8. V75a‘b? 

9. V49a4b!" 

10. W/54m5n5 11. 

- Combine where possible. 
12. 

11. 3/24 — V'18 + 50 

le 12, V40x — V27x + 2V 12x 
13. 

Multiply and simplify. 

1B. (-3V2y)(5V10xy) 14. 

14, 23 (3V6 - 5V2) 

15. (5V3 -— V6)(2V3 + 3V6) 
a Un Tee eee ee ee ee eh 15, 

539 



20. 

Zi. 

22. 

23. 

24. 

25. 

26. 

2]. 

28. 

29. 

© © (8 os 6. ES. Be. ee ee 30. 

Total Correct: ie oe 

540 

Rationalize the denominator. 

30 
16. 

Vx 

Solve and check your solution(s). 

19, 

Me 20. 

21. 

Wiehe = 2 == 50 

Sap avice ae IS) = ge 

3 Vee ae 

Simplify by using the properties of complex numbers. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29, 

30. 

(6 Qe Orn 

iS + \/-16 

(3 — 24 + 33) 

If y varies inversely with x and y = 9 when x = 2, find the value of y when 
x = 6. 

Suppose y varies directly with x and inversely with the square of z. When x = 8 
and z = 4, then y = 3. Find y when x = 5 and z = 6. 

A car’s stopping distance varies directly with the square of its speed. A car tray- 
eling on pavement can stop in 30 feet when traveling at 30 miles per hour. What 
distance will the car take to stop if it is traveling at 50 miles per hour? 



The following problems are from the Chapter 8 Test. Here are some helpful hints to 

keep you from making common errors on test problems. 

Chapter 8 Test, Problem 7 Evaluate. 16°4 

MATH COACH 
Mastering the skills you need to do well on the test. 

40 COA cy 

wae i 
{JAMIE BLAIR 
, 

HELPFUL HINT First see if the numerical base can be written in exponent form. If there are two alternate ways to rewrite this 
number, use the form that involves the smallest possible number as the base and has the largest exponent. 

Did you write 16 as 24? 

No Yes 

If you answered No, think of the different ways that 16 can 
be written in exponent form: 16!, 4’, or 2+. 

Your choice is most likely between 4? and 2’. The prob- 
lem works out more easily with the smallest possible base, 
which is 2. See if you can redo this step correctly. 

Do you see that if we use the rule (x’"")" = x’"", we obtain 
the expression (24)°4 = 2414 9 

Yes No 

If you answered No, please review the rule about raising a 
power to a power and see if you can obtain the right result. 
Now simplify this expression further and evaluate the result- 

ing exponential expression. 

If you answered Problem 7 incorrectly, go back and rework 
the problem using these suggestions. 

Chapter 8 Test, Problem 12 Combine where possible. V40x — V27x + 2V/12x 

HELPFUL HINT Remember to simplify each radical expression first. For this problem, remember to keep the variable x 
inside the radical. 

Did you simplify V 40x to 2V 10x ? 

Yes No 

‘Did you simplify V 27x to 3V 3x ? 

Yes No 

If you answered No to either question, remember that 

(V40x = V4-V10x and V27x = V9+V3x. You can 
take the square roots of both 4 and 9. Try to do that part 
of the problem again and then simplify to see if you obtain 
the same results. 

Need more help? Watch the MAT ill COACH videos in MyLab™ Math or on YouTube. 

Did you simplify 2V/12x to 43x ? 

Yes No 

If you answered No, remember that 2V12x = 2: V4 c V3x. 

Go back and see if you can obtain the correct answer to that 
step. Remember that in your final step, you can only add rad- 
ical expressions if they have the same radicand. 

Now go back and rework the problem using these suggestions. 

541 



; 1 
Chapter 8 Test, Problem 18 Rationalize the denominator. 

HELPFUL HINT You will need to multiply both the numerator and the denominator by the co 
Do this very carefully using the FOIL method. 

Did you_multiply the numerator and the denominator by 

(3 + V3)2 

Yes No 

If you answered No, review the definition of conjugate. 
Note that the conjugate of 3 — V3is3 + V3. 

Did you multiply the binomials in the denominator to get 

9 $373 — 3/3 — V9 

Yes No 

njugate of the denominator. | 

Did you multiply the binomials in the numerator to get 

3 + V3 6/3 + 292 

Youll No 

If you answered No to either question, go back over each 
step of multiplying the binomial expressions using the 
FOIL method. Be careful in writing which numbers go out- 
side the radical and which ones go inside the radical. 
Now simplify each expression. 

If you answered Problem 18 incorrectly, go back and 
rework the problem using these suggestions. 

Chapter 8 Test, Problem 20 Solve and check your aaa Sex t+ 1S = x 
— 

haan 

HELPFUL HINT aways isolate a ating term on one ane o2] the pa Berens squaring eee side. | 

Did you isolate the radical term first to obtain the equation 

Vee 

Yes No 

After squaring each side, did you obtain 
x +15 = x= 10eeh 25 2 

Yes No 

If you answered No to either question, review the pro- 

cess_for solving a radical equation. Remember that 
(Vx + 15)? = x + 15 and (x — 5)? = x* — 10x + 25.Go 
back and try to complete these steps again, 

Did you collect all like terms on one side to obtain the 
equation 0 = x? — 11x + 10? 

Yes No 

If you answered No, remember to add —x — 15 to both 
sides of the equation. 

Now factor the quadratic equation and set each factor 
equal to 0 to find the solution(s). Make sure to check your 
possible solutions and discard any solution that does not 
check when substituted back into the original equation. 

If you answered Problem 20 incorrectly, go back and 
rework the problem using these suggestions. 

Need more help? Look for section examples marked with Me to review. 
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Quadratic ee 

Equations and © + «= 
7 Mi, 44 

Inequalities - +435 
“a 2 - 2, of 

CAREER OPPORTUNITIES’ 

Sales Manager 
Sales managers work collaboratively with 

sales teams and clients to build relationships 

that lead to increased sales, positive 

customer relations, and greater profits for 

the business. Because purchasing decisions 

are data driven, the math involved in the 

sales process is a crucial part of initiating 

and completing transactions between 

buyers and sellers. The mathematics in this 

chapter is applied by sales managers to 

increase both their staff's effectiveness and 

“their customer’s purchasing decisions. 

To investigate how the mathematics in this 

chapter can help with this field, see the 

Career Exploration Problems on page 610. 
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[9.1]} Quadratic Equations ® 

El Solving Quadratic Equations by the 
After studying this section, you will 

be able to: 

1] Solve quadratic equations by the 
square root property. @® 

Solve quadratic equations 
by completing the 
square. @® 

Square Root Property @® 

Recall from Section 6.7 that an equation written in the form ax’ + bx + c = 0, 
where a, b, and c are real numbers anda # 0, is called a quadratic equation. Recall — 

also that we call this the standard form of a quadratic equation. We have previ- 
ously solved quadratic equations using the zero factor property. This has allowed 

us to factor the left side of an equation such as x? — 7x + 12 = 0 and obtain 
(x — 3)(x — 4) = 0 and then solve to find that x = 3 and x = 4. In this chapter 
we develop new methods of solving quadratic equations. The first method is often 

called the square root property. 

THE SQUARE ROOT PROPERTY 

If x? = a, then x = + Va for all real numbers a. 

The notation + Va is a shorthand way of writing “+a or — Va.” The sym- 
bol + is read “plus or minus.” We can justify this property by using the zero fac- 
tor property. If we write x* = ain the form x* — a = 0, we can factor it to obtain 
(x + Va)(x — Va) = 0 and thus, x = —Va or x = +Va. This can be written 
more compactly asx = +V4a. 

Example 1 Solve and check. x? — 36 = 0 

Solution If we add 36 to each side, we have x* = 36. 

x= +V36 

x= +6 

Thus, the roots are 6 and —6. 

Check. (6)? — 36 £0 (-6)? - 3640 
36 — 36 £0 36 — 36 £0 

0=0 Vv 0=0 Vv o 

ae Student Practice 1 Solve and check. x? — 121 = 0 

Example 2 Solve. x” = 48 

Solution x = 2148 = 2YV 163 

x= +4V3 

The roots are 4V3 and =4n/3. oO 

ee Student Practice 2 Solve. x” = 18 

Example 3 Solve and check. 3x? + 2 = 77 

Solution Bx? 2 = 77 

Bx = 5 

x= 25 

=+V25 

x= +5 

The roots are 5 and —5. 
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Check. B(5) a2 = 77 3(-5)? +2477 
| 3(25) +2477 3(25) +2 77 

+2277 5+2477 
eh Ss Tat J oO 

Student Practice 3. Solve. 5x? + 1 = 46 

Sometimes we obtain roots that are complex numbers. 

Example 4 Solve and check. 4x” = -16 

Solution 

x= -4 

x= itV-4 

x =i Simplify using V—1 = i. 

The roots are 2i and —2i. 

Check. 

4(2i)? + -16 4(—2i)* = -16 
4(4i2) £ -16 4(4i?) = -16 
4(-4) + -16 4(-4) 4 -16 

—16-= -16 Vv -16=-16 Vv oO 

Student Practice 4 Solve and check. 3x” = —27 

Example 5 Solve. (4x — 1)? =5 

Solution dy —1= +V/5 
Ave 1 t /5 

ee \/5 
eA 

1+ = 
The roots are Be: and : ae a] 

co Student Practice 5 Solve. (2x + 3)? =7 

12] Solving Quadratic Equations by Completing 

the Square @® 

Often, a quadratic equation cannot be factored (or it may be difficult to factor). So 
we use another method of solving the equation, called completing the square. When 

we complete the square, we are changing the polynomial to a perfect-square trino- 
mial. The form of the equation then becomes (x + d)* = e. 

We already know that 

(x + d)? = x? + 2dx + d’. 

Notice three things about the quadratic expression on the right-hand side of the 
equation above. 

1. The coefficient of the quadratic term (x) is 1. 

2. The coefficient of the linear (x) term is 2d. 

3. The constant term (d*) is the square of half the coefficient of the linear term. 
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For example, in the perfect-square trinomial x” + 6x + 9, the coefficient of 

; ; mero? 
the linear term is 6 and the constant term is @ = (3)7="9) 

For the perfect-square trinomial x? — 10x + 25, the coefficient of the linear 
2 

term is —10 and the constant term is (=) = (-5)* = 25. 

What number n makes the trinomial x? + 12x + na perfect-square trinomial? 

LN 
={|—) = 67 = 36 
( 2 

Hence, the trinomial x* + 12x + 36 is a perfect-square trinomial and can be written 
as (x + 6)’. 

Now let’s solve some equations. 

Example 6 Solve by completing the square and check. x? + 6x + 1 = 0 

Solution 

Step1 First we rewrite the equation in the form ax” + bx = c by subtracting 1 from each side of the equation. 
Thus, we obtain 

x? + 6x = -1. 

Step 2 We verify that the coefficient of the quadratic term (x7) is 1. If the coefficient of the x” term were not 1, you 
would divide each term of the equation by the coefficient. 

Step 3 We want to complete the square on x” + 6x. That is, we want to add a constant term to x” + 6x so that we geta 
perfect-square trinomial. We do this by taking half the coefficient of x and squaring it. 

6\2 

(3) ime 
Adding 9 to x? + 6x gives the perfect-square trinomial x? + 6x + 9, which we factor as (x + 3). But we can- 
not add 9 to the left side of our equation unless we also add 9 to the right side. (Why?) We now have 

x? + 6x #9 =-149 

Step 4 Now we factor the left side. 

(x + 3)? =8 

Then we use the square root property. 

x+3=+V8 

x+3= 42V2 

Step 5 Next we solve for x by subtracting 3 from each side of the equation. 

x= -3 +2V2 

The roots are —3 + 2V/2 and —3 — 2V/2. 

Step 6 We must check our solution in the original equation (not the perfect-square trinomial we constructed). 

x +6x+1=0 x7 +6x+1=0 

(—Sr 2V/2)2 63 22/2) +120 (3 = 2/2)46( $3. 2V 2 eee 
9 0/2 eer 12/9, ak eo OF12V2 +8 = 18 11oNo eee 

(pele 17) 2404/0 a 18 — 18 + 12V/2 - 12V2 40 

Oissel| 7 Ot) /ione 

ra Student Practice 6 Solve by completing the square. x? + 8x + 3 = 0 

Let us summarize for future reference the six steps we use to solve a quadratic equation by completing the square. 
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\ COMPLETING THE SQUARE 

. Put the equation in the form ax? + bx = c. 

. Ifa # 1, divide each term of the equation by a. 

. Square half of the numerical coefficient of the linear term. Add the result 
to both sides of the equation. 

4. Factor the left side; then use the square root property. 

. Solve the resulting equation for x. 

. Check the solutions in the original equation. 

Notice that step 2 is used when the coefficient of x? is not 1, as in Example 7, 

Example 7 Solve by completing the square. 3x? — 8x + 1 = 0 

Solution 

3x? — 8x = -1 Subtract 1 from each side. 

Divide each term by 3. (Remember that the 

coefficient of the quadratic term must be 1.) 

8 
oe xe + — = —=— + = = Square half of 3 Add the result to 

3 9 
both sides of the equation. 

Use the square root property. 

‘Check. For x = 
Ate 13 

3 5 

) ee) 2 

fu ae a, 

geeea. ee 
+140 

-14+1=0 V7 

4-— V13 
See whether you can check the solution 7 Oo 

Student Practice 7 Solve by completing the square. 2x? + 4x +1=0 



[91] Exercises  MyLab™ Math 

Solve the equations by using the square root property. Express any complex numbers using i notation. 

1. x? = 100 2, P= 49 3. 47 = 12 =) 4, 2x? — 20 =0 

5. 2x7 — 80 =0 6. 5x” — 40 =0 7. aS 8. x7 = —25 

9, x7 +16=0 10. x? + 121 =0 IL Axe 12 12., deutiay? =a 

13. (x + 9)? = 21 14. (x — 8)? = 23 15. (20 1) = 7 16. (4x +1)? =6 

17. (4x — 3)? = 36 18. (5x — 2)? = 25 19, (2x + 5)? = 49 20. (7x + 1)? = 64 

21. 2x* 9 =) 22.47 — 7 =U 

Solve the equations by completing the square. Simplify your answers. 

23. x7 + 10x +5 =0 24, x7+8%+8=0 25a aye 

26.. x7 —A2e= 4 27. x* — 14x = —48 28. x? — 16x = —48 

x 3 x2 5 
29, — 4+ == . Stare mye = 9 A oe 30. 3 3% 1 a1D 2y" + 10y il 
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ween 33. 3x7 + 10x -2 =0 

Section 9.1 Quadratic Equations 549 

34. 5x7 + 4x - 3 =0 

Mixed Practice, Exercises 35-44 Solve the equations by any method. Simplify your answers. Express any complex 
numbers using i notation. 

35. x°+ 4x —-6=0 

39. 2x7 —9 = 91 

aa 2 = x 

a3, 2x*° + 2 = 3x 

To Think About 

45. Check the solution x = —1 + V6 in the equation 
i 2x — 5 =0, 

36. x7 + 6x +2=0 

38. 

40. 

42. 

3x? — 8 = 64 

. 3x7 + 8x +3 = -3 

Check the solution x = 2 + V3 in the equation 
x -— 4¥+1=0. 



550 Chapter 9 Quadratic Equations and Inequalities 

Applications Volume of a Box The sides of the box shown are labeled with the dimensions in feet. 

A 47. What is the value of x if the volume of the box is 200 cubic feet? 

A 48. What is the value of x if the volume of the box is 1800 cubic feet? 

Basketball The time a basketball player spends in the air when shooting a basket is called the “hang time.” The vertical 
leap L measured in feet is related to the hang time t measured in seconds by the equation L = 4t?. 

49, Kadour Ziani isa member of Slam Nation,agroupthat 50. In 2013, DJ Stephens of the University of Memphis 
performs slam dunk shows. Ziani holds the vertical had a vertical leap of 3.8 feet. This was the highest 
leap world record, with a leap of 5 feet. Find the hang vertical leap ever recorded by the NBA. 
time for this leap. Round to the nearest hundredth. 

Cumulative Review Evaluate the expressions for the given values. 

51. [1.8.1] Vb? - 4ac;b = 4,a = 3,c = -4 52, [1.8.1] Vb? - 4ac;b = -5,a =2,c = -3 

53. [1.8.1] 5x? — 6x + 8x = -2 54, [1.8.1] 2x? + 3x - 5;x = -3 

Quick Quiz 9.1 

1. Solve by using the square root property. 2. Solve by completing the square. x? — 8x = 28 
(4x — 3)? = 12 

3. Solve by completing the square. 2x? + 10x = —11 4, Concept Check Explain how you would decide what 
to add to each side of the equation to complete the 
square for the following equation. 

x+x=1 
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[9.2] The Quadratic Formula and Solutions 
to Quadratic Equations @® 

El Solving a Quadratic Equation by Using 

the Quadratic Formula After studying this section, you will 

The last method we’ll study for solving quadratic equations is the quadratic formula. pe cule. 
This method works for any quadratic equation. 1 | Solve a quadratic equation 

The quadratic formula is developed from completing the square. We begin by using the quadratic 

with the standard form of the quadratic equation. formula. @® 

ax’ + bx +c=0 Use the discriminant to deter- 
, mine the nature of the roots 

To complete the square, we want the equation to be in the form x* + dx = e. Thus, of a quadratic equation. @® 

we divide by a and subtract the constant term 7 from each side. Wihea ouadta ti 
rite a quadratic equation 

ax? i b oe given the solutions of 
—. =F = = ' 

a a a the equation. @® 

b c 
x +x = -= 

a a 

| b\? 
Now we complete the square by adding (=) to each side. 

Pe (2) a ae (2) 
a 2a a 2a 

We factor the left side and write the right side as one fraction. 

( b ) b? — 4ac 
Fi Mp) — yD 4a 

Now we use the square root property. 

< b b* — 4ac 

i 4a? 

We solve for x and simplify. 

web b* — 4ac 

2a 4a? 

PE —b + Vb* — 4ac 

2a 

This is the quadratic formula. 

QUADRATIC FORMULA 

. For all equations ax? + bx + c = Owherea # 0 

a —b + Vb* — 4ac 

2a 
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Example 1 Solve by using the quadratic formula. x? + 8x = —3 

Solution. The standard form is x* + 8x + 3 = 0. We substitute a = 1,b = 8, 
and c = 3. 

Leb e V b* — 4ac 

2a 

—§ + V8? — 4(1)(3) 

2(1) 

=8 t V64 = (omemeed: ic 52m ants Sosee av 
2 

x= 

yas a i 2 fa 

-g§+2V13_ 2(-4+ V/13) 
2 a 

x=-4+ V3 q 

ee Student Practice 1 Solve by using the quadratic formula. 

x*+5x = -1+2x 

Example 2 Solve by using the quadratic formula. 3x7 — x — 2 = 0 

Solution Here a = 3,b = —1,andc = -2. 

Beate! V b* — 4ac 

2a 

_ =(=1) + V(=1)? = 4(3)(-2) 
‘ 2(3) 
“Treeview ries 

‘- 6 6 
es Oe ee a ae 

SA 5 teal 6 
s) 

= = oe o eG 1 x, 3 

fea Student Practice 2 Solve by using the quadratic formula. 

2x7 ++ 7x +6=0 

Example 3 Solve by using the quadratic formula. 2x? — 48 = 0 

Solution This equation is equivalent to 2x? + Ox — 48 = 0. Therefore, we 
know that a = 2,b = 0,andc = —48. 

_ =b + VB? = 4ac 

% 2a 

_ -0 + V(0)? = 4(2)(=48) 
x 2(2) 

+V384 aa csi 
x= This is not simplified. 
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\ = EVV _ £8V6 
4 4 

x= +2V6 

Note: This example could have been solved by using the square root property. © 

Student Practice 3 Solve by using the quadratic formula. 

2x* — 26 =0 

Example 4 A small company that manufactures canoes makes a daily profit 
p according to the equation p = —100x? + 3400x — 26,196, where p is measured 
in dollars and x is the number of canoes made per day. Find the number of canoes 
that must be made each day to produce a zero profit for the company. Round your 
answer to the nearest whole number, 

Solution Since p = 0, we are solving the equation 

0 = —100x* + 3400x — 26,196. 

In this case we have a = —100, b = 3400, and c = —26,196. 

Now we substitute these into the quadratic formula. 

Shay be 4ac 
2a 

~3400 + V/(3400)? — 4(—100)(—26,196) 
2(-100) 

We will use a calculator to assist us with computation in this problem. 

—3400 + V/11,560,000 — 10,478,400 

X= 

—200 

_ -3400 + V/1,081,600 
> —200 

_ -3400 + 1040 
—200 

We now obtain two answers. 

_ —3400 + 1040 | —2360 
— a Qe 12 

a —200 ay 
~3400 — 1040 —4440 = s = 222 = 22 

—200 O00... 

A zero profit is obtained when approximately 12 canoes are produced or when 
approximately 22 canoes are produced. Actually a slight profit of $204 is made 

when these numbers of canoes are produced. The discrepancy is due to the round- 
ing error that occurs when we approximate. By methods that we will learn later 
in this chapter, the maximum profit is produced when 17 canoes are made at the 
factory. We will investigate exercises of this kind later. Oo 

fee Student Practice 4 A company that manufactures modems makes a 
daily profit p according to the equation p = —100x” + 4800x — 52,559, where 
p is measured in dollars and x is the number of modems made per day. Find the 
number of modems that must be made each day to produce a zero profit for the 
company. Round your answer to the nearest whole number. 

When an equation contains fractions or rational expressions, eliminate them 
by multiplying each term by the LCD. Then rewrite the equation in standard form 

before using the quadratic formula. 

553 
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[fq Student Practice 5 
Solve by using the quadratic 

formula. 

For all Student Practice prob- 
lems, write out the steps on a 
separate sheet of paper. Check 
the. step-by-step solutions in 
the back of the textbook. 

Me Example 5 Solve by using the quadratic formula. 
2x ee 

Tee +4 

Solution The LCD is (x + 2)(x + 4). 
2 
ae ere 

2 A et 2Tlx + 4) = (e+ 2) (2 +4) - Sle + 2a 

Qn Reva =D) eh) andar 21) 

2x? '+ Bx = x7 + 6x + 8 — 3x -— 6 

2x? + 8k = x? 4+ 3x +2 

x? + 5x — 2 =0 Nowwe have an equation that is quadratic. 

Now the equation is in standard form, and we can use the quadratic formula with 

a=1,b =5,andc = —2. 

—5 + VS — 4(1)(-2) OTS W725 cs 

a 2(1) 2 

—5 + V33 
, ia ean o 2 

Some quadratic equations will have solutions that are not real numbers. You 
should use i notation to simplify the solutions that are nonreal complex numbers. 

Example 6 Solve and simplify your answer. 8x” — 4x + 1 = 0 

Solution a= 8,b = —4,andc = 1. 

—(-4) + V(=4)? = 4(8)(1) 
2(8) 

_4+ V16—32_ 4+ V-16 
2 16 16 

Aaa Bl te iy a 

4 16 —_—— 

Student Practice 6 Solve by using the quadratic formula. 

2x? — 4x +5 =0 

You may have noticed that complex roots come in pairs. In other words, if 
a + biis asolution of a quadratic equation, its conjugate a — bi is also a solution. 

2 Using the Discriminant to Determine the Nature 

of the Roots of a Quadratic Equation @® 

So far we have used the quadratic formula to solve quadratic equations that had two 
real roots. Sometimes the roots were rational, and sometimes they were irrational. 
We have also solved equations like Example 6 with nonreal complex numbers as 
solutions. Such solutions occur when the expression b? — 4ac, the radicand in the 
quadratic formula, is negative. 

—b + Vb? = 4ac 

ad 2a 
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The expression b* — 4ac is called the discriminant. Depending on the value of 
the discriminant and whether the discriminant is positive, zero, or negative, the roots 
of the quadratic equation will be rational, irrational, or complex. We summarize the 
types of solutions in the following table. 

If the Discriminant 

b2 — 4acis: 

A positive number that is also 
a perfect square 

Then the Quadratic Equation ax? + bx + ¢ = 0, 
where a, b, and c are integers, a # 0, will have: 

Two different rational solutions 
Such an equation can be solved by factoring. 

Two different irrational solutions A positive number that is not 
a perfect square 

One rational solution 

Negative Two complex solutions containing i 
They will be complex conjugates. 

Example 7 What type of solutions does the equation 2x? — 9x — 35 = 0 have? 
Do not solve the equation. 

Solution a= 2,b = —9,andc = —35. Thus, 

b? — 4ac = (-9)? — 4(2)(-35) = 361. 

Since the discriminant is positive, the equation has two real roots. 

Since (19)? = 361, 361 is a perfect square. Thus, the equation has two differ- 
ent rational solutions. This type of quadratic equation can always be factored. © 

fees 4 Student Practice 7 Use the discriminant to find what type of solutions 
the equation 9x” + 12x + 4 = O has. Do not solve the equation. 

Example 8 Use the discriminant to determine the type of solutions each of the 
following equations has. 

(a) 3x? - 4x +2 =0 (b) 5x? - 3x —-5 =0 

Solution 

(a) Here a = 3, b = —4, andc = 2. Thus, 

b? — 4ac = (—4) — 4(3)(2) 

= 16-24=-8 

Since the discriminant is negative, the equation will have two complex solu- 
tions containing i. 

(b) Here a = 5,b = —3,andc = —5. Thus, 

m= doe = (—3)* — 4(5)(-5) 
= 9+ 100 = 109 

Since this positive number is not a perfect square, the equation will have two 
different irrational solutions. o 

Student Practice 8 Use the discriminant to determine the type of 
solutions each of the following equations has. 

(a) x? — 4x + 13 =0 

(b) 9x2 + 6x -7=0 
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Writing a Quadratic Equation Given 

the Solutions of the Equation @® 

By using the zero factor property in reverse, we can find a quadratic equation that 
contains two given solutions. To illustrate, if 3 and 7 are the two solutions, then we 

could write the equation (x — 3)(x — 7) = 0, and therefore, a quadratic equation 
that has these two solutions is x* — 10x + 21 = 0. 

This answer is not unique. Any constant multiple of x7 — 10x + 21 = 0 would 
also have roots of 3 and 7. Thus, 2x” — 20x + 42 = 0 also has roots of 3 and 7. 

Example 9 Finda quadratic equation whose roots are 5 and —2. 

Solution First we write the two equations. 

Ki==y5) Gad PP 

x-5=0 and x+2=0 

CaS 2.0 =O 

x? — 3x - 10 =0 oO 

fea Student Practice 9 Find a quadratic equation whose roots are —10 

and —6. 

Example 10 Find a quadratic equation whose solutions are 3i and —3i. 

Solution First we write the two equations. 

x = 3i x = -31 

x-3i=0 and x+3i=0 

(x — 3i)(x + 3i) =0 
x? + 3ix — 3ix — 97 = 

x2-—9(-1)=0 Usei? = -1. 

x +9=0 o 

Student Practice 10 Find a quadratic equation whose solutions are 

2iV’3 and -2i1V3. 



Exercises MyLab™ Math 

Verbal and Writing Skills, Exercises 1-4 

On a separate sheet of paper, answer the question or fill in the blank. 

1. How is the quadratic formula used to solve a quad- 2. The discriminant in the quadratic formula is the 
ratic equation? expression 

3. If the discriminant in the quadratic formula 4. If the discriminant in the quadratic formula is a per- 
is zero, then the quadratic equation will have fect square, then the quadratic equation will have 

solution(s). solution(s). 

Solve by the quadratic formula. Simplify your answers. 

5. x7+x-5=0 6. x7 +3x-2=0 1. 2x? + 3x -—-3=0 

2 2 Z y 3 

8 4444+ x%-1=0 Dei= =% 10. =x° =x 
3 i) 

11. 4x7 — 11x -3 =0 12. 7x* + 4x -—3 =0 13. 4x7 + 3x -2=0 

14. @?-2x-1=0 teeeae = 7 16050 do 4 

Write each equation in standard form. Then solve by the quadratic formula. Simplify your answers and use i notation for 

nonreal complex numbers. 

17, 2x(x +3) -3=4-2 18. 5+ 3x(x —2) =4 
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19, x(x #3) ees 20, 3(x2 - 12) — 2x =2(r—16)) 2h (x= 2)(x+1) = 

22, a(x +1) =F 23, += 5 4, 2y= +3 

eh aaa hi ee 27. x(x + 4) = —22 

28, x? = 3(x — 3) 29, 2x* +11 =0 30. 3x7 = -7 

31, 3x7 - 8&& +7=0 32. 3x7 - 44 +6=0 33. 5x27 + 2x +1=0 

Use the discriminant to find what type of solutions (two rational, two irrational, one rational, or two nonreal complex) each 
of the following equations has. Do not solve the equation. 

34, 3x2 + 4x =2 35. 5x* -10x = —5 36. 2x7 + 10x +8 =0 

37, 2x7 -9x +4=0 38. 9x2 + 4 = 12x 39. 6x? - 2 = -7x 

40. 7x(x —1) +15 = 10 41, x? — 3(x — 8) = 2x 
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Write a quadratic equation having the given solutions. 
\ 

42. 13,2 43. 9,4 44. —7,—6 

45, —8,—5 46. 4i, —4i a7, (ie 

5 3 
B13 agp . Giaes6k 4 n> we 50. 6i, —6i 

Solve for x by using the quadratic formula. Approximate your answers to four decimal places. 

i 0.162x? + 0.094x — 0.485 = 0 & 52. 20.6x? — 73.4x + 41.8 = 0 

Applications 

53. Business Owner Anja is the owner of a company 54. Business Manager Rick is the manager of a compa- 
that manufactures mountain bikes. The company 
makes a daily profit p according to the equation 
p = —100x* + 4800x — 54,351, where p is measured 
in dollars and x is the number of mountain bikes made 
per day. Find the number of mountain bikes that must 
be made each day to produce a zero profit for the 
company. Round your answer to the nearest whole 

ny that manufactures sport parachutes. The company 

makes a daily profit p according to the equation 

p = -100x” + 4200x — 39,476, where p is measured 
in dollars and x is the number of parachutes made per 

day. Find the number of parachutes that must be made 
each day to produce a zero profit for the company. 

Round your answer to the nearest whole number. 

number. 

Cumulative Review Simplify. 

55. [1.7.2] 9x* — 6x +3 — 4x — 12x7 + 8 56. [1.7.2] 3y(2 — y) + =(10)” — 15y) 

Quick Quiz 9.2 Solve each of the following equations. Use i notation for any complex numbers. 

5 2 
41. 11x* — 9x -1=0 i= See 

Ann 

3. (ae 2) (x +1) (x= 4)? =9 4. Concept Check Explain how you would determine 
if 2x? — 6x + 3 = 3 has two rational, two irratio- 
nal, one rational, or two nonreal complex solutions. 
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[9.3] Equations That Can Be Transformed 
into Quadratic Form @® 

Seem oeanaen Ge Solving Equations of Degree Greater than 2 @® 
After studying this section, you will 

be able to: 

1 Solve equations of degree greater 
than 2 that can be transformed 
into quadratic form. @® 

Solve equations with fractional 
exponents that can be trans- 
formed into quadratic form. @® 

[fe=sq Student Practice 1 
Solve. 

x? — 5x? — 36 =0 

For all Student Practice prob- 
lems, write out the steps on a 

separate sheet of paper. Check 
the step-by-step solutions in 
the back of the textbook. 

Some higher-order equations can be solved by writing them in the form of quadratic 
equations. An equation is quadratic in form if we can substitute a linear term for the 
variable part of the middle term and get an equation of the form ay” + by + c = 0. 

For example, consider the higher-order equation x* + 4x” — 12 = 0. This is 
not a quadratic equation, but it is quadratic in form. We can let y = x? (the variable 
part of the middle term), and then square both sides to get y* = x‘. Substituting y 
for x” and y? for x* gives us y? + 4y — 12 = 0, which is a quadratic equation we 
know how to solve. The same substitutions are shown in Example 1. 

MeExample 1 Solve. x* — 13x? + 36 = 0 

Solution Let y = x”. Then y? = x‘. Thus, we obtain a new equation and solve 
it as follows: 

y? — 13y + 36 =0 Replace x” by y and x‘ by y?. 

(y- 4)(y - 9) =0 Factor. 

y-4= or y—9=0 Solve for y. 

Vea y=9 These are not the roots to the original equation. 
pee! Peres We must replace y by x”. 

=+VvV4 x= +VvV9 

= +2 x= +3 

Thus, there are four solutions to the original equation: x = +2, x = —2,x = +3, 
and x = —3. Check these values to verify that they are solutions. oO 

Example 2 Solve for all real roots. 2x° — x7 — 6 = 0 

Solution Let y = x. Then y” = x®. Thus, we have the following: 

2y*-y-6=0 Replace x° by y and x° by y?. 

(2y + 3) =2 = 0 Factor. 

2y+3=0 or y-2=0 Solve for y. 

3 

3 3 3 3 ers a6 x =2 Replace y by x°. 

3 
as oy jg W2 Take the cube root of each side of the equation. 

/—-12 oe) 
x= D Simplify , a by rationalizing the denominator. 

Check these solutions. Oo 

P= Student Practice 2 Solve for all real roots. x° — 5x7 +4 =0 

EZ Solving Equations with Fractional Exponents @® 

Example 3 Solve and check your solutions, x?/3 — 3x'/3 + 2 = 0 
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Solution Let y = x!. Then y? = x7/3, 

. y-3y+2= Replace x!/3 by y and x7/? by y”. 

2) (yor'L) = Factor. 

Vee 0 one) — A = 

yz eat Solve for y. 

x3 = 2 ee ae 1 Replace y by x, 

(ay = (2)° ever = cy? Cube each side of the equation. 

x=8 x=1 
Check. 

fers (8) = 3/8) +220 x=1: (1)? -—3)\*42=0 
(Ws)? — 3(W/8) +2 2.0 (W1)? = 3(577) eG 

(2)? — 3(2) +2 20 1-3+2+£0 
4-6+2240 0=0 V 

V0 / o 

[84 Student Practice 3 Solve and check your solutions. 

ax 5x7? +2 =O 

The exercises that appear in this section are somewhat difficult to solve. Part of 
the difficulty lies in the fact that the equations have different numbers of solutions. 

_A fourth-degree equation like the one in Example 1 has four different solutions. 
Whereas a sixth-degree equation such as the one in Example 2 has only two solu- 
tions, some sixth-degree equations will have as many as six solutions. Although the 
equation that we examined in Example 3 has only two solutions, other equations 
with fractional exponents may have one solution or even no solution at all. It is 
good to take some time to carefully examine your work to determine that you have 
obtained the correct number of solutions. 

A graphing program on a computer such as TI Interactive, Desmos, or Maple 
can be very helpful in determining or verifying the solutions to these types of prob- 
lems. Of course a graphing calculator can be most helpful, particularly in verifying 
the value of a solution and the number of solutions. 

Optional Graphing Calculator Exploration: If you have a graphing calculator, verify 
the solutions for Example 3 by graphing the equation 

y = x73 — 3y¥3 + 2, 

Determine from your graph whether the curve does in fact cross the x-axis (that is, 

y = 0) when x = 1 and x = 8. You will have to carefully select the window so that 
you can see the behavior of the curve clearly. For this equation a useful window is 
{—1, 12] by [—2,2]. Remember that with most graphing calculators, you will need 
to surround the exponents with parentheses. 

Example 4 Solve and check your solutions. 2x!/? = 5x'/4 + 12 

Solution 2 5/9 = 0 Place in standard form. 

2y? — Sy - 12 = 0 Replace x'/4 by y and x 

(2y + 3)\(y - 4) =0 Factor. 

2y+3=0 or y-4=0 

1/2 by y2, 

y= “9 y=4 Solve for y. 

lt -> xl/4 = 4 Replace y by x!/4, 

4 
(x1/4)4 a (-3) (ee = (4)4 Solve for x. 

81 
saa ci x = 256 

Continued on next page 
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Check. 

81 Si \37 (Sy" ‘ 
=—: = = 12r="0 = 256: 

2 tNGG 2 =) \ 46 e 

= is extraneous and not a valid solution. The only valid solution is 256. 

Student Practice 4 Solve and check your solutions. 

3x1/2 = Bxl/4 — 4 

Example 5 Solve and check your solutions. x7? = 5x7! 

2(256)1/? — 5(256)!/4 - 12 20 

2(16) — 5(4) -12 40 

32-20-1240 

Solution x eS 5 = 0 Place in standard form. 

y? -S5y= Replace x7! by y and x by y”. 

y(y-5) = Factor. 

y=0 or Wy) She 

y=0 y=5 Solve for y. 

tee it) pes Replace y by x1. 

=. (Oe (zt) = (5)-* Solvedor x. 
pencil ul 

Xx 0° ote 3 

which is undefined. 

Check. a it ey a (4) 

eae 5 

The only solution is x = 5 

Il iS 

bo Nn 
| 

Nn — WN aos 
| 

Student Practice 5 Solve and check your solutions. 

I ey VEG 

Although we have covered just five basic examples here, this substitution technique can be extended to other types 
of equations. In each case we substitute y for an appropriate expression in order to obtain a quadratic equation. The fol- 
lowing table lists some substitutions that would be appropriate. 

If You Want to Solve: Then You Would Use the Substitution: Resulting Equation 

x — 13x? + 36 =0 et y? — 13y + 36 =0 

2x° - 3-6 =0 y= x 2y?-y-6=0 

gil eae pe y= xi y?>-3y+2=0 

6(x — 1)? + (x -1)'-2=0 = (ge 1) 6y7+y—-2=0 

(2x? + x)? + 4(2x7 +x) +3=0 y=2x*t+x y+ 4y+3=0 

ee 1 il 2 
+ -6= = +y-6=0 

(- = ;) 53 il Oa y ie = y » 

2x — 5x/2?4+2=0 yee ae 2y? - 5y +2=0 

Exercises like these appear in the exercise set. 



93) Exercises MyLab™ Math 

Solve. Express any nonreal complex numbers with i notation. 

1. x* — 9x7 + 20=0 2. x4 + 6x? -27=0 3. x? +x7-12=0 

ax’ — 2x7 -—8 = 0 5. 4x4 — x? = 3 62x = x" = 1 

In exercises 7-10, find all valid real roots for each equation. 

mk — ix -8=0 8 x° —3x°-4=0 9, x® — 3x7 =0 10. x° + 27x? = 0 

Solve for real roots. 

HM. x° = 17x‘ — 16 12, xe Sy? 

13. 3x® + 13x4 = 10 14, 3x? — 10x4 = 8 
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Solve for real roots. 

18. x2843743-12=0 16 x72 42x37 -8=0 17. 12x79 +5717 -2=0 18; 2x7 — 773? Zao 

19. 2x1/2 — 5x14 -3=0 20. 3x!” + 13x4* —-10 =0 21. 4x'? 4 11s —3 =0 

22, 2xl/2 — xl/*— 1 =O 23, x75 — x5 —-2=0 24, 2x2/9 — 7x15 46=0 

Mixed Practice Jn each exercise make an appropriate substitution in order to obtain a quadratic equation. Find the 
complex values for x. 

25. x°='5x? = 44 26. x° + 2x? = 15 



) 

27. (x? + 3x)? — 2(x? + 3x) -8 =0 
) 

29, x — 5x2 +6=0 

31. x2 +3x'=0 

Ba. 4 = 3x ' + 10 

Section 9.3 Equations That Can Be Transformed into Quadratic Form 

28. (x? + 4x)? + 8(x? + 4x) + 15 =0 

30. x — 3x!/* -10=0 

32) 3x°7 x= 0 

To Think About Solve. Find all valid real roots for each equation. 

2x ba £35...15.— fe 
K-11) xy* =o 1 

Cumulative Review 

37. [4.1.6] Solve the system. 2x + 3y = 5 

—5x —-2y =4 

e+ x -3 
36. 4- 

+6 2x7°4+2 

+ 

48. [LAA [PSunplity. 2 
ic ae 
3x mR PRs 

565 



566 Chapter 9 Quadratic Equations and Inequalities 

Multiply and simplify. 

39, [8.4.1] 3\V/2(V/5 - 2V6) 40. [8.4.1] (V2 + V6)(3V2 - 2V5) 

41. [1.3.3] Salary and Educational Attainment How 
much greater is the median weekly salary of a man by Degree I 

than a woman at each of the four levels of educational 
attainment shown in the graph? Express your answers 
to the nearest tenth of a percent. 

Weekly salary 
(in dollars) 

42. [1.3.3] Salary and Educational Attainment Approxi- 
mately how many extra weeks would an average woman 
with some college or an associate’s degree have to work 
to earn the same annual earnings as a male counterpart 
who worked for 52 weeks? Round your answer to the of soite pacha 

Less 5. college or deg nearest tenth of a week. tranns. graduate COMET oe higher 

diploma 

Degree 
Source: 
www.census-goV 

Quick Quiz 9.3 Solve for any valid real roots. 

1. x* — 18%? + 32 =0 

3. x73 — 4x13 —-5 =9 4, Concept Check Explain how you would solve the 
following. x® — 6x* = 0 



Use Math to Save Money 

Did You Know? Youcan save money over the course 
of a semester by choosing the right meal plan. 

Choosing a Meal Plan 

Understanding the Problem: 

Jake is a college student who lives in a college dormitory. He is 

going over the meal plans and calculating his food budget for 

‘the semester. He is interested in choosing a meal plan that will 

cost him the least while still meeting his needs. 

Making a Plan: 

First he needs to compare the prices and options for the meal 

plans. Then he needs to determine how many meals he will 

eat in the dining halls so he can determine which plan is right 

\ for him. 

Step 1. There are three dining plans that cover the 15-week 

‘semester. 

© The Gold plan costs $2205 a semester and covers 21 meals 

a week. 

© The Silver plan costs $1764 a semester and covers 16 meals 

a week, with extra meals costing $10. 

e The Bronze plan costs $1386 a semester and covers 

' 12 meals a week, with extra meals costing $10. 

Finding a Solution: 

Step 3. Jake plans on eating 17 meals a week in the dining 

halls and spending $30 a week at other establishments. 

Task 8: Which plan should he buy? 

Task 9: How much will Jake spend on food for the 

semester? 

Which plan is best for the following situations: Applying the Situation to Your Life: 

Task 1: Jake plans on eating 20 meals per week in the dining ; 
halls? You can do these same calculations for your own 

Task 2: Jake plans on eating 18 meals per week in the dining eaicUms eee 
halls? e See what plans are offered. 

Task 3: Jake plans on eating 16 meals per week in the dining e Determine how often you will eat in the dining halls. 

halls? * Decide which plan would be right for you. 

Task 4: Jake plans on eating 14 meals per week in the dining * Calculate how much you will need to spend on food for the 
halls? semester. 

Step 2. Jake also has the option of buying “dining dollars” 

to use at other eating establishments on campus. With dining 

dollars Jake will get 10% off all food purchases. 

How much will Jake save over the course of the semester by 

using dining dollars in the following situations: 

Task 5: if he spends $20 a week at these establishments? 

Task 6: if he spends $40 a week at these establishments? 

Task 7: if he spends $60 a week at these establishments? 
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[9.4] Formulas and Applications ® 

El Solving a Quadratic Equation Containing 
After studying this section, you will Several Variables @® 
be able to: 2 

In mathematics, physics, and engineering, we must often solve an equation for 
a Solve a quadratic equation a variable in terms of other variables. Recall in Chapter 3 we solved equations 

containing several such as 2y + 3x = 6 for y in order to write the equation in slope-intercept form 
variables. @® (y = mx + b). We now examine several cases where the variable that we are solv- 

ing for is squared. If the variable we are solving for is squared, and there is no other 
Solve problemeveqiig term containing that variable, then the equation can be solved using the square 
the use of the Pythagorean 
Theorem. @® root property as illustrated in Example 1. 

Solve applied problems agi 3 ; 
- requiring the use of a AExample 1 The surface area of a sphere is given by A = 4”. Solve this equa- 
quadratic equation. @® tion for r. (You do not need to rationalize the denominator.) 

Solution 

A = 4ar?’ 

Ate 
4a 

A 
ee (ionas = iF Use the square root property. 

4a 

¢4 a2 Simplif tava! implify. 

Since the radius of a sphere must be a positive value, we use only the principal 
root. 

_i jA ip Divan Cc 

A Student Practice 1 The volume of a cylindrical cone is V = 5a h, 

Solve this equation for r. (You do not need to rationalize the denominator.) 

Some quadratic equations containing many variables can be solved for one 
variable by factoring. 

Example 2 Solve for y. y? — 2yz — 152? = 

Solution 

(y +32)(y = Sz) e=0 Factor. 

y+3z=0 or y—5z=0 Set each factor equal to 0. 

Yi eae y = 5z_ Solve for y. fe 

Student Practice 2 Solve for y. 

2y? + 9wy + Tw? = 0 

Sometimes the quadratic formula is required in order to solve the equation. 



; 

| Example 3 Solve for x. 2x? + 3wx — 4z = 0 

Solution We use the quadratic formula where the variable is con- 
sidered to be x and the letters w and z are considered constants. 
Thus, a = 2,b = 3w,andc = —4z. 

+ Vb? — 4ac 

2a 

—3w + V (3w)* — 4(2)(—4z) _ -3w + Vow? + 32z 
2(2) 4 

Note that this answer cannot be simplified any further. 
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Student Practice 3 Solve for y. 

3y” + 2fy — 7g = 0 

For all Student Practice problems, write out 
the steps on a separate sheet of paper. Check 
the step-by-step solutions in the back of the 
textbook. 

. Example 4 The formula for the curved surface area S of a right circular cone of 

altitude h and with base of radius ris S = mrVr2 + h?. Solve for r2. 

Solution 

= arVr2 + he 

i: Ee Wr? + he Isolate the radical. 
ur 

S? 2 2 foe =r th Square both sides. 
TT 

S2 

= ip Tee Multiply each term by r?. 

2 2 S 5 
O= 34+ hr? — —z Subtract — from both sides. 

7 7 

This equation is quadratic in form. If we let y = r?, then we have 

2 St 
O=y?+h eer 

T 

By the quadratic formula we have the following: 

—W? + 1 (W)? - «)(-5) 
= T 

4 2(1) 
21,4 2 ah 4S 

Wt 
y= 7 7 Obtain a common denominator 

? under the radical. 

1 
—p2 + = [aps + 482 Factor ee atom ae ae 

a MRS Voge under the radical. * = 7 is 

written outside the radical. 

— ah? + Varn + 48? T 

= Multiply the rational expression by —. 
y 2a i ng 

Since y = r?, we have 

: —h? + Va'ht + 482 — Since the radius of a cone must be a positive 
r= . value, we know 7* > 0 and we use only the 

27 
principal root. oO 

{ieee Student Practice 4 The formula for the number of diagonals d in a 

ae Solve for n. 
. . . n2 — 3 

polygon with n sides is d = ; 
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Solving Problems Requiring the Use 
of the Pythagorean Theorem @® 

A very useful formula is the Pythagorean Theorem for right triangles. 

PYTHAGOREAN THEOREM 

If c is the length of the longest side of a right triangle and a and b are the 

lengths of the other two sides, then a? + b = c’. 

The longest side of a right triangle is called the hypotenuse. The other two sides 
are called the legs of the triangle. 

A Example 5 

(a) Solve the Pythagorean Theorem a” + b* = c? for a. 
(b) Find the value of aifc = 13 and b = 5. 

Solution 

(a) @ =? - Subtract b” from each side. 

a= +Vc*—b* Use the square root property. 

a, b, and c must be positive numbers because they represent lengths, so we use 
only the positive root,a = Vc? — b’. 

(b) a = Vc? — b? 

a = V(13)? — (5)? = V169 — 25 = V/144 = 12 
Thus, a = 12. Oo 

A |fi=82 Student Practice 5 

(a) Solve the Pythagorean Theorem for b. 

(b) Find the value of b if c = 26 anda = 24. 

There are many practical uses for the Pythagorean Theorem. For hundreds of 
years, it was used in land surveying and in ship navigation. So, for hundreds of years 
students learned it in public schools and were shown applications in surveying and 
navigation. In almost any situation where you have a right triangle and you know 
two sides and need to find the third side, you can use the Pythagorean Theorem. 

See if you can see how it is used in Example 6. Notice that it is helpful right at 
the beginning of the problem to draw a picture of the right triangle and label infor- 
mation that you know. 
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A Example 6 The perimeter of a triangular piece of land is 12 miles. One leg of the 
riangle is 1 mile longer than the other leg. Find the length of each boundary of the 
land if the triangle is a right triangle. 

Solution 

1. 

x 

4, 

Understand the problem. Draw a 
picture of the piece of land and label 
the sides of the triangle. 
Write an equation. We can use the 
Pythagorean Theorem, First, we want 
only one variable in our equation. 
(Right now, both c and x are not 
known.) 

We are given that the perimeter is 12 miles, so 

+a + c= 12. 

Thus, 

= Sie eae 

By the Pythagorean Theorem, 

x? + (x +1)? = (-2x + 11)? 

Solve the equation and state the answer. 

x? + (x +1)? = (-2x + 11)? 

a pdx ed = 4x? 44x + 121 
0 = 2x” — 46x + 120 

O'= x" — 23x-+ 60 

By the quadratic formula, we have the following: 

OSES V/(-23)? — 4(1) (60) 
2(1) 

23 + V289 
ie Fa a ees 

2 

yoo 

o 

40 6 
i OO or ia, = 3. 

The answer x = 20 cannot be right because the perimeter (the sum of all the 
sides) is only 12. The only answer that makes sense is x = 3. Thus, the sides of 
the triangle arex = 3,x +1 =3+1=4,and—-2x + 11 = -2(3) + 11=5S, 
The longest boundary of this triangular piece of land is 5 miles, The other two 
boundaries are 4 miles and 3 miles. 

Notice that we could have factored the quadratic equation instead of using 
the quadratic formula. x” — 23x + 60 = Ocan be written as (x — 20)(x — 3) =0. 

Check. 
Is the perimeter 12 miles? Is one leg 1 mile longer than the other? 
mea + 3 = 12 7 4=3+1 V7 o 

A [fe=94 Student Practice 6 The perimeter of a triangular piece of land is 
30 miles. One leg of the triangle is 7 miles shorter than the other leg. Find the length 
of each boundary of the land if the triangle is a right triangle. 
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Solving Applied Problems Requiring the | 
Use of a Quadratic Equation @® 

Many types of area problems can be solved with quadratic equations as shown in the 

next two examples. 

A Example 7 The radius of an old circular pipe under a roadbed is 10 feet. 
Designers want to replace it with a smaller pipe and have decided they can use one 
with a cross-sectional area that is 367 square feet smaller. What should the radius 
of the new pipe be? 

Solution — First we need the formula for the area of a circle, 

A = ar’, 

where A is the area and r is the radius. The area of the cross section of the old 

pipe is as follows: 

Agia = 7(10)? 
= 1007 

x feet 

10 feet radius 

radius 

Cross section Cross section 

of old pipe of new pipe 

Let x = the radius of the new pipe. 

(area of old pipe) — (area of new pipe) = 367 

100a == Wx? = 367 

64a = mx? Add zx? to each side and subtract 367 from each side. 

6477 ox? . 
—— = — Divide each side by 7. 
aT 7 

64x" 

+8=x Use the square root property. 

Since the radius must be positive, we select x = 8. The radius of the new pipe is 
8 feet. Check to verify this solution. Oo 

Student Practice 7 Redo Example 7 when the radius of the pipe 
under the roadbed is 6 feet and the designers want to replace it with a pipe that 
has a cross-sectional area that is 457 square feet larger. What should the radius 
of the new pipe be? 
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. Example 8 A triangular sign marks the edge of some rocks in Rockport Harbor. 
e sign has an area of 35 square meters. Find the base and altitude of this triangular 

sign if the base is 3 meters shorter than the altitude. 

Solution The area of a triangle is given by 

altitude =a =x 

base = b=x —- 3 

- Let x = the length in meters of the altitude. Then x — 3 = the length in meters of 
the base. 

35 = Ly 53) Replace A (area) by 35, a (altitude) by x, 

2 and b (base) by x — 3. 

70 = x(x — 3) Multiply each side by 2. 

70 = x’ — 3x Use the distributive property. 

0 = x? — 3x — 70 Subtract 70 from each side. 

0 = (x — 10)(x + 7) 

6 .— LO ora )— 7 

The length of a side of a triangle must be a positive number, so we disregard —7. 
Thus, 

altitude = x = 10 meters and 

base = x — 3 = 7 meters. 

’ The check is left to the student. | 

\ Student Practice 8 The length of a rectangle is 3 feet shorter than 
twice the width. The area of the rectangle is 54 square feet. Find the dimensions 
of the rectangle. 

We will now examine a word problem that requires the use of the formula 
distance = (rate) (time) or d = rt. 

373 
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Example 9 When Natalie was training for a bicycle race, she rode a total o: 
135 miles on Monday and Tuesday. On Monday she rode for 75 miles in the rain 
On Tuesday she rode 5 miles per hour faster because the weather was better. Hes 
total cycling time for the 2 days was 8 hours. Find her speed for each day. 

Solution We can find each distance. If Natalie rode 75 miles on Monday and ¢ 
total of 135 miles during the 2 days, then she rode 135 — 75 = 60 miles on Tuesday 

Let x = the cycling rate in miles per hour on Monday. Since Natalie rode 
5 miles per hour faster on Tuesday, x + 5 = the cycling rate in miles per hour or 
Tuesday. 

Since distance divided by rate is equal to time (¢ = ‘), we can deter 

mine that the time Natalie cycled on Monday was -y and the time she cycled or 
60 

Tuesday was as: 

Since the total cycling time was 8 hours, we have the following: 

time cycling Monday + time cycling Tuesday = 8 hours 

a ie 
Be Calta) 

The LCD of this equation is x(x + 5). Multiply each term by the LCD. 

B(x )(2) at r(e+s)(—2,) = x(x + 5)(8) 

75(x + 5) + 60x = &x(x + 5) 

75x + 375 + 60x = 8x? + 40x 

0 = 8x? — 95x — 375 

ise" (xi ISS + 25) 

x— 15 =) Jor &y 25 = 0 
ae 

ogi 
We disregard the negative answer. The cyclist did not have a negative rate 
of speed—unless she was moving backward! Thus, x = 15. So Natalie’: 
rate of speed on Monday was 15 mph, and her rate of speed on Tuesday was 
x +5 = 15 + 5 = 20 mph. 

x =15 oa 

Student Practice 9 Carlos traveled in his car at a constant speed 
on a secondary road for 150 miles. Then he traveled 10 mph faster on a better 
road for 240 miles. If Carlos drove for 7 hours, find the car’s speed for each part 
of the trip. 
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Exercises MyLab™ Math 

Solve for the variable specified. Assume that all other variables are nonzero. You do not need to rationalize the denominators. 

i 

4. 

7. 

10. 

13. 

16. 

S = 1607; for t 

A= 56 for r 

4(y? + w) — 5 = 7R; for y 

Tbx? — 3ax = 0;forx 

A = P(1+-r)*;forr 

11. 

14. 

2. E = mc’; forc 3. S = 9nr?; for r 

3N = a for x 6 V= ce 
5 3 

4x? + 1 = 3A; forx 9 O= Sm for M 

V = a(r? + R’)h; for r 12. M =a(b* +c’); forb 

2x? — Sax = 0; for x er = El Ri: for 

Ow? + Stw — 2 = 0; for w 18. 6w? — sw + 4 = 0; for w 17. 

575 
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19. S§ = 2arh + wr: for r 

21. 

Chapter 9 Quadratic Equations and Inequalities 

(a + 1)x? + 5x + 2w = 0; forx 22. 

20. B = 3abx* — 5x; for x 

(b-— 2)x* — 3x + 5y = 0; forx 

In exercises 23-28, use the Pythagorean Theorem to find the unknown side(s). 

b 

a 

A23. c=6,a = 4; findb A 24, b =5,c = 10: finda A225. c = V34,b = V19: find a 

A26. c= V21,a = V5: find b A27. c=12,b =2a:findbanda A28 c= 15,4 = 2b: findb anda 

Applications 

A 29. Brace for a Shelf A brace for a shelf has the shape of A 30. Tent The two sides of a tent are equal in length and 

A 31. 

a right triangle. Its hypotenuse is 10 inches long and 
the two legs are equal in length. How long are the 
legs of the triangle? 

College Parking Lot Knox College is creating a A 32. 
new rectangular parking lot. The length is 0.07 mile 
longer than the width and the area of the parking lot 
is 0.026 square mile. Find the length and width of the 
parking lot. 

meet to form a right triangle. If the width of the floor 
of the tent is 8 feet, what is the length of the two sides? 

Computer Chip A high-tech company is producing a 
new rectangular computer chip. The length is 0.3 cen- 
timeter less than twice the width. The chip has an area 
of 1.04 square centimeters. Find the length and width 
of the chip. 
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A 33. Barn The area of a rectangular wall of a barn is 126 A34. Tennis Court The area of a doubles tennis court is 312 

} Section 9.4 Formulas and Applications 

\ ' square feet. Its length is 4 feet longer than twice its 
width. Find the length and width of the wall of the barn. 

square centimeters. Its altitude is 2 centimeters longer 
than twice its base. Find the lengths of the altitude and 
the base. 

37. Driving Speed Roberto drove at a constant speed in a 
rainstorm for 225 miles. He took a break, and the rain 

stopped. He then drove 150 miles at a speed that was 
5 miles per hour faster than his previous speed. If he 
drove for 8 hours, find the car’s speed for each part of 
the trip. 

39. Commuter Traffic Hassan drove from home to work 

at 50 mph. After work the traffic was heavier, and he 
drove home at 45 mph. His driving time to and from 
work was 1 hour and 16 minutes. How far does he live 

from his job? 

A 35. Triangular Flag The area of a triangular flag is 72 A36. 

38. 

40. 

square yards. Its length is 2 yards longer than twice its 
width. Find the length and width of the tennis court. 

Children’s Playground A children’s playground is tri- 
angular in shape. Its altitude is 2 yards shorter than its 
base. The area of the playground is 60 square yards. 
Find the base and altitude of the playground. 

Driving Speed Alicia traveled at a constant speed on 
a gravel road for 40 miles. She then traveled 10 miles 

per hour faster on a paved road for 150 miles. If she 
drove for 4 hours, find the car’s speed for each part of 

the trip. 

Commercial Trucker Tranh drove his heavily loaded 
truck from the company warehouse to a delivery point 
at 35 mph. He unloaded the truck and drove back to 
the warehouse at 45 mph. The total trip took 5 hours 
and 20 minutes. How far is the delivery point from the 
warehouse? 
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Incarcerated Adults The number of incarcerated adults N (measured in thousands) in the United States can be approximat- 
ed by the quadratic equation N = —3.63x* + 71.2x + 1938, where x is the number of years since 2000. For example, when 
x =1,N = 2006. This tells us that in 2001 there were approximately 2,006,000 incarcerated adults in the United States. Use 

this equation to answer the following questions. Round your answers to the nearest thousand. (Source: www.bjs.gov) 

41. In 2008, the number of incarcerated adults peaked. 42. How many incarcerated adults does the equation pre- 
How many adults were incarcerated in that year? dict there will be in the year 2025? 

43. In what years did the number of incarcerated adults 44. Determine the year in which the number of incarcer- 
reach 2,130,000? ated adults is expected to be 1,700,000. 

Cumulative Review Rationalize the denominators. 

5V6 
46. [8.4.3] —— 

4 

V3x 2V5 
45. [8.4.3] 

2V3 

73 — V6 
47. [8.4.3] Vey 48. [8.4.3] 

Quick Quiz 9.4 

1. Solve for y. . Solve for z. 

_ Sab 
ve 

. The area of a rectangular field is 175 square yards. A4. Concept Check Ina right triangle the hypotenuse 

The length of the field is 4 yards longer than triple measures 12 meters. One of the legs of the triangle 
the width of the field. What is the width of the field? is three times as long as the other. Explain how you 
What is the length of the field? would find the length of each leg. 

6z7 + Tyz — 5w =0 
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ER Finding the Vertex and Intercepts 
of a Quadratic Function @® 

In Section 3.6 we graphed functions such as p(x) = x? and q(x) = (x + 2). We 
will now study quadratic functions in more detail. 

DEFINITION OF A QUADRATIC FUNCTION 

A quadratic function is a function of the form 

f(x) = ax? + bx + c, where a, b, and care real numbers anda # O. 

Graphs of quadratic functions written in this form will be parabolas opening upward 
if a > 0 or downward if a < 0. The vertex of a parabola is the lowest point on a pa- 
rabola opening upward or the highest point on a parabola opening downward. 

—b : oe 

The vertex will occur at x = Ba: To find the y-value, or f(x), when x = = we 

=D 
find (52). Therefore, we can say that a quadratic function has its vertex at 

(Gear) 
It is helpful to know the x-intercepts and the y-intercept when graphing a qua- 

dratic function. 

x. ar 
vertex 

x-intercepts y-intercept 

y-intercept 

vertex 

A quadratic function will always have exactly one y-intercept. However, it may have 
zero, one, or two x-intercepts. The parabola above on the left shows two x-intercepts 
and the parabola on the right has no x-intercept. There will be one x-intercept if the 
parabola touches the x-axis but does not cross it. 

WHEN GRAPHING QUADRATIC FUNCTIONS OF THE FORM 

f(x) = ax’? + bx +¢,a #0 

. The coordinates of the vertex are (3 ( =) 
Dee 2a 

. The y-intercept is at #(0). 

. The x-intercepts (if they exist) occur where f(x) = 0. They can always 
be found with the quadratic formula and can sometimes be found by 
factoring. 

Since we may replace y by f(x), the graph is equivalent to the graph of 
y ="axb bx + c. 

Section 9.5 Quadratic Functions 579 

Student Learning Objectives 

After studying this section, you will 
be able to: 

1 | Find the vertex arid intercepts 
of a quadratic function. @® 

Graph a quadratic 
function. @® 
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Graphing Calculator 

Finding the x-intercepts 

and the Vertex 

To find the intercepts of the 
quadratic function 

~ f(z) = x = ae = 3, 
graph y = x* — 4x + 3ona 

graphing calculator using an 

appropriate window. 
Display: 

5 

=) 

Next you can use the Trace and 

Zoom features or zero command 

of your calculator to find the 
x-intercepts. 

You can also use the Trace 

and Zoom features to determine 

the vertex. 

Some calculators have a feature 

that will calculate the maximum 

or minimum point on the graph. 
Use the feature that calculates 

the minimum point to find the 

vertex of f(x) = x? — 4x + 3. 
Display: 

Thus, the vertex is (2, -1). 

Step 1 The vertex occurs at x 

Step 2 

Step 3 

Example 1 Find the coordinates of the vertex and the intercepts of the quadratic 
function f(x) = x? — 8x + 15. | 

Solution For this function a = 1,b = —8,andc = 15. 

f i : 

The vertex has an x-coordinate of 4. To find the y-coordinate, we evaluate 

f(4). 

f(4) = 4 — 8(4) + 15 = 16 - 32 +15 = -1 

Thus, the vertex is (4, -1). 

The y-intercept is at f(0.).We evaluate f(0) to find the y-coordinate when 
x is 0. 

f(O) = 0? — 8(0) 415° = 15 

The y-intercept is (0, 15). 

If there are x-intercepts, they will occur when f(x) = O0—that is, when 
x? — 8x + 15 = 0. We solve for x. 

(x= 5 )(% = 3) = 0 

>) (0) 

x=5 

Thus, we conclude that the x-intercepts are (5,0) and (3, 0). 

We list these four important points of the function in table form. 

Name 

Vertex 

y-intercept 

x-intercept 

x-intercept 
y ra 

Student Practice 1 Find the coordinates of the vertex and the inter- 

cepts of the quadratic function f(x) = x? — 6x + 5. 
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Graphing a Quadratic Function @® 

It is helpful to find the vertex and the intercepts of a quadratic function before 
graphing it. 

Example 2 Find the vertex and the intercepts, and then graph the function 
eax + 2x — 4. 

Solution Here a = 1,b = 2, and c = —4. Since a > 0, the parabola opens 
upward. 

Step 1 We find the vertex. 

meee =e +2 Ly 

a 7 St a 

f(-1) = (-1)? + 2(-1) -4=1+ (-2) -4=-5 

The-vertex is,(=£, =5). 

Step 2 We find the y-intercept. The y-intercept is at f(0). 

f(0) = (0)? + 2(0) -4= -4 

The y-intercept is (0, —4). 

_ Step3 We find the x-intercepts. The x-intercepts occur when f(x) = 0. 
Thus, we solve x? + 2x — 4 = 0 for x. We cannot factor this equation, so 
we use the quadratic formula. 

pach t Vi = dec 2 + VF- AD) _ 2+ VO_ a ve 
2a 2(1) “ 

To aid our graphing, we will approximate the value of x to the nearest 
tenth by using a square root table or a scientific calculator. 

1 5 [=] 1.236068 
ee 12 

1 [+/-] [=] 5 [V_][=] -3.236068 
ays. 

The x-intercepts are approximately (—3.2, 0) and (1.2, 0). 

We have found that the vertex is (—1, —5); the y-intercept is (0, —4); and the 
x-intercepts are approximately (—3.2, 0) and (1.2,0). We connect these points by a 
smooth curve to graph the parabola. 

f(x) 
4 

wen Gefen sonfng 
: x-intercept x-intercept bear be 

[Se 0) 32.0), \ 77"? 
Student Practice 2 

— 8(x) 

zi 
[eae emer 

eee 

o 

Seq Student Practice 2 Find the vertex and the intercepts, and then graph 
the function g(x) = x” — 2x — 2 ona sheet of graph paper, using a coordinate 

system similar to the one shown in the margin. 
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Student Practice 3 Find the ver- 
tex and the intercepts, and then graph the 

function g(x) = —2x? — 8x — 6 ona sheet 
of graph paper, using a coordinate system 
similar to the one shown. 

ee 

For all Student Practice problems, write out 
the steps on a separate sheet of paper. Check 
the step-by-step solutions in the back of the 
textbook. 

. 
Mg Example 3 Find the vertex and the intercepts, and then graph the 

function f(x) = —2x? + 4x -— 3. 

Solution Here a = —2,b = 4, and c = —3. Since a < 0, the 
parabola opens downward. | 

The vertex occurs at x = oe 
z a 

ie Sag 
a (-2)  —4 

f(14) = -2(1)? +41) -3 = -24+4-3=-1 

The vertex is fy 

The y-intercept is at f(0). 

The y-intercept is (0, —3). 

If there are any x-intercepts, they will occur when f(x) = 0. 
We use the quadratic formula to solve —2x? + 4x — 3 = 0 for x. 

PEA = 4(=2) (53) 0) ede ae 

=e 7) ae 

Because V —8 yields an imaginary number, there are no real roots. 
Thus, there are no x-intercepts for the graph of the function. That is, 

the graph does not intersect the x-axis. 
We know that the parabola opens downward. Thus, the vertex 

is a maximum value at (1, —1). Since this graph has no x-intercepts, 
we will look for three additional points to help us in drawing the 
graph. We try f(2), f(3), and f(—1). 

f(2) = -2(2)? + 4(2) -3 = -8 +8 -3=-3 

f(3) = -2(3)? + 4(3) -3 = -18 + 12-3 = -9 

f(-1) = -2(-1)? + 4(-1) -3 = -2-4-3=-9 

We plot the vertex, the y-intercept, and the points (2, —3), (3, —9), 
and (<1 oun 

“fala ae ses 
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[o5) Exercises = MyLab™ Math 

Find the coordinates of the vertex, the y-intercept, and the x-intercepts (if any exist) of each of the following quadratic func- 
tions. When necessary, approximate the x-intercepts to the nearest tenth. 

Mepce y= x7 — 8x + 15 2. Fey a oe 2x 24 

3. g(x) = -x? - 8x +9 4. g(x) = —x? + 4x + 32 

5. p(x) = 3x? + 12x + 3 6. p(x) = 2x? = 4x —1 

7. r(x) = —3x* — 2x -— 6 8S. f(x) er 43x — 2 

9. f(x)\= 2x? + 2x - 4 10. f(x) = 5x2 + 2x -3 

In each of the following exercises, find the vertex, the y-intercept, and the x-intercepts (if any exist), and then graph the 

function on a sheet of graph paper, using a coordinate system similar to the one shown. 

at. f(x) = x* — 6x +8 12. f(x) =x? + 6x +8 

fx) Heal) 
a baba : 

583 
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15. p(x) = —x? + 8 - 12 16. p(x) = —x* — & — 12 

(x) P(x) 

17. r(x) = 3x? + 6x + 4 18. r(x) = —3x? + 6x - 4 

20. g(x) = 2x? -2x +1 

21. f(x) =x? = 4044 

f(x) 



Applications 

24. 

Section 9.5 Quadratic Functions 585 

r(xyi= =x? +1 

| Boating Some leisure activities such as boating are expensive. People with larger incomes are more likely to participate in 

such an activity. The number of people N (measured in thousands) who participate in boating (motor and power boating) 

_can be described by the function N(x) = 1.99x? — 6.76x + 1098.4, where x is the mean income (measured in thousands) 
and x = 10. Use this information to answer exercises 25-30. (Source: www.census.gov) 

25. 

27, 

29, 

30. 

Find N(10), N(30), N(50), N(70), and N(90). 

Find N(60) from your graph. Explain what N(60) 
means. 

Use your graph to find the value of x when N(x) is 

equal to 10,000. Explain what this means. 

Use your graph to find the value of x when N(x) is 

equal to 4000. Explain what this means. 

26. 

28. 

Use the results of exercise 25 to graph the function 
from x = 10 to x = 90. Use a sheet of graph paper 
and a coordinate system similar to the one shown at 

the bottom of the page. 

Find N(60) from the equation for N(x). Compare 
your answers for exercises 27 and 28. 

N(x) 
4 

17,000 F: 

16,000 F: 

15,000 - 

14,000 -- 

13,000 Fe: 

12,000 Fe 

11,000 

10,000 Fe" 
COTOYOY 0) seca conan esa ae 

8000+ 
7000 RF Gime oeonetlectictse 

CGfO (OO) | re ee ar 
5000 E> als miicantiitawccaitn 

AQ OD nisin ens 

S000) Fam 

PANO erate 3 i 
a MOY 00) rncenteseerrenes eereer- see teres 

Number of people in thousands 
who participate in boating 

(gh ee a eer 

0 10 20 30 40 50 60 70 80 90 100 

Mean income in thousands of dollars 
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Company Owner The daily profit P in dollars of Pine Tree Picnic Tables in the summer months is described by the function 

P(x) = 
be prepared for the summer. He is studying the graph of this function so he can determine how many employees to hire and 

have enough supplies on hand to make tables. Use this information to answer exercises 31-36. 

31. Find P(18), P(20), P(28), P(35), and P(42). 

32. 

33. 

35. 

37. 

Use the results of exercise 31 to graph the func- 
tion from x = 18 to x = 42 on a sheet of graph 

paper, using a coordinate system similar to the one 
shown. 

The maximum profit of the company occurs at the ver- 

tex of the parabola. How many picnic tables should 

be made per day in order to obtain the maximum 

profit for the company? What is the maximum profit? 

How many picnic tables are made per day if the com- 
pany has a daily profit of zero dollars? 

Softball Mariana throws a softball upward into the 
air at a speed of 32 feet per second from a 40-foot 
platform. The height of the ball after ¢ seconds is giv- 

en by the function d(t) = —16t? + 32t + 40. What 
is the maximum height of the softball? How many 

seconds does it take to reach the ground after first 

being thrown upward? (Round your answer to the 

nearest tenth.) 

Optional Graphing Calculator Problems 

39. Graph y = 2.3x? — 5.4x — 1.6. Find the x-intercepts 
to the nearest tenth. 

34. 

36. 

38. 

P(x) 

Daily profit of company in dollars 

— 3 

SOF er. 

jsp 4.8.2216 20 24 28 32 36 40 4h 
—100 : : 

eae 

—200 

Number of picnic tables made per day 

How many picnic tables per day should be made in 
order to obtain a daily profit of $420? Why are there 
two answers to this question? 

How many picnic tables are made per day if the com- 
pany has a daily loss of $105? 

Baseball Henry is standing on a platform over- 
looking a baseball stadium. It is 160 feet above the 

playing field. When he throws a baseball upward at 

64 feet per second, the distance d from the baseball 
to the ground after ¢ seconds is given by the func- 

tion d(t) = —16r? + 64t + 160. What is the maxi- 
mum height of the baseball if he throws it upward? 
How many seconds does it take until the ball finally 

hits the ground? (Round your answer to the near- 
est tenth.) 

. Graph y = —4.6x* + 7.2x — 2.3. Find the x-intercepts 
to the nearest tenth. 

—5x7 + 300x — 4000, where x is the number of tables that are manufactured in one day. Scott, the owner, wants to” 
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To Think About 

41. A graph of a quadratic equation of the form 42. A graph of a quadratic equation of the form 
y =ax*+bx+c passes through the points y = ax’ + bx + chasa vertex of (1, —25) and passes 
(0, -10), (3, 41), and (—1, -15). What are the val- through the point (0, —24). What are the values of 
ues of a, b, and c? a, b, and c? 

Cumulative Review Solve each system. 

43. [4.2.2] 3x — y+2z=12 A4, [4.2.2] 7x +3y — z= -2 

Oy aS yi BS aor oy t+ 37 = 

x + 3y + 8z = 22 wee2y + z= 1 

| Quick Quiz 9.5 Consider the function f(x) = —2x? — 4x + 6. 

| 1. Find the vertex. 2. Find the y-intercept and the x-intercepts. 

3. Using the above points, graph the function onasheet 4. Concept Check Explain how you would find the 
of graph paper using a coordinate system similar to vertex of f(x) = 4x” — 9x — 5. 
the one shown. 
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[96]} Compound and Quadratic Inequalities ® 

El Graphing Compound Inequalities That Use and @® 
After studying this section, you will 

be able to: 

1 | Graph compound inequalities 
that use and. @® 

Graph compound inequalities 
that use or. @® 

Solve compound inequalities 
and graph their solutions. @® 

Solve a factorable quadratic 
inequality in one variable. @® 

5 | Solve a nonfactorable quadratic 
inequality in one variable. @® 

In Section 2.8 we learned how to solve and graph inequalities such as 2x + 3 < 11. 
In this section we will discuss inequalities that consist of two inequalities connected 
by the word and or the word or. They are called compound inequalities. 

The solution of a compound inequality using the connective and includes all 
the numbers that make both parts true at the same time. 

Example 1 Graph the values of x where 7 < x and x < 12. 

Solution We read the inequality starting with the variable. Thus, we graph all 
values of x, where x is greater than 7 and where x is less than 12. All such values 
must be between 7 and 12. Numbers that are greater than 7 and less than 12 can be 

written as 7 < x < 12. 

5 6 7 8 Ca eZ ee EN als) oOo 

ee Student Practice 1 Graph the values of x where —8 < x andx < —2 
on a separate sheet of paper, using a number line similar to the one shown. 

L109 8 if 6 > A320). alll 

Example 2 Graph the values of x where —6 = x < 2. 

Solution Here we have that x is greater than or equal to —6 and that x is less 

than or equal to 2. We remember to include the points —6 and 2 since the inequality 
symbols contain the equals sign. 

tt tt ttt rt 
=f Wy sy St) Se il 0 i 2; 3 oO 

tee Student Practice 2 Graph the values of x where -1 = x = 5 ona 
separate sheet of paper, using a number line similar to the one shown. 

S4h =3  =20 tell 0 1 2 3 4 5 6 

Example 3 Graph the salary range (s) of the full-time employees of Tentron 
Corporation. Each person earns at least $190 weekly, but not more than $800 
weekly. 

Solution “At least $190” means that the weekly salary of each person is greater 
than or equal to $190 weekly. We write s = $190. “Not more than” means that the 
weekly salary of each person is less than or equal to $800. We write s = $800. Thus, 
s may be between 190 and 800 and may include those endpoints. 

$190 $800 
pt tt tt tt to 
$100 $300 $500 $700 $900 $1100 oO 

i=4 Student Practice 3 Graph the weekly salary range of a person who 
earns at least $200 per week, but never more than $950 per week on a separate 
sheet of paper, using a number line similar to the one shown. 

$200 $400 $600 $800 $1000 
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2 Graphing Compound Inequalities That Use or @® 

The solution of a compound inequality using the connective or includes all the num- 
bers that are solutions of either of the two inequalities. 

Example 4 Graph the region where x < 3 orx > 6. 

Solution Notice that a solution to this inequality need not be in both regions at 
the same time. 

Read the inequality as “x is less than 3 or x is greater than 6.” Thus, x can be 
less than 3 or x can be greater than 6, This includes all values to the left of 3 as well 

as all values to the right of 6 on a number line. We shade these regions. 

eee 38 ae! SE eee oO 

dee Student Practice 4 Graph the region where x < 8orx > 12 ona 
separate sheet of paper, using a number line similar to the one shown. 

+++» 
6 vi 8 Teenie 127 13 14. iso 

Example 5 Graph the region where x > —2 orx = —5. 

Solution Note the shaded circle at —5 and the open circle at —2. 

OS rh ae ar ee ar ee. oO 

ieee Student Practice 5 Graph the region where x S$ —60rx >3 ona 
separate sheet of paper, using a number line similar to the one shown. 

10, 8 6 4 2 0 2 4 6 ye IO) 

Example 6 Male applicants for the state police force in Fred’s home state are 
ineligible for the force if they are shorter than 60 inches or taller than 76 inches. 

Graph the range of rejected applicants’ heights. 

Solution Each rejected applicant’s height h will be less than 60 inches (h < 60) 
or will be greater than 76 inches (h > 76). 

76 inches 
—+—__2—__+—_4 rd 

50 inches 60 inches 70 inches 80 inches o 

deep a Student Practice6 Female applicants are ineligible if they are shorter 
than 56 inches or taller than 70 inches. Graph the range of rejected applicant’s 
heights on a separate sheet of paper, using a number line similar to the one shown. 

50 in. 60 in. 70 in. 80 in. 90 in. 

Solving Compound Inequalities and Graphing 

Their Solutions @® 

When asked to solve a more complicated compound inequality for x, we normally 
solve each individual inequality separately. 

589 
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Example 7 Solve for x and graph the compound solution. 

Stukee elder Qui 1 spt 

Solution We solve each inequality separately. 

3x +2 > 14 or Di ll <i, 

bie > ily 2x <—6 

x>4 Sas 

The solution is x < —30rx > 4. 

50) 4 3 0 it 2 3 4 

Student Practice 7 On a separate sheet of paper, using a number 
line similar to the one shown, solve for x and graph the compound solution. 
3x ~-4< -Llor2ax+3>13 

++ +++ + +—_ +++ > 
a2 el 0 1 2 3 4 5) 6 7 

Example 8 Solve and graph. 2x + 5 = 11 and —3x > 18 

Solution We solve each inequality separately. 

ph ee ea and oy Ls 

3) 18 
2x = 6 Bo : =3 > 33 
x =3 x= —6 

The separate solutions are x < —6 and x S 3. 

=7 = 36, SE SAS nd: Sil 0 1 2 

The only numbers that satisfy the statements x = 3 and x < —6 at the same time 
are x < —6. Thus, x < —6 is the solution to the compound inequality. 

-9 -8 -7 -6 -5 -4 -3 -2 -1 0 

8 

3 

i 

5 

Division by a negative number 

reverses the inequality symbol. 

o 

Student Practice 8 Ona separate sheet of paper, using a number line 

similar to the one shown, solve and graph. —2x + 3 < —7 and 7x — 1 > —15 

Al 0 1 2 a 4 5 6 a 8 

Example 9 Solve. —3x — 2 < —Sand 4x + 6 < -12 

Solution We solve each inequality separately. 

= 3) eae and 4x +6 < -12 

—3y = —3 4x < -18 

3 ae, 4x —18 
—_— > — — < — 
=2 —3 4 4 

yo) Sats Lys 
2 

9 

Now, clearly it is impossible for one number to be greater than 1 and at the same 
time be less than —44. 

Thus, there is no solution. We can express this by the notation @, which is the 

empty set. Or we can just state, “There is no solution.” 

b= Student Practice 9 Solve. —3x — 11 < -26and5x + 4< 14 
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Solving a Factorable Quadratic Inequality in One Variable @® 

We will now solve quadratic inequalities such as x?—2x—3>0 and 
2x? + x — 15 < 0. A quadratic inequality has the form ax? + bx + c < 0 (or replace 
< by >, =, or = ), where a, b, and c are real numbers anda ~ 0. We use our knowl- 

edge of solving quadratic equations to solve quadratic inequalities. 

Let’s solve the inequality x7 — 2x — 3 > 0. We want to find the two points 
where the expression on the left side is equal to zero. We call these the boundary 
points. To do this, we replace the inequality symbol by an equals sign and solve the 
resulting equation. 

x*—2x-3=0 

(xerth by (¥e=3.) =10,,, Factor. 

X¥+1=0 or x¥-—3=0 Zero factor property 

rent | x=3 

These two solutions form boundary points that divide a number line into three 
segments. 

Boundary points 

x=-1 x=3 
| : | 
| | 

SE SUN eth Se Sail 0 i 2 3 4 5 6 i/ 
eve YY Fie 

tt Sl 7 <= 3 Baa 
Region I Region II Region III 

All values of x in a given segment produce results that are greater than zero, or 
all values of x in a given segment produce results that are less than zero. 

To solve the quadratic inequality, we pick an arbitrary test point in each re- 
gion and then substitute it into the inequality to determine whether it satisfies 
the inequality. If one point in a region satisfies the inequality, then a// points in 
_ region satisfy the inequality. We will test three values of x in the expression 
oa eS, 

[x < —1, Region I | A sample point is x = —2. 

(-2)? — 2(-2) -3 =4+4-3=5>0 

—1 <x <3, Region II:| A sample point is x = 0. 

(0)? —2(0) -3 =0+0-3=-3<0 

x > 3, Region III:| A sample point is x = 4. 

(4)? -2(4) -3=16-8-3=550 

Thus, we see that x7 — 2x — 3 > 0 when x < —1 or x > 3. No points in Region II 
satisfy the inequality. The graph of the solution is shown next. 

3. s4 ol a2 zl 0 1 a ) 4 5 

We summarize our method. 
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SOLVING A QUADRATIC INEQUALITY 

. Replace the inequality symbol by an equals sign. Solve the resulting 
equation to find the boundary points. 

. Use the boundary points to separate a number line into three distinct 
regions. 

. Evaluate the quadratic expression at a test point in each region. 

4. Determine which regions satisfy the original conditions of the quadratic 

inequality. 

Example 10 Solve and graph x? — 10x + 24 > 0. 

Solution 

1. We replace the inequality symbol by an equals sign and solve the resulting 
equation. 

x? — 10x + 24=0 

ie 4)(y =.6) = 0 

x= 4 = 0 or x*-6=0 

x=4 x=6 

2. We use the boundary points to separate a number line into distinct regions. 

x=4 x=6 

| 
—— $9 $$$ e—__+—___++ 

2 5) 4 5 6 7 8 

| 
pact! | 4<x<6 x > 6 

Region I | Region II Region III 
| 

3. We evaluate the quadratic expression at a test point in each of the regions. 

x? — 10x + 24 

x < 4, Region I:| We pick the test point x = 1. 

(1)? = 10(1) +24 =1-104+24=1550 

4 <x < 6, Region II:| We pick the test point x = 5. Pp 

(5)* — 10(5) + 24 = 25 -50 + 24 = -1<0 

x > 6, Region HL:| We pick the test point x = 7. 

(7)? — 10(7) + 24 = 49 ~ 70+ 24 =3 50 

4. We determine which regions satisfy the original conditions of the quadratic 
inequality. 

x? — 10x + 24 > Owhenx < 4or whenx > 6. 

The graph of the solution is shown next. 

“1 #0) ME Wes ES) BA IS Ree oe ae Oo 

Student oc ea. Student Practice 10 Solve and graph on a separate sheet of paper, 
=3 <9 =1elt) 2) S04 Ss using a number line similar to the one in the margin. x* — 2x — 8 < 0 
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| 

Example 11 Solve and graph 2x* + x — 6 < 0. 

Solution We replace the inequality symbol by an equals sign and solve the 
resulting equation. 

2x7 +x-6=0 

axe=-3) (xi+ 2) = 

PR — SMW) or x+2=0 

2x = 3 x= -2 Graphing Calculator 
— 3 _— 

z= Dal Solving Quadratic 
Inequalities 

We use the boundary points to separate a number line into distinct regions. 
The boundary points are x = —2 and x = 1.5. Now we arbitrarily pick a test He as Easmple 11 on 8 y po ow We a yp 

ris ; graphing calculator, graph 
point in each region. y = 2x? + x — 6, zoom in on 

15 the two x-intercepts, and use the 

+h tt tt Ht tH Trace feature to find the value of 

Si oe ~2 71 0 iP oriia 3 4 x where y changes from a nega- 

tive value to a positive value or 
4 Ss Bie peel 2% pay x> 15 zero. You can use the Zero com- 
pes ee Regoullt mand if your calculator has it. 

Can you verify from your graph 

We will pick 3 values of x for the polynomial 2x” + x = 6. that the solution to Example 
tise reseed, Se VOUr 

; : graphing calculator and this 
Region I: First we need an x-value less than —2. We pick x = —3. method to solve the exercises 

below. Round your answers to 

2(-3)? 1-3) 6 = 18 —3 - 6 = Sem the nearest hundredth. 

1. 3x? - 3x - 6020 

2. 2.1x? + 4.3x — 29.7 >0 
Region II: Next we need an x-value between —2 and 1.5. We pick x = 0. BF aea,? onde she = 

4, 16.8x? > -16.8x — 35.7 

2(0)? + (0) -6=0+0-6=-6<0 ‘c 
you are using a graphing 

calculator and you think there 
is no solution to a quadratic 

inequality, how can you 
verify this from the graph? 

2(2)? + (2) -6=8+2-6=4>50 Why is this possible? 

Region III: Finally we need an x-value greater than 1.5. We pick x = 2. 

Since our inequality is = and not just <, we need to include the boundary 
points. Thus, 2x” + x — 6 <= 0 when —2 = x = 1.5. The graph of our solution is 

shown next. 

Se a 
Stee 2-150) 4 2 3 4 6 nl 

dee Student Practice 11 Solve and graph on a separate sheet of paper, 
using a number line similar to the one shown. 3x? — x — 2 = 0 

i 
eo) eS 4 
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5 Solving a Nonfactorable Quadratic Inequality 

in One Variable @® 

If the quadratic expression in a quadratic inequality cannot be factored, then we will 
use the quadratic formula to obtain the boundary points. 

Example 12 Solve and graph x”? + 4x > 6. Round your answer to the nearest 
tenth. 

Solution First we write x7 +4x—6>0. Because we cannot factor 

x? + 4x — 6, we use the quadratic formula to find the boundary points. 

4+ VE=4 EO _ 4 t Vib +24 
nae 2) si 2 

eayih lis Se 3 ae gS ND Lae 

Using a calculator, we find the following: 

-2 + V10 ~ —2 + 3.162 ~ 1.162 or about 1.2 

—2 — V10 = -2 — 3.162 ~ —5.162 or about —5.2 

So? i) 

=f] —6 i) —4 =) =?) =I 0 1 2; 3 

x <-2 -— V10 -2-V10 <x <-2+V10 x >-2 + V10 
Region I Region II Region III 

We will see where x? + 4x — 6 > 0. 

Region I: Test x = —6. 

(-6)? + 4(-6) -6 = 36 -24-6=6>0 

Region IT: Test x = 0. 

(0)? + 4(0) -6=0+0-6=-6<0 

Region III: Test x = 2. 

(2)? + 4(2) -6=4+8-6=6>0 

Thus, x2 + 4x > 6 when x2 + 4x — 6 > 0,and this occurs when x < —2 — V/10 
or x > —2 + V 10. Rounding to the nearest tenth, our answer is 

iio 2a OP cme wle?. 

512, 1.2 
wp a tte 
=] = Oc) | ee 0 1 2 3 oO 

Student Practice 12 Student Practice 12 Solve and graph on a separate sheet of paper, 
: using a number line similar to the one in the margin. Round your answer to the 

—“4indearehihl Hh 2 a4 nearest tenth. x? + 2x <7 



} 

[os] Exercises MyLab™ Math 

Graph the values of x that satisfy the conditions given on a separate sheet of paper, using a number line similar to the one shown. 

Reaeerand x <8 Cow and x <)10 3. 4. wand x <2 AS aSu<ixycand: wee] 

SEL LLL SH Ht Sp eee, SH ttt 

2 max < 9 GS) Se <5 7, 2<xs5 $0 yee Zz 

SE SL LLL SE te St tt ttt + a Ss oe oy 

oe o OF x= 2 10. x =2 or £2) i. x= 3 or x >4 12. °x°= 0" “or r> 

Ht te SEH ttt pe St ttt + ee 

13. x = -10 Tit eadas sie ttt eS =e ee Oe eee 

Solve for x and graph your results on a separate sheet of paper, using a number line similar to the one shown. 

Seer 3 = —-5 and x+1=-2 16. -4x+1>-7 and x2=—-1 17. 4x -6>4 or x+4< -2 
a a a OO 

SS ly mt 

ete 5 or x +5 = 2:5 1 = 8 ,and xe a0 20 = 0) and xe 9 

—+++++4-+ +--+ + + + 4+ tt tt SDT et te tetas 

Bly 261 < —3 and —3x +12 13 226 —2 okey and —-x +353 

ee oo lt eg 

23. 4x —1=-9 and -x-2 >-6 24. 3+ 6x = 12 and -—2x -—-4<0 

ps a ee 

SH 

Temperature Conversion Solve the following application problems by using the formula C = 1G — 32). Round to the 
nearest tenth. 

25. When visiting Montreal this spring, Marcos had 26. The temperature in Sao Paulo, Brazil, during January 
been advised that the temperature could range from can range from 16°C to 24°C. Find an inequality that 
—20°C to 11°C. Find an inequality that represents the represents the range in Fahrenheit temperatures. 
range in Fahrenheit temperatures. 
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Exchange Rates At one point in 2020, the exchange rate for converting American dollars into Japanese yen was 
Y = 109(d — 5). In this equation, d is the number of American dollars, Y is the number of yen, and $5 represents a onetime 
fee that banks sometimes charge for currency conversion. Use the equation to solve the following problems. (Round answers 

to the nearest cent.) 

27. Frank is traveling to Tokyo, Japan, for two weeks, 
and he has been advised to have between 30,000 yen 

and 35,000 yen for spending money for each week he 
is there. Including the conversion charge, write an 
inequality that represents the number of American 
dollars he will need to exchange at the bank for this 
two-week period. 

Mixed Practice Solve each compound inequality. 

29. % = 2. — 9 ant ex a 6 

31 — 604 = and 2 = 

33, 46 — 3) 11 or ix 2 = 235 

35. —037 4 =] 02, on —O.2r GOS S07 

37. 4123 “nel 36 = 
uw | to 

lV 
uo | 

BI Dre Sesh a) ake = il Seal 

POR Dye Bee 7 yal Se = i See ae 

To Think About Solve the compound inequality. 

il il 1 3 
» =(x+2)+=(x-3) = ~(x — -= 43 rc 2) rac S)=1 and race 1) > r 

Verbal and Writing Skills, Exercises 45 and 46 

45. When solving a quadratic inequality, why is it neces- 
sary to find the boundary points? 

28. Carrie is traveling to Osaka, Japan, for three weeks. 
Her friend told her she should plan to have between 
23,000 yen and 28,000 yen for spending money for 
each week she is there. Including the conversion 

charge, write an inequality that represents the num- 
ber of American dollars she will need to exchange at 
the bank for the three-week period. 

30. a 3ie=se and 3% + 12s 

S22 oe 9 and 10 =x=%3 

Move or 3x oS 9 

36. —037— 042 01x" or 02x 03S Gide 

5x 14 5 il 
. = -2<> +i<-= 38 3 D, 3 and 3x 5 5 

40. 6x —10 = 8 and 2x+1>9 

Aes = tix 14 and x 9-246 

46. What is the difference between solving an exer- 
cise like ax? + bx +c>O0 and an exercise like 
ax? + bx +c =0? 

Solve and graph on a separate sheet of paper, using a number line similar to the one shown. 

48. x7+x-12>0 49, x? < 25 
ee pe eee 

47. x? +x-12<0 
pt tt tt ttt 

50. x7 - 16=0 
SS Sa ee 

51. 2x7 +x -3 <0 52. 4x7 + 7x -2 <0 
—}_ +} + + +} + > —+— ++ + 4H HH 
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Solve. 

53. x7+x-20>0 54. x7 + 6x —-27>0 55. 4x2 < 11x +3 

56. 4x* —5 < -8x 57. 6x? = Sxl 6 58. 3x2 + 13x > -4 

59, —2x + 30 = x(x + 5) 60. 55 — x2 = 6x 61..x7 — 2x = 1 

Hint: Put variables on the right 
and zero on the left in your first 
step. 

Hint: Put variables on the right 

and zero on the left in your first 

step. 

62. x7 + 25 = 10x 63. x? — 4x = =4 64. x* — 6x < -9 

Solve each of the following quadratic inequalities if possible. Round your answer to the nearest tenth. 

65. 2 Ox > 5 66. 2x? — 4x > 3 

67. 2x7 = 2x < 3 68. 4x? < 2x +3 

69. 2x2 = x2 -—4 70. 5x2 = 4x2 

71. 5x2 = 4x2 -1 712, 4° = S17, 
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Applications 

Projectile Flight In exercises 73 and 74, a projectile is fired vertically with an initial velocity of 640 feet per second. The distance 
s in feet above the ground after t seconds is given by the equation s = —16t* + 640. 

73. For what range of time t (measured in seconds) will 74. For what range of time ¢ (measured in seconds) will” 
the height s be greater than 6000 feet? the height s be less than 4800 feet? | 

. 

Business Analyst One part of the job of a business analyst is to study the relationship between profit made and numbers of 

products or services sold. In exercises 75 and 76, the profit of a manufacturing company is determined by the number of units 
x sold each day according to the given equation. (a) Find when the profit is greater than zero. (b) Find the daily profit when 
50 units are sold. (c) Find the daily profit when 60 units are sold. 

75. Profit = —10(x? — 200x + 1800) 76. Profit = —20(x? — 320x + 3600) 

Cumulative Review Cost of a Cruise The Circle Line Cruise is a 2-hour, 24-mile cruise around southern Manhattan 

(New York City). The charge for adults is $18; children 12 and under, $10; and seniors over 62, $16. For the 3-hour, 35-mile 

cruise around all of Manhattan, the charge for adults is $22; children 12 and under, $12; and seniors over 62, $19. The Yoffa 

family has come to New York for their family reunion and is planning family activities. The family has ten adults, fourteen 
children under 12, and five senior members. 

77, [1.3.3] What would it cost for all of the family to take 78. [4.3.2] Six people do not take the cruise. If the rest 

the 2-hour trip? The 3-hour trip? of the family takes a 2-hour cruise, it will cost $314. If 
the rest of the family takes a 3-hour cruise, it will cost 
$380. How many adults, how many children, and how 

many senior members plan to take a cruise? 

Quick Quiz 9.6 Solve. 

1. 3x4 2. = 8 and sx 1-16 2 eI Oneek 4 Oo =5 

3. x7 - 7x +6>0 4. Concept Check Explain what happens when you 
solve the inequality x + 2x +8 > 0. 
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97} Absolute Value Equations and Inequalities @ 

El Solving Absolute Value Equations 
of the Form|ax +b| =c 

Student Learning Objectives 

After studying this section, you will 

From Section 1.1, you know that the absolute value of a number x can be pictured as Bnei fo: 

the distance between 0 and x on a number line. Let’s look at a simple absolute value 1 | Solve absolute value 
equation, |x| = 4, and draw a picture. equations of the form 

; 4 units 4 units jaxt+ bl =c. @® ae Se ee 

| Solve absolute value 
i equations of the form 

See et SO) 0 1 2 Be 4 5 lax+ bl +c=d. @ 
x=-4 x 

‘ 2 i Solve absolute value 
Thus, the equation |x| = 4 has two solutions, x = 4 or x = —4. Let’s look at an- equations of the form 
other example. lax + b| = |cx + d|. @® 

If |x| = Z 4 | Solve absolute value 
ao inequalities of the form 

2 2 jaxt+ bl<c @® 
then == or x= -— 

3 3 5 | Solve absolute value 

2 2 2 inequalities of the form 
because A ain and -3| => lax+b| >c. @® 

We can solve these relatively simple absolute value equations by using the following 
definition of absolute value. 

xi = { mm xe 0 

exe = 0) 

Now let’s take a look at a more complicated absolute value equation: 
lax + b| =c. 

The solutions of an equation of the form |ax + b| = c, wherea # Oandcis 

a positive number, are those values that satisfy 

axel —'G Of aX b = —c, 

Example 1 Solve and check your solutions. |2x + 5| = 11 

Solution Using the rule established in the box, we have the following: 

oe 11. or 25 = —11 

= 6 Ix = —16 

Ao AG Eos, 

The two solutions are 3 and —8. 

Check. ifx = 3 ifx = —8 

|2x + 5| = 11 |2x +5] = 11 

|2(3) + 5| #11 |2(-8) +5] 11 
\6+5| £11 |-16 + 5| = 11 

ee | |-11| +11 
janes lu bie ‘ieee Ce o 

Student Practice 1 Solve and check your solutions. |3x — 4| = 23 



600 Chapter 9 Quadratic Equations and Inequalities 

eT =5 
A 

Solution The solutions of the given absolute value equation must satisfy 

1 1 
ak eee or aac 

Example 2 Solve and check your solutions. 

If we multiply each term of both equations by 2, we obtain the following: 

XS or. ae 2 = 10 

x = 12 x= -8 

Check. ifx = 12 ifx = -—8 

dengan rN -i|2 5 (12) if 2s a8) aes 

|6-1| 45 |-4-1| 45 

5] 5 Sia 
5=5 7 5=5 J c 

Student Practice 2 Solve and check your solutions. 

Zr +4] =2 

PJ Solving Absolute Value Equations of the Form 

lax+ b| +c=d @® 

Notice that in each of the previous examples the absolute value expression is on on¢ 
side of the equation and a positive real number is on the other side of the equation 
What happens when we encounter an equation of the form |ax + b| + c = d? 

Example 3 Solve |3x — 1| + 2 = 5 and check your solutions. 

Solution First we will rewrite the equation so that the absolute value expressior 
is alone on one side of the equation. 

2 lg ae bt. eae 
[3x ~ 1) = 3 

Now we solve |3x — 1| = 3. 

Bx =" 3) lor 932 le= =3 

oe 4 3x = —2 

es m2, 
3 3 

F 4 : 
Check. fx = 3 ifx = -— 

4 fe 
313) -1 + 2h 5 s(-3) -1] +225 

41) +255 24 t) A225 
3] +245 |-3| #225 
34245 34225 
Sev 5=5 Vv c 

p= Student Practice 3 Solve and check your solutions. |2x + 1| +3 =8 
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Solving Absolute Value Equations of the Form 
/ laxt+ bl =|x+d| @ 

Let us now consider the possibilities for a and b if |a| = |b]. 

Suppose a = 5; then b = 5 or —S, 

li@ = —), then b = 5 or —5, 

We now apply this property to solve more complex equations. 

Example 4 Solve and check. |3x — 4| = |x + 6| 

} Solution The solutions of the given equation must satisfy 

Sk —=4A—2+6 of 3x -—4= —(x-+ 6). 

Now we solve each equation in the normal fashion. 

6x 6r on 3x4 — 4= =x =16 

3x sare 4 + 6 3x +x =4—6 

2x = 10 4x = —2 

1 =5 ae ee x i , 

We will check each solution by substituting it into the original equation. 

Check. ifx = 5 hig = -5 

5 1 ee 
|3(5) — 4| = |5 + 6| ‘| ary ~ 4 eens © 

15 — 4] = |11| Hdl pele acer é 
be 3 NB) Ge tek Wiz Weal -3 | -i+ 2 

-> 2 | 
Pale 4p: 

fir At 
ceed 2 

Student Practice 4 Solve and check. |x — 6| = |5x + 8| 

To Think About: Two Other Absolute Value Equations Explain how you would 
solve an absolute value equation of the form |ax + b| = 0. Give an example. Does 
|3x + 2| = —4 have a solution? Why or why not? 
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EZ] solving Absolute Value Inequalities of the Form 
lax +b|<c @® 

We begin by looking at |x| < 3. What does this mean? The inequality |x| <3 
means that x is less than 3 units from 0 on a number line. We draw a picture. 

=§ =4 =3 S27 0 1 2 3 4 2) 

This picture shows all possible values of x such that |x| < 3. We see that this occurs 
when. —3 < x < 3. We conclude that |x| <3 and —3 < x < 3 are equivalent 
statements. : 

DEFINITION OF |x| < a 

If a is a positive real number and |x| < a, then —a < x <a. 

Example 5 Solve. |x| = 4.5 

Solution The inequality |x| < 4.5 means that x is less than or equal to 4.5 units 
from 0 on a number line. We draw a picture. 

tt ttt 
Sy Sth Sp Sill 0 il 2) 3 4 5) 

Thus, the solution is —4.5 = x S 45. oO 

Student Practice 5 Ona separate sheet of paper, using a number line 
similar to the one shown, solve and graph. |x| < 2 

{+++ +++ +++ > 
=5 4 3 0) 1 2 =} 4 S) 

This same technique can be used to solve more complicated inequalities. 

Example 6 Solve and graph the solution. |x + 5| =< 10 

Solution We want to find the values of x that make -10 = x + 5 = 10a true 

statement. We need to solve the compound inequality. 

To solve this inequality, we subtract 5 from each part. 

*l0ei3 H=x+558 = 10> 

-isSx'=.5 

Thus, the solution is —-15 = x = 5. We graph this solution. 

pt} tt tt 
-25 -20 =-15 -10 =5 0 5 10 15° 20 25 a 

Student Practice 6 Ona separate sheet of paper, using a number line 
similar to the one shown, solve and graph the solution. (Hint: Choose a conve- 

nient scale.) |x — 6| < 15 

Sth ae ie 
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Example 7 Solve and graph the solution. |2(x — 1) + 4| <8 

‘Solution First we simplify the expression within the absolute value. 

lax = 2 Al 28 
ay d2|. 5,8 

= 8) 2a If |x| <a, then-a<x<a. 

—8 —2< 2x +2—2< 8-2 Subtract 2 from each part. 

= LOr—eoy <6 Simplify. 

lth < ce < S Divide each part by 2 
2 Ze 2 a 

=5 = % =< 3 

=a 4M) 0 1 2 3 4 5} O 

deed Student Practice 7 Ona separate sheet of paper, using a number line 
similar to the one shown, solve and graph the solution. |2 + 3(x — 1)| < 20 

pee 0! =) Ase 2, =] 0 il 2 3 4 BI 6 7 

| Solving Absolute Value Inequalities of the Form 

lax+b|>c @® 

Now consider |x| > 3. What does this mean? This inequality |x| > 3 means that x 
is greater than 3 units from 0 on a number line. We draw a picture. 

SS BSA ISS? V1 0 1 2 3 4 5 

This picture shows all possible values of x such that |x| > 3. This occurs when 
x < —3 or when x > 3. (Note that a solution can be either in the region to the 

left of —3 on the number line or in the region to the right of 3 on the number line.) 
We conclude that the expression |x| > 3 and the expression x < —3 or x > 3 are 
equivalent statements, 

DEFINITION OF |x| > a 
If a is a positive real number and |x| > a, then x < -aorx>a. 

1 
Example 8 Solve and graph the solution. |x| = 54 

, : : ee ; 
Solution The inequality |x| = 57 means that x is 57 or more units from 0 on a 

number line. We draw a picture. 
1 i 

34 54 
pt tt tt tt a tt 
See a oO ES A ns i Pe a 

thd i lh 
Thus, the solution is x = Sy or x= 37 oO 

Sexe 4 Student Practice 8 On aseparate sheet of paper, using a number line 
similar to the one shown, solve and graph the solution. |x| > 2.5 

ol) SAR s8 ie 0 1 2) i 4.555 

603 



604 Chapter 9 Quadratic Equations and Inequalities 

This same technique can be used to solve more complicated inequalities. 

Example 9 Solve and graph the solution. |—3x + 6| > 18 

Solution We want to find the values of x that make —3x+6> 18or 
—3x + 6 < —18 a true statement. We need to solve the compound macs By 
definition, we have the following compound inequality. 

We will solve each inequality separately 

a3 FOSS or soba koi — Ils: 

58 eS 1 =3x < =24 

nae ge? ae : mee fe 
= <= Division by anegative. — > Sse == 

—3 —3 number reverses the my re 

inequality sign. 
x < —4 Nee 1 

The solutionisx < —4 or x> 8. 

108 6 4 -2 0 Me J 6 Semel) Oo 

Student Practice 9 Ona separate sheet of paper, using a number line 

similar to the one shown, solve and graph the solution. |—5x — 2| > 13 

= 3) te 0 1 2 3 4 

2 
Example 10 Solve and graph the solution. |3 — athe 5 

Solution By definition, we have the following compound inequality. 

3- S125 or on, ae eae 

2 2 
NED ee 3x 273(5) 33 nerd 3% = 3i(=5) 

9 — 2x = 15 9-—2x = -15 

24 = 6 —2x = -—24 

he 6 is —24 
—_— = —— =i ———— 

2, =2 —y =2 

x= >3 ee) 

The solutionisx = —3 or x= 12. 

a cr er —— : 4+ 
15-122 -9 "=6"-3 0 3 6 9 42 45 o 

Student Practice 10 On a separate sheet of paper, using a number 
line similar to the one shown, solve and graph the solution. 

4-2 ez 5) 

Example 11 When a new car transmission is built, the diameter d of the trans- 
mission must not differ from the specified standard s by more than 0.37 millimeter. 
The engineers express this requirement as |d — s| < 0.37. If the standard s is 216.82 
millimeters for a particular car, find the limits of d. 
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Solution 

| |d -—s| < 0.37 
(ieee 216.82| = 0.37 Substitute the known 

value of s. 

~0,37 < d — 216.82 < 0.37 if |x| <a, then 
—7 = 0s 

Bee? + 216.82 = d — 216.82 + 216.82 = 0.37 + 216.82 

216.45 = d = 217.19 

Thus, the diameter of the transmission must be at least 216.45 millimeters, but not 

greater than 217.19 millimeters. oO 

ieee Student Practice 11 The diameter d of a transmission must not differ 
from the specified standard s by more than 0.37 millimeter. This is written as 

|d — s| = 0.37. Solve to find the allowed limits of d for a truck transmission for 
which the standard s is 276.53 millimeters. 

SUMMARY OF ABSOLUTE VALUE EQUATIONS AND INEQUALITIES 

It may be helpful to review the key concepts of absolute value equations and inequalities that we have covered 
in this section. For real numbers a, b, and c, where a # O andc > 0, we have the following: 

Absolute value form of Equivalent form without Type of solution Graphed form of the 

the equation or inequality | the absolute value obtained solution on a number line 

jax + bl =c ax +b=corax+b=-c_ | Twodistinct numbers: 
mandn 

lax+ b]l <c —c<ax+b<c The set of numbers 
between the two 

numbers m and n: 
m=ax<Sn 

lax+ bl >c ax + b<-cor ax+b>c_ | Theset of numbers less 
than m or the set of 
numbers greater than n: 
<M OF Ken 

PP STEPS TO SUCCESS Helping Your Accuracy 
It is easy to make a mistake. But here are five ways to cut down 4. Check your computations from step to step. Did you do 

on errors. Look over each one and think about how each sug- each step correctly? 

gestion can help you. 5. Check your final answer. Does it work? Is it reasonable? 

1. Work carefully, and take your time. Do not rush through a : Making it personal: Look over these five suggestions. Which 
problem just to get it done. one do you think will help you the most? On a separate sheet 

2. Concentrate on the problem. Sometimes your mind starts of paper, write down how you can use this suggestion to help 

to wander. Then you get careless and will likely make a you personally as you try to improve your accuracy. 

mistake. 

3. Check your problem. Be sure you copied it correctly from 

the book. 



(9.7) Exercises MyLab™ Math 

Verbal and Writing Skills, Exercises 1-4 

1. The equation |x| = b, where b is a positive number, 2. 
will always have how many solutions? Why? 

3. Tosolve an equation like |x + 7| — 2 = 8,whatis the 4. 
first step that must be done? What will be the result? 

Solve each absolute value equation. Check your solutions. 

5, |x| = 30 

8 |x + 6| = 13 

11, |18-0.4x| =1 

14. |x +3) -4=8 

We 2 x 

20. 

606 

6. |x| =14 

9, |2x —5| = 13 

12, |2.4—0.8x| = 2 

con 
15. - 3 +1=3 

7 
18. Is - de +1=11 

21. |x + 4| = [2x -1| 

The equation |x| = b might have only one solution 
How could that happen? 

To solve an equation like |3x — 1| + 5 = 14, wha 
is the first step that must be done? What will be the 
result? 

i 

10. 

13. 

16. 

19, 

22. 

|x + 7| = 15 

l4x —- 7| =9 

ie 2 oe ey 

e-s aa | 

pet 4 
p) S 

|x — 7| = 3x 1| 
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Solve each absolute value equation. 

3 +3 Bs. 85 | = ar +3} 2g = |x +4 

See — 2| = |x — 0.5] 26. |2.2% + 2) = |1 — 2.8| 

x 2K 
27 3-1 =F +3| 28 2 4a) =|1-a 

2 5 

Mixed Practice Solve each equation, if possible. Check your solutions. 

29, |3(x + 4)| +2 =14 30. |4(x = Lees =15 31. % 4] = 0 

3 4 1 1 3 
32. 4° ai | = 0 33 = oe A =5 34, Ee =a 3 = —-1 

or 2 Sx 1 3 
35. 3 | rar 36 5 | at 

Solve and graph the solution on a separate sheet of paper, using a number line similar to the one shown. 

37. |x|. = 8 38. |x| <6 39.. |x +45) 2.5 40. |x + 6| < 3.5 

SE tt SH 
Siete tpt tot ttt s+ + +++ H+ H+ + HH HHH 

41, |x =3| =5 B20 Vix 18) 12 43. |3xm +1) 2.10 44.2%, +.3,\ S011 

St ttt St tt StH tt 

SE ttt > 

1 
AS. Niaer 2(x — 2)| = 3 ao, |3(4 — 1) + 8| = 1 47. prta{<6 48 br tal <7 

SE ttt 
SS tt 

St 
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Solve and graph the solution on a separate sheet of paper, using a number line similar to the one shown. 

3 

a aaa pec lina ipsa lt ad alto Us 

el cot el le is ff 

53, |x| > 5 54. |x| =7 55. 

alee ait tt I 
ttt eet 

57, |x — 1p 58. |x — 6| =4 59, 

SSS ee Se HH HH 

61. |6 — O.1x| >5 62. |0.5 — O.1x| > 6 63. 

cto I a a the hs fel mac leh ea) li la 

Mixed Practice Solve for x. 

li 2 
65. Fe 4) <1 66 2-129] =e Ui 

68. |2x + 3| <5 69. |3 — 8x| = 19 

Applications 

Sue = 2) 
<3 52. 

aye = 8 
<4 zat 

56. x47) = 4 

a Se Ta it > 

60. |6x —5| =7 

SS rela es a a nd lee ee 

i - 2s > 2 64. Ja- 2s =) 

ee op 

67. |4x + 7| < 13 

70. 4 —3x| >4 

Manufacturing Standards In a certain company, the measured thickness m of a helicopter blade must not differ from the 
standard s by more than 0.12 millimeter. The manufacturing engineer expresses this as |m — s| < 0.12. 

71. Find the limits of m if the standard s is 18.65 millimeters. 72. Find the limits of m if the standard s is 17.48 millimeters. 

Manufacturing Standards Cell phone cases have dimension requirements to ensure the phone will fit properly in the case. 
The manufacturing engineer has written the specification that the new length n of the case can differ from the previous length 
p by only 0.03 centimeter or less. The inequality is |n — p| = 0.03. 

73. Find the limits of the new length of an iPhone 5 caseif 74. Find the limits of the new length of an iPhone 6 case if 
the previous length was 19.8 centimeters. the previous length was 17.78 centimeters. 



Cumulative Review 

75. [5.2.1] Simplify. (33-520) (2x4?) 

Quick Quiz 9.7 Solve for x. 

1. ar+1]-3 
3 

3. oe 2| > 7 
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76. [5.2.1] Simplify. (3x4y3)~ 

2. [8x — 4| < 20 

4. Concept Check Explain what happens when you try 
to solve for x. |7x + 3| < -4 

Read the textbook first before doing the homework. 
Take some time to read the text and study the examples. 

Try working out the Student Practice problems. You will be 
amazed at the amount of understanding you will obtain 

by studying the book before jumping into the homework 

exercises. 

Take your time. Read the directions carefully. Be sure 
you understand what is being asked. Check your answers with 

those given in the back of the textbook. If your answer is incor- 
rect, study similar examples in the text. Then redo the problem, 

watching for errors. 

Sunday Monday Tuesday Wednesday 

! ed STEPS TO SUCCESS Getting the Greatest Value from Your Homework 
Make a schedule. You will need to allow two hours 

outside of class for each hour of actual class time. Make a 

weekly schedule of the times you have class. Now write down 

the times each day you will devote to doing math homework. 

Then write down the times you will spend doing homework 

for your other classes. If you have a job be sure to write down 

all your work hours. 

Making it personal: Write down your own schedule of class, 

work, and study time on a separate sheet of paper, using a 

chart similar to the one shown. 

Thursday Friday Saturday 
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CAREER EXPLORATION PROBLEMS 

Background: Sales Manager 
Edgar, a regional sales manager for a large pharmaceutical company, always provides his 
sales teams and their clients with the most accurate information about drug pricing, use, 
and sales so they can make informed presentations and decisions. 

This week, Edgar is examining data that models the over-the-counter sales of a compet- 
itor's popular allergy medication that became available for purchase midway through 2015. 

Edgar's company recently received approval from the Food and Drug Administration (FDA) to 
sell an allergy medication over the counter that had previously required a prescription. 

Facts 
e The sales model for the competitor's allergy medication over the period from 2015 through 

2020, in millions of dollars, is S(t) = —0.153t? + 12.11t + 41.06, where t represents the 
number of years since 2015. 

e The sales of Edgar’s company’s prescription allergy medication, in millions of dollars, 

over the same period 2015 through 2020 is expressed as P(t) = —1.48t* + 7.02t + 63.5. 

- Again, t represents the number of years since 2015. 
¢ Over-the-counter sales for Edgar’s company’s newly approved allergy medication will 

begin in 2020. The model for projected annual profits from its sale, in millions of dollars, 
is N(t) = —0.83¢ + 4.15t + 47.25, where t represents the number of years after 2020. 

Tasks 
1. Edgar wants to use the sales model for the competitor’s over-the-counter allergy medi- 

cation to determine its use in the years 2015 and 2020. How are these values calculated? 

2. Edgar now wants to calculate the sales figures for his own company’s prescription med- 

ication in the years 2015 and 2020. Which model does he use, what amounts does it 
generate, and what might his interpretation of the values be? 

3. Edgar wants to determine at what point in time sales for the two medications were 
equal. How can he determine this? 

4. Edgar is now interested in forecasting for his sales team when profits from sales of the 
newly approved medication are projected to be at a maximum along with what the 
maximum profit will be. 

Se 



Chapter 9 Organizer 
Topic and Procedure Examples wed You Try It 
| (on a separate sheet of paper) 

Solving a quadratic equation by using the Solve. 1. Solve, 3x7 — 60 = 0 
Square root property, p. 544 2x? — 50 =O 

Mera, La 2x* = 50 If x? = a, thenx = + Va. eee 

! x= +V25 
x= +5 

Solving a quadratic equation by completing | Solve. 2. Solve, 2x? + 6x -3 =0 
the square, p. 545 Dxe i Ay eters 

1. Rewrite the equation in the form 2x? — dy = 
i ax? + bx = cc. Bo geen 
2. Ifa # 1, divide each term of the —-—= 

equation by a. 2 2.2 
3. Square half of the numerical coefficient x? -—2xr+ = 1 4. 

of the linear term. Add the result to both 2 
sides of the equation. peas | ue. 1 

4, Factor the left side; then take the square 2 

___ root of both sides of the equation. (x-1)? = 3 
» 5. Solve the resulting equation for x, 2 

' 6. Check the solutions in the original Pie 3 
_ equation, va 

6 
‘ x-1=# 3 

V6 2+ V6 
x=1li—~= 

2 2 
age acy 

Solve a quadratic equation by using the Solve. 3. Solve, x? — 8x = 5 
quadratic formula, p. 551 2x? = 3x — 2 

2x? - 3x +2=0 
If ax” + bx + c = 0, wherea # 0, 

—b + Vb? — dac 

2a : 
1. Rewrite the equation in standard form. 

2. Determine the values of a, b, and c. 

3. Substitute the values of a, b, and c into 
the formula. 

4, Simplify the result to obtain the values 
of x. 

5, Any imaginary solutions to the quadratic 
equation should be simplified by using the 

definition V—a = iVa, where a > 0. 
ti 

' Placing a quadratic equation in standard 

form, p. 553 

A quadratic equation in standard form is 
an equation of the form ax? + bx + c = 0, 
where a, b, and c are real numbers anda # 0. 

It is often necessary to remove parentheses 
and clear away fractions by multiplying each 

term of the equation by the LCD to obtain 
the standard form. 

a=2,b = -3,c =2 

= 2(2) 
Bo VO ate 

Rewrite in quadratic form. 
a 35 5 

+ = 

x-3 x+3 2-9 

2 

ane 
(r+ 3)(e-3)| 

5 
ae - | aaa ee 

ACae te) eae pales =<) I 

2¢ +6 xo Siem 

ble Tat A 

a i(-8) Ss Se 

|+ (r+ 3-3) 25] 

| 

Se ne 

4, Rewrite in quadratic form. 
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Topic and Procedure Examples [2==4 You Try It 
(on a separate sheet of paper) 

Equations that can be transformed into 
quadratic form, p. 560 

If the exponents are positive: 

1. Find the variable with the smallest expo- 

nent. Let this quantity be replaced by y. 
2. Continue to make substitutions for the 

remaining variable terms based on the 

first substitution. (You should be able 
to replace the variable with the largest 

exponent by y~.) 
3. Solve the resulting equation for y. 

4, Reverse the substitution used in step 1. 

5. Solve the resulting equation for x. 
6. Check your solution in the original 

equation. 

Solve. x77 — x42 -2=0 

Let y= x": Then y? =x". 

y-y-2= 0 

(y- 2)(y+1) =0 
i200 yi 

ea?) x3 = -1 
Gale 25 23 Gee fe -1)3 

x=8 x=-1 

Check. 

x=8 (8/72 — (8)? —-2£0 

i 
4-4=0 

x=-h (-1)?4-(-1)2-240 

(41) = (1) 2 
1+1-2=0 

Both 8 and —1 are solutions. 

Solving quadratic equations containing Solve for x. 

two or more variables, p. 568 

Treat the letter to be solved for as a variable, 

but treat all other letters as constants. Solve 

the equation by factoring, by using the square 
root property, or by using the quadratic 

formula. 

(a) 6x? — llxw + 4w* = 

By factoring: 

(3x — 4w)(2x — w) = 0 

3x -4w=0 or 2x-w=0 

4w w 
id y= 

3 2) 

(b) 4x? + 5b = 2w? 

Using the square root property: 

4x” = 2w* — 5b 
iy Buh TSB 

4 

2w? — 5b 1 
=a <= Ge Dap x=t f 25 2w 

(c) 2x? + 3xz — 10z = 0 

By the quadratic formula, with 
a=2,b = 3z,¢ = —10z 

ee V92? + 80z 
4 

The Pythagorean Theorem, p. 570 

In any right triangle, if c is the length of the 
hypotenuse and a and b are the lengths of the 

two legs, then 

c4 =a? + be. 

612 

4. Solve. x + 3x12 +4=0 

6. Solve for x. 

(a) 2x7 — 5xy — 3y? = 0 

(b) x? + 4y? = 4a 

(c) 4x? — 2xw = 9w 

BGh costes fe Ltt lwetis atl isis ee ee 

Find aifc = 7andb = 5, 

49 = a® + 25 

49 — 25 = a? c 
24a" 

V24 =a = 
2V6 =a 

7. Find b ifc = 10 anda = 5. 



Topic and Procedure 
ml 

Examples You Try It 
(on a separate sheet of paper) 

Graphing quadratic functions, p. 579 

Graph quadratic functions of the form 

f(x) = ax* + bx + c witha # (as follows: 

= 
, ale) b= 

. Find the vertex at ( Fa A Da )), 

2. Find the y-intercept, which occurs at f(0). 
3. Find the x-intercepts if they exist. 

Solve f(x) = 0 for x. 
4, Connect the points with a smooth curve. 

Solving compound inequalities 

containing and, p. 588 

The solution is the desired region containing 

all values of x that meet both conditions. 

8. Ona sheet of graph paper, using a 
coordinate system similar to the one 

: shown, graph f(x) = x* + 3x — 4. 

L= ar Ee Ss Rear 
f(-3) = (=3)? + 6-3) 4 St 

The vertex is (—3, —1)}, 

Intercepts: f(0) = (0)? + 6(0) +8 =8 
The y-intercept is (0, 8). 

x? + 6x +8=0 
(x + 2)(x + 4) =0 

x=-2,x = —-4 

The x-intercepts are (—2,0) and (—4, 0). 

Graph. f(x) = x? + 6x + 8 

Vertex: 

ceatagte 
f(x) =x? + 6x + 

Graph the values of x satisfying x + 6 > —3 and 

2e— No =4, 

Gat. 0— 6. > =3)= yan 2 ale al 

r= —9 CSS 

=115) 
See 
-9 -8 -7 -6 -5 -4-3 -2 -1 

. Graph the values of x satisfying 

x +7>-land3x +4<10ona 

separate sheet of paper, using a num- 

= ber line similar to the one shown. 

nn 
ANU ofS AD) Pee (03 

Solving compound inequalities 
_ containing or, p. 589 

The solution is the desired region containing 

all values of x that meet either of the two 

conditions. 

Graph the values of x satisfying —3x + 1 = 7 or . Graph the values of x satisfying 
She op ies Sale Se Sa Oe OF BA ee) 

Sey eet — at = 7. = leer oe Se on a separate sheet of paper, using 

aay = 6 OF 2y = = 12) a number line similar to the one 

-3x _ 6 3x -12 shown. 
eat a3) eae 3: ee tH tt ttt 
te 94 ee ee As 1) ied S24 

+} 
=) =6\-)) Sh ee ee 

_ Solving quadratic inequalities in one 
variable, p. 591 

“8 Replace the inequality symbol by an 

equals sign. Solve the resulting equation 
to find the boundary points. 

2. Use the boundary points to separate the 

number line into distinct regions. 

3. Evaluate the quadratic expression at a 
test point in each region. 

4, Determine which regions satisfy the 

original conditions of the quadratic 
inequality. 

Solve and graph. 3x? + 5x — 2 > 0 

1. 3x? + 5x-2=0 
(Chg Ge a= 7) 0 

11. Ona separate sheet of paper, using 
a number line similar to the one 

shown, solve and graph. 

2x? — 3x -9 <0 
3x -1=0 or x+2=0 

x= ; x=-2 

1 
Boundary points are —2 and — aS ee 

3 =3=2-1 0 1 2 3.45 
1 

2. =2 3 
| | 

———_——_e__—_+ +—@—_—_}+—__—__}—p> 
=a =p) =l 0 1 2 

—_ —__'__ 1 “ot ; 
pone =P) aoa | Seer y 

Region] | RegionII | RegionIII 

613 



Topic and Procedure Examples 

3. 3x? + Sx — 2 

Region I: Pick x = —3. 

3(-3)? + 5(-3) -2 = 27-15 -2=10>0 

Region II: Pick x = 0. 

3(0)2 +5(0) =2=040=2= 9 <0 

Region II: Pick x = 3. 

3(3)° + 5(3) -2 = 27+ 15-2=40>0 

4, We know that the expression is greater than zero 

(that is, 3x7 + Sx — 2 > 0) when 

is erie 
3 

1 
3 

yp 
Soe ei MO HPA AAS Eh ic 

Absolute value equations, p. 599 Solve for x. |4x — 1| = 17 

To solve an equation that involves an 4x -1=17 Ot. Axi ee, 
absolute value, we rewrite the absolute value 4x =17+1 4x = -17+1 

equation as two separate equations without 4x = 18 4x = —16 
the absolute value. We solve each equation. If als) Ly 
lax + b| = cwherec > 0, thenax + b=c ey aoe 
(Ah nee IR 9 

x= > x= -4 
2 

Solving absolute value inequalities Solve and graph. 

involving < or S, p. 602 

|3x — 2| < 19 Let a be a positive real number. 
Sc epee hc IG) 

S194 2 <a 2 at el OR? 

SI Shere al 

If |x| < a,then —a <x <a. 

If |x| Sa,then-a Sx <a. 

Solving absolute value inequalities 1 
involving > or =, p. 603 Solve and graph. ie = 2)| Bi? 

Let a be a positive real number. al 1 

If|x| > a, thenx < —aorx >a. ae) ade a Mise a 

If|x| = a,thenx = —aorx = a. ier Ss ae alt Bees, 

ae ar le 
iO See Dee) 

5 Se) 32 2 pes Gan 

xs -4 or ip = (0) 

614 

(= You Try It 
(on a separate sheet of paper) 

ee a eee ee ee eae eres ee 

12. Solve forx. |3x + 5| = 11 

13. Onaseparate sheet of paper, using a 
number line similar to the one shown, 
solve and graph. |2x + 7| < 17 

=16 9 =8i 0 8 16 

Se fp 
-8-6-4-2 0 2 4 6 8 

14. Ona separate sheet of paper, using a 
number line similar to the one shown, 
solve and graph. 

eB) 4 Sal 



Chapter 9 Review Problems 

_ Solve each of the following exercises by the specified method. 
Simplify all answers. 

Solve by the square root property. 

1. Gx" = 24 2. (x + 8)? = 81 

Solve by completing the square. 

3. x7 + 8 +13=0 4, 4x? — 8x +1=0 

Solve by the quadratic formula. 

is. x — 4x-2=0 6. 3x7 - && +4=0 

__ Solve by any appropriate method and simplify your answers. Express any nonreal complex solutions using i notation. 

: 7 4x? - 12x +9 =0 8. x? — 14 = Sx 9. 6x? — 23x = 4x 10. 2x? = 5x -1 

ti, 5x7= 10 = 0 2630-2 =— 15x-10 “13, 6x? + 128 = 24 = 0 14, 7x? + 24 = 5x? 

15, 3x7 + 5x +1=0 16.5 2x(%.— 4) .—.4 = =x Bee x 2 ee? =e 

1B Sxt+ r+ 5=0 Dit; + Ga Bik sepsis = 1 

21. y(y+1) + (y +2)? =4 2. eee 

Determine the nature of the solution for each of the following quadratic equations. Do not solve the equation. Find the 
discriminant in each case and determine whether the equation has one rational solution, two rational solutions, two 

irrational solutions, or two non real complex solutions. 

O37 4ye = 5x —-3 = 0 24. 2x2 - 7x +6=0 25. 25x” — 20x +4=0 

615 



Write a quadratic equation having the given numbers as solutions. 
ieee) 

b= 24s.c3t, 3k .-=+=S 26..5;.=5 tie ie 28 7 3 

Solve for any valid real roots. 

29, x* — 6x7 +8=0 30. 2x6 — 5x> -3 =0 

31. x7 =] 3S 2 32. 1+ 4¢°2° = 5x4 

Solve for the variable specified. Assume that all radical expressions obtained have a positive radicand. 

2 
33. 3M = < for A 34, 37 + 4b = 7? + 6ay;fort 

35. yx? — 3x — 7 = 0; forx 36. 20d* — xd — x* = 0; ford 

37. 2y* + 4ay — 3a = 0; for y 38. AB = 3x? + 2y? — 4x; for x 

Use the Pythagorean Theorem to find the unknown side. Assume that c is the length of the hypotenuse of a right triangle 
and that a and b are the lengths of the legs. Leave your answer as a radical in simplified form. 

A39. a = 3V2,b = 2: findc A40. c = 16,b = 4: finda 

A 41. Airplane Flight A plane is 6 miles away from an 
observer and exactly 5 miles above the ground. The 
plane is directly above a car. How far is the car from 

the observer? Round your answer to the nearest 
tenth of a mile. 
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A 46. 

Geometry The area of a triangle is 70 square centi- 
meters. Its altitude is 6 meters longer than twice the 

length of the base. Find the lengths of the altitude 
and base. 

Cruise Ship A cruise ship left port and traveled 
80 miles at a constant speed. Then for 10 miles it trav- 
eled 10 miles per hour slower while circling an island 
before stopping. The trip took 5 hours. Find the ship’s 
speed for each part of the trip. 

Garden Walkway Mr. and Mrs. Gomez are building 
a rectangular garden that is 10 feet by 6 feet. Around 

the outside of the garden, they will build a brick 
walkway. They have 100 square feet of brick. How 
wide should they make the brick walkway? Round 
your answer to the nearest tenth of a foot. 

A 43. 

45. 

A 47. 

Geometry The area of a rectangle is 203 square meters. 
Its length is 1 meter longer than four times its width. 
Find the length and width of the rectangle. 

Car Travel in the Rain Jessica drove at a constant 
speed for 200 miles. Then it started to rain. So for the 
next 90 miles she traveled 5 miles per hour slower. 
The entire trip took 6 hours of driving time. Find her 
speed for each part of the trip. 

Swimming Pool The local YMCA is building a new 
Olympic-sized pool of 50 meters by 25 meters. The 

builders want to make a walkway around the pool 
with a nonslip concrete surface. They have enough 
material to make 76 square meters of nonslip con- 

crete surface. How wide should the walkway be? 

Find the vertex and the intercepts of the following quadratic functions. 

~ 48. g(x) = -x? + 6x - 11 49, f(x) = x* + 10x + 25 

In each of the following exercises, find the vertex, the y-intercept, and the x-intercepts (if any exist) and then graph the function 
on a Sheet of graph paper, using a coordinate system similar to the one shown. 

50. Yop x" + Ox + 5 
ff). 

51. f(x) = -x* + 6x -— 5 
ee 
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52. Rocket Flight A model rocket is launched upward 
from a platform 40 feet above the ground. The height 
of the rocket h is given at any time f in seconds by the 
function h(t) = —16t? + 400¢ + 40. Find the maxi- 
mum height of the rocket. How long will it take the 

53. Revenue for a Store A salesman for an electronics 
store finds that in 1 month he can sell (1200 — x) 
compact disc players that each sell for x dollars. Write 
a function for the revenue. What is the price x that will 
result in the maximum revenue for the store? 

rocket to go through its complete flight and then hit 

the ground? (Assume that the rocket does not have a 

parachute.) Round your answer to the nearest tenth. 

On a separate sheet of paper, using a number line similar to the one shown, graph the values of x that satisfy the conditions given. 

bY esr Se Rey Sth S00 = =e! 50, Y= 2 Or 

SS rr rr SR 

57, x > —5 and x <-1 58. x = —8 land. = 3 59. x+3>8 or x+2 <6 

Pt ttt tt tt SS HH SHH HHH 

Solve for x. 

603. 4 S277. Om ea sie 6L) x3 8 and a4 62, =1 Sxyt5 SS 

(Ss (Ob S = She = 17/ 64. 2x —~7 <3 and 5%—128 (ie Che SWS OP Bee ce il SS 4! 

Solve and graph your solutions on a separate sheet of paper, using a number line similar to the one shown. 

6. > T= 18 0 67. = ee a 

SSS +t tt tt tt tH 

Solve each of the following if possible. Approximate, if necessary, any irrational solutions to the nearest tenth. 

68. 2x27 -x-6<0 69, 3x* — 13x 412 =0 70. 9x2-4>0 71. 4x? — 8x < 12 + 5x? 

72. x* + 13x > 16 + 7x 73. 3x7 = 12 Sh 74. 4x2 + 12x +9<0 

Solve for x. 

75. |2x-7|+4=5 76. oye Tl |2 = 5x = 4023 

Solve for x and graph your solutions on a separate sheet of paper, using a number line similar to the one shown. 

78. |x +7| <15 79, arta] <i 80. |2x -1| =9 SL. [2(x—5)| =2 

- ttt ttt tt =e ; 

SS ttt tt 

ee 
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‘How Am | Doing? Chapter 9 Test 

MATH COACH MyLab™ Math (£9) Pearsonmathstats 

Answer the following test questions on a separate sheet of paper. After you take this test read 
through the Math Coach on pages 621-622. Math Coach videos are available via MyLab Math and 
YouTube. Step-by-step test solutions in the Chapter Test Prep Videos are also available via MyLab Math 
and YouTube. (In the YouTube channel, PearsonMathStats, go to Playlist “Tobey Beginning and Inter- 
mediate Algebra, 6e.”) 

Solve the quadratic equations and simplify your answers. Use i notation for any com- 
plex numbers. 

1, 8x? + 9x =0 26x aed 2. L] 

3 L| 

oe 4. x(x — 3) = 30'S =) 
oes 3x 

3 4 & 

: 5 L | 
She _ M 2x . Smile ae 

5. 7x2 — 4 = 52 06. eee 

6 LJ 

7, 2x? — 6x + 5 =0 8. 2x(x — 3) = -3 1. Lad 

__ Solve for any valid real roots. 

Mg9, x4 - 11x? + 18 =0 10. 3x? — 1x7! - 20 = 0 g. [I] 

11, x73 —- 355 -4=0 

11. pal 

Solve for the variable specified. 

12.B= ae for z Me13. Sy? + 2by + 6w = 0; for y (U, og pe sean ml 
Zz 

619 



14. 

20. 

21. 

22. 

23. 

24. 

25 

26. 

620 

LI 

i 

Total Correct: es 

A 14. The area of a rectangle is 80 square miles. Its length is 1 mile longer than three 
times its width. Find its length and width. | 

A 15. Find the hypotenuse of a right triangle if the lengths of its legs are 6 and gE 

16. Shirley and Bill paddled a canoe at a constant speed for 6 miles. They rested, 
had lunch, and then paddled 1 mile per hour faster for an additional 3 miles. The 

travel time for the entire trip was 4 hours. How fast did they paddle during each 
part of the trip? 

Mle 17, Find the vertex and the intercepts of f(x) = —x* — 6x — 5. Then graph the 
function on a sheet of graph paper, using a coordinate system similar to the one 
shown. 

Find the values of x that satisfy the given conditions. 

18. -11 < 2x -1s -3 19..x-—42= -6 or 2x+123 

Solve. 

20. 2x? + 3x = 27 21. x? — 5x -14<0 

22. Use a calculator to approximate to the nearest tenth the solution to 
x? + 3x -7> 0. 

Solve for x. 

23. |5x — 2| = 37 24. ; 

Solve each absolute value inequality and graph your solutions on a separate sheet of 

paper, using a number line similar to the one shown. 

25. |7x — 3| < 18 26. [3x +1] >7 
SS tae See 

a a a a 



MATH COACH & 
Mastering the skills you need to do well on the test. rf ¥v 

= 

The following problems are from the Chapter 9 Test. Here are some helpful hints to keep you 

_ from making common errors on test problems. 

6 eal oye y 

+1) 40 2x -— 1 

HELPFUL HINT If any denominators need to be factored, do that first. Then determine the LCD of all the 
denominators in the equation. Multiply each term of the equation by the LCD before solving for x. 

Chapter 9 Test, Problem 6 Solve the quadratic equation. 

Did you factor 4x” — 1 as (2x + 1)(2x — 1)? Did you then use the quadratic formula and substitute for 

ay ee WES = Yes___No i fo chi BO A. pees 4(2)(—7) 
? 

\ . . . _s 9 

- Did you identify the LCD to be (2x + 1)(2x — 1)? ee No 

‘Yes No === If you answered No to these questions, remember that your 
final equation should be in the form ax” + bx + c = 0. 
Then use a = 2,b = —5,andc = —7 in the quadratic for- 

mula and simplify your result. 

If you answered No to these questions, review how to fac- 

tor the difference of two squares and how to find the LCD 
of polynomial denominators. 

If you answered Problem 6 incorrectly, go back and rework 
Did you multiply the LCD by each term of the equation the problem using these suggestions. 
and remove parentheses to obtain 2x* — 5x — 7 = 0? 

Cs a NO 

Chapter 9 Test, Problem 9 Solve for any valid real roots. x* — 11x? + 18 = 0 

HELPFUL HINT Let y = x* and then y? = x‘. Write the new quadratic equation after these replacements have 
been made. 

After making the necessary replacements, did you obtain If you take the square root of each side of each equation, 
the equation y” — 1ly + 18 = 0? can you obtainx = +3 andx = +V2? 

Yes No Yes No 

Did you solve the quadratic equation using any method to If you answered No to these equations, remember that 
result in y = 9 and y = 2? when you take the square root of each side of the equa- 
Yes No tion there are two sign possibilities. Note that your final 

solution should consist of four values for x. 

If you answered No to these questions, stop and complete : Now go back and rework the problem using these 
these steps again. suggestions. 

If y = 9 and y = 2, can you conclude that x” = 9 and 
x = 

Yes No 

Need more help? Watch the MAT Ill GOACH videos in MyLab™ Math or on YouTube. A 
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HELPFUL HINT Think of the equation being written as ay* + by + c = 0. The quantities for a, b, or c may contain 
variables. Use the quadratic formula to solve for y. 

Did you determine that a = 5,b = 2b,andc = 6w? 

Yes No 

Did you substitute these values into the quadratic formula 

2b + V4b? = '120 
and simplify to obtain y = E i0 wt 

Yes No 

If you answered No to these questions, review the Helpful 
Hint again to make sure that you find the correct values 
for a, b, and c. Carefully substitute these values into the 
quadratic formula and simplify. 

Were you able to simplify the radical expression by factor- 

ing out a 4 to obtain V.4(b* — 30w)? 

Yes No 
Did you simplify this expression further to get 2V b? — 30w’ 

Yes No 
If you answered No to these questions, remember to al. 
ways simplify radicals whenever possible. Make sure tc 
write your solution as a simplified rational expression. 

Now go back and rework the problem using thes« 
suggestions, 

Chapter 9 Test, Problem 17 Find the vertex and the intercepts of f(x) = —x* — 6x — 5. Then graph the function on 
a sheet of graph paper. 

HELPFUL HINT When the function is written in f(x) = ax? + bx + c form, we can find the vertex by using x = z 

to find the x value of the vertex. We can solve for the intercepts using the substitutions x = 0 and 

f(x) = 0 to find the unknown coordinates. And, if a < 0, the graph is a parabola opening downward. 

Do you see that a = —1,b = —6,andc = —5? 

Yes No 

: —b F 
Did you use x = i. to discover that the vertex has an 

x-coordinate of —3? 

Yes No 

If you answered No to these questions, notice that the 
function is written in f(x) = ax? + bx +c form and 

; —b ; f 
review the formula: x = oa" Substitute the resulting value 

for x into the original function to find the y-coordinate of 
the vertex point. 

To find the y-intercept, did you substitute 0 for x into the 
original function to find the value for y? 

Yes No 

After letting f(x) = 0 and substituting the values for a, b 
and c into the quadratic formula, did you get the expressior 

See) ev Goya ieee 
x= 2(=1) ? 

Yes No 

If you answered No to these questions, remember that the 
y-intercept will be an ordered pair in the form (0, y), or ir 
this case, (0, f(0)), and the x-intercept will be an orderec 
pair in the form (x, 0). Be careful when substituting values 
for a,b, and c into the quadratic formula and remember tc 
evaluate V16 as both 4 and —4, Simplify the expression tc 
find the possible x-values. 

Since a < 0, the parabola will open downward. Plot the 
vertex, x-intercept, and y-intercept points and connect 
these points with a curve to find the graph of the function. 

If you answered Problem 17 incorrectly, go back and 
rework the problem using these suggestions. 

Need more help? Look for section examples marked with Me to review. 
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Cumulative Test for Chapters 0-9 

Answer the following test questions on a separate sheet of paper. Approximately one- 
half of this test is based on the content of Chapters 0-8. The remainder is based on 
the content of Chapter 9. 

10. 

Simplify. (—3x~*y3)* 

fa oe 1 , 2 1 4 2 Combine like terms. 34 = Die as Bl = 4! = (hse @ 

il 
Solve for x. 3 =o l= —x— 2 

On a sheet of graph paper, using a coordinate system similar to the one shown, 
graph. 6x — 3y = —-12 

What is the slope of a line parallel to 2y + x = 8? 

. Solve the system. 3x + 4y = —14 

4 = 3y'= 13 

Factor. 125x° — 27y3 

Simplify. V72x*y° 

Multiply. (5 + V3)(V6 -— V2) 

; : ; 3x 
Rationalize the denominator. —~= 

V6 

Solve and simplify your answers. Use i notation for complex numbers. 

11. 

13. 

3x? + 12x = 26x 12. 12x" = 11x — 2 

5 44 = 3(2x — 3)? +8 14, 3-5 +3 =0 

10. 

11. 

12. 
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15 Solve and check. 

15. Véx +12 -2=x 16. x73 + 9x15 + 18 =0 

16. 

Solve for y. 

17. 2y? + Swy — 7z = 0 18. 3y? + 16z* = 5w 

We 

A19. The hypotenuse of a right triangle is V38. One leg of the triangle is 5. Find the 
length of the other leg. 

18. 

A 20. A triangle has an area of 45 square meters. The altitude is 3 meters longer than 
19 three times the length of the base. Find each dimension. 

"0 Exercises 21 and 22 refer to the quadratic function f(x) = —x* + 8x — 12. 

21. Find the vertex and the intercepts of the function. 

Leet | 22. Graph the function on a sheet of graph paper, using a coordinate system similar 
to the one shown. 

Vien 
22. ees 

23. C ithe 

24. 
Solve the following inequalities. 

23s, X +3 S)—4 of 2 — jae 24, x7 > -3x + 18 

25. 

Solve for x. 

25. 3x 4 t= 16 
26. 

a Solve each absolute value inequality. 

26. set? =8 218 Sx 4) > 1d. 
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CAREER OPPORTUNITIES 

Architect 

The built environments in which we 

live, work, and relax are created by 

architects. Skyscrapers, shopping malls, 

houses, bridges, and tunnels all begin as 

architectural ideas that are transformed 

into reality. Architects use many 
mathematical tools to design structures 

that meet the aesthetic, structural, and 
economic requirements of the client. 

To investigate how the mathematics in this 

chapter can help with this field, see the 

Career Exploration Problems on page 668. 



626 Chapter 10 The Conic Sections 

fi0.1]) The Distance Formula and the are & 

Student Learning Objectives 

After studying this section, you will 

be able to: 

1 | Find the distance between 

two points. @® 

Find the center and radius of 
a circle and graph the circle 
if the equation is in standard 

form. @® 

Write the equation of a circle in 
standard form given its center 

and radius. @® 

Rewrite the equation of a circle 
in standard form. @& 

>< 

tB (x9, y2) 

e ‘?- 

A(x1, ¥1) C(X2, 1) 

Sat ON 

“Ss 

In this chapter we’ll talk about the equations and graphs of four special geometric 
figures-the circle, the parabola, the ellipse, and the hyperbola. These shapes are 
called conic sections because they can be formed by slicing a cone with a plane. The 

equation of any conic section is of degree 2. 

(a) Circle (b) Parabola (c) Ellipse (d) Hyperbola 

Conic sections are an important and interesting subject. They are studied along 
with many other things in a branch of mathematics called analytic geometry. Conic 
sections can be found in applications of physics and engineering. Satellite transmis- 
sion dishes have parabolic shapes; the orbits of planets are ellipses; the orbits of 
some comets are hyperbolas; the path of a ball, rocket, or bullet is a parabola (if we 
neglect air resistance). 

ER Finding the Distance Between Two Points @® 

Before we investigate the conic sections, we need to know how to find the distance 

between two points in the xy-plane. We will derive a distance formula and use it to 
find the equations for the conic sections. 

Recall from Chapter 1 that to find the distance between two points on a real 
number line, we simply find the absolute value of the difference of the values of the 
points. For example, the distance from —3 to 5 on the x-axis is 

[5— (—3)| = |S 4 3] = 8. 

Remember that absolute value is another name for distance. We could have written 

eae SAP Ses 
Similarly, the distance from —3 to 5 on the y-axis is 

ee 3) ee 

We use this simple fact to find the distance between two points in the xy-plane. Let 
A(x1, 1) and B(x, y2) be points in a plane. First we draw a horizontal line through 
A, and then we draw a vertical line through B. (We could have drawn a horizontal 
line through B and a vertical line through A.) The lines intersect at point C(x, y;). 
Why are the coordinates (x2, y,)? The distance from A to C is |x7 — x,| and from 

BtoC, |y2 — yl. 
Now, if we draw a line from A to B, we have the right triangle ABC. We can use 

the Pythagorean Theorem to find the length (distance) of the line from A to B. By 
the Pythagorean Theorem, 

(AB)? = (AC)? + (BC)? 



\ 

) Section 10.1 The Distance Formula and the Circle 

Let’s rename the distance AB as d. Then 
iY 

d? = (|x. — |)? + (lye - yl)? 

d = V(x. — x1)? + (yy — y1)”. (Can you give a reason why we can drop 
j the absolute value bars here?) 

This is the distance formula. 

} 

DISTANCE FORMULA 

The distance between two points (x; y,) and (x2 y,) is 

d = V (x2 — x1)* + (y2 — ys)’. 

Example 1 Find the distance between (3, —4) and (—2, —5). 

‘Solution To use the formula, we arbitrarily let (x;,y,) = (3,-4) and 
| (X2, y2) FF (a2, =3,). 

ieee Student Practice 1 Find the distance between (—6, —2) and (3, 1). 

The choice of which point is (x, y;) and which point is (x2, y2) is up to you. 
We would obtain exactly the same answer in Example 1 if (x;, yy) = (—2, -5) and 
if (x2, y2) = (3, —4).Try it for yourself and see whether you obtain the same result. 

Finding the Center and Radius of a Circle 

and Graphing the Circle @® 

A circle is defined as the set of all points in a plane that y 
are at a fixed distance from a point in that plane. The fixed 
distance is called the radius, and the point is called the 

center of the circle. (x, y) 
We can use the distance formula to find the equation 

of a circle. Let a circle of radius r have its center at (h, k). 
For any point (x, y) on the circle, the distance formula tells 
us that * 

V(x —h)? + (y-—k)? =r. 

Squaring each side gives 

(x -—h)? + (y-—k)? =r’. 

This is the equation of the circle with center at (h, k) and radius r. 

Graphing Calculator 

Graphing Circles 

A graphing calculator is 
designed to graph functions, In 
order to graph a circle, you need 
to separate it into two halves, 

each of which is a function. 
Thus, in order to graph the circle 
in Example 2 on the next page, 

first solve for y. 

6 a lll edly 
y-3= +V25 - (x - 2)? 

y=3 + V25 - (x - 2)? 

Now graph the two functions 

yy =3 + V25 - (x - 2)? 

(the upper half of the circle) 
and 

yn =3- ViB- G2) 
(the lower half of the circle), 
To get a proper-looking circle, 
use a “square” window setting. 
Window settings will vary 

depending on the calculator. 
Display: 

Notice that due to limitations in 
the calculator, it is not a perfect 

circle and two gaps appear. 
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628 Chapter 10 The Conic Sections 

Student Practice 2 

STANDARD FORM OF THE EQUATION OF A CIRCLE 

The standard form of the equation of the circle with center at (h, k) and 
radius r is 

CaN ey kei 

Example 2 Find the center and radius of the 
circle (x — 2)? + (y — 3)? = 25. Then sketch its 
graph. 

Solution From the equation of a circle, 

(x —h)? + (yk)? =P, 
we see that (h,k) = (2,3). Thus, the center of 
the circle is at (2,3). Since r? = 25, the radius of 
the circle is r = 5. 

The graph of this circle is shown on the right. i Ge 2)2 A © mee a - 

i=’ 4 Student Practice 2 Find the center and radius of the circle 

yee Gy E29 

Then sketch its graph on a sheet of graph paper, using a coordinate system similar 
to the one shown in the margin. 

E} Writing the Equation of a Circle in Standard Form 

Given the Center and Radius @® 

We can write the standard form of the equation of a specific circle if we are given the 
center and the radius. We use the definition of the standard form of the equation of 
a circle to write the equation we want. 

Example 3 Write the equation of the circle with center (—1,3) and radius V5. 
Express your answer in standard form. 

Solution Weare given that (h,k) = (—1,3) andr = \/5. Thus, 

ae) ly RY 0? 
becomes the following: 

[x - (-1)P + (y - 3)? = (V5)? 
(x 1) ck (y —13)? = 

Be careful of the signs. It is easy to make a sign error in these steps. oO 

Student Practice 3 Write the equation of the circle with center (—5, 0) 
and radius V3. Express your answer in standard form. 



) Section 10.1 The Distance Formula and the Circle 

4 | Rewriting the Equation of a Circle 

in Standard Form @® 

The standard form of the equation of a circle helps us sketch the graph of the circle. 
Sometimes the equation of a circle is not given in standard form, and we need to 
rewrite the equation. 

Example 4 Write the equation of the circle x” + 2x + y* + 6y = —6in standard 
form. Find the radius and center of the circle and sketch its graph. 

Solution The standard form of the equation of a circle is 

Gaerne tye kh)? a”. 
_ If we multiply out the terms in the equation, we get 

(x? — 2hx + h*) + (y? — 2ky + k*) 7; 

Comparing this with the equation we were given, 

(x? + 2x) + (y? + 6y) = -6, 

j suggests that we can complete the squares to put the equation in standard form. 

AG 

-6 Fie 

xt+axt1+y?+6y+9=4 

(x +1)? + (y+ 3)? =4 

Thus, the center is at (—1, —3), and the radius is 2. The sketch of the circle is shown 

below. 

xe 2x + y* + 6y + 

x? +2x+1 + y*+6y+9 

ci 
Grae fy 43)? = 4 

Write the equation of the circle 
x? + 4+ y? + 2y —-20=0in 
standard form. Find the radius 
and center of the circle and 
sketch its graph on a sheet of 
graph paper, using a coordinate 
system similar to the one shown. 

Nees 
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Graphing Calculator 

Exploration 

One way to graph the equation 

in Example 4 is to write it as a 
quadratic equation in y and then 
employ the quadratic formula. 

y? + 6y + (x2 + 2x + 6) =0 

ay? + by+c=0 

a=1,b = 6, and 

c=x?+2x4+6 

~6 + V36 — 4(1)(x? + 2x + 6) 

% 2(1) 
—6 + V12 — 8x — 4x 

2 
ye 

Thus, we have the two halves 

of the circle. 

_ -6 + V12 -— 8x — 4x? 
Ne NRO Shor 

—6 — V12 — 8x — 4? 
UP) ee 5) 

We can graph these on one coordi- 
nate system to obtain the graph. 
Some graphing calculators have a 
feature for getting a background 

grid for your graph. If you have this 

feature, use it to find the coordi- 

nates of the center. 



[10.7] Exercises — MyLab™ Math 

Verbal and Writing Skills, Exercises 1-4 

1. Explain how you would find the distance from —2 to 2. Explain how you would find the distance between 
4 on the y-axis. (3, -1) and (—4, 0) in the xy-plane. 

3. (x — 1)? + (y + 2)? = 9 is the equation of a circle. 4, x? — 6x + y* — 2y = 6 is the equation of a circle. 
Explain how to determine the center and the radius Explain how you would rewrite the equation in 
of the circle. standard form. 

Find the distance between each pair of points. Simplify your answers. 

5. (1,6) and (2,4) 6. (5,4) and (9, 3) i. (—4,3) and (=2) 7) 

8. (0, —-2) and (5,3) 9. (4,>3)and (=2.413) 10. (-7, —1) and (3,3) 

14. (-4.3) a (3.2) 15. (13,26 \and(—57 16. (0.4,1.8) and (9.4, -1.2) 

To Think About Find the two values of the unknown coordinate so that the distance between the points is as given. 

17. (7,2) and (1, y); distance is 10 18. (3,y) and (3, —-5); distance is9 19, (1.5,2) and (0, y); distance is 2.5 

NB) te ake 
20. (1 ) and (« -+) distance 21. (4,7) and (x, 5); distance is V5 222, (1, 6) and (3, y); distance is 2V2 

630 
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Applications, Exercises 23 and 24 

Radar Detection Use the following information to solve exercises 23 and 24. An airport is located at point O. A short-range 

radar tower is located at point R. The maximum range at which the radar can detect a plane is 4 miles from point R. 

N 

23. Assume that R is 5 miles east of O and 7 miles north 24. Assume that R is 6 miles east of O and 6 miles north 
of O. In other words, R is located at the point (5,7). of O. In other words, R is located at the point (6, 6). 
An airplane is flying parallel to and 2 miles east of the An airplane is flying parallel to and 4 miles east of the 
north axis. (In other words, the plane is flying along north axis. (In other words, the plane is flying along 
the path x = 2.) What is the shortest distance north of the path x = 4.) What is the greatest distance north 
the airport at which the plane can be detected by the of the airport at which the plane can still be detected 
radar tower at R? Round your answer to the nearest by the radar tower at R? Round your answer to the 

tenth of a mile. nearest tenth of a mile. 

Write in standard form the equation of the circle with the given center and radius. 
3 

25. Center (—3,7);r = 6 26. Center (9, -—4);r = 5 27. Center (—2.4,0);r = 7 

1 
28. Center (0,0.5) r = 5 29. Center (0 : ) r= V3 30. Center (-2 0); r= Nb 

Give the center and radius of each circle. Then sketch its graph on a sheet of graph paper, using a coordinate system similar 

to the one shown. 

31. x7 + y* = 25 32. x2 +y*=9 33. (x — 5)? + (y — 3)? = 16 
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34. (x — 3)? + (y- 2)? =4 35. (x +2)? + (y — 3)? = 25 36. (x-3) + +27=9 

y y - y 

Rewrite each equation in standard form, using the approach of Example 4. Find the center and radius of each circle. 

37, x? + y?- 4x + 10y+4=0 38. x? + y?- 8x +2y+8=0 

39. x? + y? — 10x + 6y -2 =0 40. x? + y? + 12x + 2y — 27 =0 

4. x? + y?+3x-2=0 42. x7 + y?-5x-1=0 

43. Ferris Wheels A Ferris wheel has a radius r of 
44.2 feet. The height of the tower f¢ is 55.8 feet. The 
distance d from the origin to the base of the tower is 

61.5 feet. Find the standard form of the equation of 
the circle represented by the Ferris wheel. 

44, Ferris Wheels The tallest Ferris wheel in the world is 
the High Roller in Las Vegas. This Ferris wheel has 
a radius r of 260 feet. The distance d from the origin 
to the base of the tower is 275 feet, and the height 
of the tower ¢ is 290 feet. Find the standard form of 
the equation of the circle represented by the Ferris 
wheel. 
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Optional Graphing Calculator Problems Graph each circle with your graphing calculator. 

45. (x — 5.32)? + (y + 6.54)? = 47.28 46. x? + 9.56x + y? — 7.12y + 8.9995 = 0 

| Cumulative Review Solve the quadratic equations by using the quadratic formula. 

47, [9.2.1] 4x2 + 2x =1 48. [9.2.1] 5x2 — 6x —-7=0 

. 49, [5.2.2] Volcano Eruptions The 1980 eruptions of 50. [2.6.2] Volcano Eruptions Within a 15-mile radius 

Mt. Saint Helens blew down or scorched 230 square north of Mt. Saint Helens, the blast of its 1980 erup- 
; miles of forest. A deposit of rock and sediments soon tion traveled at up to 670 miles per hour. If an ob- 
| filled up a 20-square-mile area to an average depth of server 15 miles north of the volcano saw the blast and 
| 150 feet. How many cubic feet of rock and sediments attempted to run for cover, how many seconds did 
| settled in this region? he have to run before the blast reached his original 

location? 

Quick Quiz 10.1 

/ 1, Find the distance between (3, —4) and (—2, -6). . Write in standard form the equation of the circle with 
center (5, —6) and radius 7. 

3. Rewrite the equation in standard form. Findthecenter 4, Concept Check Explain how you would find the 
and radius of the circle. values of the unknown coordinate x if the distance 

between (—6, 8) and (x, 12) is 4. 
x* + 4x + y? —6y +4=0 
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fi0.23 The Parabola 
Student Learning Objectives If we pass a plane through a cone so that the plane is parallel 

: : : to but not touching a side of the cone, we form a parabola. A 
After studying this section, you will —_ parabola is defined as the set of points that are the same distance 
be able to: from some fixed line (called the directrix) and some fixed point 

Gianiwenied (called the focus) that is not on the line. 
P The shape of a parabola is a common one. For example, the 

las. : ; ; 
pareioies, cables that are used to support the weight of a bridge are often in 

2 | Graph horizontal the shape of a parabola. 
parabolas. @ The simplest form for the equation is one variable = (another variable)”. 
Rewrite the equation That is, y = x? or x = y?. We will make a table of values for each equation, plot the 
of a parabola in standard points, and draw a graph. For the first equation we choose values for x and find y. For 
form. @® the second equation we choose values for y and find x. 

sf 

Vertical Parabola 

Horizontal Parabola 

Notice that the graph of y = x” is symmetric about the y-axis. That is, if you folded 
the graph along the y-axis, the two parts of the curve would coincide. For this parab- 
ola, the y-axis is the axis of symmetry. 

What is the axis of symmetry for the parabola x = y*? Every parabola has an 
axis of symmetry. This axis can be any line; it depends on the location and orienta- 
tion of the parabola in the rectangular coordinate system. The point at which the 
parabola crosses the axis of symmetry is the vertex. What are the coordinates of the 
vertex for y = x*? For x = y’? 

El Graphing Vertical Parabolas @® 

Example 1 Graph y = (x — 2)?. Identify the vertex and the axis of symmetry. 

Solution We make a table of values. We begin with x = 2 in the middle of the 
table of values because (2 — a = 0. That is, when x = 2, y = 0. We then fill in 

the x- and y-values above and below x = 2. We plot the points and draw the graph. 



: 

1 a\a4.3 
| Vertex ( 2,0) 
eee 

Axis of Symmetry 

eal eee ete | 

The vertex is (2, 0), and the axis of symmetry is the line x = 2. Oo 

seg Student Practice 1 Graph y = —(x + 3)? ona sheet of graph paper, 
using a coordinate system similar to the one shown in the margin. Identify the 
vertex and the axis of symmetry. 

Example 2 Graph y = (x — 2)? + 3. Find the vertex, the axis of symmetry, and 
the y-intercept. 

Solution This graph looks just like the y 
graph of y = x”, except that it is shifted _y-intercept (0,7) 
2 units to the right and 3 units up. The ver- aaa 
tex is (2,3).The axis of symmetry is x = 2. : Jy = - 2)? +3 
We can find the y-intercept by letting x = 0 eal LY -_ 
in the equation. We get | a ie oy 

p= (0 — 2)? 93 = 4+ 3 =.7, Bes he PE . 

Thus, the y-intercept is (0,7). | Bistenanes ie 5 = 
Axis of Symmetry 

O 

Student Practice 2 Graph the parabola y = (x — 6)? + 4ona sheet 
of graph paper, using a coordinate system similar to the one shown in the margin. 

The examples we have studied illustrate the following properties of the stan- 
dard form of the equation of a vertical parabola. 

STANDARD FORM OF THE EQUATION OF A VERTICAL PARABOLA 

. The graph of y = a(x — h)* + k, where a # 0, is a vertical parabola. 

. The parabola opens upwardnif a > 0 and downwarde if a < 0. 

. The vertex of the parabola is (h, k). 

. The axis of symmetry is the line x = h. 

. The y-intercept is the point where the parabola crosses the y-axis 
(i.e., where x = 0). 

We can use these properties as steps to graph a parabola. If we want greater 
accuracy, we should also plot a few other points. 

Example 3 Graph y = —F(8 + 3)? — 1, 

Section 10.2 The Parabola 

Student Practice 1 

Student Practice 2 

635 
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Student Practice 3 

Solution 

Step 1 The equation has the form y = a(x — h)* + k, where a = —3,h = -3, 
and k = —1,s0 it is a vertical parabola. 

y=a(x—-h)’? +k 

1 ye (—3)F + (-1) 
Step2 a < 0;so the parabola opens downward. 

Step3 Wehaveh = —3 andk = —1. 
Therefore, the vertex of the parabola is (—3, —-1). 

Step 4 The axis of symmetry is the line x = —3. 
We plot a few points on either side of the axis of symmetry. We try 

x = —1because (—1 + 3)?is4 and —}(4) is an integer. We avoid fractions, 
When x = —1,y = —3(-1 + 3)? — 1 = —3.Thus, the point is (—1, —3). 
The image of this point on the other side of the axis of symmetry is 

(—5, -3). We now try x = 1. When x = 1, y = —3(1 +3)? -1=-9, 
Thus, the point is (1, —9). The image of this point on the other side of the 
axis of symmetry is (—7, —9). 

Step 5 When x = 0,we have the Fe UE EE og. yh eae 
following: er Ue oe 

y= -5(0+3)?-1 3 et 
1 (5,=3) | er 7a t 

==—(9)=— 1 ties feline 8 
: Io mai ycintercept 

=-45-1=-5.5 Diclon igh chara: 
1 Ce Foe 

Thus, the y-intercept is ae ae ae ieee. 

(0; =5.5), C7 CG sey, 
The graph is shown ie 

| on the right. 

Axis of Symmetry 

i=4 Student Practice 3 Graph y = z(s — 2)? + 3 on a sheet of graph 

paper, using a coordinate system similar to the one shown in the margin. 

To Think About: Example 3 Follow-up Compare the graphs in Example 3 and 

eS 

Gates ; ‘q 

BRGMG 2) 
x=-3 o 

Student Practice 3 to the graph of y = x”. We know that vertical and horizontal — 

shifts have occurred. What does the value of a in the equation y = ax” do to the 
graph of y = x”? If a < 0, as in Example 3, the parabola reflects over the x-axis. 
Also, if0 < |a| < 1,the parabola becomes wider. That is, the points on the parabo- 
la move closer to the x-axis. If |a| > 1,the parabola becomes narrower, or stretches 
away from the x-axis. 

A Graphing Horizontal Parabolas @® 

Recall that the equation x = y’, in which the squared term is the y-variable, 
describes a horizontal parabola. Horizontal parabolas open to the left or right. They 
are symmetric about the x-axis or about a line parallel to the x-axis. Let’s now look 
at examples of horizontal parabolas. 

Example 4 Graph x = —2y?. 

Solution Notice that the y-term is squared. This means that the parabola is hor- 
izontal. We make a table of values, plot points, and draw the graph. To make the 

table of values, we choose values for y and find x. We begin with y = 0. 



The parabola x = —2y” has its vertex at (0, 0). The axis of symmetry is the x-axis. 0 

raph paper, using a coordinate system similar to the one shown in the margin. 
Student Practice 4 Graph the parabola x = —2y* + 4 ona sheet of 

& 

To Think About: Example 4 Follow-up Compare the graphs in Example 4 and 
Student Practice 4 to the graph of x = y*. What does the coefficient —2 in the equa- 

tion x = —2y? do to the graph of the equation x = y?? It causes the parabola to 
reflect over the y-axis and also to become narrower. What does the constant 4 in 

x = —2y? + 4 do to the graph of x = —2y*? The graph of x = —2y? gets shifted 
_ 4units to the right. 

Now we can make the same type of observations for horizontal parabolas as 
we did for vertical ones. 

STANDARD FORM OF THE EQUATION OF A HORIZONTAL PARABOLA 

. The graph of x = a(y — k)? + h, where a = 0, is a horizontal parabola. 

. The parabola opens to the right ( if a > 0 and opens to the left ) ifa < 0. 

. The vertex of the parabola is (h, k). 

. The axis of symmetry is the line y = k. 

. The x-intercept is the point where the parabola crosses the x-axis 

(i.e., where y = 0). 

Example 5 Graph x = (y — 3)? — 5. Find the vertex, the axis of symmetry, and 
the x-intercept. 

Solution 

Step1 The equation has the form x = a(y — k)? + h, where a = 1,k = 3, and 
h = —5S,s0 it is a horizontal parabola. 

x=a(y—k)+h 

x = 1(y - 3)? + (+5) 
Step 2 a > 0;so the parabola opens to the right. 

Step3 We have k = 3 andh = —5.Therefore, the vertex is (—5, 3). 

Step 4 The line y = 3 is the axis of symmetry. 
We look for a few points on either side of the axis of symmetry. We 

will try y-values close to the vertex (—5,3).We try y = 4and y = 2.When 

y = 4,x% = (4-3)? — 5 = —4. When y = 2, x = (2.— 3)? = 5.= -4. 
Thus, the points are (—4,4) and (—4,2). (Remember to list the 
x-value first in a coordinate pair.) We try y= 5 and y = 1. When 

Continued on next page 

Section 10.2 The Parabola 

Student Practice 4 
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Student Practice 5 

: 
y=5,x = (5-3)?-5 =-1.Wheny =1,x = (1-3)? -5=-9 
Thus, the points are (—1,5) and (—1,1). You may prefer to find one 
point, graph it, and find its image on the other side of the axis of symmetry, 
as was done in Example 3. 

Step5 When y =0,x = (0-3)?-5=9-5=4. 
Thus, the x-intercept is (4, 0). 

We plot the points and draw the graph. 

a ___ Axis of Symmetry 
Vertex (—5, 3) L dstindeaetnc 

(21 se a 

Notice that the graph also crosses the y-axis. You can find the y-intercepts by set- 
ting x equal to 0 and solving the resulting quadratic equation. Try it. Oo 

Student Practice 5 Graph the parabola x = —(y +1)*-3 ona 
sheet of graph paper, using a coordinate system similar to the one shown in the 
margin. Find the vertex, the axis of symmetry, and the x-intercept. 

Rewriting the Equation of a Parabola in Standard Form @® 

[i=] Student Practice6 | “eExample 6 Place the equation x = y* + 4y + 1 instandard form. Then graph it. 

Place the equation 
x= y*— 6y +13 

in standard form and graph 
it on a sheet of graph paper, 
using a coordinate system 
similar to the one shown, 

Solution Since the y-term is squared, we have a horizontal parabola. So the 

standard form is 

x=a(y—k)? +h. 

We must complete the square in order to write the equation in standard form. 

x=y?+4y+ = +1 > Whatever we add to the right side we must also sub- 
tract from the right side. 

aN2 ae 
x=y+4y+ (¢) = ($) + 1 Complete the square. 

x = (y?+ 4y + 4) -3 Simplify. 

x =(y+2)?-3 Standard form. 

We see that a = 1,k = —2,andh = —3. Since a is positive, the parabola opens to 
the right. The vertex is (—3, —2). The axis of symmetry is y = —2. If we let y = 0, 
we find that the x-intercept is (1,0). Oo 
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Example 7 Place the equation y = 2x? — 4x — 1 instandard form. Then graph it. 
Graphing Calculator 

‘Solution This time the x-term is squared, so we have a vertical parabola. The 
standard form is Graphing Parabolas 

y = a(x —h) 24 k. Graphing horizontal parabolas 

such as the one in Example 6 on 
We need to complete the square. a graphing calculator requires di- 

By? — 2x + a =} F nak viding the curve into two halves. 
y i pe jes actor 2: SeniniZe: Gate In this case the halves would be 

= 2[x? — 2x + (-1)?] — 2(-1)* — 1 Inside brackets, b = —2. y= 2+ Vx 43 

(3) = (+) = (-1)? and 

yy = -2 - WK eS 

Vertical parabolas can be 
graphed immediately on a 

gets added to complete the square. 

=2[x?-2x+1]-2-1 
ys 2 graphing calculator. Why is this? 
pa2(ee~ 1)" ~3 How can you tell whether it is 

The parabola opens upward (a > 0), the vertex is (1, —3), the axis of symmetry is necessary to divide a curve into 
_ x = 1,and the y-intercept is (0, -1). oe 

ey 

y= 2a - 1-3) 

{x=1 Oo 

Notice above that all the work is being done on the right side of the equals sign. 
Once (—1)? gets added inside brackets to complete the square, we note that (—1)? 
is being multiplied by the 2 that was factored out. To maintain equality, the product 
2(-1)? must be subtracted outside the bracketed expression. 

| Student Practice 7 Place y = 2x” + 8x + 9instandard form and graph 
it on a sheet of graph paper, using a coordinate system similar to the one shown. 



[0.2] Exercises = MyLab™ Math 

Verbal and Writing Skills, Exercises 1-4 

1, The graph of y = x? is symmetric about the . The graph of x = y? is symmetric about the 

2. Explain how to determine the axis of symmetry of the parabola x = 5( y +5)? -1., 

3. Explain how to determine the vertex of the parabola y = 2(x — 3)? + 4, 

4. How does the coefficient —6 affect the graph of the parabola y = —6x*? 

Graph each parabola and label the vertex on a sheet of graph paper, using a coordinate system similar to the one shown. 
Find the y-intercept. 

5. y = —4y? 1. ys x32 

P< 

640 

ee 
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4. y =2(x- 2)? +3 
1\2 

16. y= -2(x+5) = il 

| 

Graph each parabola and label the vertex on a sheet of graph paper, using a coordinate system similar to the one shown. 
Find the x-intercept. 

i 2 yee ee ms a 5) 18. Bera 19, og 2 

MO x= sy +I 22, x =-y?-1 

| 

23. %=(y ~ 2)? +3 24, x = (y - 4)? +1 

y 
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25. x = -3(y +1)?-2 

y 

Rewrite each equation in standard form. Determine (a) whether the parabola is horizontal or vertical, (b) the direction it 

opens, and (c) the vertex. 

27. y=x*- 4x -1 28. y =x? + 10x + 31 

30. y = —3x? + 6x + 2 31. x =y? + 8y +9 

Applications 

29. y = —2x* + 12x — 16 

32. x=y’- 8y+11 

Satellite Dishes Modern satellite dishes intended for home television are generally between 18 and 31 inches in diameter 

and are less than 10 inches in depth. For exercises 33 and 34, find an equation of the form y = ax’ that describes the outline 
of the satellite dish such that the bottom of the dish passes through (0,0) and has the given diameter and depth. 

33. The diameter is 20 inches, and the depth is 5 inches. 

34. The diameter is 30 inches, and the depth is 9 inches. 

Distance to 

focus point 

Diameter 

of dish 

Depth 
of dish 

——— 
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36. Satellite Dishes If the outline of a satellite dish is 
described by the equation y = ax’, then the distance 
p from the center of the dish to the focus point of 

+ Satellite Dishes If the outline of a satellite dish is 
described by the equation y = ax”, then the distance 
p from the center of the dish to the focus point of 

the dish is given by the equation a = = Find the the dish is given by the equation a = 4 Find the 

distance p for the dish in exercise 34. 4p distance p for the dish in exercise 33. 

Optional Graphing Calculator Problems Find the vertex and y-intercept of each parabola. Find the two x-intercepts. 

37. y = 2x” + 6.48x — 0.1312 38. y = —3x? + 33.66x — 73.5063 

| Applications By writing a quadratic equation in the form y = a(x — h)? + k, we can find the maximum or minimum 

value of the equation and the value of x at which it occurs. Remember that the equation y = a(x — h)* + k is a vertical 

parabola. For a > 0, the parabola opens upward. Thus, the y-coordinate of the vertex is the smallest (or minimum) value of 

the equation. Similarly, when a < 0, the parabola opens downward, so the y-coordinate of the vertex is the maximum value 

of the equation. Since the vertex occurs at (h, k), the maximum value of the equation occurs when x = h,. Then 

y=-a(x -—h)*+k=-a(0) +k=k. 

For example, suppose the weekly profit of a manufacturing company in dollars is P = —2(x — 45)? + 2300 for x units 
manufactured. By looking at the equation, we see that the maximum profit per week is $2300 and is attained when 45 units 
are manufactured. Use this approach for exercises 39-42. 

40. Small Business Owner Malini is the owner of a small 39. Small Business Manager Frank is the manager of a 
specialty watch company. The company’s monthly 
profit equation is 

P = —2x? + 280x + 35,200, 

where x is the number of watches manufactured. At 
the next business meeting, Frank wants to report 
what the maximum monthly profit could be. Find the 
maximum monthly profit and the number of watches 
that must be produced each month to attain the max- 
imum profit. 

Orange Grove Yield The effective yield from a grove 
of miniature orange trees is described by the equation 
E = x(900 — x), where x is the number of orange 
trees per acre. What is the maximum effective yield? 
How many orange trees per acre should be planted to 
achieve the maximum yield? 

bicycle manufacturing company. The company’s 

monthly profit equation is 

P = —4x? + 640x + 3400, 

where x is the number of bicycles manufactured. 
Malini wants to tell his employees what the maximum 
monthly profit could be. Find the maximum monthly 
profit and the number of bicycles that must be pro- 
duced each month to attain the maximum profit. 

42. Research Pharmacologist Linnea is a research phar- 
macologist, and she has determined that sensitivity S 
to a drug depends on the dosage d in milligrams, ac- 
cording to the equation S = 650d — 2d”. What is the 
maximum sensitivity that will occur? What dosage 
will produce that maximum sensitivity? 
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Cumulative Review Simplify. 

43. 

Add 

45. 

47. 

[8.3.2] V50x3 

[8.3.3] V 98x + xV8 — 3V 50x 

[0.5.3] Rose Bushes Sir George Tipkin of Sussex has 

a collection of eight large English rose bushes, each 
having approximately 1050 buds. In normal years this 

type of bush produces blooms from 73% of its buds. 
During years of drought this figure drops to 44%. 

During years of heavy rainfall the figure rises to 88%. 
How many blooms can Sir George expect on these 
bushes if there is heavy rainfall this year? 

Quick Quiz 10.2 

1. 

3 

Find the vertex and the y-intercept of the parabola 

whose equation is y = —3(x + 2)? +5. 

Place the equation y = 2x? — 12x + 12 in standard 
form. Then graph it on a sheet of graph paper. 

44, [8.3.2] W/40x>y4 

46. [8.3.3] \/16x* + 4xW/2 — 8x54 

48. [0.5.3] Rose Bushes Last year Sir George had only 

six of the type of bushes described in exercise 45. It 
was a drought year, and he counted 2900 blooms. 
Using the bloom rates given in exercise 45, deter- 
mine approximately how many buds appeared on 
each of these six bushes. (Round your answer to the 
nearest whole number.) 

. Find the standard form of the parabola that opens to 
the right, has a vertex at the point (3, 2), and cross- 

es the x-axis at (7, 0). Place your answer in the form 
x=(y—k)+h. 

. Concept Check Explain how you can tell which way 
the parabola opens for these equations: y = 2x’, 
yi e2x2 x = 2y2landx = 2y% 
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fio3] The Ellipse @ 

Suppose a plane cuts a cone at an angle so that the plane 
intersects all sides of the cone. If the plane is not perpendic- 
ular to the axis of the cone, the conic section that is formed 
is called an ellipse. 

Student Learning Objectives 

After studying this section, you will 

be able to: 

1 | Graph an ellipse whose center 

is at the origin. @® 

Graph an ellipse whose center 
is at (h, k). @® 

We define an ellipse as the set of points in a plane such that for each point in 
the set, the swm of its distances to two fixed points is constant. The fixed points are 

called foci (plural of focus). 

We can use this definition to draw an ellipse using a piece of string tied at each 
end to a thumbtack. Place a pencil as shown in the drawing and draw the curve, 

Keeping the pencil pushed tightly against the string. The two thumbtacks are the foci 
- of the ellipse that results. 

Examples of the ellipse can be found in the real world. The orbit of Earth (and 

each of the other planets) is approximately an ellipse with the sun at one focus. In e 
the sketch at the right the sun is located at F and the other focus of the orbit of Earth 
is at F’. F 

An elliptical surface has a special reflecting property. When sound, light, or F' 
some other object originating at one focus reaches the ellipse, it is reflected in such a 
way that it passes through the other focus. This property can be found in the United 
States Capitol in a famous room known as the Statuary Hall. If a person whispers at 
the focus of one end of this elliptically shaped room, a person at the other focus can 
easily hear him or her. 

BN Graphing an Ellipse Whose Center Is at the Origin @® 

_ The equation of an ellipse is similar to the equation of a circle. The standard form of 
the equation of an ellipse centered at the origin is given next. 

STANDARD FORM OF THE EQUATION OF AN ELLIPSE WITH CENTER 

AT THE ORIGIN 

An ellipse with center at the origin has the equation 

ya 
Sher where a and b > 0. 

The vertices of this ellipse are at (a, 0), (—a, 0), (0, 6), and (0, —b). 

To plot the ellipse, we need the x- and y-intercepts. 

Continued on next page 
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x 
Ue ag AI Lie) 9 ify =", then 7 = oN 

ya b2 x? = Q’ 

+ Vy? = £ Vb? tVi2 = tVa? 
ty=+b or y= +b tx= ta or B=) ee 

So the x-intercepts are (a,0) and (—a,0), and the y-intercepts are (0,5) and 
7) ae) 

(0, —b) for an ellipse of the form o er = = 1. 

A circle is a special case of an ellipse. If a = b, we get the following: 

2 y 
| 
a a 

This is the equation of a circle of radius a. 

Example 1 Graph x* + 3y? = 12. Label the intercepts. 

Solution Before we can graph this ellipse, we need to rewrite the equation in 
standard form. 

2 3y2 
= i a Bs = Divide each side by 12. 

G) 2 
Ae ey jai See eh. Simplity. D + 4 1 implify. 

qe 212 so a =2V3 

ae so | b= 

The x-intercepts are (—2V3, 0) and (2V3, 0), and the y-intercepts are (0,2) and 
(0, -2). We plot these points and draw the ellipse. 

Student Practice 1 

liq Student Practice 1 Graph 4x? + y? = 16 on a sheet of graph paper, 
using a coordinate system similar to the one shown in the margin. Label the 
intercepts. 



) Section 10.3 The Ellipse 647 

Graphing an Ellipse Whose Center Is at (h, k) @® 

| If the center of the ellipse is not at the origin but at some point whose coordinates 
are (h, k), then the standard form of the equation is changed. 

STANDARD FORM OF THE EQUATION OF AN ELLIPSE 

WITH CENTER AT (h, k) 

An ellipse with center at (h, k) has the equation 

0b Uh 
a 

where a and b > 0. 

Note that a and b are not the x-intercepts and y-intercepts now. Why is this? 
Look at the sketch. You'll see that a is the horizontal distance from the center of the 
ellipse to a point on the ellipse. Similarly, b is the vertical distance. Hence, when the 
center of the ellipse is not at the origin, the ellipse may not cross either axis. 

: 2 2 : Meee) = 6 
¢ Example 2 Graph ( 5 ) ~ e : ve i 

Solution The center of the ellipse is (5,6), a = 3, and b = 2. 
Therefore, we begin at (5, 6). We plot points 3 units to the left, 3 units 

fea Student Practice 2 Graph 

(ee, (y+ 3)? 
16 9 

graph paper, using a coordinate system 

= 1 ona sheet of 

to the right, 2 units up, and 2 units down from (5, 6). The points we similar to the one shown. 
plot are the vertices of the ellipse. y 

¥ 
a 

ae “i 

Soir a0 "1@.6) 
Sapir denned 
4+ 

gies a a 
pees eee 
prise pom Qe tten ae cae 

+> Xx tt tt tt tt 
=A figs a Se ae ee i 
ele: ead ee o 

Graphing Ellipses 

In order to graph the ellipse in Example 2 on a 
graphing calculator, we first need to solve for y. 

Is it necessary to break up the curve into two halves 

in order to graph the ellipse? Why or why not? 



[0.3] Exercises — MyLab™ Math 

Verbal and Writing Skills, Exercises 1 and 2 

1. Explain how to determine the center of the ellipse 2. Explain how to determine the x- and y-intercepts of 

GM See Ah eER — ii 9 = 1. ellipse > + 75 = 1 | 

Graph each ellipse on a sheet of graph paper, using a coordinate system similar to the one shown. Label the intercepts. You 
may need to use a scale other than 1 square = 1 unit. 

2 2 ete 
2 

2 

; Sit A) ae 

Een 7. 4x7 + y? — 36=0 8. 4427+ y?-4=0 
"121 144 : ¥ a? +y = 

9. Fat Oy SI 10. x’ + 4y’ = 16 1. x? + 12y? = 36 

a 
4 

648 
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2 2 y 

2x? + 3y2 = 18 ih et ction he aa : 12 y 13. 55+ 76 

ae 

oe y 5 y 
_—_ +—_— = 5 2 = 14 ee 2s 1 15. 121x° + 64y* = 7744 

4 16 oe 

ES a ee 

16. Write in standard form the equation of the ellipse 17. Write in standard form the equation of the ellipse 
with center at the origin, an x-intercept at (—7,0), with center at the origin, an x-intercept at (13,0), 
and a y-intercept at (0,11). and a y-intercept at (0, -12). 

18. Write in standard form the equation of the ellipse 19, Write in standard form the equation of the ellipse 
with center at the origin, an x-intercept at (5/2, 0), with center at the origin, an x-intercept at (6, 0), and 
and a y-intercept at (0, —-1). a y-intercept at (0, 43) 

Applications 

20. Window Design The window shown in the sketch is in 21. Orbit of Venus The orbit of Venus is an ellipse with 
the shape of half of an ellipse. Find the equation for the the sun as one focus. If we say that the center of the 
ellipse ifthe center of the ellipseisat point A = (0,0). ellipse is at the origin, an approximate equation for 

the orbit is 

2 2 
ea = Md : 

5013. 4970 

4 | Lai) a a Sosa where x and y are measured in millions of miles. Find 
the largest possible distance across the ellipse. Round 

60 oe ae your answer to the nearest million miles. 

a= = pw Venus 

ae, ie 
{ Sun ~¥ } 

\ 7 
~ 2 
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Graph each ellipse on a sheet of graph paper, using a coordinate system similar to the one shown. Label the center. You may 

need to use a scale other than 1 square = 1 unit. ' 

rls eee a (aaele 
22. i} 23. 

4 9 o 

. 

iyo 2 jo 1 : 



\ 

, 

} 

28. 

30. 

Write in standard form the equation of the ellipse 
whose vertices are (—6,2), (0,2), (-—3,-4), and 
(23,8). 

For what values of a does the ellipse 

to Sa 
49 4 

pass through the point (—4, 3)? 

29, 

31. 
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Write in standard form the equation of the ellipse 
whose vertices are (5, —1), (5,3), (4,1), and (6,1). 

Pet Exercise Area Brandon’s backyard is a rectangle 
40 meters by 60 meters. He uses this backyard as an 
exercise area for his dog. He drove two posts into the 
ground and fastened a rope to each post, passing the 
rope through the metal ring on his dog’s collar. When 
the dog pulls on the rope while running, its path is an 

ellipse. (See the figure.) If the dog can just reach all 
four sides of the rectangle, find the equation of the 
elliptical path. 

= Optional Graphing Calculator Problems Find the four intercepts, rounded to four decimal places, for each ellipse. 
2 2 a y (faa ty — 5.3)? 

a2 — — | . sts 
ee 19 - 14.98 i‘ 28.98 ney 

x oye 
To Think About The area enclosed by the ellipse — + ie 1 is given by the equation A = rab. Use the value 

a’ 

7. 34, 

= 3.1416 to find an approximate value for the following answer. 

Mirror Designer Barry works for a company that 
frames mirrors of all shapes, He is designing an oval 
mirror that has an outer boundary in the shape of an 
ellipse. The width of the mirror is 20 inches, and the 
length of the mirror is 45 inches, Barry will charge 
the customer according to how many square inches 
the mirror is. What is the area of the mirror? Round 
your answer to the nearest tenth, 

20 inches 
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Cumulative Review Ww 

35. [8.4.3] Rationalize the denominator. Pe TRY 36. [8.4.1] Multiply and simplify. 

ceed (2V3 + 4V2)(5V6 — V2) 

37, [1.2.2] Empire State Building The Empire State 

Building was the tallest building in the world for 
many years. Construction began on March 17, 1930, 

and the framework rose at a rate of 4.5 stories per 
week. How many weeks did it take to complete the 
framework for all 102 stories? 

Quick Quiz 10.3 

1. Write in standard form the equation of the ellipse 2. Write in standard form the equation of the ellipse with | 
with center at the origin, an x-intercept at (5,0), anda vertices ‘at (—7,,—2), (1, —2), (—391)) and(—35 ae 
y-intercept at (0, —6). 

3. Graph the ellipse on a sheet of graph paper. Label the 
center and the four vertices. 

(By ae om 
S| Os gem 

4. Concept Check Explain how you would find the four 
vertices of the ellipse 12x? + y? — 36 = 0. 

Men 



Use Math to Save Money 

Did You Know? The government will pay interest on certain 
student loans while you are in college. 

Choosing a Student Loan 

Understanding the Problem: 

Alicia needs a $10,000 college loan. A credit union offers a 

20-year private loan with a 4.65% fixed rate. A subsidized 

federal loan provides a 20-year loan at a 6% fixed rate with 

the government paying interest during school and six months 

after graduation, for a total of 4.5 years. Which option is the 

better deal? 

Making a Plan: 

Step 1: Notice that the two interest rates are different for 

each loan. Also, the total number of payments is different 

because the government will pay for Alicia's interest for 

4.5 years out of the 20-year life of the subsidized loan. 

Task 1: What is the total amount that Alicia must pay back 

for each loan? 

Task 2: What is surprising about the results of Task 1? 

Step 2: The private loan requires that Alicia make more 

payments overall, and she must start making payments 

immediately. The subsidized loan allows for fewer payments, 

and she can wait until 6 months after graduation to begin 

making payments. 

Task 3: What is the monthly payment for each loan? 

Task 4: Which loan offers the lowest monthly payment? 

Finding the Solution: 

Step 3: Let’s compare the loans. 

Task 5: What are the values for the missing places in this 

table? 

Number of | Monthly. When 

Type of Monthly | Payment | Payments 

Loan Payments | Amount Begin 

Private Immediately 
loan 

Subsidized 6 months 
loan after 

graduation 

Task 6: Which option provides the best deal? Explain your 

reasoning. 

Applying the Solution to Your Life: 

When choosing between the two loans, students must 

consider the total amount that they must repay, whether the 

government will pay interest while they are in school, and 
when they start making their monthly payments. To apply for 

a subsidized loan, students must fill out a Free Application for 

Federal Student Aid (FAFSA) form. Approval for subsidized 
loans is based on financial need, but you do not need a high 

credit score. On the other hand, a private loan from a bank 

or credit union will require a good credit score. Credit unions 

sometimes offer lower cost private loans than banks. 

Make sure to check into all of your options before making 

a decision. 

653 
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fio4j The Hyperbola 

Student Learning Objectives 

After studying this section, you will 
be able to: 

| Graph a hyperbola whose center 
is at the origin. @® 

Graph a hyperbola whose 
center is at (h, Kk). @® 

By cutting two branches of a cone by a plane as shown in the sketch, we 
obtain the two branches of a hyperbola. A comet moving with more than 
enough kinetic energy to escape the Sun’s gravitational pull will travel in 
a hyperbolic path. Similarly, a rocket traveling with more than enough 
velocity to escape Earth’s gravitational field will follow a hyperbolic path. 

We define a hyperbola as the set of points in a plane such that for 
each point in the set, the absolute value of the difference of its distanc- 

es to two fixed points (called foci) is constant. 

El Graphing a Hyperbola Whose Center - 
Is at the Origin 

Notice the similarity of the definition of a hyperbola to the definition of an ellipse. If 
we replace the word difference by sum, we have the definition of an ellipse. Hence, 
we should expect that the equation of a hyperbola will be that of an ellipse with the 
plus sign replaced by a minus sign. And it is. If the hyperbola has its center at the 
origin, its equation is 

2 2 2 2 
oe or ating tal 
a b b a 

A hyperbola has two branches. If the center of the hyperbola is at the origin 
and each branch has one x-intercept but no y-intercepts, the hyperbola is a horizon- 
tal hyperbola, and its axis is the x-axis. If the center of the hyperbola is at the origin 
and each branch has one y-intercept but no x-intercepts, the hyperbola is a vertical 
hyperbola, and its axis is the y-axis. 

The points where the hyperbola intersects its axis are called the vertices of the 
hyperbola, 

For hyperbolas centered at the origin, the vertices are also the intercepts. 

STANDARD FORM OF THE EQUATION OF A HYPERBOLA 

WITH CENTER AT THE ORIGIN 

Let a and b be any positive real numbers. A hyperbola with center at the 
origin and vertices (—a, 0) and (a, 0) has the equation 

This is called a horizontal hyperbola. 

A hyperbola with center at the origin and vertices (0, 6) and (0, —b) 
has the equation 

ioe Sas =) 4 

b= mae 

This is called a vertical hyperbola. 
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Notice that the two equations are slightly different. Be aware of this difference 
so that when you look at an equation you will be able to tell whether the hyperbola 
is horizontal or vertical. 

Notice also the diagonal lines that we’ve drawn on the graphs of the hyper- 
bolas. These lines are called asymptotes. The two branches of th e hyperbola come 
increasingly closer to the asymptotes as the value of |x| gets very large. By drawing 
the asymptotes and plotting the vertices, we can easily graph a hyperbola. 

_ASYMPTOTES OF HYPERBOLAS 

va 

The asymptotes of the hyperbolas - = Migs = 1 and-> 
b2 b2 

ee x and Zap fe Me pee 

b b 
Note that # and — que the slopes of the asymptotes. 

Bra 1 are ae 

An easy way to find the asymptotes is to draw extended diagonals of the rect- 

| angle whose center is at the origin and whose corners are at (a, b), (a, —b Ca, dD), 

and (—a, —b). (This rectangle is sometimes called the fundamental rectangle.) We 
draw the fundamental rectangle and the asymptotes with dashed 

are not part of the curve. 

sy 

¢ Example 1 Graph — - == = 1. 
py ANG) 

wy 
Solution The equation has the form — — fomE 1, so itisa x 2 

horizontal hyperbola. = 25.tsond = 5b" = 16, so b= 4. 

Since the hyperbola is horizontal, it has vertices at (a,0) and 
(=g,0) or (5;.0) and (—5,.0). 

To draw the asymptotes, we construct a fundamental rect- 

angle with corners at (5,4), (5, -4), (—5,4), and (—5, -4). 
We draw extended diagonals of the rectangle as the asymptotes. 

We construct each branch of the curve so that it passes through 
a vertex and gets closer to the asymptotes as it moves away from 

the origin. 

lines because they 

[tees] Student Practice 1 
x? 2 

Graph — ios 1 on a sheet of graph paper, 

using a coordinate system similar to the one shown. 

y. 

For all Student Practice problems, write out the 

steps on a separate sheet of paper. Check the 
step-by-step solutions in the back of the textbook. 
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Example 2 Graph 4y? — 7x? = 28. 

Solution To find the vertices and asymptotes, we must rewrite the equation in 
standard form. Divide each term by 28. 

ne Masjel sgl 
28 28 28 

2 » pees t 
ch 4 

Thus, we have the standard form of a verti- 

cal hyperbola with center at the origin. Here 

bo =7, ‘So b= V1.0? = 4, so a=2, 

The hyperbola has vertices at (0, V7) and 

(0, -V7). The fundamental rectangle has 

corners at (2, ans (2, -V7), (=2; TY 

Student Practice 2 and (az, ayia To aid us in graphing, we 
y measure the distance V7 as approximately 2.6. 

‘i 
4-- 

rs ey 
a ae Student Practice 2. Graph y* — 4x” = 4 on a sheet of graph paper, 

al x using a coordinate system similar to the one shown in the margin. 
Sei yy Tae LP 2) Sea aes: 

bob Bp : 
theta deena Graphing a Hyperbola Whose Center Is at (h, k) @® 

oT i If a hyperbola does not have its center at the origin but is shifted / units to the right 
or left and & units up or down, its equation is one of the following: 

Graphing Calculator STANDARD FORM OF THE EQUATION OF A HYPERBOLA 

Graphing Hyperbolas WITH CENTER AT (h, k) 

Graph on your graphing Let a and b be any positive real numbers. A horizontal hyperbola with center 
calculator the hyperbola in at (h, k) and vertices (h — a, k) and (h + a, k) has the equation 

Example 2 using 

V28 + Tx? 
bales 5 

and 

V28 + 7x? 
— ea 

Do you see how we obtained Hlorizostal Hypeiala 

y, and yo? A vertical hyperbola with center at (h,k) and vertices (h,k +b) and 
(h, k — b) has the equation 

be 

y 
1 

Y (h,k + bY 
‘ jj 

(yk)? (x-h)? re ae 

Vertical Hyperbola 

= eee 



\ 2 2 

Example 3 Graph eo = oer =1, 

Solution The center is at (4,5), and the hyperbola is horizontal. We have a = 3 
and b = 2,80 the vertices are (4 + 3,5), or (7,5) and (1,5). We can sketch the 
hyperbola more readily if we can draw a fundamental rectangle. Using (4,5) as the 
center, we construct a rectangle 2a units wide and 2b units high. We then draw and 

extend the diagonals of the rectangle. The extended diagonals are the asymptotes 
for the branches of the hyperbola. 

In this example,since a = 3andb = 2,we drawarectangle 2a = 6 units wide 

and 2b = 4 units high with a center at (4,5). We draw extended diagonals through 
the rectangle. From the vertex at (7,5), we draw a branch of the hyperbola open- 
ing to the right. From the vertex at (1,5), we draw a branch of the hyperbola 

_ opening to the left. The graph of the hyperbola is shown. 

Tg a ey 

os is (4 at 

| Se Sew tate tts seat 

N we 

Siege 6 7 SO AD oN 

oO 

; eo)" “a? 
Student Practice 3 Graph ie i6 ) es 9 = 1 on a sheet of 

graph paper, using a coordinate system similar to the one shown. 

ig 

Lilla ANY een eles SU 

Section 10.4 The Hyperbola 

Graphing Calculator 

Exploration 

Graph the hyperbola in 
Example 3 using 

4(x — 4)? 
y=Sst For Teo 

and 

/4(x — 4)? 
y=5- i 6a 

Do you see how we obtained 

yy and y>? 

657 



[104] Exercises 
Verbal and Writing Skills, Exercises 1-4 

1. What is the standard form of the equation of a hori- 
zontal hyperbola centered at the origin? 

MyLab™ Math 

3. Explain in your own words how you would draw the 
x oy? 

h Sa == =I, graph of the hyperbola ‘(ane il 

2 2 
2. What are the vertices of the hyperbola a = = =1? 

Is this a horizontal hyperbola or a vertical hyperbola? 
Why? 

4. Explain how you determine the center of the hyper- 

ae. it 3)E 
bola 4 75 =1. 

—_ 

Ee 
' 

{ 

. 

. 
( 

Find the vertices and graph each hyperbola on a sheet of graph paper, using a coordinate system similar to the one shown. If 
the equation is not in standard form, write it as such. 

x 7 

5. me 6. 

MY 
r 

658 

9. 4x? — y? = 64 10. x2 — 4y? = 36 

mec 
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12. 9x? — Sy? = 45 

14, 8x? — 3y? = 24 

‘Write the standard form of the equation of the hyperbola with center at the origin and with the following vertices 

and asymptotes. 

15. Vertices at (3,0) and (—3, 0); 16. Vertices at (2,0) and (—2, 0); 
4 4 3 3 

asymptotes y = 3% = cia” asymptotes y = a” y= —3* 

17. Vertices (0,11) and (0, -11); 18. Vertices (0, V15) and (0, —V/15); 
11 11 4 /- aa ge 15 is asymptotes y 1B” y 137 asymptotes y = xy=- V15 

Applications 

19. Comet Orbits Some comets have orbits that are 
hyperbolic in shape with the sun at the focus of the 
hyperbola. A comet is heading toward Earth but 
then veers off as shown in the graph. It comes within 
120 million miles of Earth. As it travels into the dis- 
tance, it moves closer and closer to the line y = 3x 

with Earth at the origin. Find the equation that 
describes the path of the comet. 

Scale on x-axis: each square is 30 million miles. 
Scale on y-axis: each square is 90 million miles. 
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20. Rocket Path A rocket following the hyperbolic path 
shown in the graph turns rapidly at (4,0) and then 

: p) 
moves closer and closer to the line y = 3x as the 

rocket gets farther from the tracking station at the 
origin. Find the equation that describes the path of 
the rocket if the center of the hyperbola is at (0,0). 

Find the center and then graph each hyperbola on a sheet of graph paper, using a coordinate system similar to the one shown. 

You may want to use a scale other than 1 square = 1 unit. 

rye eae x23) Al). Gals Gta ee aL) 
4 9 ie cP 21. 

pt 

Find the center and the two vertices for each of the following hyperbolas. 

(+ 6)" ee Ge OG Shs)? 
5 eS aa ne a = 

7 2 2p 8 4 ; 

27. A hyperbola’s center is not at the origin. Its vertices 28. A hyperbola’s center is not at the origin. Its vertices 
are (4, -14) and (4,0). One asymptote is y = —fx. are (2,0) and (2,6); one asymptote is y = 3x. Find 
Find the equation of the hyperbola. the equation of the hyperbola. 



i) 
Optional Graphing Calculator Problems 

29. For the hyperbola 8x? — y? = 16, if x = 3.5, what 
are the two values of y? 

Cumulative Review Combine. 

3 2 

x*-— 4 
Sti (23.3| —+=———_ 

l } x? —- 5x +6 

33. [0.5.3] Box Office For the month of March 2019, 

two of the top ten movies in U.S. theaters were 
Captain Marvel and Us. Together, these two movies 

grossed $481.8 million, which accounted for 59.5% 
of the total amount grossed by the top ten movies. 

What was the amount grossed by the top ten mov- 

ies during that weekend? Round to the nearest tenth. 
(Source: www.boxofficemojo.com) 

Quick Quiz 10.4 

1. What are the two vertices of the hyperbola 
36y* — 9x” = 36 

3. Graph the hyperbola on a sheet of graph paper. 
Label the vertices. 

2 be 
9 4 

Section 10.4 The Hyperbola 661 

30. For the hyperbola x? — 12y? = 36, if x = 8.2, what 
are the two values of y? 

3) 

Bx> + 9x -2 S5x-1 
32500733) 

34. [0.5.3] Oil Consumption It is predicted that by 2050, 

global oil use will reach 105 million barrels per day. 
This will be a 19% increase in oil use from 2015. How 
many barrels of oil were used daily in 2015? Round your 
answer to the nearest tenth. (Source: www.energy.gov) 

. Find the equation in standard form of the hyperbola 
with center at the origin and vertices at (4,0) and 

5 
(—4,0). One asymptote is y = ae 

. Concept Check Explain how you would find the 
equation of one of the asymptotes for the hyperbola 

49x? — dy? = 196. 
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[io.5} Nonlinear Systems of Equations ® 

El Solving a Nonlinear System by the Substitution 
After studying this section, you will Method aq 
be able to: ; : ; ; 4 A 

Any equation that is of second degree or higher is a nonlinear equation. In other 

| Solve a nonlinear system by the words, the graph of the equation is not a straight line (which is what the word non- 
substitution method. @® linear means), and the equation can’t be written in the form y = mx + b. A nonlin- 

ear system of equations includes at least one nonlinear equation. 
The most frequently used method for solving a nonlinear system is the method 

of substitution. This method works especially well when one equation of the system 
is linear. A sketch can often be used to verify the solution(s). 

Solve a nonlinear system by the 
addition method. @® 

Example 1 Solve the following nonlinear system and verify your answer with a 
sketch. 

xt+y-1=0 (1) 
y-1= x7 +2x (2) 

Solution We'll use the substitution method. 

y=—-x41 () Solve for y in equation (1). 

(-x +1) -—1 =x? + 2x Substitute (3) into equation (2). 

—x+1-1=x?+2x 

0 =x? + 3x Solve the resulting quadratic equation. 

0 = x(x + 3) 

x=0 or x=-3 

Now substitute the values for x in the equation y = —x + 1. 

Forx = -3; (pe =(43) l= 43 4+r=4 

For x = 0: y=-(0) +1=+1=1 

Thus, the solutions of the system are (—3, 4) and (0, 1). 

To sketch the system, we see that equation 
(2) describes a parabola. We can rewrite it in the 
form 

y=x*?+2e+1= (x +1). 

This is a parabola opening upward with its 
vertex at (—1,0). Equation (1) can be written 
as y = —x + 1, which is a straight line with 
slope = —1 and y-intercept (0,1). 

A sketch shows the two graphs intersect- 
ing at (0,1) and (—3, 4). Thus, the solutions are 
verified. 

Student Practice 1 Solve the system. 

ha a 
4 

eS 
4 

26. 5 ae 0 



sketch. 

Solution 

Section 10.5 Nonlinear Systems of Equations 

(3) Solve equation (1) for y. 

Substitute (3) into equation (2). 

Simplify. 

2 2 4 
26( =) + 36 =) = 36(1) Clear the fractions. 

) 

ae 2 Solve the following nonlinear system and verify your answer with 

| 

9x? + 16x” = 36 

25x? i=. 36 Graphing Calculator 
36 

| | vs ee Solving Nonlinear Systems 

36 Use a graphing calculator to 

Eee 5 solve the following system. 

Round your answers to the 

ire +2 ee) nearest tenth. 

30x” + 256y? = 7680 
For x = +1.2: y =2(1.2) = 2.4. 3x + y —- 40 =0 

oe = —1.2: V2 12 y= 2.4. First we will need to obtain the 

; ti 
Thus, the solutions are (1.2, 2.4) and (—1.2, —2.4). opie ta 

_ V7680 — 30x? 

et ve > , 16 
We recognize 7 + ce 1 as an ellipse with center at the origin and vertices (0, 3), Mie 7680 — 30x2 

(0, -3), (2,0), and (—2, 0). When we rewrite y — 2x = Oas y = 2x, we recognize : 16 4 

it as a straight line with slope 2 passing through the origin. The sketch shows that and 
the points of intersection at (1.2, 2.4) and (—1.2, —2.4) seem reasonable. 

Student Practice 2 Solve the system. Verify your answer withasketch i Semele 
on a sheet of graph paper, using a coordinate system similar to the one shown in 
the margin. 

ae O = y 

y3 = 40 — 3x 

and graph them to approximate 
the solutions. Be sure that your 
window includes enough of 

the graphs to find the points of 
intersection. 

Student Practice 2 

x 

SAS ecco Peet 

4 
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664 Chapter 10 The Conic Sections 

[fj Student Practice 3 
Solve the system. 

x? + ie = 12 

3x7 — 4y? = 8 

For all Student Practice prob- 
lems, write out the steps on a 

separate sheet of paper. Check 
the step-by-step solutions in 
the back of the textbook. 

Solving a Nonlinear System by the Addition Method @® 

Sometimes a system may be solved more readily by adding the equations together, 
It should be noted that some systems have no solution. 

Me Example 3 Solve the system. 

. 4x27 +y2=1 (1) 
ie? Ay? = 1 (2) 

Solution Although we could use the substitution method, it is easier to use the 
addition method because neither equation is linear. 

—16x? — 4y? = —-4 Multiply equation (1) by —4 and add to equa- 
92 45dy2 eee ft (2), 

—15x? = -3 

v= 

2ae | 
x=t 5 

1 1 
Ifx = fe then x* = 5° Substituting this value into equation (2) gives 

Aq 
ea alee 

y= 5 

yas 

y= 4) 

II 
1 it | 

Similarly, if x = -[5 then y= + VE It is important to determine exactly how 

EEE OOOOeoreeee 

many solutions a nonlinear system of equations actually has. In this case, we have 
four solutions. When x is negative, there are two values for y. When x is positive, 
there are two values for y. If we rationalize each expression, the four solutions are 

(AS et Sl ie 5a es ees? 52. 5 



Exercises MyLab™ Math 

Solve each of the following systems by the substitution method. Graph each equation on a sheet of graph paper to verify that the 
answer seems reasonable. Use a coordinate system similar to the one shown. 

> XxX 

8 x7 +y?-4=0 7. 7 +y =16=0 6. y = (x +3)*-3 

Dean ectee = () 

05 4 2y* = 4 10. 2x? + 3y? = 27 
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666 Chapter 10 The Conic Sections 

Solve each of the following systems by the addition method. Graph each equation on a sheet of graph paper to verify that the 

answer seems reasonable. Use a coordinate system similar to the one shown. 

13. 2x? -— Sy? = -2 dhl tatss, sade 
3x2 ne 2y* 35 ay asta a num, eee 

Solve each of the following systems by the addition method. 

5. x+y?=9 
2x im yh 3 

14, 2x° —3y? = 5 
3x7 + 4y? = 16 

16. 5x?-y*=4 
x? + 3y? =4 | 

| 

| 
: 

18. x? + 6y* = 21 
x= 2yh= 5 

Mixed Practice Solve each of the following systems by any appropriate method. If there is no real number solution, so state. 

9. re +y=7 20. 4x7 + y* = 16 
pa x? + y* = 16 

Bee 

23. xy=- 24. xy =1 
20 yo ao yt l= 0 

21. xy = -2 22. 3xy = 6 
x + 6y = -1 x = 2yi==—3 



| 

\ 

‘ 

Applications 

27. Path ofa Meteor The outline of Earth can be considered 
acircle with a radius of approximately 4000 miles. Thus, 
if we say that the center of Earth is located at (0,0), then 
an equation for this circle is x* + y* = 16,000,000, 
Suppose an incoming meteor is approaching Earth in 

a hyperbolic path. The equation for the meteor’s path 
is 25,000,000x? — 9,000,000)? = 2.25 x 10!*. Will the 
meteor strike Earth? Why or why not? If so, locate 

the point (x, y) where the meteor will strike Earth. 
Assume that x and y are both positive. Round your 
answer to the nearest ten. 

Cumulative Review 

29. [5.6.2] Divide. (3x7 — 8x - 33x — 10) + (3x +1) 

28. 

30. 

Section 10.5 Nonlinear Systems of Equations 667 

Path of a Meteor Suppose that a second incom- 
ing meteor is approaching Earth in a hyperbolic 
path. The equation for this second meteor’s path is 
16,000,000x? — 25,000,000y? = 4.0 x 10!*. Will the 
second meteor strike Earth? Why or why not? If so, 
locate the point (x, y) where the meteor will strike 

Earth. Assume that x and y are both positive. Round 
your answer to the nearest ten. 

6x4 — 24x> — 30x? 
Py 
Uta es 3x? — 21x? + 30x 

Quick Quiz 10.5 Solve each nonlinear system. 

1, 2x-y =4 

y>- 4x =0 
.y-rs 

yty= 

3. (x +2)? + (y-1)? =9 
gel y 

. Concept Check Explain how you would solve the 
following system. 

xy 



CAREER EXPLORATION PROBLEMS 

Background: Architect 
Faria works on a design team as an associate architect with the responsibility of 

researching design styles and their structural components. Her duties also include 
producing design drawings that identify design specifications and measurements 

along with their accompanying construction plans. 

The projects Faria and her team are working on are the design of a bridge 
and tunnel over and under a river used for both commerce and recreation. The 
requirements her design team must meet are twofold: 1. allow for the safe passage 
of barges and sailboats on the river and 2. promote smooth traffic flow through a 

tunnel on one side of the river. 

Facts 
e The entrance to the tunnel is in the shape of a parabolic archway. Its maximum 

height from the center of the roadway is 30 feet. The width across the entire span 
- of roadway is also 30 feet. 

e The top of the archway of the tunnel entrance directly above the roadway’s 
center is considered the parabola’s vertex whose coordinates are (0, 0). 

e The tunnel exit has the shape of half an ellipse. Its width is 80 feet, and its maximum 
height directly above the roadway’s center is 30 feet. 

e The center of the ellipse is located at the center of the roadway and its coordi- 
nates are (0, 0). 

e The bridge over the river has an archway in the form of half an ellipse. The coordi- 

nates of this elliptical shape’s center are (0, 0), and its equation is 4800 + 3500 = || 

Watercraft traveling the river must always keep a distance of 30 feet between 
them when traveling under the bridge. 

Tasks 
1. Faria‘’s design drawing for the tunnel entrance includes the equation of the para- 

bolic form that describes the outline of the archway. She expresses the equation 

in the form y = ax? and uses this equation to determine the vertical distance, y, 
from a point 8 feet to the right of the roadway’s center to the top of the arch- 
way. What are the results of her calculations rounded to the nearest tenth? (Only 

positive values should be included.) 

2. Faria also needs to describe the elliptical shape of the tunnel’s exit. What is the 

distance to the nearest foot from the top of the tunnel to the roadway’s surface 
20 feet to the right of the roadway’s center? 

3. When boats travel the river, safety is of utmost importance. Faria needs to deter- 

mine the width of the river under the designed bridge, to the nearest foot. She 
then must determine if two barges, each measuring 25 feet in width, can simul- 

taneously traverse the river under the bridge with a distance of 30 feet between 
them. Is this possible? 
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_ The equation of a vertical parabola with its 
vertex at (h, k) can be written in the form 

y = a(x — h)? + k. It opens upward if a > 0 
and downward if a < 0. 

_ parabola, p. 637 

Topic and Procedure 

Chapter 10 Organizer 

Distance between two points, p. 627 

The distance d between points (x1, y,) and 

(x2, y2) is 

a= V(x = ay)" Gy =i) 

Standard form of the equation 
| of a circle, p. 628 

The standard form of the equation of the circle 
with center at (, k) and radius r is 

a= h)? + (y = kyr 

Examples [Bee You Try It 
(on a separate sheet of paper) 

Find the distance between (—6, —3) and 1. Find the distance between (7, —4) and 
(5, -2). (3,1). 

d= VE= Gar+ [2a 
= V(5 +6) + (22 £3) 

= V121+1 

= V122 

Graph (x — 3)? + (y + 4)? = 16. 2. 
Center at (h,k) = (3, —4). Radius = 4. 

Standard form of the equation of a vertical F 

parabola, p. 635 

Standard form of the equation of a horizontal 

The equation of a horizontal parabola with 
its vertex at (A, k) can be written in the form 

x = a(y — k)* + h. It opens to the right if 
a > (0 and to the left if a < 0, 

Graph (x + 2)? + (y - 4)? =9ona 
sheet of graph paper, using a coordinate 

system similar to the one shown. 

Graph y = Ae — 3)? +5. 

1 
a = 5,80 parabola opens upward. 

Vertex at (h,k) = (3,5). Ifx = 0, y = 9.5. 

(3, 5) 
Vertex 

3. Graph y = —2(x + 1)? + 3 onasheet 
of graph paper, using a coordinate system 

similar to the one shown. 

1 
Graph x = A; + 2)? — 4, 

a= > so parabola opens to the right. 

Vertex at (h,k) = (—4, -2). 

Ify = 

4, Graph x = (y — 4)? — 1 ona sheet of 
graph paper, using a coordinate system 

similar to the one shown. 
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Topic and Procedure Examples 

Standard form of the equation of an ellipse x y? 
with center at (0,0), p. 645 Graph 5 + 7 = 1 

An ellipse with center at the origin has the v=16 a=4 P=4 b=2 

equation 

2 y 

where a > 0 and b > 0, 

Standard form of an ellipse with center at (x+2)? (y+ 4)? 

(h, k), p. 647 
Graph Soni + hagas = iit 

An ellipse with center at (h,k) has the equation | (4,4) = (-2,-4); a=3, b= 

Sg ky ES Gane eee 
a = (-2,1) 

where a > Oandb > 0). 

Standard form of a horizontal hyperbola with yy y 

center at (0,0), p. 654 Graph aia ile 

Let a and b be positive real numbers. ONES hy 1) 
A horizontal hyperbola with center at the 
origin and vertices (a, 0) and (—a, 0) has 

the equation 

and asymptotes 

670 

eed You Try It 
(on a separate sheet of paper) 

2 
5. Graph a + y? = 1 onasheet of graph 

paper, using a coordinate system similar to 
the one shown, 

—1) +3) 

6. Gian es + reas =] ona 

sheet of graph paper, using a coordinate 
system similar to the one shown. 

se ee 
7, Graph aa Wee 1 ona sheet of graph 

paper, using a coordinate system similar to — 
the one shown. 



\Topic and Procedure 

Standard form of a vertical hyperbola with 
center at (0,0), p. 654 

' Let a and b be positive real numbers. A vertical 
hyperbola with center at the origin and vertices 

(0,6) and (0, —b) has the equation 

y bas ie 
a 

and asymptotes 

Let a and b be positive real numbers. 

A horizontal hyperbola with center at (h, k) 

) and vertices (h — a,k) and (h + a, k) has the 
equation 

(e-h) (yk)? 
=1. 

a b2 

Standard form of a vertical hyperbola with 
center at (h, k), p. 656 

Let a and b be positive real numbers. 
A vertical hyperbola with center at (4, k) and 
vertices (h, k + b) and (h, k — b) has the 

equation 

poe eae 

Examples 

2 2 y, x Graph — ~~ = raph 9 4 1. 

nics 3 C= 2 

(os 2)? ee : 
4 +a 

Graph 

Center at (2,3);a=2,b=5 

Sut d ete e = 

You Try It 
(on a separate sheet of paper) 

2 

8. Graph ce — x? = 1 ona sheet of graph 

paper, using a coordinate system similar 

to the one shown. 

9. Graph ig bone 

sheet of graph paper, using a coordinate 

system similar to the one shown. 

(y= 5)? Naa 
oe 

Graph ile 

Center at (4,5);b = 3,a =2 

2 =) 2 

10. Sopa = ee 

sheet of graph paper, using a coordinate 

system similar to the one shown. 

=lona 
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Topic and Procedure Examples eed You Try It 

Nonlinear systems of equations, pp. 662-664 

We can solve a nonlinear system by the 
substitution method or the addition method. 

In the substitution method we solve one 

equation for one variable and substitute that 
expression into the other equation. 

In the addition method, we multiply one or 

more equations by a numerical value and 

then add them together so that one variable is 

eliminated. 

Solve by substitution. 

2x? + y? = 18 

xy= 4 

2 

2x? + (2) = 18) 

ax? + 18 = 18 
x 

2x4 + 16 = 18x? 

2x4 — 18x? + 16 =0 

x4 — 9x7 +8=0 

(x? — 1)(x? - 8) =0 

pe 10 xr -8=0 
geil Gores 

ea x = £2V2 
Since xy = 4, 

if x =1, then y= 

ti =e then y = —4. 

if x =2V2, then y = V2. 
if x=-2V2, then y=—V2. 

and (-—2V2, -V2). 

: 4 
Solving the second equation for y, we have y = a 

an solutions are (1,4), (—1, —4), (2V2, V2), 

(on a separate sheet of paper) 

11. Solve by substitution. 

x? + 3y? = 12 
Vistoh ie 

Chapter 10 Review Problems 
In exercises 1 and 2, find the distance between the points. 

1. (0; =6) and:{— 352) 

3. Write in standard form the equation of the circle with 
center at (—6,3) and radius V/15. 

2. (aa) ne)) and '(=2, =1) 

4, Write in standard form the equation of the circle with 
center at (0, ~7) and radius 5. 

Rewrite each equation in standard form. Find the center and the radius of each circle. 

6. x? + y? — 10x + 12y +52 =0 5. x7 + y?+ 2x -6y+5=0 
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Graph each parabola on a sheet of graph paper, using a coordinate system similar to the one shown. Label its vertex and 
plot at least one intercept. 

1 
Mae 3y 9% y = -2(x +1)? -3 

Rewrite each equation in standard form. Find the vertex and determine in which direction the parabola opens. 

10. x7 +6x=y-4 11. x + 8y = y*? + 10 

Graph each ellipse on a sheet of graph paper, using a coordinate system similar to the one shown. Label its center and four 

other points. 

2 ane eee i oy? = 15, 1655 poe = 0 
12. 4 y 

Find the center and vertices of each ellipse. 

RS) ty Ber i LYNG oe 14, ee = 1 15. 9(x — 4)? + (y +2)? = 81 

Find the center and vertices of each hyperbola and graph it on a sheet of graph paper, using a coordinate system similar to 
the one shown. 

16. x* — 4y? - 16 =0 17, 3y? 97 
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Find the center and vertices of each hyperbola. 

(x- 2)?  (y $3)? _ ~+—=1 
iS 4 2S 

19. (y + 3)? — 4(x — 5)* = 36 

Solve each nonlinear system. If there is no real number solution, so State. 

20. xx +y=9 

Vox S=3 

22. 27 4) 2 

x? + 2y? 

17 
Dips 

24. y=x°+1 
x +y?- 8 +7=0 

Applications 

21, x7 4+ y?=4 

xty =2 

23. 3x2 — dy? = 12 
Ix - y= 8 

25. 2x4 doy = 18 

If the outline of a satellite dish (or other parabolic shape) is described by the equation y = ax’, then the distance p from 

the center of the dish to the focus point of the dish is given by the equation a = re Use this information to answer 

exercises 26 and 27 

26. Searchlights The side view of an airport searchlight 
is shaped like a parabola. The center of the light 
source of the searchlight is located 2 feet from the 

base along the axis of symmetry, and the opening is 

5 feet across. How deep should the searchlight be? 
Round your answer to the nearest hundredth. 

674 

27. Satellite Dishes The side view of a satellite dish on 
Jason and Sophia’s house is shaped like a parabola. The 
signals that come from the satellite hit the surface of 
the dish and are then reflected to the point where the 
signal receiver is located. This point is the focus of the 
parabolic dish. The dish is 10 feet across at its opening 
and 4 feet deep at its center. How far from the center 
of the dish should the signal receiver be placed? Round 
your answer to the nearest hundredth. 



How Am | Doing? Chapter 10 Test 

MATH COACH MyLab™ Math (£9) Pcarsonmathstats 1, LJ 

Answer the following test questions on a separate sheet of paper. After you take this test read 
through the Math Coach on pages 677-678. Math Coach videos are available via MyLab Math and 
YouTube, Step-by-step test solutions in the Chapter Test Prep Videos are also available via MyLab 
Math and YouTube. (In the YouTube channel, PearsonMathStats, go to Playlist “Tobey Beginning and 
Intermediate Algebra, 6e.”) 

1. Find the distance between (—6, —8) and (—2,5). 

Rewrite the equation in standard form. Identify the conic, find the center or vertex, a 
plot at least one other point, and sketch the curve on a sheet of graph paper, using a 
coordinate system similar to the one shown. 

2. y>-6y-x +13 =0. 3. x7 + y? + 6x —-4y +9 =0 

Identify and graph each conic section on a sheet of graph paper, using a coordinate 
system similar to the one shown. Label the center and/or vertex as appropriate. C 
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11. a 

12. B 

13, L 

14, [_] 

16. LJ 

Total Correct: ora. 

676 

Find the standard form of the equation of each of the following: 

9, Circle of radius V8 with its center at (3225). 

10. Ellipse with center at the origin, an x-intercept at (3,0), and a y-intercept at 
(OLS). 

11. Parabola with its vertex at (—7,3) and that opens to the right. This parabola 
crosses the x-axis at (2,0). It is of the form x = (y — k)? +h. 

12. Hyperbola with center at the origin, vertices at (3, 0) and (—3, 0).One asymptote 

aye 3 

Solve each nonlinear system. 

13. oes 

xP + y= 95 = 0) 

14.x7+y=9 

15. 4x7 + y?-4= 

Me 16. x? + 2y? = 15 



you from making common errors on test problems. 

y? —- 6y —-x +13 =0 

MAI COACH 
Mastering the skills you need to do well on the test. 

The following problems are from the Chapter 10 Test. Here are some helpful hints to keep 

Chapter 10 Test, Problem 2 Rewrite the equation in standard form. Identify the 
conic, find the center or vertex, plot at least one other point, and sketch the curve on 

| asheet of graph paper. 

HELPFUL HINT If the equation of the parabola has a y* term, then it can be written in the standard form 
x = a(y — k)? + h. The vertex is (h, k), and the graph is a horizontal parabola. 

Did you first rewrite the equation as x = y* — 6y + 13 

Yes No 

Next did you complete the square to obtain 
x= (y-3)? +4 

‘Yes No 

If you answered No to these questions, remember that 

_ when completing the square, we take half of —6 and square 
it, which results in 9. We must add both a positive and a 
negative 9 to the right side of the equation. Go back and 
try to complete these steps again. 

Did you see that since a = 1 and a > 0, the parabola 
opens to the right? 

Yes No 

Did you identify the vertex as (4, 3)? 

Yes No 

If you answered No to these questions, review the helpful 
hint and other information about horizontal parabolas. Stop 
and perform this step again. 

In your final answer, be sure to give the equation in stan- 
dard form, list the vertex, identify the conic, and graph the 

equation. 

If you answered Problem 2 incorrectly, go back and rework 

the problem using these suggestions. 

Chapter 10 Test, Problem 5 Identify and graph the conic section on a sheet of graph paper. Label the center and/or 
vy? 

jate,o = I vertex as appropriate 10 9 

HELPFUL HINT The standard form of a hyperbola with the center at the origin and vertices (—a, 0) and (a, 0) has the 
2 

equation = — = = 1. 
? EP fee 

Did you realize that this equation represents a horizontal 
hyperbola with vertices at (—V10, 0) and (V/10, 0)? 

Yes No 

If you answered No, review the rules for the standard form 
of an equation of a hyperbola with its center at the ori- 

gin and read the Helpful Hint. Then remember that since 
a’ = 10 and a > 0, a = V0. Likewise, if b? = 9 and 

b > 0, then b = 3. 

Did you obtain a fundamental rectangle with corners at 
(V10, 3), (10, —3), (—V10, 3) and (—V10, — 3)? 

Yes No 

| 
om ol 

If you answered No, note that drawing a fundamental 
rectangle with corners at (a, b), (a, —b), (—a,b), and 

(—a, —b) can help in creating the graph. The extended 
diagonals of the rectangle are the asymptotes. 

In your final answer, remember to identify the conic section, 

create its graph, and label the center and the vertices. 

Now go back and rework the problem using these suggestions. 

Need more help? Watch the MAT ial COACH videos in MyLab™ Math or on YouTube. 
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Chapter 10 Test, Problem 7 Identify and graph the conic section on a sheet of graph paper. Label the center and/or 

(x +2)" | (y= 5)" 
16 7 ia 

vertex as appropriate. 

ore 

| 

== [pl 
equation in standard form is esate 

HELPFUL HINT When an Pose has a center that is not at ae origin, the center has the sardines (h, k) and the 

(y — k)? ie be = 1, where both a and b are greater than zero. 

Did you determine that the center of the ellipse is at 
(—2,5) witha = 4andb = 2? 

Yes No 

If you answered No, remember that the standard form of 

the equation involves x — h and y — k, so you must be 
careful in determining the signs of h and k. 

Did you start at the center and find points a units to the 
left, a units to the right, b units up, and 6 units down to plot 

the pomitss( 6,2), (2.0 2, 7 ),and (—2, 3/7 

Yes No 

If you answered No, remember that to find these four points 
you need to find the following: (h — a,k), (h + a,k), 
(h, kab and (h,.k. =D). 

Plot all four points and the center and label these on your 
graph. Then use the four points to make a sketch of the 
ellipse. Remember to identify the conic as an ellipse in 
your final answer. 

If you answered Problem 7 incorrectly, go back and rework | 
the problem using these suggestions. 

Chapter 10 Test, Problem 16 Solve. x? + 2y? = 15 
x2 23 y? = 6 

-—_——____——- Sees 
| HELPFUL HINT When two equations in a system baud the ferid ax? + em 2G; Reis arbi afd carer 

then it may be easiest to Se: We on sy Whe addition method. Lane See aoe ahs 
“pa numbers, | 

If you multiplied the second equation by 2 and added 
the result to the first equation, do you get the equation 
=F 

Yes No 

Can you solve this equation for x to get x = 3 andx = —3? 

Yes No 

If you answered No to these questions, remember that 
when you add the two equations together, the y* term adds 
to 0. 

If you substitute x = 3 into the first equation, do you get 
the equation 9 + 2y? = 15? 

Yes No 

Yes 

Can you solve this equation for y to get y = V3 and 
y = -V3? 

No 

If you answered No to these questions, try substituting 
x = 3 into the equation again and be careful to avoid cal- 
culation errors. Remember that you must also perform this 
same step with x = —3. Since x is squared, your results for 
y should be the same. 

Your final answer should have a total of four possible 
ordered pair solutions to this system. 

Now go back and rework this problem using these 
suggestions. 

Need more help? Look for section examples marked with ie to review, 
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CHAPTER 

7] Additional ~ eee 

Properties . 
ot Functions 

CAREER OPPORTUNITIES 
-Criminologist 
7 Criminologists study criminal behavior and 

| develop theories, programs, and techniques 

that make other criminal justice professionals 

more effective in their efforts at controlling 

crime and promoting its prevention. Analyzing 

crime data, patterns of behavior, crime scenes, 

and physical evidence to develop accurate 

profiles and programs involves the frequent 

use of math. 

v the mathematics in this: 
ith this field, see the 



680 Chapter 11 Additional Properties of Functions 

11.1) Function Notation 

I Using Function Notation 
After studying this section, you will 

be able to: 

1 | Use function notation to evaluate 
expressions. @® 

Use function notation to solve 

application exercises. @® 

." 

to Evaluate Expressions 

Function notation is useful in solving a number of interesting exercises. Suppose yo 
wanted to skydive from an airplane. Your instructor tells you that you must wait 20 sec- 
onds before you pull the cord to open the parachute. How far will you fall in that time? 

The approximate distance an object in free-fall travels when there is no initial 
downward velocity is given by the distance function d(t) = 16t?, where time tf is 
measured in seconds and distance d(t) is measured in feet. (Neglect air resistance.) 

How far will a person in free-fall travel in 20 seconds if he or she leaves the air- 
plane with no downward velocity? We want to find the distance d(20) where t = 20 
seconds. To find the distance, we substitute 20 for f in the function d(t) = 1627. 

d(20) = 16(20)? = 16(400) = 6400 

Thus, a person in free-fall will travel approximately 6400 feet in 20 seconds. 
Now suppose that person waits longer than he or she should to pull the para- 

chute cord. How will this affect the distance he or she falls? Suppose the person falls 
for a seconds beyond the 20-second mark before pulling the parachute cord. 

d(20 + a) = 16(20 + a)? 

= 16(20 + a)(20 + a) 

= 16(400 + 40a + a’) | 

= 6400 + 640a + 16a” 

Thus, if the person waited 5 seconds too long before pulling the cord, he or she | 

would fall the following distance. 

d(20 + 5) = 6400 + 640(5) + 16(5)? 

= 6400 + 3200 + 16(25) 

= 6400 + 3200 + 400 

= 10,000 feet 

This is 3600 feet farther than the person would have fallen in 20 seconds. 
Obviously, a delay of 5 seconds could have life or death consequences. 

We now revisit a topic that we first discussed in Chapter 3, evaluating a function 
for particular values of the variable. 

Example 1 If g(x) = 5 — 3x, find the following: 

(a) g(a) (b) g(a + 3) 

Solution 

(a) g(a) =5 — 3a 
(b) g(a +3) =5 —-3(a +3) =5-3a-9= -4 - 3a 

(c) This exercise requires us to find each addend separately. Then we add them 

(c) g(a) + (3) 

together. 

g(a) =5 —- 3a 

g(3) =5 - 3(3) =5-9=-4 

Thus, g(a) + (3) = (G6 — 3a) (-4) 

=5=3a-— 4 

=1- 3a 

Notice that g(a + 3) # g(a) + g(3). oO 



) g(a) (b) g(a + 4) 

| (a) p(-2) (b) p(a) 
| (©) p(3a) (d) p(a — 2) 

Solution 

ayer 2) = 2(-2)?= 3(-2) +5 
= 2(4) — 3(-2) +5 
=8+6+5 

Us = 19 

) (b) p(a) = 2(a)? 3(a) + 5 = 2a* — 3a + 5 ) 
(c) p(3a) = 2(3a)” — 3(3a) + 

= 2(9a”) — 3(3a) + : 

= 18a” —- 9a + 5 

(d) p(a — 2) = 2(a — 2)? —- 3(a —- 2) + 5 

= 2q* —- 84 +8-3a+6+5 

= 2a” — 11a + 19 

| Example 3 If r(x) = ; a , find 

4 

Ob) rg) Oh Gia Fd 

a, 

Caio 2 
(c) r(a +3) -r(a) = 

To express this as one fraction, we note that the LCD 

4(a + 2) 

j 1 
Student Practice 1 If g(x) = Bird 3, find the following: 

'Example 2 If p(x) = 2x? — 3x + 5, find the following: 

= Z(G eee) = 3(a — 2) +5 

= 2(a? —- 4a + 4) —-3(a-—2) +5 

=D 

(a) r(a + 3) (b) r(a) 

(c) r(a + 3) — r(a). Express this result as one fraction. 

Solution 

4 4 
ae” oc Haueeoias 

r(a+3)-r(a) = 

4a+ 8 

(at 5\(a+2) 

cag 

ee S\(aee 2) 
_ 4a + 8 — 4a — 20 
~ (a+ 5)(a +2) 

~ (a+ 5)(a +2) 
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seep Student Practice 2 

If p(x) = —3x° + 2x + 4, find the following 

(a) p(—3) 
(b) p(a) 
(c) p(2a 
(d) p(a — 3) 

For all Student Practice problems, write out the 

steps on a separate sheet of paper. Check the 
step-by-step solutions in the back of the textbook. 

= (a+ 5)(a +2). 
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Student Practice 3. Ifr(x) = em find 
se apell 

(a) r(a + 2) (b) (a) 
(c) r(a + 2) — r(a). Express this result as one fraction. 

Example 4 Let f(x) = 3x — 7. Find gh mes 

Solution First 

fxr hy =sG ny = 7 = 3x 3h 7 

and 

x= Bx = 7 

So 

Fe hh) feo on 1)’ “(aN ey 

Sieh | Ok eS 

= 3h. 

Therefore, 

tae’ Student Practice 4 

(x + h) — g{x) . Suppose that g(x) = 2 — Sx. Find 2 

Using Function Notation to Solve 

Application Exercises 

AExample 5 The surface area of a sphere is given by S = 4mr* where r is the 
radius. If we use 7 ~ 3.14 as an approximation, this becomes S = 4(3.14)r?, or 
S = 12,569 

(a) Write the surface area of a sphere as a function of radius r. 

(b) Find the surface area of a sphere with a radius of 3 centimeters. 

(c) Suppose that an error is made and the radius of the sphere is calculated to be 
(3 + e) centimeters. Find an expression for the surface area as a function of 

the error e. 

(d) Evaluate the surface area for r = (3 + e) centimeters when e = 0.2. Round 
your answer to the nearest hundredth of a centimeter. What is the difference 

in the surface area due to the error in measurement? 

Solution 

(a) S(r) = 12.56r? 

(b) S(3) = 12.56(3)* = 12.56(9) = 113.04 square centimeters 

(c) S(e) = 12.56(3 + e)? 

= 12.56(3 + e)(3 + e) 

= 12,56(9 + 6e + e”) 
= 113.04 + 75.36e + 12.56e” 



IN 
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\d) If an error in measurement is made so that the radius is calculated to be 
r = (3 + e) centimeters, where e = 0.2, we can use the function generated 
in part (e). 

S(e) = 113.04 + 75.36e + 12.56¢2 

S(0.2) = 113.04 + 75.36(0.2) + 12,56(0.2)? 

= 113.04 + 15.072 + 0.5024 

= 128.6144 

Rounding, we have S = 128.61 square centimeters. 

Thus, if the radius of 3 centimeters was incorrectly calculated as 3.2 centime- 
ters, the surface area would be approximately 128.61 — 113.04 = 15.57 square 
centimeters too large. Oo 

Student Practice 5 The surface area of a cylinder of height 8 meters 
and radius ris given by S = 16mr + 2ar’. 

(a) Write the surface area of a cylinder of height 8 meters (using 7 ~ 3.14) and 
radius r as a function of r. 

; (b) Find the surface area if the radius is 2 meters. 

(c) Suppose that an error is made and the radius is calculated to be (2 + e) 
meters. Find an expression for the surface area as a function of the error e. 

(d) Evaluate the surface area for r = (2 + e) meters when e = 0.3. Round your 
answer to the nearest hundredth of a meter. What is the difference in the 

surface area due to the error in measurement? 

> Height 
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For the function f(x) = 3x — 5S, find the following. 

L r(-2) 2. #15) 3. fla+5) 4 6G = 2) 

1 
For the function g(x) = at 3, find the following. 

5. g(2) + g(a) 6. g(6) + g(b) 7. g(4a) — g(a) 8. g(—4b) + g(10b) 

9. 2(2a — 4) 10. g(3a + 1) 11. g(a’) - (2) 12. g(b*) - (4) 

If p(x) = 3x? + 4x — 2, find the following. 

13. p(-2) 14, p(-5) 15, (3) a (-4) 

17. pla +1) 18. p(b - 1) 19. p( -24) 20. p(42) 

If h(x) = Vx + 5, find the following. 

21. (4) 22. h(-5) 23. h(7) 

24. h(19) 25. h(a? — 1) 26. h(a? + 4) 

27. h(—2b) 28. (3b) 29. h(4a — 1) 

30. h(8a — 1) 31. h(b? + b) 32. h(b? +b—5) 

fi 
Ifr(x) = = find the following and write your answers as one fraction. 

= ye 

BS Ma 2 | 34. r(—4) 5. 73:5) 

36. r(—0.5) 37. r(a’) 38. r(3b7) 

39. ria 2) 40. r(a — 3) 

41. (2) + TiG3)) 42. r(0) + r(6) 
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By - 
Find faye) i) for the following functions. 

43. f(x) = 2x — 3 44. f(x) = 8 — 3x 

eee = x? — x 6. . f@)=8e 

Applications 

47. Wind Generators A turbine wind generator produces A 48. Geometry The area of a circle is A = ar’. 
P kilowatts of power for wind speed w (measured in 
miles per hour) according to the equation P = 2.5w’. 

(a) Write the number of kilowatts P as a function 
of w. 

(b) Find the power in kilowatts when the wind speed 
is w = 20 miles per hour. 

(c) Suppose that an error is made and the speed of 
the wind is calculated to be (20 + e) miles per 
hour. Find an expression for the power as a func- 
tion of error e. 

(a) Write the area of a circle as the function of the 

radius r. Use 7 ~ 3.14. 

(b) Find the area of a circle with a radius of 4.0 feet. 

(c) Suppose that an error is made and the radius is 
calculated to be (4 + e) feet. Find an expression 
for the area as a function of error e. 

(d) Evaluate the area for r= (4+ e) feet when 
e = 0.4. Round your answer to the nearest hun- 

(d) Evaluate the power for w = (20 + e) miles per dredth. 

hour when e = 2. 

Lead Levels in Air Because of regulatory efforts of the Environmental Protection Agency (EPA), the amount of lead in the 
air in the United States has shown a marked decrease. The percent of lead in the air p(x) expressed in terms of 1984 levels is 

given in the line graph. The variable x indicates the number of years since 1984. The function value p(x) indicates the amount 
of lead that remains in the air in selected regions of the United States, expressed as a percent of the amount of lead in the air 
in 1984. 

Percent of 1984 lead 
pollutant level in the air 

20 On 2 4 6 8 10) Saad Sica 
Number of years since 1984 

Source: www.epa.gov 

49. If a new function were defined as D(x) — 13, what 
would happen to the function values associated with 
ered. p(3) — 13, 

50. If a new function were defined as p(x + 2), what 
would happen to the function values associated with 

x? Find p(x + 2) when x = 4. 
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If f(x) = 3x? — 4.6x + 1.23, find each of the following function values to the nearest thousandth. 

E 51. f(0.026a) = 52. fl@e2.25) 

Cumulative Review Solve for x. 

t ag hem be 
Pol gh abe aaa allel gi acsgerg™ Fy 374 

4 
Use the formula for the volume of a sphere, V = he to complete exercises 55 and 56. 

A 55. [0.6.1, 1.8.2] Planet Volume The diameter of the planet A 56. [0.6.1,1.8.2] Planet Volume The radius of the planet 
Mars is 4211 miles, while that of Earth is almost twice Neptune is 15,345 miles. The radius of Saturn (exclud- 

as large with a diameter of 7927 miles. How many times ing its rings) is 37366 miles. How many times greater 
greater is the volume of Earth compared to the volume is the volume of Saturn compared to the volume of 

of Mars? Neptune? 

Quick Quiz 11.1 

1. If f(x) = ox — 4, find f(a) — f(-3). 2. Ifg(x) = 2x? — 3x + 4, find o( 20) 

4, Concept Check Explain how you would find 

Kabat k(x) = V 3x +71. 
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fi1.2] General Graphing Procedures for Functions @ 

1] Using the Vertical Line Test to Determine Whether 
a Gra ph Represents a Function > After studying this section, you will 

be able to: 
Not every graph we observe is that of a function. By definition, a function must have 

no ordered pairs that have the same first coordinates and different second coordinates. [J Use the vertical line test to 
A graph that includes the points (4,2) and (4, —2), for example, would not be the determine whether a graph 

graph of a function. Thus, the graph of x = y” would not be the graph of a function. represents a function. @® 
If any vertical line crosses a graph of a relation in more than one place, the Graph a function of the form 

relation is not a function. If no such line exists, the relation is a function. f(x + h) + k by means of 
y horizontal and vertical shifts of 

the graph of f(x). @® 

VERTICAL LINE TEST 

If any vertical line intersects the graph of a relation more than once, the 
relation is not a function. If no such line exists, the relation is a function. 

In the following sketches, we observe that the dashed vertical line crosses the 

curve of a function no more than once. The dashed vertical line crosses the curve of 

a relation that is not a function more than once. 

y y yy 

+——+ +++ >< 

| 
| 
i 
| 

| 
| 
| 
| 
| 

| 
| 
| 
| 
| 
| 
| 
| 
| 
| 

A Function A Function Not a Function Not a Function 

Example 1 Determine whether each of the following is the graph of a function. 

(b) 

Continued on next page 
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Solution 

(a) By the vertical line test, this rela- (b) By the vertical line test, this rela- 

tion is not a function. tion is a function. : 

y, 

Student Practice 1 Determine whether each of the following is the 

graph of a function. 

(a) 

1 Graphing a Function of the Form f(x +h) +k 
by Means of Horizontal and Vertical Shifts of the 

Graph of f(x) @® 

The graphs of some functions are simple vertical shifts of the graphs of similar functions. 

Example 2 Graph the functions on one coordinate plane. 

fix) =22 “and fits) =x +2 

Solution First we make a table of values for f(x) and for h(x). 

6 

3 

Ps 

3 

6 

Now we graph each function on the same coordinate plane. 

Eee. 2 

Notice that the graph of h(x) is the graph of f(x) moved 2 units upward. Oo 
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(ae Student Practice 2 Graph the functions on one coordinate plane. Usea Student Practice 2 
sheet of graph paper and a set of axes similar to the one shown in the margin. Bape ty 

fix) =x and A(x) =x? —5 
i 

We have the following general summary. 

VERTICAL SHIFTS 

Suppose that k is a positive number. 

1. To obtain the graph of f(x) + k, shift the graph of f(x) up k units. 

2. To obtain the graph of f(x) — k, shift the graph of f(x) down k units. 

Now we turn to the topic of horizontal shifts. Graphing Calculator 

Example 3 Graph the functions on one coordinate plane. Exploration 

fo ies|\a|' and, .p(x), = |x 3] Most graphing calculators have 
i , an absolute value function (abs). 

Solution First we make a table of values for f(x) and for p(x). Use this function to graph f(x) 

and p(x) from Example 3 on 

one coordinate plane. 

Notice that the graph of p(x) is the graph of f(x) shifted 3 units to the right. © 

fee Student Practice 3 Graph the functions on one coordinate plane. Use 
a sheet of graph paper and a set of axes similar to the one shown. 

f(x) = |x| and p(x) = |x + 2| 



Now we can write the following general summary. 

HORIZONTAL SHIFTS 

Suppose that h is a positive number. 

1. To obtain the graph of f(x — h), shift the graph of f(x) to the right 
h units. 

2. To obtain the graph of f(x + h), shift the graph of f(x) to the left A units. 

Some graphs will involve both horizontal and vertical shifts. 
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{ 
j 

| Student Practice 4 Graph the func- 
tions on one coordinate plane. Use a sheet of 
graph paper and a set of axes similar to the one 
shown. 

fix): = and hie)= (% + 4)? +3 

y 

For all Student Practice problems, write out the 

steps on a separate sheet of paper. Check the 
step-by-step solutions in the back of the textbook. 

Mg Example 4 Graph the functions on one coordinate plane. 

fix\ea es and, A(x) = (ie 3)? a2 | 

Solution First we make a table of values for f(x) and graph the - 
function. . 

Next we recognize that h(x) will have a similar shape, but the curve 
will be shifted 3 units to the right and 2 units downward. We draw 

the graph of h(x) using these shifts. 

To Think About: Shifting Points The point (—2,—-8) has 
been shifted 3 units to the right and 2 units down to the point 
(-2 + 3-87 °(=2))) or (1; =10),.. The point (—1, —1) isia pera 
on f(x). Use the same reasoning to find the image of (—1, -1) on 
the graph of h(x). Verify by checking the graphs. oO 
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\ All the functions that we have sketched in this section so far have had a domain 

of all real numbers. Some functions have restricted domains. 

Example 5 Graph the functions on one coordinate plane. State the domain of 
each function. 

Ae ae and g(x) = 4 + 4 
ey a x +3 

Solution First we make a table of values for f(x). The domain of f(x) is all real 
numbers, where x # 0. Note that f(x) is not defined when x = 0 since we cannot 
divide by 0. 

_ We draw f(x) and note key points. From the equation, we see that the graph of 
g(x) is 3 units to the left of and 1 unit above f(x). We can find the image of each 
of the key points on f(x) as a guide in graphing g(x). For example, the image of 
aoa — 3,1 +41) or (1,2). 

Each point on f(x) is shifted 

= 3 units left and 

f} 1 unit up 

to form the graph of g(x). 
What is the domain of g(x)? Why? g(x) contains the denominator x + 3. 

Butx + 3 # 0. Therefore,x # —3. The domain of g(x) is all real numbers, where 
x3. Oo 

(Geee4 Student Practice 5 Graph the functions on one coordinate plane. Use 
a sheet of graph paper and a set of axes similar to the one shown. 



[11.2] Exercises = MyLab™ math 

Verbal and Writing Skills, Exercises 1-4 

On a separate sheet of paper, answer the following: 

—————— ler 

1. Does f(x + 2) = f(x) + f(2)? Why or why not? 2. Explain what the vertical line test is and why it works. 
Give an example. : 

3. To obtain the graph of f(x) + k for k > 0, shift the 4. To obtain the graph of f(x — h) for h > 0, shift the 

graph of f(x) k units. graph of f(x) h units. 

Determine whether or not each graph represents a function. 

Bh 6. 3) 
ft 

i 
air 

|S ee (eS en See iO 

fot ttt +t eee 

tt 

t 

10. 

Hint: The open circle means that the 
function value does not exist at that 

point. 

11. 13. 14. y 

11“ 

y 
a 

nee OE ee "ae 

i 

SS tt 
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or each of exercises 15-28, graph the two functions on one coordinate plane. Use a sheet of graph paper and a set of axes 
similar to the one shown. 

Sag¢c) = x7 

a= x” — 3 

2. f(x) =x 
vee x — 1 

ad 
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yi 

Cumulative Review Simplify each expression. Assume that all variables are positive. 

29, [8.3.2] 12 + 3/50 — 4/27 

Whe 3 
\/5 ed 

31. [8.4.3] Rationalize the denominator. 

Quick Quiz 11.2 

1. If f(x) = x? and h(x) = (x — 3)? were graphed on 
one coordinate plane, how would you describe where 

the graph of h(x) is compared to the graph of f(x)? 

. Graph each pair of functions on one coordinate plane. 
Use a sheet of graph paper and a set of axes similar to 
the one shown. 

f(x) = |x|, k(x) =|x-1|-4 

30. [8.4.1] (V3x -— 1)? 

2. If f(x) = x and g(x) = x° — 4were graphed on one 
coordinate plane, how would you describe where the 
graph of g(x) is compared to the graph of f(x)? 

4, Concept Check Explain how you can use a vertical line 
to determine whether a graph represents a function. 



Use Math to Save Money 

Did You Know? You can save money by turning down your 
thermostat this winter. 

Adjust the Thermostat 

Understanding the Problem: 

Mark heats his home with oil. He is interested in how much he 
needs to budget for the heating season and how changing the 
settings on his thermostat will affect that amount. 

Making a Plan: 

Mark needs to calculate the cost of his current oil usage and 
potential savings. 

Step 1: During the winter of 2017 Mark paid $2.95 per gallon 

for home heating oil. The price has since increased to $3.55 
per gallon during the winter of 2019. 

Task 1: The oil company will only deliver 100 gallons of 

heating oil or more. Determine the cost of 100 gallons in 

December 2017 and November 2019. 

Task 2: Mark knows he will need a 100-gallon heating oil 
delivery every month during the winter (November and 

December 2019 and January, February, and March 2020). 

What can Mark expect to pay in home heating oil costs for 

the upcoming five months of winter? 

Making a Decision 

Step 2: Mark knows that for every 1 degree change in his 
thermostat setting, he can see a 2% change in his utility bills. 

Task 3: Mark typically keeps his thermostat at 72°. How much 

will he save on his heating costs if he turns the thermostat 

down to 68° for the entire winter? 

Task 4: How low would Mark have to set his thermostat to 

save one month's worth of heating costs ($355)? 

Applying the Situation to Your Life: 

If you lower your thermostat a few degrees, you too can 

realize savings on your heating bill. If you are not comfortable 

with the temperature set lower, you can still turn the heat 

down when you are away at work or school, as well as when 

you are sleeping. A programmable thermostat that will adjust 

the temperature depending on the time of day would make it 

easy to do that. 

Task 5: At what temperature do you keep your thermostat? 

Task 6: Calculate your savings if you lower the temperature of 

your thermostat during the winter. 
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[11.3] Algebraic Operations on Functions @® 

El) Finding the Sum, Difference, Product, and Quotient 
After studying this section, you will of Two Functions @& 
be able to: 

If f represents one function and g represents a second function, we can define new 

a Find the sum, difference, functions as follows: 
product, and quotient of two 

fines a THE SUM, DIFFERENCE, PRODUCT, AND QUOTIENT OF TWO 
Find the composition of two FUNCTIONS 

functions. @® New functions can be formed by combining two given functions using 
algebraic operations. 

Sum of Functions (x) -F gx) f 

Difference of Functions f(x) 1g (x) 

) g(x) 
: ; f(x) 

Quotient of Functions = GO g(x) #0 

Product of Functions 

Example 1 Suppose that f(x) = 3x* — 3x + 5 and g(x) = 5x -— 2. 

(a) Find (f + g)(x). (b) Evaluate (f + g)(x) when x = 3. 

Solution 

(a) (f + g)(x) = f(x) + g(x) 
= (3x? — 3x + 5) + (5x — 2) 
= 3x* -3x+5+5x-2 
= 3x7 +2x +3 

(b) To evaluate (f + g)(x) when x = 3, we write (f+ g)(3) and use the 
formula obtained in (a). 

(f + g)(x) = 3x7 + 2x +3 

(jae ey 363)" + 2(3) +3 
= 3(9) + 2(3) +3 
=27+6+3 = 36 o 

li==34 Student Practice 1 Given f(x) = 4x + 5 and g(x) = 2x2 + 7x — 8, 
find the following: 

(a) (f + g)(x) (b) (f + g)(4) 

Example 2 Given f(x) = x? — 5x + 6and g(x) = 2x — 1, find the following: 

(a) (fg)(x) (b) (fg)(—4) 

Solution 

(a) (fg)(x) = f(x) g(x) 
= (x? — Sy aGn(ae = 1) 
= 2x3 — 10x? + 12x — x? + 5x - 6 
= 2x3 — 11x” + 17x — 6 

(b) To evaluate (fg)(x) when x = —4, we write (fg)(—4) and use the formula 
obtained in (a). 

(fe\Coimena ii + 17x — 6 
(fg)(—4) = 2(-4)? — 11(-4)? + 17(-4) - 6 

=2(-64) = 11(16) + 17(-—4) — 6 

= —128 — 176 — 68 — 6 

=)=378 o 
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Student Practice 2 Given f(x) = 3x + 2 and g(x) = x? — 3x — 4, 
\ | find the following: 

i} 

(a) (fg)(*) (b) (fg)(2) 

When finding the quotient of a function, we must be careful to avoid division by 
zero. Thus, we always specify any values of x that must be eliminated from the domain. 

Example 3 Given f(x) =3x +1, g(x) = 2x — 1, and A(x) = 9x? + 6x + 1, find 
Preelcyving: 

@ (2) w (F)cx w@ (Z)-2 
Solution 

o (fh 
The denominator of the quotient can never be zero. Since 2x — 1 # 0, we 

know that x # 5. 

ie 3x +1 3x +1 1 
(ee) (s) = —; = = 

h nr Ge wee ox t 1) (3x41). 3e 41 

Since 3x + 1 ¥ 0, we know that x # -}. 

(c) To find (F)¢-2, we must evaluate (Flex) when x = —2. h 

Ge “ sci 1 
f : 1 aN ot: ae 
(We aecaca tear 5 7a 

Student Practice 3 Given p(x) = 5x7 + 6x +1, h(x) = 3x - 2, 
and g(x) = 5x + 1, find the following. (In part b, there are two values of x that 
are eliminated from the domain. Be sure you find both values before factoring 
and dividing out the common factor.) 

@ (E)o (2) © (£)@) 

Finding the Composition of Two Functions @® 

Suppose that a new online music vendor finds that the number of sales of digital 
albums on a given day is generally equal to 25% of the number of people who visit 
the site on that day. Thus, if x = the number of people who visit the site, then the 
sales § can be modeled by the equation S(x) = 0.25x. 

Suppose that the average album on the site sells for $15. Then if S = the num- 
ber of albums sold on a given day, the income for that day can be modeled by the 
equation P(S) = 15S. Suppose that eight thousand people visit the site. 

S(x) = 0.25x 

S(8000) = 0.25(8000) = 2000 

Thus, two thousand albums would be sold. 

If two thousand albums were sold and the average price of an album is $15, 

then we would have the following: 

P(S) = 15S 

P(2000) = 15(2000) = 30,000 

That is, the income from the sales of albums would be $30,000. 

Continued on next page 
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Let us analyze the functions we have described and record a few values of x, 

Six is 

S(x) = 0.25x 

oe 

Is there a function T(x) that describes the income from album sales as a func- 

tion of x, the number of people who visit the site? 
The number of albums sold is 

S(x) = 0.25x. 

Thus, 0.25x is the number of albums sold. 

If we replace Sin P(S) = 15S by S(x), we have 

P[S(x)] = P(0.25x) = 15(0.25x) = 3.75x. 

Thus, the formula 7(x) that describes the income in terms of the number of 
visitors is 

T(x) = 3.75x. 

Is this correct? Let us check by finding 7(20,000). From our table the result should 
be 75,000. 

If Px) = 3.73%, 

then  7(20,000) = 3.75(20,000) = 75,000. 

Thus, we have found a function T that is the composition of the functions P and 
S: T(x) = P[S(x)]. 

We now state a definition of the composition of one function with another. 

The composition of the functions f and g, denoted f ° g, is defined as follows: 
(f°g)(x) = flg(x)]. The domain of f°g is the set of all x-values in the 
domain of g such that g(x) is in the domain of f. 

Gs) 

oa 
@— GD 

Example 4 Given f(x) = 3x — 2 and g(x) = 2x + 5, find f[g(x)]. 

Solution f[g(x)] = f(2x + 5) Substitute g(x) = 2x + 5. 

= 3(2x + 5) — 2 Apply the formula for f(x). 
= 6x + 15-2 Remove parentheses. 

= (eye sp 13) Simplify. oO 

Student Practice 4 Given f(x) =2x—1 and g(x) =3x —4, find 

fig (x)]. 



In most situations f[g(x)] and 

Example 5 Given f(x) 
following: 

(a) f[g(x)] 

Solution 

(a) flg(x)] = f(3x + 1) 

= V(3x +1) -4 

= Veta 
= Vix -3 

(b) glf(x)] = g( Vx - 4) 

= 3( We 4) anal 

23 NA teal 

We note that g[f(x)] * f[g(x)]. 

Student Practice 5 Given f(x) = 2x? — 3x + 1 and g(x) =x + 2, 
find the following: 

(a) f[g(x)] 

Me Example 6 Given f(x) = 2x and g(x) = 
following: 

(a) (f°g)(x) 
(b) (f°g)(2) 

Solution 

(@) (Fe8)(x) = flee] = 
oye 
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glf(x)] are not the same. 

Vx — 4 with x = 4 and g(x) = 3x + 1, find the 

(b) gif(x)] 

Substitute g(x) = 3x + 1. 

Graphing Calculator 
Apply the formula for f(x). 

Composition of Functions 
Remove parentheses. eh 

You can evaluate the composition 
of functions on most graphing 

calculators by using the 
y-variable function (Y-VARS). 

To do Example 6 on most 
graphing calculators, you would 

use the following equations. 

ie 1 

v1 3x — 4 

y2 = 2(y1) 

To find the function value, you 
can use the TableSet command 
to let x = 2. Then enter Table 
and you will see displayed 
y, = 0.5, which represents 

g(2) = 0.5, and y2 = 1, which 
represents f[g(2)] = 1. 

Simplify. 

Vx = 4, Substitute f(x) 

Apply the formula for g(x). 

Remove parentheses. 

o 

(b) gif(x)] 

x # * find the fi—3 Student Practice 6 

Given f(x) =3x +1 and g(x) = 
x  3,find the following: 

Pe 
3x — 4 

x-3 

(a) (g°f)(x) 

2 (b) (g°f)(—3) 
a = 4 

3) Substitute g(x) = 

= 2 ( 3 : 3) Apply the formula for f(x). For all Student Practice problems, write out the 

—_ steps on a separate sheet of paper. Check the 
2 step-by-step solutions in the back of the textbook. 

= Simplify. 
3x — 4 

2 2 2 
° SS SU oO 

In Example 6 part b, we used the composition of f and g from part a and evaluated 
it for x = 2. Another way to find (f°g)(2) is as follows. 

(F8)(2) = fe = H(5 
(2) —4 

ih 1 
) Substitute g(2) = (2) = 4 

Simplify. 

Apply the formula for f(x). 

Simplify. 



fi1.3) Exercises = MyLab™ Math 

For the following functions, find (a) (f + g)(x), (b) (f — g)(x), (©) (f + g)(2), and (d) (f — g)(-1). 

1. fe) = 2x se ea 2 ax 2. f(x) = 20 elve(a a= 2 — 3x 

3. fe) 2 ea 1 * de f(x) =3 — x, g(x) = x? — SxP4 

5. fle) = = Fe tx fay =x —-— = 5 3 
4 

6. f(x) = 45x27 — x + 1.2, g(x) = 1.5x° — 04x 

7. fle) = -SVi+.6,%. 2-6, g(x) = 8Vx4+62 2-6 8) fl =4V 2 — x, x S260) = 2 

For the following functions, find (a) (fg)(x) and (b) (fg)(—3). 

9. f(x) = 2x — 3, g(x) = —-2x? -3x+1 10. fle) = x* — 3x + 2, g(x) =1—x 

" = eee — De eo ee Bee a C2) = as : ee ae 3 

1 10 
13. f(x) = V-x tl ess, g(x) = —3x 14. f(x) = 4, Blt) = Vx tb LO i ees 

For the following functions, find (a) Ge and (b) (2) (Cas 

15. f(z) =x = 6, g(x) = ax 16, f(@) = 3x, g(x) = 4x -1 

17, f(x) =27 = ez) =x — 1 18. caer, ei = x = 5x 

19. f(x) =x? + 10x + 25, g(x) =x +5 20. f(x) = 2x? + 5x — 12, e(x)= x +4 

21. f(x) = 4% — 1, gz) = 4x7 + 7x - 2 DIC wee 2, e( x)= 3x — pe? 

Let f(x) = 3% Poel) =" — 2x, and h(x) = ad 3 - Find the following: 

23. (fF - g)(2) 24. (g - f(x) 28, (£)i0) 26. (£ )(-2) 
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27. (fg)(—1) 28. (gh)(3) 

Find f|g(x)]| for each of the following: 

31. 

33. 

35. 

37. 

a9. 

fe) = 2— 3x, e(s = 2a 5 

f(#) = 2x? +5, 9(x) = 4-1 

f(x) = 8 — 5x, g(x) =x? +3 

fle) = <x) = +2 

fie |x + 3|, g(e ieee — 

Section 11.3 Algebraic Operations on Functions 

29, (5) fal 30. (%) (x) 

32. f(x) = 3x + 2, o(x) idx 1 

34. fix) =9 + x7,9(x) =x = 3 

26. f(x) = 4— x, 2(x) = 1 — 3x + x? 

38. f(x) = 

40. f(x) = -> 

i 
Demi) = x? + 2, 2(x) =x 4+ 5, h(x) = a and p(x) = Vx — 1. Find each of the following: 

41. 

43. 

45. 

47. 

49, 

SL 

fig(x)] 

slf(x)] 

(geh)( V2) 

(p°f)(—3) 

Applications 

53. Temperature Scales Consider the Celsius function 
C(F) = >f — 160 which converts degrees Fahrenheit to 
degrees Celsius. A different temperature scale, called the 

Kelvin scale, is used by many scientists in their research. 
The Kelvin scale is similar to the Celsius scale, but it begins 

at absolute zero (the coldest possible temperature, which 
is around —273°C ). To convert a Celsius temperature to 
a temperature on the Kelvin scale, we use the function 
K(C) = C + 273. Find K[C(F)], which is the composite 
function that defines the temperature in Kelvins in terms 
of the temperature in degrees Fahrenheit. 

42. glh(x)] 

44, h[g(x)] 

46. h[g(0)] 

48. (foh)(x) 

50. (fop)(x) 

52. ep)(3) 

i 
Water Ons B 
boils : 4 SNE | 

Water 7 7 g 

freezes - ; ette i 

Celsius | Kelvin | 
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54. Business Suppose the dollar cost to produce nitems A 55. 
in a factory is c(n) =5n + 4. Furthermore, the 
number of items n produced in x hours is n(x) = 3x. 
Find c[n(x)], which is the composite function that de- 
fines the dollar cost in terms of the number of hours 

of production x. 

Cumulative Review Factor each of the following: 

56. [6.5.2] 36x” — 12x + 1 57, 

58. [6.5.1] x* — 10x? + 9 59, 

Quick Quiz 11.3 

Oil Slicks An oil tanker with a ruptured hull is leak- 
ing oil off the coast of Africa. There is no wind or sig- 
nificant current, so the oil slick is spreading in a circle 
whose radius is defined by the function r(t) = 3t, 
where ¢ is the time in minutes since the tanker 
began to leak, The area of the slick for any given 
radius is approximately determined by the function 
a(r) = 3.14r?, where r is the radius of the circle mea- 
sured in feet. Find a[r(t)], which is the composite 
function that defines the area of the oil slick in terms 
of the minutes ¢ since the beginning of the leak. How 
large is the area after 20 minutes? 

[6.5.1] 25x4 — 1 

1. If f(x) = 28? = 4x — Band g(x) = —deeeS, Bho, “es and g(x) = ‘Ss find\ flat 
find (f — g)(x). 

§ 
3. If fie) = and e(x) = 2x — 5, find (£)c2) 4. Concept Check If f(x) = 5 — 2x? and 

g(x) = 3x? — 5x + 1, explain how you would find 
Gee )(=4). 
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44 sae 7 ii4J Inverse of a Function @ 
Americans driving in Canada or Mexico need to be able to convert miles perhour @a je? Learning Objectives 
to kilometers per hour and vice versa. - 

After studying this section, you will 

be able to: 

| Determine whether a function 
is a one-to-one function. @® 

Find the inverse function for a 

given function. @® 

Graph a function and its inverse 
function. @® 

If someone is driving at 55 miles per hour, how fast is he or she going in kilometers 
per hour? 

Approximate Value Approximate Value 

in Miles per Hour in Kilometers per Hour 

35 56 

40 64 

45 72 

80 

88 

96 

104 

A function f that converts from miles per hour to an approximate value in 

kilometers per hour is f(x) = 1.6x. 
For example, f(40) = 1.6(40) = 64. 
This tells us that 40 miles per hour is approximately equivalent to 64 kilometers 

per hour. 
We can come up with a function that does just the opposite—that is, that 

converts kilometers per hour to an approximate value in miles per hour. This 
function is f-'(x) = 0.625x. 

For example, f-'(64) = 0.625(64) = 40. 
This tells us that 64 kilometers per hour is approximately equivalent to 40 miles 

per hour. 

Miles per hour Kilometers per hour 

AO Doraaha wecah PHC MeaPlLOG s .TT 

0 <———_ Fao reic, <—— 64 

We call a function f~! that reverses the domain and range of a function f the 
inverse function f£ 

Most American cars have numbers showing kilometers per hour in smaller 

print on the car speedometer. Unfortunately, these numbers are usually hard to read. 
If we made a list of several function values of f and several inverse function values 

of f~', we could create a conversion scale like the one below that we could use if we 
should travel to Mexico or Canada with an American car. 

hl 
90 100 110 0 80 

Continued on next page 
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The original function that we studied converts miles per hour to kilometers per 
hour. The corresponding inverse function converts kilometers per hour to miles per 
hour. How do we find inverse functions? Do all functions have inverse functions? 
These are questions we will explore in this section. 

EN Determining Whether a Function 
Is a One-to-One Function @® 

First we state that not all functions have inverse functions. To have an inverse that 
is a function, a function must be one-to-one. This means that for every value of y, 
there is only one value of x. Or, in the language of ordered pairs, no ordered pairs 
have the same second coordinate. 

DEFINITION OF A ONE-TO-ONE FUNCTION 

A one-to-one function is a function in which no ordered pairs have the same 

second coordinate. 

To Think About: Relationship of One-to-One and Inverses Why must a function be 
one-to-one in order to have an inverse that is a function? 

Example 1 Indicate whether the following are one-to-one functions. 

(a) M = {(1,3), (2,7), (5, 8), (6, 12)} 
(b) P = {(1, 4), (2,9), (3,4), (4 18)} 
Solution 

(a) M is a function because no ordered pairs have the same first coordinate. M 

is also a one-to-one function because no ordered pairs have the same second 
coordinate. 

(b) P is a function, but it is not one-to-one because the ordered pairs (1, 4) and 

(3, 4) have the same second coordinate. oO 

Student Practice 1 

(a) Is the function A = {(—2, -6), (—3, -5), (—1, 2), (3, 5) } one-to-one? 

| (b) Is the function B = {(0,0), (1,1), (2,4), (3,9), (-1,1)} one-to-one? 

By examining the graph of a function, we can quickly tell whether it is one-to- 
one. If any horizontal line crosses the graph of a function in more than one place, 

the function is not one-to-one. If no such line exists, then the function is one-to-one. 

HORIZONTAL LINE TEST 

lf any horizontal line intersects the graph of a function more than once, the 
function is not one-to-one. If no such line exists, the function is one-to-one. 

y 

This is not a one-to-one function. 
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Example 2 Determine whether the functions graphed are one-to-one functions. 

(a) y (b) y 

(c) y (d) | 

Solution The graphs of (a) and (b) represent one-to-one functions. Horizontal 

lines cross the graphs at most once, 

(b) 

The graphs of (ec) and (d) do not represent one-to-one functions. A horizontal 

line exists that crosses the graphs more than once. 

(b) 
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Student Practice 2 Do each of the following graphs of a function 
represent a one-to-one function? Why or why not? 

(a) (b) 

M] Finding the Inverse Function for a Given 

Function 

How do we find the inverse of a function? If we have a list of ordered pairs, we simply 
interchange the coordinates of each ordered pair. In Example 1, we said that M has 
an inverse. What is it? Here is M again. 

Me, ),4 3,8), (6, 12)} 

The inverse of M, written M“!, is 

M =e ie, 2), (8, 5), (12,.6)}, 

Now do you see why a function must be one-to-one in order to have an inverse that 
is a function? Let’s look at the function P from Example 1. 

P = {(1, 4), (2,9), (3, 4), (4, 18)} 

If P had an inverse, it would be 

PS eyo), (4,3), (18, 4)}, 

In this case the inverse of the function is 

aa 
S 50 But we have two ordered pairs with the same first coordinate. There- 
S45 fore, P~' is not a function (in other words, the inverse function does not 
© 40 exist). 

8 35 A number of real-world situations are described by functions that 
= 30 have inverses. Consider the function that is defined by the ordered pairs 
& 45 (year, U.S. expenditures in trillions of dollars). Some function values are 

5 2.0 F = {(2023, 5.16), (2018, 4.17), (2013, 3.45), 

eke (2008, 2.98), (2003, 2.16), (1998, 1.65) }. 
ao. 
* 

v3 
2) 

1998 2003 2008 2013 2018 2023" FM 51692023 ),,(4.17, 2018), (345; 2015)" 

*estimate a (2.98, 2008), (2.16, 2003), (1.65, 1998) }. 
Source: www.whitehouse.gov 

1 
By the way, F7! does not mean F Here the —1 simply means “inverse.” 

Example 3 Determine the inverse function of the function 

F = Wow), (13,5), (14,6). 

Solution The inverse function of F is 

F7 = {(1,6), (2,12), (5, 13), (6, 14)}. Oo 

‘i=’ Student Practice 3 Find the inverse of the one-to-one function. 

B= {(1,2), (7,8).(3) oes 



) 

\ 
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Suppose that a function is given in the form of an equation. How do we find the 
inverse? Since, by definition, we interchange the ordered pairs to find the inverse of 
a function, this means that the x-values of the function become the y-values of the 
inverse function and vice versa. 

Four steps will help us find the inverse of a one-to-one function when we are 
given its equation. 

FINDING THE INVERSE OF A ONE-TO-ONE FUNCTION 

. Replace f(x) with y. 

. Interchange x and y. 

. Solve for y in terms of x. 

. Replace y with f “'(x). 

Example 4 Find the inverse of f(x) = 7x — 4. 

Solution 

Step 1 y = 7x — 4 Replace f(x) with y. 

Step 2 x = 7y — 4 Interchange the variables x and y. 

Step3 x«+4=/7y Solve for y in terms of x. 

eo. 
ae y 

x+4 
Step4 f'(x) = Replace y with f~!(x). o 

Student Practice 4 Find the inverse of the function g(x) = 4 — 6x. 

Let’s see whether this technique works on a situation similar to the opening 
example in which we converted miles per hour to approximate values in kilometers 
per hour. 

: é ; 9 ‘ : 
Example 5 Find the inverse function of f(x) = 5 + 32, which converts Celsius 

temperature (x) into equivalent Fahrenheit temperature. 

Solution 

Step 1 y= st ar oY Replace f(x) with y. 

9 
Step 2 x= 5) a ey? Interchange x and y. 

9 j 
Step 3 5(x) = s(2)y + 5(32) Solve for y in terms of x. 

5x = 9y + 160 

5x — 160 = 9y 
pr iG) Fy 

9 9 

ox 160 _ 
9 My 

Sx aul 
Step4  f'(x) = we Replace y with f~!(x). 

Continued on next page 

707 



| 708 Chapter 11 Additional Properties of Functions 

Graphing Calculator 

Inverse Functions 

If fand g are inverse functions, 

then their graphs will be 

symmetric about the line y = x. 
Use a square window setting 

when graphing. For 
Example 6, graph 

y= 3x -2,y= 24 

and y3 = x. 

Display: 

[t= Student Practice 6 

Note: Our inverse function f~!(x) will now convert Fahrenheit temperature to 
Celsius temperature. For example, suppose we wanted to know the Celsius tem- 
perature that corresponds to 86°F, 

5(86) — 160 270 _ 

9 10 
This tells us that a temperature of 86°F corresponds to a temperature of 30°C. O 

f"(%) = 30 

Student Practice 5 Find the inverse function of 
f(x) =0.75 + 0.55(x — 1), which gives the cost of a telephone call for any call 
over 1 minute if the telephone company charges 75 cents for the first minute and 
55 cents for each minute thereafter. Here x = the number of minutes. 

Graphing a Function and Its Inverse Function @® 

The graph of a function and its inverse are symmetric about the line y = x. Why do 
you think that this is so? 

| “ig Example 6 If f(x) = 3x — 2, find f-!(x). Graph fand f~ on the 
same set of axes. Draw the line y = x as a dashed line for reference. 

If f(x) = ~ x + 1, find f+(x). Graph f 

and f~! on the same coordinate plane on a 
sheet of graph paper, using a coordinate sys- 

tem similar to the one shown. Draw the line 

y = x asa dashed line for reference. 

Solution f(x) =3x-2 

Vie, = 2 

eg 3y — 2 

x+2=3y 

ae 

ees 

a 
Now we graph each line. 

We see that the graphs of f and f~! are symmetric about the 
line y = x. If we folded the graph paper along the line y = x, the 
graph of f would touch the graph of f~'. Try it. Redraw the func- 
tions on a separate piece of graph paper. Fold the graph paper on 
the line y = x. 



ea 
Verbal and Writing Skills, Exercises 1-6 

On a separate sheet of paper, complete the following: 

Exercises MyLab Math 

1. A one-to-one function is a function in which no 2. Ifany horizontal line intersects the graph of a function 
ordered pairs ; more than once, the function 

3. The graphs of a function fand its inverse f~' are sym- 4. Do all functions have inverse functions? Why or why 

metric about the line . not? 

5. Does the graph of a horizontal line represent a func- 6. Does the graph of a vertical line represent a function? 
tion? Why or why not? Does it represent a one-to-one Why or why not? Does it represent a one-to-one func- 
function? Explain. tion? Explain. 

Indicate whether each function is one-to-one. 

teem (0,1), (1,0), (10, 0) } 8& A= 1t=6, ay 605.2.) 44 354) 

Ber i(2.2), (3,-3), (2 -2), (-3,9)} 10. C = {(12,3), (-6,1), (6,3)} 

Mier = {(2,3.5), (—1,8),10, 3:5), (0,.—8)} 12. F = {(0, -3), (3,2), (—2,3), (-1, -2)} 

Indicate whether each graph represents a one-to-one function. 

13. y 

| 

16. y 

| 

15. y 

x et stot > X 

14. y 

17. y 18. ay 
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Find the inverse of each one-to-one function. Graph the function and its inverse on one coordinate plane. Use a sheet of 
graph paper and a set of axes similar to the one shown. 

19. J = {(8,2), (1,1), (0,0), (—8, -2)} 20. K = {(-7,1), (6,2), (3,-1), (2,5)} 

Find the inverse of each function. 

21. f(x) =4e —5 22. f(x) =9 + 2x 23. fix) =x — 8 

24, f(x) =3 - x° 25. f(a) = -< 26. f(x) = u 

27. f(x) = -., 28, fa) = = 

For the given function f and its inverse, find f| f-‘(x)]. 

29. f(x) = = : lo =5x +3 30. f(x) = 

Find the inverse of each function. Graph the function and its inverse on one coordinate plane. Graph the line y = x as a 
dashed line. Use a sheet of graph paper and a set of axes similar to the one shown. 

31. g(x) =2x +5 32, f(x) =3x+4 ene x 3 



To Think About 

37. Can you find an inverse function for the function 
f(x) = 2x? + 3? Why or why not? 

Section 11.4 Inverse of a Function 711 

38. Can you find an inverse function for the function 

f(x) = |3x + 4|? Why or why not? 

For every function f and its inverse, f—", it is true that f[f~!(x)] = x and f "[f(x)] = x. Show that this is true for each pair 
of inverse functions. 

. 3 1 
39. f(x) = 2x + yt (s) as 

Cumulative Review Solve for x. 

41. [8.5.1] 20 —x =x 

43. [0.6.1] Canadian Forests Forests are a dominant fea- 

ture of Canada. Ten percent of all the world’s forests lie 
in Canada. One out of every fifteen people in the labor 

force in Canada works in a job that relates to forests. 

If the labor force in Canada in 2019 was 19,056,000 
people, how many people worked in a job related to 
forests in that year? (Source: www.statista.com) 

Quick Quiz 11.4 

ieee 4(3,—4), (2,6), (5, 6), (—3, 4) } 

(a) Is A a function? 

(b) Is A a one-to-one function? 

(c) If the answers to (a) and (b) are yes, find A~'. 

3. Find the inverse function for f(x) = 2 — x°. 

=x = 10 
40. f(x) = =3x= 10, f(x) = 5 

Ao, (932het a ix 12 = 0 

44, [2.7.2] Ukraine is one of the top ten countries with 
the biggest decline in population. The population 
of Ukraine in 2020 was 43.7 million. By 2050, the 

population is expected to be 35.2 million. What is 
Ukraine’s expected percent of decrease in population? 
Round to the nearest percent. (Source: www. 

worldometers.info) 

. Find the inverse function for f(x) = 5 — 2x. Graph f 
and its inverse. Graph the line y = x as a dashed line. 
Use a sheet of graph paper and a set of axes similar to 
the one shown. 

¥ 
4 

4. Concept Check If f(x) = sd 5 a explain how you 

would find the inverse function. 



CAREER EXPLORATION PROBLEMS 

Background: Criminal Justice Professional 
Ross is a criminal justice professional who specializes in the development of crime- 
prevention programs. He works as a consultant to towns and cities seeking to begin 
such programs, and he also evaluates existing programs. In his work, he analyzes 
data and develops models that enlighten the work of local criminal justice and law 
enforcement professionals. 

Currently, he is working on the evaluation of an established crime-prevention 

program in a large city. To evaluate its effectiveness, he has compiled and worked with 
data to create a few mathematical functions that can be evaluated thus providing in- 
formation to everyone about the program’s impact. 

Facts 
The function model for all crimes reported annually over the period from 2016 through 
2019 is C(x) = 1.4x* + 8.2x + 2170, where x represents the number of years after 2016. 

The function model for all petty crimes reported annually over the period 
from 2016 through 2019 is T(x) = 0.27x + 2028, where x represents the number of 
years after 2016. 

The annual population function model for the city for the period 2016 through 2019 
is P(x) = 68.8x? + 1744.73x + 73,561, where x represents the number of years after 2016. 

Tasks 
1. Ross wants to compute the number of crimes reported in 2016 and 2019. What 

are his results? 

2. Using the population function, Ross computes the population for years 2016 and 

2019. What are his results? 

3. Ross now wants to express the crime rate per person as a percent rounded to the 
nearest hundredth for years 2016 and 2019. How can he use the functions and 
the evaluations he’s completed to do this? 

4. Using the petty-crime model, Ross can calculate some additional information. 

What are the total numbers of petty crimes in 2016 and in 2019? What are the 

petty crime rates per person for those years, expressed as percents rounded to 
the nearest hundredth? 

5. Ross determines that a function model for violent crimes V(x), can be generated 
by subtracting the petty crime function from the function for all crimes. What is 

the violent crime model, and what were the numbers of violent crimes in 2016 
and 2019? 
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P 
Chapter 11 Organizer 

Topic and Procedure 

Finding function values, p. 680 

Replace the variable by the quantity inside the 

parentheses. Simplify the result. 

Vertical line test, p. 687 

Tf any vertical line intersects the graph of 

__ arelation more than once, the relation is not 

a function. If no such line exists, the relation 

is a function. 

Se 

Vertical shifts of the graph of a function, p. 689 

Ifk > 0; 

(a) The graph of f(x) + kis shifted k units 

upward from the graph of f(x). 

(b) The graph of f(x) — k is shifted k units 

downward from the graph of f(x). 

Examples =, You Try It 
(on a separate sheet of paper) 

If f(x) = 2x? + 3x — 4, then we have the following: 

(a) f(-2) = 2(-2)7 43(-2) =o 
=8-6-4=~-2 

(b) f(a) = 2a? + 3a - 4 

(c) f(a + 2) =2(a + 2)? + 3(a + 2) -4 
= 2(a* + 4a + 4) + 3(a + 2) — 4 
= 2a* + 8a+8+3a+6-4 
= 2a? + 1la + 10 

(d) f(3a) = 2(3a)? + 3(3a) -— 4 
= 2(9a?) + 3(3a) — 4 
= 180 + 99 — 4 

1. If f(x) = —x? + x — 5, find the 
following. 

(a) f(1) 

(b) f(a) 

(ec) f(a — 1) 

(d) f(4a) 

y 

| 
| 
1 
! 
' 

Does this graph represent a function? 
No, because a vertical line intersects the curve more 

than once. 

(a) Graph f(x) = x? and g(x) = x? + 3. 

(b) Graph f(x) = |x| and g(x) = |x| — 2. 

nl : Does this graph represent a 

function? 

3. (a) Graph f(x) = x? and 
g(x) = x* — 2 onasheet of 
graph paper, using a coordi- 
nate system similar to the one 

shown. 

(b) Graph f(x) = |x| and 
g(x) = |x| + 4 ona sheet 
of graph paper, using a coordi- 

nate system similar to the one 

shown. 
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Topic and Procedure Examples 

Horizontal shifts of the graph of a 
function, p. 690 

Tih 30; 

(a) The graph of f(x — h) is shifted h units to 

the right of the graph of f(x). 

(b) The graph of f(x + h) is shifted / units to 

the /eft of the graph of f(x). 

(a) Graph f(x) = x? and g(x) = (x - 3)?. 

(b) Graph f(x) = x° and g(x) = (x + 4)%. 

You Try It : 
(on a separate sheet of paper) 

4. (a) Graph f(x) = x? and g(x) = 
(x + 5)? ona sheet of graph 
paper, using a coordinate sys- 
tem similar to the one shown. 

y 

(b) Graph f(x) = x and g(x) = 
(x — 3) ona sheet of graph 
paper, using a coordinate sys- 

tem similar to the one shown. 

Sum, difference, product, and quotient of 

functions, p. 696 

(a) (f + g)(x) = f(x) + g(x) 

(b) (f — g)(x) = f(x) — g(x) 

(©) (f:g)(x) = f(x) +(x) 
Pye ite) @ (Za) =e) #0 

If f(x) = 2x + 3 and g(x) = 3x — 4, then we have the 
following: 

(a) (f + g)(x) = (2x + 3) + (3x — 4) 
ox I 

) F~ 2)e) = Ces See 
= 2x 3 Syste 4 
= 

(c) (f+g)(x) = (2x + 3) (3x — 4) 
= 6x? +x- 12 

Composition of functions, p. 698 

The composition of functions f and g is written 

as (fog) (x) = f[g(x)]. To find f[g(x)] do the 
following: 

1. Replace g(x) by its equation. 

2. Apply the formula for f(x) to this expression. 

3. Simplify the results. 

Usually, f[g(x)] # glf(+)]. 

If f(x) = x” — Sand g(x) 

and (b) g[f(x)]. 

(a) f[g(x)] = au5. = + 4) 
+ 4)? —5 

0x2) = a. + 16—5 

9x? — 24x + 11 

go Ss) 
= 30 Sy 
—3x7 +154+4 
—3x? + 19 

= -3x + 4, find (a) f[g(x)] 

Il oc 

(b) glf(x)] 

(ie || 

Relations, functions, and one-to-one 

Sunctions, p. 704 

A relation is any set of ordered pairs. 

A function is a relation in which no ordered 

pairs have the same first coordinate. 

A one-to-one function is a function in which no 
ordered pairs have the same second coordinate. 
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5. If f(x) = x? + 3x and 
g(x) =x — 6, find the 

following, 

(a) (f + g)(x) 
(b) (f — g)(x) 
(c) (frg)(x) 

(d) (Zw 

6. If f(x) = 
g(x) = x? + 3, find the following. 

(a) f[g(x)] 
(b) glf(x)] 

—x + 2and 

Is { (3,6), (2,8), (9,1), (4,6) } a one-to-one function? 
No, since (3, 6) and (4, 6) have the same second coordinate. 

7. Is [(—1,0), (2,3), (2,5), (04)] 
a one-to-one function? 



, Topic and Procedure 

Horizontal line test, p. 704 

_, _ Ifany horizontal line intersects the graph of 
! a function more than once, the function is not 

one-to-one. If no such line exists, the function is 

one-to-one. 

Examples => | You Try It 
(on a separate sheet of paper) 

Does this graph represent a one-to-one function? 
Yes, any horizontal line will cross this curve at most once. 

8. Does this graph represent a 
one-to-one function? 

y 

Finding the inverse of a function defined by a 
set of ordered pairs, p. 706 

Reverse the order of the coordinates of each 

ordered pair from (a, b) to (b, a). 

Finding the inverse of a function defined by an Fd dhe inverse. off eee 2 ay, 
equation, p. 707 

Any one-to-one function has an inverse function. 

To find the inverse f—! of a one-to-one function 
f,do the following: 

Replace f(x) with y. 

2. Interchange x and y. 

Solve for y in terms of x. 

Replace y with f-!(x). 

Find the inverse of A = { (5,6), (7,8), (9, 10) }. 

At = 4(,5),(8; 7), (1009) 

9. Find the inverse of 
C= AGy—2) (0s wont). 

10. Find the inverse of 
x 

f(x) = 5) oS 

Graphing the inverse of a function, p. 708 

Graph the line y = x as a dashed line for 

reference. 

1. Graph f(x). 

2. Graph f!(x). 

The graphs of f and f ~! are symmetric about the 

line y = x. 

3 
2 

ole od 

2 
=-fy+ % 3Y 4 

3x = —2y + 12 

3% 2 2y 

3x — 12 _ 
2 y 

=F +6 = y 

fy = —S2 +6 

GE 2x) 453 
= _x*-3 f(x) =*5= 

Chapter 11 Review Problems 

11. Graph f(x) = A + 2and 

f'(x) = 3x — 6 on the same 
set of axes, Use a sheet of graph 

paper and a coordinate system 
similar to the one shown. 

y 
4 

For the function f(x) = > + 3, find the following: 

1. f(a -1) 2. f(a -—1) - f(a) 3. f(b’ - 3) 

For the function p(x) = —2x* + 3x — 1, find the following: 

4. p(-3) Sp (20) + p(=2) G& pia +2) 
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For the function h(x) = |2x — 1|, find the following: 

1 
7. h(0) 8. n(42) 9. h(2a* — 3a) 

For the function r(x) = ‘i = ro # —4, find the following. In each case, write your answers as one fraction, if possible. 

10. r(5) 11. 72a 3) 120 (3) 7G) 

XE ara) > Iles 
Find A ; Ax) for the following: 

13. f(x) = 7x -—4 14. f(x) = 6x -—5 15, f(x) = Ix? — 5x 

Examine each of the following graphs. (a) Does the graph represent a function? (b) Does the graph represent a one-to-one 

function? 

16. 17. 

tt ae 

t—+t—t—+—_+—+ 

18. y 19, 

Graph each pair of functions on one set of axes. Use a sheet of graph paper and a coordinate system similar to the one shown. 

20. f(x) =e 21. f(x) = |x| Day (©) = (a0) 

g(x) = (x +2)? +4 g(x) = |x -4| h(x) = |x| +3. 
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Use these functions for problems 26-35: 

Weejeson se 3: | Te(x) suai -O  6Sty Save = 2.x = 2: x 

h(x) -2*5 1 Zz 4 , p(x) =2e-— 3% + 4: and t(x) = -Sx-3, 

Find each of the following: 

26. (f + t)(x) 27. (p — f)(x) 28. (p — f)(2) 

29. (fe)(x) 30. (Ec 31. (£)(-2) 

32. (pof)(x) 33. (sop)(x) 34. (sop) (2) 

: Zo 1 i ax = 3 
35. Show that f[g(x)] # g[f(x)]. 36. Given that f(x) = 37 + 5 and f ‘(x)= roe 

find f-'[f(x)]. 

For each set, determine (a) the domain, (b) the range, (c) whether the set defines a function, and (a) whether the set defines 

a one-to-one function. (Hint: You can review the concept of domain and range in Section 3.5 if necessary.) 

378 = {(3.7), (7,3), (0,8), (0, -8)} 38. A = {(100, 10), (200, 20), (300, 30), (400, 10) } 

d= {(4.2).(3.4),(-4-3),(49)} 40. F = {(3,7), (2,1). (0,-3), (1,1)} 
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PO ——sSCsC Lee 
Find the inverse of each of the following one-to-one functions. 

41. A= {(3.4) (-2, -3),(- -;) (s. +)} 42. f(x) =-Sx +2 

: 6 
e = —8 = eo — 43. g(x) 4x 44, h(x) oa 

45. p(x) = Wxt+1 46. r(x) =x° +2 

Find the inverse of each function. Graph the function and its inverse on one coordinate plane. Use a sheet of graph paper 
and a set of axes similar to the one shown. Then on that same set of axes, graph the line y = x as a dashed line. 

ae a! 

3 
4. fy = 48.0 fe == +1 
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How Am | Doing? Chapter 11 Test 

MATE COACH MyLab™ Math (£9) Pearsonmathstats 4; [ | 

Answer the following test questions on a separate sheet of paper. After you take this test read 
} through the Math Coach on pages 721-722. Math Coach videos are available via MyLab Math and 

YouTube. Step-by-step test solutions in the Chapter Test Prep Videos are also available via MyLab Math 2 ‘& 

. _ and YouTube. (In the YouTube channel, PearsonMathStats, go to Playlist “Tobey Beginning and : 
Intermediate Algebra, 6e.”) 

yl 

4 
a 

4 

: 

For the function f(x) = =x — 2, find the following: 

1. f(-8) 2. f(3a) 3. f(a) — f(2) 

For the function f(x) = 3x? — 2x + 4, find the following: 4. 

L 

p 4. f(-6) Mes. f(a +1) 

6. f(a) + f(1) 7 (Qo : 

___ Look at each graph below. (a) Does the graph represent a function? (b) Does the 

graph represent a one-to-one function? 

8. y 9, 6. 

; 

| : i 

x % 

i 
; ip 8. (a) 
j i 

Graph each pair of functions on one coordinate plane. Use a sheet of graph paper 

and a set of axes similar to the one shown. 

Me10. f(x) = x 
\ Ete) (x - 1) 3 A 

| 

q Geen ico oh aee 10. 

i ihe _ = — * 4 | es 
et fee = = “— ] 

12. (a) 

(b) 

5. 6EURUlUm LU ee ee oe ee 

: 

h 

12. If f(x) = 3x? — x — 6 and g(x) = —2x? + 5x + 7, find the following: (c) 

@) (f+ ex) ©) (F- 8x) © (F- 8-2) cs 



ee ee 
13. (a) 

(h) 

(c) 

14. (a) 

(b) 

(c) 

15. (a) 

(b) 

16. (a) 

(b) 

19. 

20. 

720 

a 

L] 

Total Correct: a | 

13. If f(x) = ax ~ Oand g(x) = 2x — 1, find the following: 

(a) (fg)(x) (b) (Z)an (ce) flg(x)] 

il : 
14. If f(x) = ae 3 and g(x) = 4x + 5, find the following: 

Me(a) (feg)(x) (b) (g°f)(x) (c) rea) (4) 

Look at the following functions. (a) Is the function one-to-one? (b) If so, find the 

inverse of the function. 

15. B = {(1,8), (8,1), (9,10)5 (10,9) } 

16.A = {(1,5),(2,1), (4 =e =1,5)+ 

17. Determine the inverse of f(x) = W2x — 1. 

Me 18, Find f7!. Graph f and its inverse f~! on one coordinate plane. Use a sheet of 
graph paper and a set of axes similar to the one shown. Graph y = x as a dashed 
line for a reference. 

Hie) = ok 2 

one eed 

19, Given that f(x) = = + and that f 4(x) = 

20. Find Tet A) = A tor fx) =7— &x. 



Students often make the same types of errors when they do the Chapter 11 Test. Here 

are some helpful hints to keep you from making those common errors on test problems. 

Chapter 11 Test, Problem 5 For the function f(x) = 3x* — 2x + 4, find f(a +1). 

MAT COACH 
Mastering the skills you need to do well on the test. 

HELPFUL HINT The key idea is to replace every x by the expression a + 1 and then ) 
simplify the result. Use parentheses around the substitutions to 

avoid calculation errors. 

Did you substitute a@+1 into the function to get 
3(a+ 1)? —- 2(a +1) + 4? 

Yese= = No 

Did you evaluate (a + 1)? to get a” + 2a + 1? 

Yes No 

If you answered No to these questions, remember to re- 
place every x with a + 1. Use parentheses to avoid calcu- 
lation errors. Note that when you square a binomial, you 
must be sure to write down all the terms. 

Chapter 11 Test, Problem 10 Graph each pair of functions on one coordinate plane. 

Next, did you simplify further to obtain 
Oat Gao = 2p — 24 4? 

Yes === No 

If you answered No, remember to multiply all three terms 
of a? + 2a + 1 by 3. Multiply both terms of a + 1 by —2. 

In your final step, collect like terms to write your answer in 
simplest form. 

If you answered Problem 5 incorrectly, go back and rework 
the problem using these suggestions. 

f(x) = x? 

| HELPFUL HINT First graph f(x). The graph of f(x — h) + k is the graph of f(x) shifted h units to the right and k units upward ) 

Can you determine that the graph of f(x) = x” passes 
through the points (0,0), (1,1), (—1, 1), (2,4), and (—2, 4)? 

Yes No 

If you answered No, try building a table of values in which 
~ you replace x with 0, 1, —1,2, and —2 and find the corre- 
sponding values of f(x). Plot those points and connect the 
points with a curve to form the graph of f(x) = x’. 

Do you see that the function g(x) = (x — 1)? + 3 has 
the values of h = 1 and k = 3 when you apply the Helpful 
Hint? 

Yes No 

Did you find that the graph of g(x) is the graph of f(x) 
shifted one unit to the right and 3 units up? 

Yes No 

If you answered No to these questions, reread the Helpful 
Hint carefully. Notice that the values of h and k are both 

greater than zero. 

Finish by graphing g(x) on the same coordinate plane as 
your graph of f(x). 

If you answered Problem 10 incorrectly, go back and re- 
work the problem using these suggestions. 

Need more help? Watch the MAT ii COACH videos in MyLab™ Math or on YouTube. 
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Chapter 11 Test, Problem 14(a) If f(x) = x — 3and g(x) = 4x + 5, find (fog) (x) 

HELPFUL HINT First rewrite ( f° g)(x) as f[g(x)]. Most students find this expression more logical. 
Then substitute g(x) for the value of x in f(x). 

First, did A, rewrite the problem as 
If you answered No, remember that 5 (4x) = 2x and 

oS eed 1 ; , 
fst) = 5 (ae eek °) (5) = _ As your final step, combine like terms to write 

your expression in simplest form. Yes No 

If you answered No, substitute the expression for g(x) for If you answered Problem 14(a) incorrectly, go back and 
the value of x in the expression for f(x). rework the problem using these suggestions. 

Next did you simplify the resulting expression to 

flg(x)] = 2x + : == Sy) 

Yes No 

Chapter 11 Test, Problem 18 Given f(x) = —3x + 2, find f'. Graph f and its inverse f! on one coordinate plane. 
Use a sheet of graph paper. Graph y = x as a dashed line for reference. 

HELPFUL HINT Use the lowing four Tapa to find the inverse of a function: 

1. Replace f(x) with y. 

2. Interchange x and y. 

| 

3. Solve for y in terms of x. 

| 4. ayer au cle 

Did you substitute y for f(x) to get y = —3x + 2 and If you answered No, remember to add 3y to each side. Next 
then interchange x and y to get x = —3y + 2? add —x to each side and then divide each side of the equa- 

tion by 3. As your last step in finding the inverse, replace y 
Yes No with f-'(x). 

If you answered No, review the first two steps in the Helpful -1 Hint and perform these steps again. Remember to graph f(x) and f~'(x) on the same coor- 
dinate plane. Add the graph of y = x as a dashed line for 

f 1 p) reference. 
Did you solve the equation for y to get y = — 37 4 3° 

If you answered Problem 18 incorrectly, go back and re- 
es No work the problem using these suggestions. 

Need more help? Look for section examples marked with Mg to review. 
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-mathematical principles. 

CHAPTER 

Logarithmic 
and Exponential 
Functions 

CAREER OPPORTUNITIES 

Statistician 

Statisticians collect, organize, and analyze data to 

help guide decision making and answer questions. 

Because so much of the world is data driven, their 

work impacts nearly every aspect of people’s daily 

lives. Whether it is to solve problems or to inform, 

a statistician’s work in sports, healthcare, business, 

and many other areas requires the application of 

To investigate how the mathematics in this 

chapter can help with this field, see the Career 

Exploration Problems on page 767. 



724 Chapter 12 Logarithmic and Exponential Functions 

12.1], The Exponential Function @® 

Gi Graphing an Exponential Function @® 
After studying this section, you will 

be able to: 

| Graph an exponential 
function. @® 

Solve elementary exponential 
equations. @® 

Solve applications requiring 
the use of an exponential 
equation. @® 

Student Practice 1 

We have defined exponential equations a* = b for any rational number x. For 
example, 

; 

1 
Ves ae 

Die), and 
idee p it AO. XY 517. 

We can also define such equations when x is an irrational number, such as a or V2. 
However, we will leave this definition for a more-advanced course. 

We define an exponential function for all real values of x as follows: 

DEFINITION OF EXPONENTIAL FUNCTION 

The function f(x) = b*, where b > 0, b ¥ 1, and xis areal number, is called 

an exponential function. The number 5 is called the base of the function. 

Now let’s look at some graphs of exponential functions. 

Example 1 Graph f(x) = 2%. 

Solution We make a table of values for x and f(x). 

fl-t)=2'=5, f(0)=29=1, fa) =2'=2 
Verify the other values in the table below. We then draw the graph. 

Notice how the curve of f(x) = 2* comes very close to the x-axis but never 
touches it. The x-axis is an asymptote for every exponential function of the form 

f(x) = b*, where b > 0,b # 1, and x is areal number. You should also notice that 

f(x) is always positive, so the range of fis the set of all positive real numbers (where- 
as the domain is the set of all real numbers). When the base is greater than one, as x 

increases, f(x) increases faster and faster (that is, the curve gets steeper). Oo 

Student Practice 1 Graph f(x) = 3* ona sheet of graph paper, using 
a coordinate system similar to the one shown in the margin. 



J 

} 

\ 

tod eS wn 

Section 12.1 The Exponential Function 

alt x 

Example 2 Graph f(x) = (5) ‘ 

. IPE 1\* 

Solution We can write f(x) = (5) as f(x) = (3) = (2, )> moe and 

evaluate it for a few values of x. We then draw the graph. 

x | f(x) 

5) | 8 

ee 3 
alts 

One o 

ra be 
2 

2.\. 4 
4 

Student Practice 2 
Note that as x increases, f(x) decreases. y 

of 
: a AN 

= Student Practice 2 Graph f(x) = (=) on a sheet of graph paper, i 

using a coordinate system similar to the one shown in the margin. . al 

A 
To Think About: Comparing Graphs Look at the graph of f(x) = 2* in Example 1 | 

= l . ee aK il and the graph of f(x) = (5) = 2 “in Example 2. How are the two graphs related? a 7 Me RAS 

=]. i 

Example 3 Graph f(x) = 3*~?. 

Solution We will make a table of values for a few values of x. Then we will graph 
the function. 

Student Practice 3 

y 

9 
8 

oy 
“6 
a5 
if 
3 
2 
at 

We observe that the curve is that of f(x) = 3* except that it has been shifted 
2 units to the right. oO 

Student Practice 3. Graph f(x) = 3**? on a sheet of graph paper, 
u sing a coordinate system similar to the one shown in the margin. 
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726 Chapter 12 Logarithmic and Exponential Functions 

Student Practice 4 

To Think About: Graph Shifts How is the graph of f(x) = 3**? related to the 
graphof f(x) = 3°? Without making a table of values, draw the graph of f(x) = ae 
Draw the graph of f(x) = 3*~>. 

For the next example we need to discuss a special number that is denoted by 
the letter e. The letter e is a number like 7. It is an irrational number. It occurs in 
many formulas that describe real-world phenomena, such as the growth of cells and 
radioactive decay. We need an approximate value for e to use this number in calcu- 
lations:e * 2.7183. 

The exponential function f(x) = e* is an extremely useful function. We usual- 
ly obtain values for e* by using a calculator or a computer. If you have a scientific cal- 
culator, use thele*]key. (Many scientific calculators require you to press[SHIFT | 

or[2nd F] “ialorlINV1 [In|to obtain the operation e*.) If you have a calculator that 
is not a scientific calculator, use e ~ 2.7183 as an approximate value. 

Example 4 Graph f(x) = e’. 

Solution We evaluate f(x) for some negative and some positive values of x. We 
begin with f(—2). 

To find f(-—2) = e” on a scientific calculator, we enter —2[e*] and obtain 
0135335283 as an approximation. (On some scientific calculators you will need 
to use the keystrokes 2 or 2|SHIFT] or 2[INV] [in].) Thus, 
f(-2) = e* = 0.14 to the nearest hundredth. 

x | fod 

=2 | 014 
aT 037 

0 |1 
1 92 
2 | 7.39 

oO 

Student Practice 4 Graph f(x) = e*~? on a sheet of graph paper, 
u sing a coordinate system similar to the one shown in the margin. 

To Think About: Graph Shifts Look at the graphs of f(x) = e* and f(x) = e*~?. 
Describe the shift that occurs. Without making a table of values, draw the graph of 

fx) =a ; 

P] Solving Elementary Exponential Equations @® 

All the usual laws of exponents are true for exponential functions. We also have the 
following important property to help us solve exponential equations. 

PROPERTY OF EXPONENTIAL EQUATIONS 

If bX = bY, then x = y for b > Oand b # 1. 
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&¢ Example 5 Solve. 2* = 7 Student Practice 5 

Solution To u Solve. 2 = <= se the property of exponential equations, we must 32 

have the same base on both sides of the equation. 

1 
ie 

R 16 
1 For all Student Practice problems, write out 

an = 4 Because 24 = 16. the steps on a separate sheet of paper. Check 
os eee eerise eet 7-4 the step-by-step solutions in the back of the 

wi Pe textbook. 
x = —4 Property of exponential equations. ol 

Solving Applications Requiring the Use 

of an Exponential Equation @® 

An exponential function can be used to solve compound interest exercises. If a prin- 
_ cipal amount P is invested at an interest rate r compounded annually, the amount of 
money A accumulated after t years is A = P(1 +r)’. 

Example 6 Ifa young married couple invests $5000 ina high-yield bond that pays 
10% interest compounded annually, how much will they have in 3 years? 

Solution Here P = 5000,r = 0.10, and t = 3. 

A=P(1+,r)! 

= 5000(1 + 0.10) 

= 5000(1.10)° 

= 5000(1.331) 

= 6655.00 

The couple will have $6655.00. 
If you have a scientific calculator, you can find the value of 5000(1.10)? im- 

mediately by using the key and the key. On most scientific calculators you 
can use the following keystrokes. 

5000 [x] 1.10 | y*]3 [=] 6655.00 o 

Student Practice 6 Uncle Jose invests $4000 in a venture that prom- 
i ises to pay 7% interest compounded annually. How much will he have in 2 years? 

Interest is often compounded quarterly or monthly or even daily. Therefore, 
a more useful form of the interest formula that allows for variable compounding is 
needed. If a principal P is invested at an annual interest rate r that is compounded n 
times a year, then the amount of money A accumulated after ¢ years is 

r \r 

A=P(i+")" 
n 

Example 7 If we invest $8000 in a fund that pays 6% annual interest compound- 
ed monthly, how much will we have after 6 years? 

Solution In this situation P = 8000, r = 6% = 0.06, and n = 12. The interest 
is compounded monthly or twelve times per year. Finally, t = 6 since the interest 
will be compounded for 6 years. 

Continued on next page 
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Graphing Calculator 

Exploration 

Graph the function 
f(t) = 10e7 00016008: from 

Example 8 for t = 0 to 

t = 100 years. Now graph 
the function for t = 0 to 

t = 2000 years. What 
significant change is there 

in the two graphs? From the 

graphs, estimate a value of f 
for which f(t) = 5.0. (Round 
your value of ft to the nearest 

hundredth.) 

= 8000(1 + 0.005)” 

8000(1.005)” 

8000 (1.432044278 ) 

11,456.35423 

Rounding to the nearest cent, we obtain the answer $11,456.35. Using a scien- 
tific calculator, we could have found the answer directly by using the following 

keystrokes. 

sooo(1 + 208)" 

( 
( 

v 

u 

8000 1.005 [y*] 72 [=] 11,456.35423 

Depending on your calculator, your answer may contain fewer or more digits. O 

Student Practice 7 How much money would Collette have if she in- 
vested $1500 for 8 years at 8% annual interest if the interest is compounded quar- 
terly? Round your answer to the nearest cent. 

Exponential functions are used to describe radioactive decay. The equation 
A = Ce™ tells us how much of a radioactive chemical element is left in a sample 
after a specified time. 

Example 8 The radioactive decay of the element americium 241 can be described 
by the equation 

— ,-0.00160087 A= Ce ; 

where C is the original amount of the element in the sample, A is the amount of the 
element remaining after ¢ years, and k = —0.0016008, the decay constant for ameri- 

cium 241. If 10 milligrams (mg) of americium 241 is sealed in a laboratory container 
today, how much will theoretically be present in 2000 years? Round your answer to 
the nearest hundredth. 

Solution Here C = 10 andt = 2000. 

A = 10e70-0016008(2000) — 4Q9~3.2016 

Using a calculator, we have 

A ~ 10(0.040697) = 0.40697 ~ 0.41 mg. 
—3.2016 The expression 10e can be found directly on some scientific calculators 

as follows: 

10 [X] 3.2016 [+/-=][e*] [=] 0.406970366 

ai calculators with no [e*] key will require the keystrokes [INV] [in] or 
[2nd F] [In Jor [SHIFT] |[In] i in place of the [e*]. ) 
wR 0.41 milligrams of americium 241 would be present in 2000 years. 

dee Student Practice 8 If 20 milligrams of americium 241 is present in a 
sample now, how much will theoretically be present in 5000 years? Round your 
answer to the nearest thousandth. 



Seah 

2.1) Exercises | MyLab™ Math 

Verbal and Writing Skills, Exercises 1 and 2 

On a separate sheet of paper, complete the following: 

1. An exponential function is a function of the form 2. The irrational number e is a number that is approxi- 

mately equal to . (Give your answer with 

four decimal places.) 

Graph each function on a sheet of graph paper, using a coordinate system similar to the one shown. 

3. f(x) =?" Ae fs) Leis (5) 
x 

eft) =o 8. f(x) = 4" 

9. f(x) = yd 10. f(x) = 2°~* 

en) = 3" Tyee) = 2 ae 

729 
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Graph each function on a sheet of graph paper, using a coordinate system similar to the one shown. 

15. f(x) =e)" 16. fay=e" 175 f(x) = 22 

>< 
i 

< 

Solve for x. 

21. 2*=4 22, 2° =8 23.27 = 1 

4, 25 Wee 268 3 
2 64 

27. 3% = 81 28. 3% = 27 29, 3° = 1 

30. 3° = 243 31, 3% = 2 32, 3% = = " P 9 ‘ : 

33. 4* = 256 34, 4% = - 35, 5*t1 = 125 

36. 2°73 = 128 37. 3-1 = 64 38, 54+1 = 195 

: é r nt 

To solve exercises 39-42, use the interest formula A = P(1 + r) . Round your answers to the nearest cent. 

39. Investments Alicia is investing $2000 at an annual 40. Investments Manza is investing $5000 at an annual 
rate of 6.3% compounded annually. How much mon- rate of 7.1% compounded annually. How much mon- 
ey will Alicia have after 3 years? ey will Manza have after 4 years? 

41. Investments How much money will Isabela have in 42. Investments How much money will Waheed have in 
6 years if she invests $3000 at a 3.2% annual rate of 3 years if he invests $5000 at a 3.85% annual rate of 
interest compounded quarterly? How much will she interest compounded quarterly? How much will he 
have if it is compounded monthly? have if it is compounded monthly? 



43. Bacteria Culture The number of bacteria in a cul- 

ture is given by B(t) = 4000(2‘), where t is the time 
in hours. How many bacteria will grow in the culture 
in the first 3 hours? In the first 9 hours? 

45. Diving Depth U.S. Navy divers off the coast of 
Nantucket are searching for the wreckage of an old 
World War II-era submarine. They have found that 
if the water is relatively clear and the surface is calm, 
the ocean filters out 18% of the sunlight for each 4 
feet they descend. How much sunlight is available at 
a depth of 20 feet? The divers need to use underwater 
spotlights when the amount of sunlight is less than 
10%. Will they need spotlights when working at a 
depth of 48 feet? 

47. Radium Decay The radioactive decay of radium 226 
can be described by the equation A = Ce~ 927%, 
where Cis the original amount of radium and A is the 

amount of radium remaining after ¢ years. If 12 milli- 
grams of radium are sealed in a container now, how 

much radium will be in the container after 100 years? 

Section 12.1 The Exponential Function 731 

44. College Tuition Suppose that the cost of a college 
education is increasing 4% per year. The equation 
C(t) = P(1.04)' forecasts the tuition cost t years 
from now and is based on the present cost P in dol- 
lars. How much will a college now charging $3000 for 
tuition charge in 10 years? How much will a college 
now charging $12,000 for tuition charge in 15 years? 

46. Sewer Systems The city of Manchester just put in a 
municipal sewer to solve an underground water con- 
tamination problem, and many homeowners would 
like to have sewer lines connected to their homes. It 
is expected that each year the number of homeown- 
ers who use their own private septic tanks rather than 
the public sewer system will decrease by 8%. What 

percentage of people will still be using their private 
septic tanks in 5 years? The city feels that the under- 

ground water contamination problem will be solved 
when the number of homeowners still using septic 
tanks is less than 10%. Will that goal be achieved in 

the next 25 years? 

Use an exponential equation to solve each problem. Round your answers to the nearest hundredth. 

48. Radon Decay The radioactive decay of radon 222 can 

be described by the equation A = Ce~®!®*", where C 
is the original amount of radon and A is the amount of 

radon after ¢ days. If 3.5 milligrams are in a laboratory 

container today, how much was there in the container 

1 day ago? 

Atmospheric Pressure Use the following information for exercises 49 and 50. The atmospheric pressure measured in pounds 
per square inch is given by the equation P = 14.7e°?"4, where d is the distance in miles above sea level. Round your answers 

to the nearest hundredth. 

49, What is the pressure in pounds per square inch on 50. What is the pressure in pounds per square inch expe- 
an American Airlines jet plane flying 10 miles above rienced by a man on a Colorado mountain at 2 miles 
sea level? above sea level? 

Professional Basketball Player The average salary of a National Basketball Association (NBA) player increased expo- 
nentially between 2016 and 2020 and is expected to continue to do so. The average annual salary A (in millions) can be ap- 

proximated by the equation A = Se“, where t is the number of years since 2016. Round your answers to the nearest whole 
number. (Source: www.espn.com) 

51. Using the given equation, determine the average sal- 
ary in 2016. In 2018. What was the percent increase 
from 2016 to 2018? 

52. Using the given equation, determine the average sal- 

ary in 2020, What does the equation predict will be 
the average salary in 2022? What is the expected per- 
cent increase from 2020 to 2022? 
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World Population Since the year 1750, the population of the world has been growing exponentially. The following table 
and graph contain population data for selected years and show a pattern of significant increases. 

Year 1750 | 1800 | 1850 | 1900 | 1950 

Approximate 
World Population 0.8 0.9 1) 1.61 De) 
in Billions 

*projected 

Source: www.census.gov 

53. 

54. 

Sa) 

Based on the graph, in approximately what year did 
the world population reach three billion people? 

Based on the graph, what was the approximate world 
population in 1900? 

The growth rate of the world population peaked in 
1963 at 2.1% per year, and growth continued at that 

rate through 1970. If that rate would have continued 
from 2000 to 2025, what would have been the world 

population in 2025? According to the graph, what 
will the population be in 2025? 

Cumulative Review Solve for x. 

57. (2.3.3) 5 ~— 2(3 = x) = 2(2x + 5) +1 

Quick Quiz 12.1 

1. Graph f(x) = 2*** ona sheet of graph paper, using a coor- 
dinate system similar to the one shown. 

Fx) 

World Population 

mm heh 

Population (in billions) 

nn 
‘Be 

1850 1950 2050* 
Year 

res 
1750 

*estimated 

Source: www.census.gov 

56. Some leaders have reported that the growth rate of 

Th ae 
58. [2.4.1] D +r 

2. 

the world population in 2010 was 1.14% but contin- 
ues to decrease. If this rate were to continue from 
2000 to 2050, what would be the population in 2050? 
According to the graph, what will the population ac- 
tually be in 2050? 

Dwayne invested $5500 at an annual rate of 4% 

compounded semiannually. How much money will 

Dwayne have after 6 years? 

. Solve for x, 3**? = 81 

. Concept Check Explain how you would solve 
d ape ek: 

4 6a" 
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\ i223 The Logarithmic Function 

) 

Logarithms were invented about 400 years ago by the Scottish mathematician John 
Napier. Napier’s amazing invention reduced complicated exercises to simple sub- 
traction and addition. Astronomers quickly saw the immense value of logarithms 
and began using them. The work of Johannes Kepler, Isaac Newton, and others 

would have been much more difficult without logarithms. 

The most important thing to know for this chapter is that a logarithm is an expo- 
nent. In Section 12.1 we solved the equation 2* = 8. We found that x = 3. The question 
we faced was, “To what power do we raise 2 to get 8?” The answer was 3. Mathematicians 
have to solve this type of problem so often that we have invented a short-hand notation 
for asking the question. Instead of asking, “To what power do we raise 2 to get 8?” we say 

instead, “What is log, 8?” Both questions mean the same thing, 
Now suppose we had a general equation x = b” and someone asked, “To what 

power do we raise b to get x?” We would abbreviate this question by asking, “What 
is log, x?” Thus, we see that y = log, x is an equivalent form of the equation x = b’. 

The key concept you must remember is that a logarithm is an exponent. We 

write log, x = y to mean that b to the power of y is x. That is, y is the exponent. 

DEFINITION OF LOGARITHM 

The logarithm, base b, of a positive number x is the power (exponent) to 

which the base 6 must be raised to produce x. That is, y = log, x is the same 
as X = bY, where b > Oandb # 1. 

Often you will need to convert logarithmic statements to exponential state- 

ments, and vice versa, to solve equations. 

EN Writing Exponential Equations in Logarithmic Form @® 

We begin by converting exponential statements to logarithmic statements. 

Example 1 Write in logarithmic form. 
iL = 34 ee ns Ain (a) 81 = 3 (b) 100 10 

Solution We use the fact that x = b” is equivalent to log, x = y. 

(a) 81 = 34 
Here x = 81, b = 3, and y = 4. So 4 = log; 81. 

1 
pag = 10 (>) x00 

i 1 
Here x = ——, b = 10, and y = —2.So0 -2 = losuo( 325). : 100’ 100 

Section 12.2 The Logarithmic Function 733 

Student Learning Objectives 

After studying this section, you will 

be able to: 

1 | Write exponential equations in 
logarithmic form. @® 

Write logarithmic equations in 
exponential form. @® 

Solve elementary logarithmic 
equations. @® 

Graph a logarithmic 

function. @® 

John Napier 
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tee Student Practice 1 Write in logarithmic form. 

= 72 teres: (a) 49 =7 (b) 7 4 

F] writing Logarithmic Equations in Exponential Form @® 

If we have an equation with a logarithm in it, we can write it in the form of an 
exponential equation. This is a very important skill. Carefully study the following 
example. ; 

Example 2 Write in exponential form. 

1 
(a) 2 = logs 25 (b) -—4 = loan( sahp5) 

Solution 

(a) 2 = logs 25 

Here y = 2,b = 5, and x = 25. Thus, since x = b’, 25 = 5”. 

il 
(b) -4 = loa saamn) 

Here y = —4,b = 10, andx = : So Sei 41074 oO y + BPE aa 0:000" 40,000 

Student Practice 2. Write in exponential form. 

(a) 3 = logs 125 (b) -2 = lose =) 

Solving Elementary Logarithmic Equations @® 

Many logarithmic equations are fairly easy to solve if we first convert them to an 
equivalent exponential equation. 

Example 3 Solve for the variable. 

(a) logsx = —3 (b) log, 16 = 4 

Solution 

(a) Sx (b) at = 16 

A ay a=? 
5 =2 

ae o 
125 

Student Practice 3 Solve for the variable. 

(a) log, 125 = 3 (b) log) /2 32 = x 

With this knowledge we have the ability to solve an additional type of 
exercise. 
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\ Example 4 Evaluate. log; 81 

Solution Now, what exactly is the exercise asking for? It is asking, “To what pow- 
er must we raise 3 to get 81?” Since we do not know the power, we call it x. We have 

log; 81 = x 

81 = 3* Write an equivalent exponential equation. 

34 = 3% Write 81 as 3*. 
x=4 Ifb* = b’,thenx = yforb > Oandb # 1. 

Thus, log; 81 = 4. oO 

Student Practice 4 Evaluate. log, 0.1 

24 Graphing a Logarithmic Function @® 

We found in Chapter 11 that the graphs of a function and its inverse have an inter- 
esting property. They are symmetric to one another with respect to the line y = x. 
We also found in Chapter 11 that the procedure for finding the inverse of a function 
is to interchange the x and y variables. For example, y = 2x + 3 and x = 2y + 3 
are inverse functions. In similar fashion, y = 2* and x = 2” are inverse functions. 

Another way to write x = 2” is the logarithmic equation y = log) x. Thus, the log- 
arithmic function y = log, x is the inverse of the exponential function y = 2*. If we 
graph the function y = 2* and y = log, x on the same set of axes, the graph of one 
is the reflection of the other about the line y = x. 

Example 5 Graph y = log, x. 

Solution If we write y = log, x in exponential form, we have x = 2”. We make 
a table of values and graph the function x = 2”. 

In each case, we pick a value of y as a first step. 

ies = ne OS —_ 
If y = -2, x=2?=2 "oe as 

1 
If y= -1 =2'=5 

ys 2 x 2 

If y= 0, Rize 2 ss 

If y=, xe Qhie 
If ya oe 

x 

1 

4 

il 

2 
1 

2, 

4 

735 
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tee Student Practice 5 Graph y = log; 2.x ona sheet of graph paper, using 
a coordinate system similar to the one shown. 

f(x) = a“ and f(x) = log, x are inverse functions. As such they have all the 
properties of inverse functions. We will review a few of these properties as we study 
the graphs of two inverse functions, y = 2* and y = log) x. 

Example 6 Graph y = log) x and y = 2” on the same set of axes. 

Solution Make a table of values (ordered pairs) for each equation. Then draw 
each graph. 

Note that y = log, x is the inverse of y = 2* because the ordered pairs (x, y) are 

reversed. The sketch of the two equations shows that they are inverses. If we re- 
flect the graph of y = 2* about the line y = x, it will coincide with the graph of 
y = logo x. 

Recall that in function notation, f~' means the inverse function of f. Thus, if 

we write f(x) = logy x, then f-!(x) = 2”. oO 

|C=>| Student Practice 6 Graph y = log,x and y = 6 on the same set of 
axes. Use a sheet of graph paper and a coordinate system similar to the one shown. 



fi22] Exercises 

Verbal and Writing Skills, Exercises 1-4 

MyLab™ Math 

On a separate sheet of paper, complete the following: 

1. A logarithm is an 2. In the equation y = log, x, the value b is called the 

3. In the equation y = log, x, the domain (the set of 4, In the equation y = log, x, the permitted values of b 

permitted values of x) is : are 

Write in logarithmic form. 

5, 49 = 7 6. 216 = 6 7. 128 = 27 

8. 100 = 10° 9, 0.001 = 10° 10. 0.04 = 5° 

a pe 11. a2 2 12. 642 

13. j= e° 14. y =e? 

Write in exponential form. 

15. 2 = log; 9 16. 2 = log, 4 17. 0 = logy7 1 

1 1 
18. 0 = logy3 h 19. 2 = logy, 4 20. > = log¢48 

1 
21, —2 = logy 0.01 22. —1 = logy) 0.1 23. —-4= loss( 2) 

24. -7=1 (35) 25. —— = lo 26. in Hise 35 < i. O82 128 bd 2 Se x ~ 5 Se 

Solve. 

27. logsx = 4 28. 3 = log; x 29. logipx = —3 30. logiyx = -1 31. log, 64 = y 

1 1 
32. log, 343 = y 33. loze( 2) =y 34, loss( sty] =y 35. log, 121 = 2 36. log, 81 = 2 

1 
37. log, 1000 = 3 38. log, 100 = 2 39. logos5 = w 40. logg2 = w 41. loss( +) = Ww 

1 
42. log;, 1 = w 43. logis; w = 0 44, logiy w = —-4 45. log, 3 = 5 46. log, 2 = 3 

Evaluate. 

47. logy, 0.001 48. log), 0.0001 49. log, 128 50. logs 125 51. logs; 1 

i. 
52. logis = 53. log, V6 54. log; V3 55, logs7 1 56. logs 55 

737 
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Graph on a sheet of graph paper, using a coordinate system similar to the one shown. 

Sie 

60. 

58. logyx = y log3x = y 

logy /3 x Sey, 

ee 

61. logigx = y 

59. logij4x = y 

On a sheet of graph paper and a coordinate plane similar to the one shown, graph the function f and the function f~'. Then 

graph a dashed line for the equation y = x. 

63. fe) = log eh? 

Applications 

64 oo Ioan, f (x) = 4 

Chemist To determine whether a solution is an acid or a base, chemists check the solution’s pH. A solution is an acid if its 

pH is less than 7 and a base if its pH is greater than 7. The pH is defined by pH = —log,o(H*], where [H"] is the concentra- 
tion of hydrogen ions in the solution. 

65. 

67. 

= 69. 

The concentration of hydrogen ions in bleach is ap- 
proximately 107°. What is the pH of bleach? 

A food scientist knows that for jelly to gel properly, 
its pH needs to be close to 3.5. Find the concentration 
of hydrogen ions in the jelly. 

The chef of The Depot Restaurant has prepared a 
special balsamic vinaigrette salad dressing. What 
is the pH of the dressing if the concentration of 
hydrogen ions is 1.103 x 10°? The logarithm, 
base 10, of 0.001103 is approximately —2.957424488. 

Round your answer to three decimal places. 

66. 

68. 

S 70. 

The concentration of hydrogen ions in artichokes is 
approximately 10~>°. What is the pH of artichokes? 

A lawn care employee tested a customer’s soil and 

found that it had a pH of 7. Find the concentration of 
hydrogen ions in the soil. 

The EPA is testing a batch of experimental industrial 
solvent with a pH of 9.25. Find the concentration of 

hydrogen ions in the solution. Give your answer in 
scientific notation rounded to three decimal places. 
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Marketing Manager Jamie is the marketing manager for Easy Tax, a company that produces tax software for people who 

want to use their home computers to file their income tax returns. In the first two years of sales of the software, Jamie has 
found that for N sets of software to be sold, the company needs to invest d dollars for advertising according to the equation 

N = 1200 + 2500 logio d, 

where d is always a positive number greater than or equal to 1. 

71. How many sets of software were sold when they spent 
$10,000 on advertising? 

73. They have a goal for two years from now of selling 
18,700 sets of software. How much should they spend 
on advertising two years from now? 

Cumulative Review 

75. [3.4.4] Find an equation of the line perpendicular 
2 

toy = —3* + 4 that contains (—4,1). 

77. [12.1.3] Viral Culture The number of viral cells in a 

laboratory culture in a biology research project is giv- 
en by A(t) = 9000(2'), where ¢ is measured in hours. 

(a) How many viral cells will be in the culture after 
the first 2 hours? 

(b) How many viral cells will be in the culture after 

the first 12 hours? 

Quick Quiz 12.2 

1. Evaluate log; 81. 

3. Solve for w. logs73 = w 

72. How many sets of software were sold when they spent 
$100,000 on advertising? 

74. They have a goal for next year of selling 16,200 sets of 
software. How much should they spend on advertis- 
ing next year? 

76 [3.3.1] Find the slope of the line containing (—6, 3) 
and (—1,2). 

78. [12.1.3] College Tuition Assume the cost of a college 
education is increasing at 4% per year. The equation 
C(t) = P(1.04)' forecasts the tuition cost t years 
from now, based on the present cost P in dollars. 

(a) How much will a college now charging $9500 for 
tuition charge in 5 years? 

(b) How much will a college now charging $16,500 

for tuition charge in 10 years? 

. Solve for x. logo x = 6 

. Concept Check Explain how you would solve for x. 

Bie log, x 9) Se 
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{i239 Properties of Logarithms ® 

Student Learning Objectives 

After studying this section, you will 

be able to: 

1 | Use the property 
log, MN = log, M + log, N. @® 

Use the property 
M o0s(‘) = loa» M — log, N. 

3 | Use the property 

logy MP = plog,M. @® 

4 | Solve simple logarithmic 
equations. @® 

El Using the Property log, MN = log, M + log,N @® 

We have already said that logarithms reduce complex expressions to addition and 
subtraction. The following properties show us how to use logarithms in this way. 

PROPERTY 1: THE LOGARITHM OF A PRODUCT 

For any positive real numbers M and N and any positive base b # 1, 

logy MN = log, M + log, N. 

To see that this property is true, we let 

log, M=x and log, N= y, 

where x and y are any values. Now we write the statements in exponential notation: 

bX =M and DY =N. 

Then 

MN = b*bY = b**” Laws of exponents. 

If we convert this equation to logarithmic form, then we have the following: 

log, MN=x+y Definition of logarithm. 

log, MN = log, M + log, N_ By substitution. 

Note that the logarithms must have the same base. 

Example 1 Write log; YZ as a sum of logarithms. 

Solution By property 1, log; XZ = log; X + log; Z. oO 

Student Practice 1 Write log; WXY as a sum of logarithms. 

Example 2 Write log; 16 + log; x + log; y as a single logarithm. 

Solution If we extend our rule, we have log, MNP = log, M + log, N + log, P. 

Thus, 

log; 16 + log; x + log; y = log; 16xy. | oO 

Student Practice 2 Write log, w + log, 8 + log, x asa single logarithm. 

M 
P] Using the Property joa,() = log,M — log,N @® 

Property 2 is similar to property 1 except that it involves two expressions that are 
divided, not multiplied. 

PROPERTY 2: THE LOGARITHM OF A QUOTIENT 

For any positive real numbers M and N and any positive base b # 1, 

M 
ioa.( 4) = logy M — log, N. 

Property 2 can be proved using a similar approach to the one used to prove 
property 1. We encourage you to try to prove property 2. 



Section 12.3 Properties of Logarithms 741 

\ Example 3 write toss( =) as the difference of two logarithms. 

Solution 

29 
loss( 2) = log; 29 — log; 7 oO 

deed Student Practice 3 17 
ize Write loas( 2) as the difference of two logarithms. 

Example 4 Express log, 36 — log, 9 as a single logarithm. 

Solution 

36 
log, 36 — log, 9 = log, payer log, 4 O CAUTION: 

Be sure you understand property 2! 
i bes : ; log, M f= Student Practice 4 Express log, 132 — log, 4 as a single logarithm. eS = Geil = lope 

b 

Do you see why? 
Using the Property log, M° = plog,M @® 

We now introduce the third property. We encourage you to try to prove Property 3. 

PROPERTY 3: THE LOGARITHM OF A NUMBER RAISED TO A POWER 

For any positive real number M, any real number p, and any positive base 
b# 1, 

log, MP = p log, M. 

Example 5 Express log; 5‘ as a product. 

Solution log, 5* = 4log;5 o 

r= Student Practice 5 Express log, 12° as a product. 

Sometimes we will need to use more than one property to simplify 
an expression containing logarithms. i= Madant Practica Go WWaie 

1 
1 = log, x — 5 log, y as one logarithm. 

Me Example 6 Write log, x + 2 log, w — 3 log, z as asingle logarithm. 3 

Solution First, we must eliminate the coefficients of the logarithmic 
terms. 

log, x‘? + log, w? — log, z?_ By property 3. For all Student Practice problems, write 

Now we can combine either the sum or difference of the logarithms. out the steps on a separate sheet of paper. 
, Check the step-by-step solutions in the back We'll do the sum. 

of the textbook. 
log, x'/3w? — log, z>_ By property 1. 

Now we combine the difference. 

yaya 
log, 5 By property 2. 

% oO 
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[t=s9 Student Practice 9 
Find x if 
logig x — logig(x + 3) = —1. 

For all Student Practice prob- 
lems, write out the steps on a 
separate sheet of paper. Check 
the step-by-step solutions in 
the back of the textbook. 

4,,3 53 ' 
Example 7 Write toas( #2) as a sum or difference of logarithms, 

z 
4,3 ; " 

Solution log, aes log, x+y? — log, 2? By property 2. 
ze : 

= log, x* + log, y> — log, 2” By property 1. 

= 4log, x + 3 log, y — 2log, z By property 3. «7 68 

Student Practice 7 xy) 
Write toss“) as a sum or difference of logarithms. 

Z¥ solving Simple Logarithmic Equations @® 

A major goal in solving many logarithmic equations is to obtain a logarithm on one 
side of the equation and no logarithm on the other side. In Example 8 we will use 
property 1 to combine two separate logarithms that are added. 

Example 8 Find x if log, x + log) 5 = 3. 

Solution log,5x =3 Use property 1. 

5x = 23 Convert to exponential form. 

5x = 8 Simplify. 

oF 5 Divide both sides by 5. Oo 

b= Student Practice 8 Find x iflogyx + logy5 = 2. 

In Example 9, two logarithms are subtracted on the left side of the equation. We 
can use property 2 to combine these two logarithms. This will allow us to obtain the 
form of one logarithm on one side of the equation and no logarithm on the other side. 

Mig Example 9 Find x if log;(x + 4) — log;(x — 4) = 2. 

Solution 

x+4 loas( ) = 9) Use property 2. 
se 

x+4 
ee 32 Convert to exponential form. 

an 

x +4=9(x — 4) Multiply each side by (x — 4). 

x+4=9x — 36 Simplify. 

40 = 8x 

5S=x o 

To solve some logarithmic equations, we need a few additional properties of 
logarithms. We state these properties now. 



positive values of x and y. 

Property 4 log,b=1 

Property 5 log, 1=0 

Property 6 If log, x = logy y, then x = y. 

We now illustrate each property in Example 10. 

Example 10 

(a) Evaluate log, 7. 

(b) Evaluate logs 1. 

(c) Find x if log; x = log; 17. 

Solution 

(a) log, 7 = 1 because log, b = 1. Property 4. 

(b) log; 1 = 0 because log, 1 = 0. Property 5. 

(c) Iflog3x = log3 17, then x = 17. Property 6. 

tee Student Practice 10 Evaluate. 

(a) log71 (b) logs 8 (c) Find y if logy, 13 = log;2(y + 2). 

Section 12.3 Properties of Logarithms 

The following properties are true for all positive values of b # 1 and all 

We now have the mathematical tools needed to solve a variety of logarithmic 

equations. 

Example 11 Find x if 2 log; 3 — 4 log, 2 = log; x. 

Solution Wecan use property 3 in two cases. 

2 log, 3 = log, 37 = log, 9 

4 log, 2 = log, 2* = log, 16 

By substituting these results, we have the following. 

log; 9 — log, 16 = log; x 

losr( =.) = log;x Property 2. 

9 
= = x Property 6. 16 perty 

Student Practice 11. Find x if log; 2 — log; 5 = log; 6 + log; x. 
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Express as a sum of logarithms. 

1. log; AB 

4. loge(13+5) 

Express as a difference of logarithms. 

2; 
cei = 7 om 2) 

G 
10. tons( =) 

Express as a product. 

13. logs a’ 

16. log, BO 

2. 

11. 

14, 

17. 

MyLab™ Math 

logy. CD 

log, 9f 

iB (=) 
£11 17 

lo (2) La F 

log; c® 

logs Vw 

3. logs(7+11) 

6. log, 10a 

15. log, A? 

18. logy Vm 

Mixed Practice Write each expression as a sum or difference of logarithms of a single number or variable. 

19. loge x’y 

22. loss( 2) 

Write as a single logarithm. 

27. log, 13 + logy y + log, 3 

30. 3 logg5 — logg z 

744 

20. 

23. 

26. 

28. 

31. 

log; ab? 

logs 8 + logs m + logs n 

if 
2 log, 7 + 3 1Oge vine 3 108, z 

21. logy (*) 

29. Slog;x — log;7 

il 
32. 4log,2 + 3 108s Z — 5 logan, 
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___ Use the properties of logarithms to simplify each of the following. 

33. log33 34. log, 7 35. log.e 36. logy, 10 

1 
37. logy 1 38. log, 1 39. 3 log, 7 + 4log, 1 40. 7 108s 5 — 8 logs 1 

Find x in each of the following. 

41. logge x = logg7 42. logy x = logy 5 43. logs;(2x + 7) = log; 29 

44, logis 26 = log,s(3x — 1) 45. log,;1 = x 46. log, 1 =x 

47. log77 =x 48. log;5 = x 49. logy 27 + logox = 2 

50. logiy x + logiy5 = 1 51. log, 7 = log) x — log, 3 §2. logs 1 = loge x — log, 9 

1 
53. 3 logs x = log; 8 54, 7 108s ¥ = log; 4 55. log. x = log.5 +-1 

56. log,x + log.7 = 2 57.. log.(S5x + 21) — logg(x + 3)= "1 "58. logs (3x.+ 8) — log.(x — 1) =2 

59, It can be shown that y = b!°8”, Use this property to 60. It can be shown that x = log, b*. Use this property to 

evaluate Sis + 387, evaluate log; W7 + logsV 6. 

Cumulative Review 

A 61. [1.8.2] Find the volume of a cylinder with aradius of A 62. [1.8.2] Find the area of a circle whose radius is 

2 meters and a height of 5 meters. Round your answer 4 meters. Round your answer to the nearest tenth. 
to the nearest tenth. Use 3.14 for 7. 

63. [4.1.4] Solve the system. 64. [4.2.2] Solve the system. 

oy 3y = 9 2x: = yi ag, = 3 

7x — dy = 25 x+2y+2z=1 
4x+ y+2z=0 
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In 2018, a study ranked the states according to how much per household was owed to credit card companies. Below is the 
information for Alaska (ranked #1) and Ohio (ranked #50). For each state, find the average credit card debt per household. 

Then find the percent of the average yearly household income that was owed to credit card companies. Round the debt to the 
nearest dollar and the percent to the nearest hundredth of a percent. 

65. (0.5.4, 5.2.2] Alaska 66. [0.5.4, 5.2.2] Ohio 

Number of households; 2.5 < 10° Number of households: 4.68 x 10° 

Total credit card debt for all households: $3.262 x 10° Total credit card debt for all households: $2.5 x 10!” 

Average yearly household income: $91,269 Average yearly household income: $82,986 

Quick Quiz 12.3 

3 

1. Express toas( ~) as asum or difference of logarithms. 2. Express 3 logsx + logs y — log¢S as a single logarithm. 
y 

: fat : : 
3. Find x if A logyx = log,25. 4. Concept Check Explain how you would simplify 

logio 0.001. 



Use Math to Save Money 

Did You Know? You can save money by purchasing store 
brand products. 

Food and Rice Prices 

Understanding the Problem: 

Many large stores and chains have their own brands of 

products. Store brand products often cost much less than the 

equivalent name brand products. For example, a one-pound 
bag of rice from a national name brand can cost $2.50. A 

one-pound bag of the same rice from a store brand might cost 
only $1.00. 

Making a Plan: 

Lucy and her family enjoy rice as part of their dinner four 

times a week. Lucy has a family of four that consumes ap- 

proximately 2/3 cup of rice with each meal. Lucy wants to 

calculate the cost of feeding her family and see if they can 
save money. 

Step 1: Lucy needs to know how much rice her family con- 

sumes in a week. 

Task 1: How many cups of rice does Lucy's family eat in a 
week? 

Task 2: If each cup of rice weighs approximately 21 ounces, 

what is the weight in ounces of the rice Lucy’s family eats in a 

week? 

Task 3: There are 16 ounces in a pound. Find the number of 

pounds of raw rice Lucy's family eats each week? 

Step 2: Lucy notices that her supermarket has its own brand of 
rice that is much less expensive than the brand she normally 

buys. She usually buys name brand rice for $2.66 per pound. 

The store brand is only 88 cents per pound. 

Task 4: Find out how much Lucy spends per week on the name 

brand rice. 

Task 5: Find out how much Lucy could save per week by buying 

the same amount of rice from the store brand. 

Task 6: Find the percent savings that Lucy gets by buying the 

store brand rice instead of the name brand. 

Finding a Solution: 

Step 3: Lucy realizes that she can have this kind of savings 

each week on all the food she buys by choosing the store 

brand products over the name brand. 

Task 7: If Lucy typically spends $162 per week on groceries by 

buying the name brand products, how much could she save in 

a year by purchasing all store brand products? 

Task 8: Lucy finds that her family still prefers some of the name 

brand products. She continues to buy some of the name brand 

products and some of the store brands. She finds that her weekly 
grocery bill is reduced to around $130 per week. It this continues, 

how much will she save in the course of a year? 

Applying the Situation to Your Life: 

You should calculate how much you spend on groceries every 
week. Then see how you can reduce that by purchasing store 
brands. You may not change to the store brand for all your 

shopping, but for every case where you do, you can often 

save money. 
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[12.43 Common Logarithms, Natural Logarithms, and 
Change of Base of Logarithms @® 

Student Learning Objectives 1 Finding Common Logarithms on a Scientific Calculator @® 

After studying this section, you will 4 though we can find a logarithm of a number for any positive base except 1, the 
be able to: most frequently used bases are 10 and e. Base 10 logarithms are called common 
El Find common logarithms. @® logarithms and are usually — with no subscript. 

Find the antilogarithm of a 

common logarithm. @® DEFINITION OF COMMON LOGARITHM 

Find natural logarithms. @® For all real numbers x > 0, the common logarithm of x is 

4 | Find the antilogarithm of a log x = logio x. 
natural logarithm. @® 

5 | Evaluate a logarithm to a base 
other than 10 ore. @® Before the advent of calculators and computers, people used tables of com- 

mon logarithms. Now most work with logarithms is done with the aid of a scientific 
calculator or a graphing calculator. We will take that approach in this section of the 
text. To find the common logarithm of a number on a scientific calculator, enter the 

number and then press the or key. 

Example 1 On ascientific calculator or a graphing calculator, find a decimal ap- 
proximation for each of the following. 

(a) log 7.32 (b) log 73.2 (c) log 0.314 

Solution 

(a) 7.32 [lo = (),864511081 Note that the only difference 
b) 73.2 ~ 1.864511081 in the two answers is the 1 

(b) 73. os ts before the decimal point. 
(c) 0.314 =~ —0.503070352 

Note: Your calculator may display fewer or more digits in the answer. oO 

fae’ Student Practice 1 Ona scientific calculator or a graphing calculator, 

find a decimal approximation for each of the following. 

(a) log 4.36 (b) log 436 (c) log 0.2418 

To Think About: Decimal Point Placement Why is the difference in the answers to 
Example 1 (a) and (b) equal to 1.00? Consider the following. 

log 73.2 = log(7.32 X 10') Use scientific notation. 

= log 7.32 + log 10! By property 1. 

= log 7.32 + 1 Because log, b = 1. 

= ().864511081 + 1 Use acalculator. 

= 1.864511081 Add the decimals. 

BJ Finding the Antilogarithm of a Common Logarithm 
on a Scientific Calculator @® 

We have previously discussed the function f(x) = log x and the corresponding in- 
verse function f~'(x) = 10*. The inverse of a logarithmic function is an exponential 
function. There is another name for this function. It is called an antilogarithm. 

If f(x) =logx (here the base is understood to be 10), then 
f(x) = antiogx = 103 



\ 
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Section 12.4 Common Logarithms, Natural Logarithms, and Change of Base of Logarithms 

Example 2 Find an approximate value for x if log x = 4.326. 

Solution Here we are given the value of the logarithm, and we want to find the 
number that has that logarithm. In other words, we want the antilogarithm. We 
know that log;) x = 4.326 is equivalent to 10***° = x, So to solve this problem, we 
want to find the value of 10 raised to the 4.326 power. Using a calculator, we have 
the following. 

4,326 = 21,183.61135 

Thus, x ~ 21,183.61135. (If your scientific calculator does not have a 
key, you can usually use or or to perform 
the operation.) Oo 

dee Student Practice 2 Using a scientific calculator, find an approximate 
value for x if log x = 2.913. 

Example 3 Evaluate antilog(—1.6784). 

Solution Asking what is antilog(—1.6784) is equivalent to asking what the val- 

ue is of 10-'°”**, To determine this on most scientific calculators, it will be necessary 
to enter the number 1.6784 followed by the] +/= | key. You may need slightly dif- 
ferent steps on a graphing calculator. 

1.6784| +/— |[10*| ~ 0.020970076 
Thus, antilog(—1.6784) ~ 0.020970076. o 

Student Practice 3. Evaluate antilog(—3.0705). 

Example 4 Using a scientific calculator, find an approximate value for x. 

(a) log x = 0.07318 (b) log x = —3.1621 

Solution 

(a) log x = 0.07318 is equivalent to 10°°77!8 = x, 

0.07318[10*] ~ 1.183531987 

Thus, x ~ 1.183531987. 

(b) log x = —3.1621 is equivalent to 10°>1°7! = x. 

3.1621 ~ (,0006884937465 

Thus, x ~ 0.0006884937465. 

(Some calculators may give the answer in scientific notation as 
6.884937465 x 10-4. This is often displayed on a calculator screen as 
6.884937465 —4.) oO 

ime Student Practice 4 Using a scientific calculator, find an approximate 
value for x. 

(a) log x = 0.06134 (b) log x = —4.6218 

Finding Natural Logarithms on a Scientific Calculator @® 

For most theoretical work in mathematics and other sciences, the most useful base 

for logarithms is e. Logarithms with base e are known as natural logarithms and are 

usually written In x. 
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DEFINITION OF NATURAL LOGARITHM 

For all real numbers x > 0, the natural logarithm of x is 

In x = log. x. 

On a scientific calculator we can usually approximate natural logarithms with 
the or [In| key. 

Example 5 Ona scientific calculator, approximate the following values, 

(a) In 7.21 (b) In 72.1 (c) In 0.0356 

Solution 

(a) 7.21 [In] ~ 1.975468951 
(b) 72.1[In] ~ 4.278054044 
(c) 0.0356 [In] ~ —3.335409641 
Note that there is no simple relationship between the answers to parts (a) and (b). 

Do you see why these are different from common logarithms? Oo 

Student Practice 5 On ascientific calculator, approximate the follow- 
ing values. 

(a) In 4,82 (b) In 48.2 (ce) In 0.0793 

Z4 Finding the Antilogarithm of a Natural Logarithm ona 
Scientific Calculator 

Example 6 On a scientific calculator, find an approximate value for x for each 
equation. 

(a) Inx = 2.9836 (b) Inx = —1.5619 

Solution 

(a) IfInx = 2.9836, then e778 = y, 

2.9836 [e*] ~ 19.75882051 

(b) If Inx = —1,5619, then e 16 = x, 

1.5619 ~ 0.209737192 o 

jie’ 4 Student Practice 6 On a scientific calculator, find an approximate 
value for x for each equation. 

(a) Inx = 3.1628 (b) Inx = —2.0573 

An alternative notation is sometimes used, This is antilog,(x). 

FJ Evaluating a Logarithm to a Base Other Than 10 ore @® 

Although a scientific calculator or a graphing calculator has specific keys for finding 
common logarithms (base 10) and natural logarithms (base e), there are no keys for 
finding logarithms with other bases. What do we do in such cases? The logarithm 
of a number for a base other than 10 or e can be found with the following formula. 
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CHANGE OF BASE FORMULA 

log, x 
logy X = Bo°8' 

where a, b, and x > 0,a ¥ 1, and b ¥ 1. 

Let’s see how this formula works. If we want to use common logarithms to find 
log; 56, we must first note that the value of b in the formula is 3. We then write 

logi956 log 56 
log; 56 = = : 
083 logy 3 log 3 

Do you see why? 

Example 7 Evaluate using common logarithms. log; 5.12 

log 5.12 

log 3 
Solution log;5.12 = 

On a calculator, we find the following. 

5.10 linc [ =] 1.486561234 

Our answer is an approximate value with nine decimal places. Your answer 
may have more or fewer digits depending on your calculator. oO 

Student Practice 7 Evaluate using common logarithms. logy 3.76 

If we desire to use base e, then the change of base formula is used with natural 
logarithms. 

Example 8 Obtain an approximate value for log, 0.005739 using natural loga- 
rithms. 

Solution Using the change of base formula, with a=e, b=4, and 

x = 0.005739, we have the following. 

log, 0.005739 In 0.005739 
log, 0.005739 = = 
a log, 4 In 4 

This is done on some scientific calculators as follows. 

0.005739 [In ] [+] 4[In] [=] —3.722492455 

Thus, we have logy 0.005739 ~ —3,722492455. 

Check. To check our answer we want to know the following. 

473.722492455 He 0.005739 

Using a calculator, we can verify this with the key. 

4| y*] 3.722492455 [+/—] [=] 0.005739 v o 

Student Practice 8 Obtain an approximate value for logg 0.009312 
using natural logarithms. 



Graphing Calculator 

Graphing Logarithmic 

Functions 

You can use the change of 
base formula to graph logarith- 

mic functions on a graphing 
calculator. 

To graph y = log, x in Example 
9 on a graphing calculator, enter 

x . 

into the Wyte Gay the function y = log 2 

Y = editor of your calculator. 

Display: 
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Example 9 Using a scientific calculator, graph y = log, x. 

If we use common logarithms (log;) x), then for each value of x, we will 
log x lo 
wae Therefore, to find y when x = 3, we need to calculate E , 
log 2 log 2 

On most scientific calculators, we would enter 3 [=] 2 [ = ] and obtain 
1.584962501. Rounded to the nearest tenth, we have x = 3 and y = 1.6. In a similar 
fashion we find other table values and then graph them. 

Solution 

need to calculate 

xX |y = log)x - 

0.5 =i) 

1 0 

2 | 1 

3 1.6 

4 2 

Student Practice 9 Using a scientific calculator, graph y = logs x. 
Sketch the graph on a sheet of graph paper, using a coordinate system similar to 
the one shown. 

x |y = logsx 



-\ 
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| fi24] Exercises 

Verbal and Writing Skills, Exercises 1 and 2 

MyLab™ Math 

1. Try to find log(—5.08) on a scientific calculator. What 
happens? Why? 

Use a scientific calculator to approximate the following. 

Soe 12.3 4. log 11.7 5. log 25.6 6. 

8. log 6 9. log 125,000 10. log 52,300 

Find an approximate value for x using a scientific or a graphing calculator. 

13. log x = 2.016 14. logx = 2.754 15. logx = —2 

17. log x = 3.9304 18. log x = 3.9576 19. log x = 6.4683 

21. log x = —3.3893 22. log x = —4.0458 23. logx = —1.5672 

Approximate the following with a scientific or a graphing calculator. 

25. antilog(7.6215) 26. antilog (4.3894) 27. antilog(—1.0826) 

29. 1n 5.62 30. In 8.81 31. In 1.53 

33. In 136,000 34. In 129,000 35. In 0.00579 

Find an approximate value for x using a scientific or a graphing calculator. 

Sila x= 0:95 38... Injx = 0.55 39.. Inx, = 2.4 

43. Inx ll 41. Inx = —0.05 42. Inx = —0.03 Ted 

Approximate the following with a scientific or a graphing calculator. 

45. antilog,(6.1582) 46. antilog,(1.9047) 47, antilog,(—2.1298) 

log 30.4 

11. log 0.0123 

16. 

20. 

24, 

28. 

32. 

36. 

40. 

44, 

48. 

2. Try to find log(—6.63) on a scientific or a graphing 
calculator. What happens? Why? 

O ga ~ Il | uw 

logx = 4.85 

log x = —1.2345 

antilog (—2.0083 ) 

In 7.35 

In 0.00134 

Inx = 4.4 

Inx = -3.8 

antilog, (—3.3712) 
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Use a scientific or a graphing calculator and common logarithms to evaluate the following. 

49. log; 9.2 50. log, 6.13 51. log, 7.35 52. log 9.85 

53. logs 0.127 54. logs 0.173 55. log,; 12 56. logy7 18 

Use a scientific or a graphing calculator and natural logarithms to evaluate the following. 

57. log, 0.07733 58. log7 0.004462 59. logs, 436 60. log39 913 

Mixed Practice Use a scientific or a graphing calculator to find an approximate value for each of the following. 

61. In 1537 62. log 92.81 63. antilog,(—1.874) 64. logs 0.5437 

Find an approximate value for x for each of the following. 

65. log x = 8.5634 66. Inx = 7.9631 67. logyx = 0.8645 68. log;x = 0.5649 

ge Use a graphing calculator to graph the following. 

69. y = loge x 70. y = logyx 

IAG = logy4 x Wee oe logo2 x 

Applications 

Median Age The median age of people in the United States is slowly increasing as the population ages. In 1980 the median 

age of the population was 30.0 years. This means that approximately half the population of the country was under 30.0 years 
old and approximately half the population of the country was over 30.0 years old. By 2035 the median age is expected to 
be 39.1 years. An equation that can be used to predict the median age N (in years) of the population of the United States is 

N = 32.53 + 1.55 In x, where x is the number of years since 1990 and x = 1. (Source: www.census.gov) 

73. Use the equation to find the median age of the U.S. 74. Use the equation to find the median age of the U.S. 
population in 2010 and in 2019. Round to the nearest population in 2012 and in 2021. Round to the nearest 
hundredth. If this model is correct, by what percent did hundredth. If this model is correct, by what percent will 
the median age increase from 2010 to 2019? Round to the median age increase from 2012 to 2021? Round to 
the nearest tenth of a percent. the nearest tenth of a percent. 



Section 12.4 Common Logarithms, Natural Logarithms, and Change of Base of Logarithms 755 

Seismologist One aspect of a seismologist’s job is to measure the magnitude of the many earthquakes that happen around 
_ the world each day. If an earthquake has a shock wave x times greater than the smallest shock wave that can be measured by 

a seismograph, then its magnitude R on the Richter scale is given by the equation R = log x. An earthquake that has a shock 
wave 25,000 times greater than the smallest shock wave that can be detected will have a magnitude of R = log 25,000 ~ 4.40. 

| (Usually we round the magnitude of an earthquake to the nearest hundredth.) 

75. What is the magnitude of an earthquake that has a 76, What is the magnitude of an earthquake that has a 
shock wave that is 56,000 times greater than the small- shock wave that is 184,000 times greater than the 

est shock wave that can be detected? smallest shock wave that can be detected? 

77. In May 2019, an earthquake of magnitude R = 8.0 78. In May 2019, an earthquake of magnitude R = 5.1 
occurred in Nepal. What can you say about the size of occurred in the Solomon Islands. What can you say 

the earthquake’s shock wave? about the size of the earthquake’s shock wave? 

Cumulative Review Solve the quadratic equations. Simplify your answers. 

79, [9.2.1] 3x2 - 11x -5 =0 80. [9.2.1] 2y? + 4y -3 =0 

Highway Exits On a specific portion of Interstate 91, there are six exits. There is a distance of 12 miles between odd-numbered 
exits. There is a distance of 15 miles between even-numbered exits. The total distance between Exit 1 and Exit 6 is 36 miles. 

81. [2.6.2] Find the distance between Exit 1 and Exit 2. 82. [2.6.2] Find the distance between Exit 1 and Exit 4. 

Find the distance between Exit 1 and Exit 3. Find the distance between Exit 1 and Exit 5. 

Quick Quiz 12.4 Use a scientific calculator to evaluate the following. 

1. Find log 9.36. Round to the nearest ten-thousandth. 2, Find x if log x = 0.2253. Round to the nearest 
hundredth. 

3. Find log; 8.26. Round to the nearest ten-thousandth. 4. Concept Check Explain how you would find x using a 
scientific calculator if Inx = 1.7821. 
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fi2.5 Exponential and Logarithmic Equations @® 

EE solving Logarithmic Equations @® 
After studying this section, you will ee In general, when solving logarithmic equations we try to collect all the logarithms 

on one side of the equation and all the numerical values on the other side. Then we 

1 | Solve logarithmic seek to use the properties of logarithms to obtain a single logarithmic expression on 

equations. @® one side. 
We can describe a general procedure for solving logarithmic equations. 

Solve exponential ‘ 
equaons Step 1 If an equation contains some logarithms and some terms without loga- 

rithms, try to get one logarithm alone on one side and one numerical value 
Solve applications using on the other. 

peepee pans Step 2 Then convert to an exponential equation using the definition of a logarithm. 

Step 3 Solve the equation. 

Example 1 Solve. log 5 = 2 — log(x + 3) 

Solution 

log5 + log(x +3) =2 Add log(x + 3) to each side. 

log|[5(x + 3)] =2 Property 1. | 

log(S5x + 15) =2 — Simplify. 

5x + 15 = 10? Write the equation in exponential form. 

5x + 15 = 100 Simplify. 
Graphing Calculator 

Solving Logarithmic 5x = 85 Subtract 15 from each side. 

Equations x =17 Divide each side by 5. 

Example 1 could be solved with Check. looS = 2. = loctimeae 
a graphing calculator in the ge : > ou ) 
following way. First write the log 5 = 2 — log 20 

equation as Since these are common logarithms (base 10), the easiest way to check the 
log 5 + log(x + 3) -2=0 answer is to find decimal approximations for each logarithm on a calculator. 

and then graph the function 0.698970004 = 2 — 1.301029996 

y = log5 + log(x + 3) —2 0.698970004 = 0.698970004  ¥ oO 

to find an approximate value 
for x when y = 0. aa Student Practice 1 Solve. log(x + 5) = 2 — log5 

Example 2 Solve. log3(x + 6) — log3(x — 2) =2 

Solution 

Bf ae 1S 
10g; (=e Property 2. a( ae S) evey 

HANG 2 eae ! 
5 = 3 Write the equation in exponential form. Pies 

a 

toh = 9 Evaluate 3°. 
Pea! 

x +6 =9(x — 2) Multiply each side by (x — 2). 

x+6=9x-—18 Simplify. 

24 = 8% Add 18 — x to each side. 

3 =x Divide each side by 8. 
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_ Check. 1og3(3 + 6) — log;(3 — 2) +2 

jog, 9 = log, 1 2"2 
2-042 

Seed Oo 

Student Practice 2 Solve. log(x + 3) — logx =1 

Some equations consist of logarithmic terms only. In such cases we may 
be able to use property 6 to solve them. Recall that this rule states that if b > 0, 
b A1,x > 0,y > 0, and log, x = log, y, then x = y. 

What if one of our possible solutions is the logarithm of a negative number? 
Can we evaluate the logarithm of a negative number? Look again at the graph of 
y = log, x on page 735. Note that the domain of this function is x > 0. (The curve 
is located on the positive side of the x-axis.) Therefore, the logarithm of a negative 
number is not defined. 

You should be able to see this by using the definition of logarithms. If log(—2) 
were valid, we could write the following. 

y = logio(—2) 
Es = 2 

Obviously, no value of y can make this equation true. Thus, we see that it is not pos- 

sible to take the logarithm of a negative number. 
Sometimes when we attempt to solve a logarithmic equation, we obtain a pos- 

sible solution that leads to the logarithm of a negative number. We can immediately 
discard such a solution. 

Example 3 Solve. log(x + 6) + log(x + 2) = log(x + 20) 

Solution 

log[(x + 6)(x + 2)] = log(x + 20) 

log(x? + 8x + 12) = log(x + 20) 

x? + 8x +12=x+ 20 

re Ix - 8 =0 

Gres) — 1).= 0 

x+8=0 x-1=0 

x=-8 % 

Check. log(x + 6) + log(x + 2) = log(x + 20) 

lI —_ 

x =1: log(1 + 6) + log(1 + 2) = log(1 + 20) 
log(7) + log(3) = log(21) 

log(7+3) = log 21 
log 21 = log21 V 

x = -8: log(—8 + 6) + log(—8 + 2) + log(—8 + 20) 

log(—2) + log(—6) # log(12) 

We can discard —8 because it leads to taking the logarithm of a negative number, 
which is not allowed. Only x = 1 is a solution. The only solution is 1. oO 

Student Practice 3 Solve log 5 — log x = log(6x — 7) and check your 
solution. 
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758 Chapter 12 Logarithmic and Exponential Functions 

Solving Exponential Equations @® 

You might expect that property 6 can be used in the reverse direction. It seems 
logical, for example, that if x = 3, we should be able to state that logy x = logy 3. 
This is exactly the case, and we will formally state it as a property. 

PROPERTY 7 

If x and y > 0 and x = y, then log, x = logy, y, where b > O and b # 1. 

Property 7 is often referred to as “taking the logarithm of each side of the 
equation.” Usually we will take the common logarithm of each side of the equation, 
but any base can be used. 

Example 4 Solve 2 = 7. Leave your answer in exact form. 

Solution 

log 2* = log7 Take the logarithm of each side (property 7). 

x log2 = log7 Property 3. 

_ log7 

: log 2 
Divide each side by log 2. Oo 

r= Student Practice 4 Solve 3* = 5. Leave your answer in exact form. 

When we solve exponential equations, it will often be useful to find an approx- 
imate value for the answer. 

Example 5 Solve 3* = 7*~!, Approximate your answer to the nearest thousandth. 

Solution 

log 3* = log7*~? 

xlog3 = (x — 1)log7 

x log 3 = xlog7 — log7 

xlog3 — xlog7 = —log7 

x(log 3 — log7) = —log7 

—log7 

ce log 3 — log7 

We can approximate the value for x on most scientific calculators by using the 
following keystrokes. 

7 [=}[03 Pos][=] 7 [log] D)][= ] 2.296606943 
Rounding to the nearest thousandth, we have x ~ 2.297, Oo 

Student Practice 5 Solve 2+! = 9**!, Approximate your answer to 
the nearest thousandth. 
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If the exponential equation involves e raised to a power, it is best to take the 
\ natural logarithm of each side of the equation. 

Mg Example 6 Solve e?5* = 8.42. Round your answer to the nearest >| Student Practice 6 

a eousandth. Solve 20.98 = e***. Round your answer to 
Solution the nearest ten-thousandth. 

In e?>* = In 8.42 Take the natural logarithm of each side. 

(2.5x)(In e) = In 8.42 Property 3. 

2.5x = In 8.42 Ine = 1. Property 4. 

_ 108.42 
x= Divide each side by 2.5. 

25 : 

On most scientific calculators, the value of x can be approximated i ’ For all Student Practice problems, write 
with the following keystrokes. out the steps on a separate sheet of paper. 

8.42 [=| 25 [=] 0.85224393 Check the step-by-step solutions in the back 
of the textbook. 

Rounding to the nearest ten-thousandth, we have x ~ 0.8522. Oo 

Solving Applications Using Logarithmic 

or Exponential Equations @® 

We now return to the compound interest formula and consider some other exercises 
that can be solved with it. For example, perhaps we would like to know how long it 
will take for a deposit to grow to a specified goal. 

Example 7 If P dollars are invested in an account that earns interest at 12% 
compounded annually, the amount available after t years is A = P(1 + 0.12)’, How 
many years will it take for $300 in this account to grow to $1500? Round your answer 

to the nearest whole year. 

Solution 

1500 = 300(1 + 0.12)’ Substitute A = 1500 and P = 300. 

1500 = 300(1.12)! Simplity. 

~~ = (1.12)! Divide each side by 300. 

5 = (1.12)! Simplify. 

log 5 = log(1.12)‘ Take the common logarithm of each side. 

log 5 = ¢(log 1.12) Property 3. 

oe? =f Divide each side by log 1,12. 
log 1.12 ne 

On a scientific calculator we have the following. 

5 [log] [=] 1.12 [log] [=] 14.20150519 

Thus, it would take approximately 14 years. Look at the graph on the next page to 
get a visual image of how the investment increases. 

Continued on next page 
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Growth of $300 Invested at 12% 
Interest Compounded Annually 

1600 

1400 

1200 

= i=) i=) So 

lon S i=) 

Total amount of money 

(in dollars) 

c= co S S S&S © 

N Ss So 

OU eome Oe ie 8a STO ID ais ag: 

Year Oo 

Student Practice 7 Mon Ling’s father has an investment account 
that earns 8% interest compounded annually. How many years would it take 
for $4000 to grow to $10,000 in that account? Round your answer to the nearest 
whole year. 

The growth equation for things that appear to be growing continuously is 
A = Age", where A is the final amount, Ao is the original amount, r is the rate at 

which things are growing in a unit of time, and ¢ is the total number of units of time. 
For example, if a laboratory starts with 5000 cells and they reproduce at a rate 

of 35% per hour, the number of cells in 18 hours can be described by the following 
equation. 

A = 5000e(035)(18) = 5000e° ~ 5000(544.57) = 2,722,850 cells 

Example 8 At the beginning of 2011, the world population was seven billion peo- 
ple and the growth rate was 1.2% per year. If this growth rate continues, how many 
years will it take for the population to double to fourteen billion people? 

Solution 

NS Age” 

To make our calculation easier, we write the values for the population in terms 
of billions. This will allow us to avoid writing numbers like 14,000,000,000 and 

7,000,000,000. Do you see why we can do this? 

14 = 7e?12t Substitute known values. 

14 
cs ae Divide each side by 7. 

14 0.012¢ é ; 
In 7 == es Take the natural logarithm of each side. 

In2 = (0.012t)Ine Property 3. 

In 2 = 0.012¢ Since In e = 1. Property 4. 

In 2 
=t Divide each side by 0.012. 

0.012 ; 

Using our calculator, we obtain the following. 

2 [In] [=] 0.012 [=] 57.76226505 

Rounding to the nearest whole year, we find that the population will grow from 
seven billion to fourteen billion in about 58 years if the growth continues at the 
same rate. oO 
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Student Practice 8 The wildlife management team in one region of 
Alaska has determined that the black bear population is growing at the rate he —— 
of 4.3% per year. This region currently has approximately 1300 black bears. en * 
A food shortage will develop if the population reaches 5000. If the growth rate 
remains unchanged, how many years will it take for this food shortage problem 
to occur? 

Example 9 The magnitude of an earthquake (amount of energy released) is mea- 

I : , ‘ 
sured by the formula R = loa( +), where / is the intensity of the earthquake and Jp 

0 
is the minimum measurable intensity. A 1964 earthquake in Anchorage, Alaska, had 
a magnitude of 8.4. A 1906 earthquake in Taiwan had a magnitude of 7.1. How many 
times more intense was the Anchorage earthquake than the Taiwan earthquake? 
(Source: www.noaa.gov) 

Solution 

Let J, = intensity of the Alaska Let /; = intensity of the Taiwan 
earthquake. Then earthquake. Then 

I Ty 
8.4 = log iA = log , — log Ip. 7.1 = log rah log [7 — log Ip. 

0 0 

Solving for log Jp gives Solving for log J gives 

log I) = log , — 8.4. log Ip = log I — 7.1. 

Therefore, 

log , — 8.4 = log I; — 7.1. 

log , — log ly = 8.4 — 7.1 

I 
log — = 1. og iy 3 

L 
10!3 = eae 

Ip 

I 
19,95262315 ~ a Use a calculator. 

r 

I Round to the nearest 
2 = 

Ir whole number. 

201; uae i, 

The Alaska earthquake was approximately twenty times more intense than 
the Taiwan earthquake. oO 

Student Practice 9 A 1933 earthquake in Japan had a magnitude of 
8.9. A 1989 earthquake in San Francisco had a magnitude of 7.1. How many times 
more intense was the Japan earthquake than the San Francisco earthquake? 
(Source: www.noaa.gov) 



fi25) Exercises = MyLab™ Math 

Solve each logarithmic equation and check your solutions. 

1. loar( 2x Ae 3) + log,3 = 2 2. loas( 3x = 2) + logs 4 = 2 3. logg3 + logo(2x +1) =1 

4. log, 4 + logo(x -— 1) =5 5: loas(» + *) = 5 — log, 6 6. logy(2x — 5) = 2 — log,2 

7. log(30x + 40) = 2 + log(x — 1) 8. 1 + logx = log(9x + 1) 9. 2 + logs(x — 1) = logs(12x) 

10. log, x = logs(x + 5) - 1 11. log(75x + 50) — logx = 2 12. logg(x + 1) = logg(x — 6) +1 

13. log;(x + 6) + log3;x = 3 14. logg x + logg(x — 2) =1 15. 1 + log(x — 2) = log(6x) 

16. logs(2x) —logs(x —3) =3logs;2 17. log,(x +5) —2 = log, x 18. logs(5x + 10) — 2 = logs(x — 2) 

19. 2 log; x = log7(x + 4) + log, 2 20. logx + log(x — 1) = log 12 
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21. In 10 — Inx = In(x — 3) 225 n(2}+ 2x) 21m (xe+ 1) 

Solve each exponential equation. Leave your answers in exact form. Do not approximate. 

2 = 12 24. #2 =16 

ase = 17 26. 5-1 = 11 

Solve each exponential equation. Use your calculator to approximate your solutions to the nearest thousandth. 

27. 8*-! = 90 28, 15°*~? = 230 29, 5* = 4**1 

Some = 2"*° 31.28 =e"? 32, ext? = 88 

33, B8.= e+! 34, 3 = el-* 

Applications 
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Financial Planner One part of the job of a financial planner is to help people invest their money appropriately. If a custom- 
er knows he or she will need a certain amount of money in 10 or 20 years, the financial planner can help the customer plan 

how much needs to be invested today and at what rate in order to have that amount. When a principal P earns an annual in- 

terest rate r compounded yearly, the amount A after t years is A = P(1 + r)'. Use this information to solve exercises 35-40. 
Round all answers to the nearest whole year. 

35. How long will it take $1500 to grow to $5000 at 8% 36. How long will it take $1000 to grow to $4500 at 7% 
compounded annually? compounded annually? 
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37. How long will it take for a principal to triple at 6% 

compounded annually? 

39. What interest rate would be necessary to obtain 
$6500 in 6 years if $5000 is the amount of the original 
investment and the interest is compounded yearly? 
(Express the interest rate as a percent rounded to the 

nearest tenth.) 

38. 

40. 

How long will it take for a principal to double at 5% 
compounded annually? 

If $3000 is invested for 3 years with annual interest 
compounded yearly, what interest rate is needed to 
achieve an amount of $3600? (Express the interest 
rate as a percent rounded to the nearest tenth.) 

World Population The growth of the world population can be described by the equation A = Age", where time t is mea- 

sured in years, Ag is the population of the world at time t = 0, r is the annual growth rate, and A is the population at time t. 

Use this information to solve exercises 41-44. Round your answers to the nearest whole year. 

41. 

43. 

In 1963, the world population was about three billion 

people and the growth rate was 2.1% per year. At 

that rate, how long would it have taken for the popu- 

lation to increase to seven billion? 

In 2017, the world population was about 7.5 billion 
and the growth rate had slowed to 1.2%. At that rate, 

how long would it take for the population to increase 
to nine billion? 

42. Ata growth rate of 2.1% per year, how long would it 
take a population to double? 

44, Ata growth rate of 1.3% per year, how long would it 
take a population to double? 

Physical Therapy Assistants According to the Department of Labor, the physical therapy assistant field is one of the 
fastest-growing occupations for the time period 2012-2022. The number N of physical therapy assistants in the United States 
can be approximated by the equation N = 120,500(1.04)*, where x is the number of years since 2012. Use this equation to 

answer the following questions. (Source: www.bls.gov) 

45. 

47. 

Approximately how many physical therapy assis- 
tants were there in 2014? Round to the nearest whole 

number. 

In what year will the number of physical therapy 
assistants reach 175,000? 

46. Approximately how many physical therapy assistants 
were there in 2020? Round to the nearest whole number. 

48. In what year will the number of physical therapy 
assistants reach 185,000? 
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The growth in exercises 49-54 can be described by the equation A = Aye". Round your answers to the nearest whole number. 

49, 

51. 

33 

Population The population of Bethel is 80,000 peo- 
ple, and it is growing at the rate of 1.5% per year. How 
many years will it take for the population to grow to 
120,000 people? 

Skin Grafts The number of new skin cells on a rey- 
olutionary skin graft is growing at a rate of 4% per 
hour. How many hours will it take for 200 cells to 
become 1800 cells? 

Trout Population 1n a certain large lake, it has been 
found that the trout population increases by 5.3% per 
year. In 2015, the estimated trout population was 1200, 
What is the predicted trout population in 2025? 

To Think About 

Earthquakes The magnitude of an earthquake (amount of energy released) is described by the formula R = ioa( +), where 
0 

50. 

§2. 

54. 

Population The 2018 population of Melbourne, 

Australia, was approximately five million people. The 
growth rate is 3.7% per year. In how many years will 
there be 6.5 million people? 

Workforce The workforce in a state is increasing at 
the rate of 1.5% per year. During the last measured 

year, the workforce was 3.5 million. If this rate contin- 

ues, how many years will it be before the workforce 

reaches 4.5 million? 

Ash Tree Population In a large metropolitan area, the 

number of ash trees lost to the emerald ash borer insect 

increases by 3% per year. For the last year that data are 

available, 8000 trees were lost. How many years will it 
be before 12,000 trees are lost? 

I is the intensity of the earthquake and Ip is the minimum measurable intensity. Use this formula to solve exercises 55-58. 
Round answers to the nearest tenth. 

55. 

57. 

October 17, 1989, brought tragedy to the San 
Francisco/Oakland area. An earthquake measuring 
7.1 on the Richter scale and centered in the Loma 
Prieta area (Santa Cruz Mountains) collapsed huge 

sections of freeway, killing sixty-three people. 
Almost 6 years later, an earthquake measuring 8.2 

on the Richter scale killed 190 people in the Kurile 
Islands of Japan and Russia. How many times more 
intense was the Kurile earthquake than the Loma 
Prieta earthquake? (Source: www.noaa.gov) 

The 1906 earthquake in San Francisco had a magni- 
tude of 8.3. In 1971 an earthquake in Japan measured 
6.8. How many times more intense was the San Fran- 

cisco earthquake than the Japan earthquake? (Source: 
www.noaa.gov) 

56. 

58. 

On January 17, 1993, in Northridge, California, resi- 

dents experienced an earthquake that measured 6.8 

on the Richter scale, killed sixty-one people, and 
undermined supposedly earthquake-proof  steel- 
framed buildings. Exactly one year later near Kobe, 

Japan, an earthquake measuring 7.2 on the Richter 
scale killed more than 5300 people, injured more 
than 35,000, and destroyed nearly 200,000 homes, 
in spite of construction codes reputed to be the best 
in the world. How many times more intense was the 
Kobe earthquake than the Northridge earthquake? 
(Source: www.noaa.gov) 

A 1933 Japan earthquake had a magnitude of 8.9. In 
Turkey a 1975 earthquake had a magnitude of 6.7. 
How many times more intense was the Japan earth- 

quake than the Turkey earthquake? (Source: www. 
noaa.gov) 
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Cumulative Review Simplify. Assume that x and y are positive real numbers. 

§9, [8.4.1] (V3 + 2V2) (V6 - V2) 60. [8.2.2] V98x3)? 

61. [2.6.2] Spelling Bee A spelling bee is organized into 62. [2.6.2] London Subway Between 1993 and 1999, the 
three age groups; 13-year-olds, 12-year-olds, and 9- to 
11-year-olds, The number of 13-year-old participants 
was eighteen more than the number of 12-year-old 

participants. The number of 9- to 11-year-olds was four- 
teen more than half the number of 12-year-old partic- 
ipants. If there were a total of 207 spellers ranging in 

London subway system was expanded 16 kilometers at 
a cost of 3.5 billion British pounds. How many British 
pounds per kilometer did the expansion cost? If 1 U.S. 
dollar equaled 0.64 British pounds in 1999, what was 
the cost of the expansion in U.S. dollars at that time? 
(Source: en.wikipedia.org) 

ages from 9 through 13, how many participants were 
there in each age group? 

Quick Quiz 12.5 Solve the equation. 

1. 2 — loggx = loge(x + 5) 2. log3(x — 5) + log3(x + 1) = log37 

3. 6**? =9 (Round your answer to the nearest 
thousandth.) 

4. Concept Check Explain how you would solve 
26 = 52e™. 



CAREER EXPLORATION PROBLEMS 

Background: Statistician 
Caitlyn, a recent college graduate who majored in math, is now working as a 

statistician at the Internal Revenue Service. Her job responsibilities include designing 
data-collection surveys and reviewing their results. This process includes performing 
mathematical tests on samples of data taken from the surveys. 

Caitlyn is studying trends in the rapidly growing occupational field of data in- 
formation security. Her work involves summarizing and examining data from various 
surveys she has designed and administered. The mathematical testing she completed 
has led her to put together a few growth models that explain the growth seen in 

this field, and she wants to report her findings to her colleagues at their weekly staff 
meeting. 

Facts 
e Data from the surveys Caitlyn has conducted reveal that the number of employed 

data security analysts is approximated by the equation N = 14,000(1.032)*, 

where x represents the number of years since 2013. 

e One of Caitlyn’s surveys also reveals that the population of data security analysts 
is approximated by the continuous growth equation A = Age’ where A = the 
projected number of data security analysts, Ag = current number of data security 

analysts, r = the annual growth rate for this occupation, and t = the number of 

years. The approximate value for e is 2.7183. 

e The equation A = A,(1 +r)‘ is a general model for forecasting the average 
amount of debt owed by college graduates entering the workforce with degrees 

qualifying them as data security analysts. In this model, A = the future average 
amount, Ap = the current average amount, r = the annual growth rate, and 
t = the number of years. 

Tasks 
1. Given that the current number of employed data security information analysts 

is approximated by N = 14,000(1.032)*, what is the number of these analysts 
employed in 2020 rounded to the nearest whole number? 

2. Caitlyn also wants to use the equation to determine during what year the num- 

ber of these analysts will reach 20,000. What is her result? 

3. Using the model A = Ace", Caitlyn again calculates, for comparison, during what 
year the number of analysts will reach 20,000, given an annual growth rate of 
3.2%. What is her result? 

4. The average amount of debt graduates of a four-year college owe when they pur- 
sue education leading to employment in this occupation is currently $45,000. Caitlyn 

uses the model A = Ao(1 + r)', which assumes an annual inflation (growth) rate of 
0.8%, and lets 2013 correspond to t = 0. What does she find the average amount 

of debt to be for four-year school graduates in 2021, rounded to the nearest dollar? 
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Chapter 12 Organizer 
Topic and Procedure Examples 

Exponential function, p. 724 

f(x) = 6*, where b > 0,6 # 1, and 

x is a real number. 

Property of exponential equations, p. 726 

When b > O0andb # 1, if b* = Db’, 

then x = y. 

1 f(x) = (2). 

Definition of logarithm, p. 733 

y = log,x is the same as x = b’, where 

x >0,b>0,andb “¥ 1. 

Properties of logarithms, pp. 740-743 

Suppose that M > 0,N > 0,6 > 0, 

and b # 1. 

log,MN = log,M + log,N 

ioss( *) = log,M — log,N 

log, M? = p log, M 

log, b = 1 

log, 1 = 0 

If log, x = log, y, then x = y. 

If x = y, then log, x = logy y. 

eee 
Finding logarithms, pp. 748-750 

On a scientific calculator: 

log x = logy x, for allx > 0 

Inx = log, x, for allx > 0 
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Solve for x. 2* = an 
82 

1 
2 = 8 

w=2° 
x=-5 

(a) Write in exponential form. log; 17 = 2x 

37 17 

(b) Write in logarithmic form. 18 = 3* 

log; 18 = x 

1 
(c) Solve for x, loss( +) =x 

H 

B= You Try It 
(on a separate sheet of paper) 

x 

1. Graph f(x) = (4) ona sheet of - 

graph paper, using a coordinate system 
similar to the one shown. 

5; ‘ 

i ; 2. Solve for x. 3* = a 

Sree 

il + ae 

° 36 

6° = 62 

% = —2 

(a) Write as separate logarithms of x, y, and w. 

wl) 083 ae 

= 2 log3x + 5 logs y — log; w 

(b) Write as one logarithm. 

Slogs x — 2 logs w — 71085 z 

oul a) = 10 ——_— 

BO We 

log 10° + log; 3 + logs 1 
= 5log10 + log33 + logs 1 

= Sc 

(ce) Simplify. 

(a) Find log 3.82. 

3.82 

log 3.82 ~ 0.5820634 

(b) Find In 52.8. 

52.8 
In 52.8 ~ 3.9665112 

3. (a) Write in exponential form. 
log49 = 0.5x 

(b) Write in logarithmic form. 28 = 5* 

il 
(c) Solve for x. lozs( 2) =x 

4. (a) Write as separate logarithms 

of a,b, and c. loas( “~? ) 
c 

(b) Write as one logarithm. 

3 logsa + =logsb — 2logsc 

(c) Simplify. 
logg 1 — log 10? + logy 4 | 

5. Find each logarithm. 

(a) log 16.5 

(b) In 32.7 

EEE ” 



Topic and Procedure 

Finding antilogarithms, pp. 748-750 

| Iflogx = b, then 10° = x, 
| IfInx = b, then e? = x. 

Use a calculator or a table to solve. 

Finding a logarithm to a different 
base, p. 751 

Change of base formula: 

Pe rete a bend 0g, x4 = >” ere a,b, an 

x%=>0,a 4 1,andb = 1. 

Solving logarithmic equations, p. 756 

1. Ifsome but not all of the terms of an 

equation have logarithms, try to rewrite 
the equation with one single logarithm 

5 on one side and one numerical value on 

Bh the other. Then convert the equation to 
exponential form. 
If an equation contains logarithmic terms 

only, try to get only one logarithm on 

each side of the equation. Then use the 

property that if log,x = log,y,x = y. 

Note: Always check your solutions when 

solving logarithmic equations. 

Examples 

(a) Find x if logx = 2.1416. 

1021416 — 

2.1416 [10*]~ 138.54792 
(b) Find x if In x = 0.6218. 

6218 — y 

0.6218 [e*] ~ 1.8622771 

Evaluate log, 1.86. 

log 1.86 

log 7 

1.86 [log][=] 7 [log|[=] 0.3189132 

log71.86 = 

Solve for x. logs 3x — logs(x? — 1) = logs 2 

logs 3x = logs 2 + logs(x? — 1) 

logs 3x = logs[2(x? — 1)] 

3x = 2x? — 2 

0 = 2x? — 34 = 2 

C= (26 1) — 2) 

2x+1=0 x-2=0 

Check. 

x =2: logs3(2) — logs(2* — 1) = logs 2 

logs 6 — logs3 = log; 2 

lozs($) + logs 2 

logs2 = logs2 ¥ 

x=- : For the expression logs(3x), we would obtain 

logs(—1.5). You cannot take the logarithm of a negative 
WE : yes 

number. x = — > is not a solution. The solution is 2. 

Solving exponential equations, p. 758 

1. See whether each expression can be 

written so that only one base appears on 

one side of the equation and the same 

base appears on the other side. Then use 
the property that if b* = b,x = y. 

2. If you can’t do step 1, take the logarithm 
of each side of the equation and use the 

properties of logarithms to solve for the 
variable. 

Solve for x. 2°"! = 7 

log 2*-! = log7 

(x — 1) log2 = log7 

x log2 — log2 = log7 

x log 2 = log7 + log2 

log7 + log 2 

och led 
(We can approximate the answer as x ~ 3.8073549.) 

You Try It 
(on a separate sheet of paper) 

6. Find x. 

(a) log x = 2.075 

(b) Inx = 1.528 

7, Evaluate logs 2.5. 

8. Solve for x. 
—logs3 + logs8x = logg(x? — 1) 

9. Solve for x. 3**? = 11 
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Chapter 12 Review Problems 
Graph the functions in exercises I and 2 on a sheet of graph paper, using a coordinate system similar to the one shown. 

1. fo) ta artieoio roan aaa 2. fx)=e? Perret 

3. Solve. 3%*1 = 81 4, 2*+9 = 128 

5. Write in exponential form. —2 = log(0.01) 6. Change to logarithmic form. 8 = 4°/7 

Solve. 

7. log, 16 = 4 8. logex = 0 9. log, w = -1 10. log,, 64 = 3 

1 
11. log;.w = —-1 12. log) 1000 = x 13. log, 64 = x 14. lomx( +) =x 

15. Graph the equation y = log; x ona sheet of graph paper, using a coordinate system similar to the one shown. 

Write each expression as the sum or difference of log, 5, logy w, log, x, log, y, and logy z. 

5 
16. tomx( 4) 17. log) x3-Vy 

Write as a single logarithm. 

18. log;x + log; w!/? — log;2 19. 4 logs w — Floss Z 20. Evaluate log, e°. 

Find the value with a calculator. 

21. log 23.8 22. log 0.0817 Zan S.o2 24. In 803 
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25. Find nif logn = 1.1367. 26. Find nif lnn = 1.7. 27. Evaluate. logs 2.81 28. Evaluate. log,72 

_ Solve each equation and check your solutions. 

29. logs 100 — log; x = logs 4 30. logg x + logg 3 = logg 75 

4 
31. loau( $2 at 7) + logy, 3=2 3 32. logs(x — 3) = —1 + logg 6x 

33. log(2t + 3) + log(4t — 1) = 2log3 34. log(2t + 4) — log(3t + 1) = log 6 

Solve each equation. Leave your answers in exact form. Do not approximate. 

35. 3° = 14 36. 5**3 = 130 37, e*-! = 100 

Solve each equation. Round your answers to the nearest ten-thousanath. 

3477 = 5 99; e*-4= 20 40. (1.03)* = 20 

Compound Interest For exercises 41 and 42, use A = P(1 + r)', the formula for interest that is compounded annually. 

41. How long will it take Frances to double the money 
in her account if the interest rate is 8% compounded 
annually? (Round your answer to the nearest year.) 

42. How much money would Chou Lou have after 4 years 

if he invested $5000 at 6% compounded annually? 

Populations The growth of many populations can be described by the equation A = Age", where time t is measured in 
years, Ag is the population at time t = 0, r is the annual growth rate, and A is the population at time t. Use this information to 

solve exercises 43 and 44. Round your answers to the nearest whole year. 

43. How long will it take a population of seven billion to 
increase to sixteen billion if r = 2% per year? 

44, The number of moose in northern Maine is increasing 
at a rate of 3% per year. It is estimated in one coun- 
ty that there are now 2000 moose. If the growth rate 
remains unchanged, how many years will it be until 
there are 2600 moose in that county? 

45. Gas Volume The work W done by a volume of gas 46. Earthquakes An earthquake’s magnitude is given by 
expanding at a constant temperature from volume V) 

Pip V 
to volume V, is given by W = poVj n( 2), where 

0 
Po is the pressure at volume Vo. 

(a) Find W when py = 40 pounds per cubic inch, 

V,) = 15 cubic inches, and V; = 24 cubic inches. 

(b) If the amount of work is 100 pounds, Vy = 8 
cubic inches, and V,; = 40 cubic inches, find py. 

I 
M= ioa( 7), where / is the intensity of the earth- 

0 
quake and J) is the minimum measurable intensi- 

ty. A 1964 earthquake in Anchorage, Alaska, had a 
magnitude of 8,4. A 1975 earthquake in Turkey had a 
magnitude of 6,7 How many times more intense was 
the Alaska earthquake than the Turkey earthquake? 
(Source: www.noaa.gov) 
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How Am | Doing? Chapter 12 Test | 

MATH COACH MyLab™ Math (9) rearsonmathstats 

Answer the following test questions on a separate sheet of paper. After you take this test read through 
the Math Coach on pages 773-774. Math Coach videos are available via MyLab Math and YouTube. 
Step-by-step test solutions in the Chapter Test Prep Videos are also available via MyLab Math and You- 
Tube. (In the YouTube channel, PearsonMathStats, go to Playlist “Tobey Beginning and Intermediate 

2 Algebra, 6e.”) 

Graph the function on a sheet of graph paper, using a coordinate system similar to 

3. the one shown. 

1. f(x) =33— 2. f(x) = log.x 

Wee 

Me 3. Solve. 4**3 = 64 

In exercises 4 and 5, solve for the variable. 

4, log,, 125 = 3 

5. loggx = —2 

7 Me 6 Write asa single logarithm. 2 log; x + log; y — log, 4 

Evaluate using a calculator. Round your answers to the nearest ten-thousandth. 

ite 7 lS99 

8. log 23.6 

12. 9. log; 1.62 

Use a calculator to approximate x. 

10. log x = 3.7284 

11. Inx = 0.14 

13. 

14. 

Solve the equation and check your solutions for problems 12 and 13. 

Me 12, logg(x + 3) — logg 2x = logs 4 

13. logg 2x + logs 6 = 2 

MG414, Solve the equation. Leave your answer in exact form. Do not approximate. 
po) e = 57 

Tae Reet em oe bee ee ee | on Wael pee Fee, Teen ee ee leet teen 15. Solve. 5***+® = 17 (Approximate your answer to the nearest ten-thousandth.) 

16. How much money will Henry have if he invests $2000 for 5 years at 8% annual 

Total Correct: a | interest compounded annually? 

17. How long will it take for Ayan to double her money if she invests it at 5% com- 
772 pounded annually? Round to the nearest whole year. 



Students often make the same types of errors when they do the Chapter 12 Test. Here are 

some helpful hints to keep you from making those common errors on test problems. 

Chapter 12 Test, Problem 3 Solve. 4**? = 64 

MAI COACH 
Mastering the skills you need to do well on the test. 

hth Bac 
ahteds 2 Ae 

HELPFUL HINT If one side of the equation is in exponential form, it is best to try to write 
the other side of the equation in exponential form. Then the procedure will 

be easier to complete. 

Did you rewrite the equation as 4**3 = 4°? 

Yes No 

If you answered No, remember to write your equation in 
the form b* = b’. Note that 64 = 4°, and you want the 

base of the exponent on each side of the equation to be the 
same number, b,such thatb > Oandb =# 1. 

Did you use the property of exponential equations to write 
the equation x + 3 = 3? 

Yes No 

If you answered No, remember that if b* = b’, then x = y 
for any b > Oandb # 1. Now solve the equation for x. 

If you answered Problem 3 incorrectly, go back and rework 

the problem using these suggestions. 

Chapter 12 Test, Problem 6 Write as asingle logarithm. 2 log; x + log; y — log, 4 

HELPFUL HINT Try your best to memorize the three properties of logarithms in Objectives 12.3.1, 12.3.2, and 12.3.3. 
They are essential to know when working with logarithmic expressions. 

Did you use property 3 to eliminate the coefficient of the 

first logarithmic term, 2 log, x, and rewrite that term as 

log, x”? 

Yes Sa: No 

If you answered No, review property 3 in Objective 12.3.3 

and complete this step again. 

Did you use property 1 to combine the sum of the 
first two logarithmic terms and obtain the expression, 
log, x*y — log 4? 

Yes No 

If you answered No, review property 1 in Objective 12.3.1 
and complete this step again. 

In your last step, you will need to use property 2 in Objec- 
tive 12.3.2 to combine the difference of two logarithms. 

Now go back and rework the problem using these 
suggestions. 

Need more help? Watch the MAT il COACH videos in MyLab™ Math or on YouTube. 
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Chapter 12 Test, Problem 12 Solve the equation and check your solution. logg(x + 3) — logg2x = loge4 

HELPFUL HINT Use the properties of logarithms to rewrite the equation such that one logarithmic term appears 
on each side of the equation. 

First, did you combine the two logarithms on the 
left side of the equation and rewrite the equation as 

x43 
logg ~ ) = logg4? 

Yes No 

If you answered No, use property 2 from Objective 12.3.2 
to complete this first step again. 

; ; q Xo 
Next, did you rewrite the equation as See 4? 

Yes No 

If you answered No, notice that you now have one log- 
arithmic term on each side of the equation, which is the 

goal mentioned in the Helpful Hint. You can use property 
6 from Objective 12.3.4 to evaluate these two logarithms. 

In your final step, solve the equation for x. Check your 
solution by substituting for x in the original equation, eval- 
uating the logarithms and then simplifying the resulting 
equation. 

If you answered Problem 12 incorrectly, go back and 
rework the problem using these suggestions. 

Chapter 12 Test, Problem 14 Solve the equation, Leave your answer in exact form. Do not approximate. e*~? = 57 

[ HELPFUL HINT The first step is to take the natural logarithm of each side of the equation. Then you can simplify 

the equation further using the properties of logarithms. 

Did you take the natural logarithm of each side of the 
equation and rewrite as In e**~? = In 57? 

Yes No 

Next did you rewrite this equation as 
(Sx — 3) (Ine) = In57? 

Yes No 

If you answered No to these questions, review property 
3 of logarithms from Objective 12.3.3 and complete this 
step again. 

Did you rewrite the equation as 5x — 3 = In 57? 

Yes No 

If you answered No, remember that Ine = log,e = 1. 

This combines the definition of natural logarithms or 
In e = log, e and property 4 of logarithms from Objective 
12.3.4, which indicates that log.e = 1. 

In your final step, solve the equation for x without 
evaluating In 57 

Now go back and rework the problem using these 
suggestions. 

Need more help? Look for section examples marked with Meg to review. 
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_, Practice Final Examination 

Review Chapters 0-12 and then try to solve the problems in this Practice Final 

Examination. Answer the following test questions on a separate sheet of paper. 1. 

Chapter 0 
2 

1 3 i! 2 > 
Taencd.3— 4 2— A iply, | i = 4 5 2. Multiply. (12)(22) 

me. 1D. 3 ; 3. 
3. Divide. ees 8 4, Multiply. (1.63)(3.05) 

5. Divide. 120 + 0.0006 6. Find 7% of 64,000. 4. 

Chapter 1 

7. Evaluate (4 — 3)? + V9 + (-3) + 4. a. 

8. Simplify. 5a — 2ab — 3a” — 6a — 8ab + 2a° 
6. 

me, 9 simplify —2x + 3y{7 — 2[x — (4x + y)]}. 

» 10. Evaluate if x = —2 and y = 3. 2x” — 3xy — 4y } 

11. Find the Fahrenheit temperature when the Celsius temperature is —35°. Use 
the formula F = 2C + 32. 

8. 
Chapter 2 

1 1 
12. Solve for x. ae 4= ia ae 13. Solve for y. —4x + 3y = 7 9. 

14. Solve for x and graph the resulting inequality on a separate sheet of paper, 
using a number line similar to the one shown. 5x + 3 — (4x — 2) = 6x — 8 10. 

fof} 

MM. 
_ A15. A piece of land is rectangular A16. Find the volume of a sphere with a 

and has a perimeter of 1760 diameter of 6 feet. Use 3.14 as an 
meters. The length is 200 meters approximation for 7. 12. 
less than twice the width. Find the 
dimensions of the land. 

13. 
Chapter 3 

For exercises 17 and 18, use a sheet of graph paper and a coordinate system similar to 

the one shown. 14. 

17. Find the intercepts and then graph 18. Graph the region 3x — 4y = 6. 
the line 7x — 2y = —14. a Sak ee 15 

ieee... | ———n BR Yeo eae : 

16. 

17. 

18. 
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19. Find the slope of the line passing through (1,5) and (—2,—3). 
19. 

Zz 
20. Find the slope of the line that is parallel to y = 3 + 4, 

ih Given the function defined by f(x) = 3x* — 4x — 3, find the following. 

21. f(3) 22. f(—2) 
21. 

23. Determine the domain and range of the relation. {(2,-7), (—1, 1), (3, 2) } 

22. Chapter 4 

24. Solve for x and y. 25. Solve for x and y. 

“8 re 1 dx — 3y = 12 peat oT ele be eS SES — + — = — = 

— ee 
24a xt y=-1 3x -4y = 2 

05 26. Solve for x, y, and z. 27. Solve for x, y, and z. 

; 2x + Sy og 16 ytz=2 
X— y +37 — —9 Es +z=5 

26. Sx+2y—- z= 15 eee 

vy 28. Graph the region on a sheet of graph paper, using a coordinate system similar 
to the one shown. 

3y = 8x - 12 y 
2B. 3 PRG Ie By) Ee =D 

29. | | te 

30. 

Chapter 5 

al 29. Simplify. (—3x?y)(—6x3y*) 

39 30. Multiply and simplify your 31. Divide. 
ae answer. (3x — 1)(2% 415) (x? + 7x + 12) + (x +3) 

33. Chapter 6 

Factor the following completely. 

04. i re 32. 9x? — 30x + 25 33. x3 + 2x? - 4x — 8 

35 34, 2x7 + 15x? — 8x 

35. Solve for x. x? + 15x + 54 =0 

36. Chapter 7 

Simplify the following. 

df Ox? — x x7 -9 x? — 3x 
6. ee eam + 

3x* — 8x -— 3 2x°+7Tx+3 2x? 4+ 1ix +5 
38. 

: ia? 
3x 2 ok I 

38. - 39. ———_— 39. x+5 x? 4 7x6 10 fo2—2 . 
4x? — 1 
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Katicl Zz 4 
\ 40. Solve for x. = oc 
| 8 as x? = 40 | enix — 2 

Chapter 8 

a eae MS 8 5 = 
41. Simplify sx i2y 42. Simplify V 40x"y’. 

43. Combine like terms. 44. Rationalize the denominator. 

5V2 - 3V/50 + 4V/98 34/5 a 

3V3- V2 

45. Simplify and add together. 46. Solve for x and check your solutions. 

iP + V-25 + V-16 Vxt7=x4+5 

47. If y varies directly with the square of x and y = 15 when x = 2, what will y be 
when x = 3? 

Chapter 9 

48. Solve for x. 5x(x +1) =1+ 6x 49. Solve for x. 5x? — 9x = —12x. 

50. Solve for x. x7° + 5x¥3-14=0 51. Solve 3x? - 1lx —4=0. 

§2. Graph the quadratic function 
f(x) = —x* — 4x + 5 ona sheet of 
graph paper, using a coordinate sys- 
tem similar to the one shown. Label 
the vertex and the intercepts. 

>< 

A53. The area of a rectangle is 52 square centimeters. The length of the rectangle is 
1 centimeter longer than 3 times its width. Find the dimensions of the rectangle. 

54. Solve for x. |$x — 4| = 2 55. Solve the inequality. |2x — 5| < 10 

Chapter 10 

56. Place the equation of the circle in standard form. Find its center and radius. 

x? + y? + 6x — 4y = -9 

For exercises 57-59, identify the conic and graph on a sheet of graph paper, using a 

coordinate system similar to the one shown. 

2 2 2 2 
ag y x y 

, —+—=1 Pe ae 

=e 16° 25 he 4 9 

P< 

40. 

41. 

42, 

43, 

44, 

45. 

46. 

41, 

48. 

49. 

50. 

oI. 

92. 

53. 

94. 

95. 

56. 

57. 

58. 
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09. 

60. 

(a) 

(b) 

62. 

63. 

64. 

65. 

66. 

67. 

68. 

69. 

-778 

61. Let f(x) = 3x* — 2x +5. 
(a) Find f(—1). 

(c) Find f(a + 2). 

1 
63. If f(x) = <x — 7, find f-2(x 

Solve for the variable. 

66. logsx = —4 67. log, (3x +1) =3 

68. log,)0.01 = y 69. log,6 + logyx = 4 + log) (x — 5) 

60. Solve the following system of 
equations. 

xe + y= 16 

xe-y = 4 

» of f(x) = Se? 3nd 
g(x) = —4x — 2, find f[g(x)]. 

. Ona sheet of graph paper, using a 
coordinate system similar to the one 
shown, graph on one set of axes: 

Te) Six +72 rane 

Tur) — 3, it fC) a ae 

65. Graph f(x) = 2'~* ona sheet of graph paper, using a coordinate system simi- 
lar to the one shown. Plot three points. 

miata cn hte 



: Appendix A 

Addition Practice 

1. 

11. 

15. 

19, 

23. 

23 
+14 

840 + 60 

213 + 46 + 30 

goa 61 + 222 

Subtraction Practice 

1, oe 

=t11 

ye te) 

2) 

8. 60 

tid 

14. 100 

— 34 

20. 646 

3/7 

26. 2004 

= 1326 

Practice with Operations 

of Whole Numbers 

16, 364 + 37 

20,920 + 21 + 52 

24. 524 + 73 + 195 

a, 56 
— 34 

9, 576 
— 45 

15. 635 
— 126 

21. 1729 
— 856 

17. 

21, 

25. 

10. 

16. 

Doe 

14, 

91S F296 

132 + 441 + 16 

701 + 166 + 24 + 

73 

= 350 

294 

=" 1h 

375 

— 147 

2382 

— 490 

11. 

17. 

23. 

18. 420 + 899 

22. 671 + 204 + 12 

6 Pa 

ae 0) 

12, 208 

Saealliz) 

18 200 

=yisy. 

24. 3024 

Ta0 

26. 439 + 365 + 45 + 81 



A-2 Appendix A Practice with Operations of Whole Numbers 

Multiplication Practice 

Lae. 

x3 

13.) 295 

19, 545 

x 522 

25. 72,499(683) 

2. 

14, 

20. 

26. 

Division Practice 

1. 8)128 

B: O111G 

9, 8)4174 

13. 146)12,994 

17. 3/00 34 

21. 30,632, 27, 

25. 271,125 = 244 

13 

aa 

634 

x 799 

86,243(725) 

10. 

18. 

22. 

26. 

. 3/168 

. 4)1184 

5)3697 

. 163)14,833 

6052 + 49 

85,069 + 79 

546,924 + 357 

4. 67 

x9 

10 69 

x 39 

16. 620 

x 39 

22 817 

x 460 

3. 7)415 

7. 6)1404 

11. 17)5468 

15. 1728 + 54 

19. 15,836 + 74 

23. 30,752) = 248 

5 74 6. 53 

x21 X31 

11 2D) 12. 341 

x_43 Xx 22 

17. 261 i it 

x 144 X 433 

23, 3844 24. 7409 

x 209 x 106 

4. 6)287 

8. 3)1701 

12. 13)9795 

16. 3813 + 93 

20. 23,256 + 68 

24. 49,878 + 326 



Appendix B Determinants and Cramer's Rule 

El Evaluating a Second-Order Determinant @® 

Mathematicians have developed techniques to solve systems of linear equations by 
focusing on the coefficients of the variables and the constants in the equations. The com- 
putational techniques can be easily carried out by computers or calculators, We will learn 
to do them by hand so that you will have a better understanding of what is involved. 

To begin, we need to define a matrix and a determinant. A matrix is any rect- 
angular array of numbers that is arranged in rows and columns. We use the symbol 
[ | to indicate a matrix. 

QW Ble 
[-4 1 6], and 

| ie) 

are matrices. If you have a graphing calculator, you can enter the elements of a 

matrix and store them for future use. Let’s examine two systems of equations. 

—6x = 18 

x Soy 

3x + 2y = 16 

ie se aye goe 1/ O54 
We could write the coefficients of the variables in each of these systems as a matrix. 

-(% A ee oo =[' : 
1 4 x + Sy eee 

Now we define a determinant. A determinant is a square arrangement of numbers. 

We use the symbol | | to indicate a determinant. 

Bn -6 

1 4 La3 

are determinants. The value of a determinant is a real number and is defined as 

follows: 

SX eDy: 

x sty 

| and 

VALUE OF A SECOND-ORDER DETERMINANT 

The value of the second-order determinant is ad — be. 

Example 1 Find the value of each determinant. 

=a 
0 -3 

oa ‘| (b) |_, i 

Solution 

(a) . 4 = (-6)(2) eee 24 = (-2)-= -24 +2 = -2 

‘ |. ‘4 7 ORANG 2).=,0.= (+6) = 6 o 

eee Student Practice 1 Find the value of each determinant. 

4 ‘cae 
5 

0 

Student Learning Objectives 

After studying this section, you will 

be able to: 

Fy Evaluate a second-order 

determinant. @® 

Evaluate a third-order 

determinant. 

Solve a system of two linear 
equations with two unknowns 

using Cramer's rule. @® 

4 | Solve a system of three linear 
equations with three unknowns 
using Cramer's rule. @® 
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A-4 Appendix B Determinants and Cramer's Rule 

Evaluating a Third-Order Determinant @® 

Third-order determinants have three rows and three columns. Again, each determi- 

nant has exactly one value. 

VALUE OF A THIRD-ORDER DETERMINANT 

The value of the third-order determinant 

a,b2c3 + b,C2a3 + C,a2b3 = a3b2C, om b3¢2a, = €342b}. 

Because this definition is difficult to memorize and cumbersome to use, we 
evaluate third-order determinants by a simpler method called expansion by minors. 
The minor of an element (number or variable) of a third-order determinant is the 
second-order determinant that remains after we delete the row and column in which 

the element appears. 

Example 2 Find (a) the minor of 6 and (b) the minor of —3 in the determinant. 

Gumi 2 

=3 4 5 

Oey ees 

Solution 

(a) Since the element 6 appears in the first row and the first column, we delete them. 

Therefore, the minor of 6 is 

Fl Ss” 

(b) Since —3 appears in the first column and the second row, we delete them. 

in 2) 

The minor of —3 is 

Fl : | 
tars 

Student Practice 2 Find (a) the minor of 3 and (b) the minor of —6 in 
the determinant. 

il 2 Wi 

-4 -5 -6 
3 4 -9 



Appendix B Determinants and Cramer’s Rule 

To evaluate a third-order determinant, we use expansion by minors of elements 
in the first column; for example, we have 

by cy 
ai: 

*\bp C2 

Cc 

b3 C3 

Note that the signs alternate. We then evaluate the second-order determinants ac- 
cording to our definition. 

Ze 3. 6 

Example 3 Evaluate the determinant |4 -—2 0] by expanding it by minors of 

\ ieee 

elements in the first column. 

Solution 

|. | 2 lias Sl as|.2 6 
m5 3 a ~e 

= 2[(-2)(-3) — (-5)(0)] — 4[ (3)(-3) — (-5)(6)] + 1[(3)(0) — (-2)(6)] 
= 2(6 — 0) Ail =O ae (a0 eT lO x ae 2 yi 

= 2(6) — 4(21) + 1(12) 
= 12 — 84+ 12 

= —60 oO 

dees Student Practice 3 

1 2 -3 

Evaluate the determinant. |2 —1 2 

3 1 4 

Solving a System of Two Linear Equations 

with Two Unknowns Using Cramer’s Rule @® 

We can solve a linear system of two equations with two unknowns by Cramer’s rule. 
The rule is named for Gabriel Cramer, a Swiss mathematician who lived from 1704 

to 1752. Cramer’s rule expresses the solution for each variable of a linear system as 
the quotient of two determinants, Computer programs are available to solve systems 
of equations by Cramer’s rule. 

CRAMER’S RULE 

The solution to 
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A-6 Appendix B Determinants and Cramer’s Rule 

Example 4 Solve by Cramer’s rule. 

=sheae Srey 

may Sy = 5 

Solution 

ae 1 i i —3 it 

pa e b= (5 = —- ! 
= (—3)(-3) ~ (4) Cl) eo) — (5) (1) sae 
= 9 - (-4) = 21 —5 = —15 —_(=28) 

=9+4 = —26 = —15 + 25 

= 13 = 13 

Hence, 

sly 7 ae 

ei 

i 

The solution to the system is x = —2 and y = 1. Verify this. oO 

eee Student Practice 4 Solve by Cramer’s rule. 

5x + 3y =17 
2x — Sy = 13 

Z] Solving a System of Three Linear Equations 

with Three Unknowns Using Cramer’s Rule @® 

It is quite easy to extend Cramer’s rule to three linear equations. 

CRAMER’S RULE 

The solution to the system 

a,x + by + cz = d, 

aX + boy + Cz = Az 

a3X + bay + ¢3z = A3 

Dy D 
aos d = = y D ana Zz D D#0, 

qd, by Gy 

D,=\d, bz 

dz; bz C3 

ay b, d, 

C2|, and D, = a2 b> d> : 

a3 b3 d3 

' 



Appendix B Determinants and Cramer’s Rule A-7 

_ Example 5 Use Cramer’s rule to solve the system. 

Le yt. iz = 6 

Nerve =5 

Dig Ve 27 == 1 

Solution We will expand each determinant by the first column. 

2 al 1 

D = |3 2 all 

2 Sy a2 : 
ae ss etvity Graphing Calculator 

= af. a re 3 3 ‘a ce | , Phi Copying Matrices 

= 2/-4 - (-3)] — 3(2 - 3) + 2(1 - 2) If you are using a graphing cal- 
RE SRE culator to evaluate the four deter- 
='2(=1) (=2) (=) minants in Example 5 or similar 

= +2+3-2 exercises, first enter matrix D 
pre Ly into the calculator. Then copy the 

matrix using the copy function 
ees 1 to three additional locations. 

Usually we store matrix D as 
D, = pee: matrix A. Then store a copy of it 

1 8) say as matrices B, C, and D. Finally, 
) oe 1 use the Edit function and modify 

= 6 4- 1 se 1 | one column of each of matrices 
3 2 ie B,C, and D so that they become 

= 6[-4 — (-3)] — 5(2 - 3) + 1(1 — 2) D,, Dy, and D,. This allows you to 
al bee ey ei1(=1 evaluate all four determinants in 
= 6( tyra) fet) a minimum amount of time. 
J (0) 9e 5) = Il 

D, = -2 

2 6 1 

Dy = 3 reel 

2, sip 

Bp ail 6 1 6 1 

=2) Bee | 2), 1 
= eee) = 3(—12 — 1) + 2(=6— §) 

= 2) 13) + .2(—11) 

= —18 + 39 — 22 

Dy = -1 

2 

D, = |3 2S 

2 a) il 

2 6 =i (6) 
=2 ; ic al"5 i| +2 2 : 
= 2 (oie) — 18) + 2(-5.— 12) 

= 2 ee 19) + 2(-17) 
= —26 + 57 — 34 

D,= -3 

Dg ci =2 ae s Pe pees 
oD oc. | * De a oe 
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Student Practice 5 Find the solution to the system by Cramer’s rule. 

2a Py = =i] 

Dery — oe ==3 

ery 1 OZ 2 

Cramer’s rule cannot be used for every system of linear equations. If the equa- 
tions are dependent or if the system of equations is inconsistent, the determinant of 

coefficients (D) will be zero. Division by zero is not defined. In such a situation the 
system will not have a unique answer. 

If D = 0, then the following are true: 

1. If D, = Oand D, = 0 (and D, = 0, if there are three equations), then the equa- 
tions are dependent. Such a system will have an infinite number of solutions. 

2. If at least one of D, or Dy (or D, if there are three equations) is nonzero, then 
the system of equations is inconsistent. Such a system will have no solution. 
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Evaluate each determinant. 

Se 3) al 2 -1 =4). 2 Py er 
1. 2. 5 ; 2 3 

al ; | $ f ‘ : | 1 : | 9 8 

10 4 hy a 2 -3 Oy 8 -5 0 Me ees ol, ge 88 

2) bey —3 6 070 -—4 0 0.3 0.6 

el i, i is | 4 “i ei hy : us ee 1 wh ie =) 

Wee 0.7 i ve! 8 Bie 1 —3 y 
'e ° 1 le a 5 ° a 3 ° 

- He A = ; —a ° 2 i a = 1 vat hs m3 
2 es 4 2 

3 -4 7 

In the determinant | —2 6 10), 

1 =Se9 

21. Find the minor of 3. 22. Find the minor of —2. 

23. Find the minor of 10. 24. Find the minor of 9. 

Evaluate each of the following determinants. 

gee |) 2 aA Bh Al —-4 0 -1 3 -4 -1 

25ioee le 0 26. |-3 1 0 27. 2 <1 el 282) Cae §) 

i EN) mh Bes 0 23° 82 Clee 4 

+ 41 -1 C2 3 Cire bin -+ 2 
29. 3 a2 30. 14 -2 —-1 31. |-1 -2 =3 Sze 3 ee 

3 9) 5 -3 2 4 -1 BI ; a5 2) 

ee Ol -2 On 6 =4 3 i O 8 

33. /=1 0 2 34. |1 O -5 SS 1as Der 36.7 [10298 +4 

Sat 3 3 0) ie Ose 0 30 SO i 

Optional Graphing Calculator Problems /f you have a graphing calculator, use the determinant function to evalu- 
ate the following: 

fe 18 2.5 Oa 3.3 0.4 a0. de 10 82 207-36 

Sie od 6.0 Soko 0.3 3.7 OF. Oe 28 ok 40. |}93 -18 39 

i 18 28 0.8 6.7 4.2 81 51 74 Oo 827 72 
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Solve each system by Cramer’s rule. 

41. x+2y=8 42. x+3y=6 43. 

2x+ y=7 X- yea 

45. x -—S5y= 0 46. Xi Sy Spat 47. 

x + 6y = 22 —3x + 4y = -12 

Solve by Cramer's rule. Round your answers to four decimal places. 

EI 49. 52.9634x — 27.3715y = 86.1239 fg °° 

31.9872x + 61.4598y = 44.9812 

Solve each system by Cramer's rule. 

51, 26 ye 52... x + 2y = 2 = —4 

NV ae x + 4y —2z7 = -6 

ey ee re 2K SY =e ZnS) 

54. 4x + y+t2z= $5.) Sega ce 

oo er! ee ad 3x —4z= 8 
= 4) 3y =) aD Sy Zao 

5x + 4y = 10 

He op A 

0.3x + O0.S5y = 0.2 

O.1x + 0.2y = 0.0 

44. 3x + Sy = 11 

2x+ y=-2 

48. 0.5x + 0.3y = —0.7 

0.4x + 0.S5y = —0.3 

0.0076x + 0.0092y = 0.01237 

—0.5628x — 0.2374y = —0.7635 

BIA 

56. 

2X + DY ae G 

= yo Za 

Sear Svar 4 == Il 

Seas Was eS 2 

2y + 3z = =6 

Pye = =| 

Optional Graphing Calculator Problems Round your answers to the nearest thousandth. 

57 10x +20y+10z= -2 58, 121x + 134y + 101z 
24x = Bly — 11z = =12 315x — 112y — 108z 
61x + 39y + 28z = —45 148x + 503y + 516z 

= 426 

OM l| 

146 59. 28w + 35x — 18y + 40z = 60 

60w + 32x + 28y = 400 

30w + 15x + 18y + 66z = 720 

26w — 18x = 1S5y oe Joma 



Appendix C Solving Systems of Linear 
Equations Using Matrices 

1 Solving a System of Linear Equations Using Matrices @® Student Learning Objective 
After studying this section, you will 

In Appendix B we defined a matrix as any rectangular array of numbers that is Fe tle 40: 
arranged in rows and columns. 

1 Solve a system of linear 2 3) Thisisa2 x 2 matrix with two rows and ; 
equations using matrices. @® 

5 6|. twocolumns. 

1. -d0 eOmee = 
3 4 =e This isa 3 X 4 matrix with three rows 

and four columns. 
Zoc Vien vee 

A matrix that is derived from a system of linear equations is called the augmented 
matrix of the system. This augmented matrix is made up of two smaller matrices sepa- 
rated by a vertical line. The coefficients of each variable in the linear system are placed 
to the left of the vertical line. The constants are placed to the right of the vertical line. 

The augmented matrix for the system of equations 

Sone Jy = —22 

2x- y= 10 

be 5 sa 

eee | 10] 

The augmented matrix for the system of equations 

5h eo yieee = "8 

Ser yt z=. 3 

B= 2y + 4z = 10 

is the 2 X 3 matrix 

is the 3 X 4 matrix 

ees) 2, 8 

eel yb 3 

oe-2 4 | 10 

Example 1 Write the solution to the system of linear equations represented by 
the following matrix. 

|! = 8) “ad 

Oana 4 

Solution The matrix represents the system of equations 

es) =c—7 and 

Ox+ y= 4. 

Since we know that y = 4, we can find x by substitution. 

ye isy = —7 

ae o(4); =) —7 

ae? =r a7 

x=5 

Thus, the solution to the system is x = 5; y = 4. We can also write the solution 
as (5, 4). o 
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Student Practice 1 Write the solution to the system of linear equations 
represented by the following matrix. 

ic 

Grall3 

To solve a system of linear equations in matrix form, we use three row operations 

of the matrix. 

MATRIX ROW OPERATIONS 

. Any two rows of a matrix may be interchanged. 

. All the numbers in a row may be multiplied or divided by any nonzero 
number. 

. All the numbers in any row or any multiple of a row may be added to the 
corresponding numbers of any other row. 

To obtain the values for x and y in a system of two linear equations, we use 
row operations to obtain an augmented matrix in a form similar to the form of the 
matrix in Example 1. 

The desired form is 

io iowa. Dd 

01 om 1071 ¢| e 

: O a, tal sf 
The last row of the matrix will allow us to find the value of one of the variables. We 

can then use substitution to find the other variables. 

Example 2 Use matrices to solve the system. 

4x — 3y = -13 

Sp Aes 

Solution The augmented matrix for this system of linear equations is 

i 3 4 

ie 4 

First we want to obtain a 1 as the first element in the first row. We can obtain this 

by interchanging rows one and two. 

5 ; z 

4 -=3 43 

Next we wish to obtain a 0 as the first element of the second row. To obtain this we 
multiply —4 by all the elements of row one and add this to row two. 

; iz 5 

Oneal 

| mr, 

Sue 

Next, to obtain a 1 as the second element of the second row, we multiply each 
element of row two by — i‘. 

Lez. S 1 

a | 3) nar 
This final matrix is in the desired form. It represents the linear system 

x+2y=5 

y=3. 

| —4R, a5 R 
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Since we know that y = 3, we substitute this value into the first equation. 

x + 2(3) =5 

x+6=5 

ie +1 

Thus, the solution to the system is (—1, 3). Oo 

(fea Student Practice 2 Use matrices to solve the system. 

Bia 2yo— —6 

te oy =, 6 

Now we continue with a similar example involving three equations and three 
unknowns. 

Example 3 Use matrices to solve the system. 

De Viana — 11 

eee y te k= 12 

. ieee cea? = «5 

Solution The augmented matrix that represents this system of linear equations is 

tea a4 5) 

To obtain a 1 as the first element of the first row, we interchange the first and sec- 
ond rows. 

1 2 I fale? 

D a Sl 11 R, bee: R 

3. —1 Z, 5 

Now, in order to obtain a 0 as the first element of the second row, we multiply row 
one by —2 and add the result to row two. In order to obtain a 0 as the first element 
of the third row, we multiply row one by —3 and add the result to row three. 

bier 12 

Oi |C—-13 

Om Teel.) | [—-31 

To obtain a 1 as the second element of row two, we multiply all the elements of row 
two by —1. 

—2R, Te R> 

SENG + R; 

IS cay? 1 12 

OP a 3 3 —1R, 

ae |v—3) 

Next, in order to obtain a 0 as the second element of row three, we add 7 times row 

two to row three. 

ieee 2 1 12 

Oise 3 613) -7Ry +R; 

0 0 20 | 60 

Finally, we multiply all the elements of row three by 35. Thus, we have the following: 

oe e512 ; 

eles | 13 50 83 

Ome || 3 
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Graphing Calculator 

Obtaining a Reduced 
Row Echelon Form of an 

Augmented Matrix 

If your graphing calculator has 
a routine to obtain the reduced 
row echelon form of a matrix 
(rref), then this routine will 

allow you to quickly obtain the 
solution of a system of linear 

equations if one exists. If your 
calculator has this capability, 

solve the following system. 

SW) 26 oy Az 8.3 

eeCKLD ap She am oA) ae" 1/72 = 70 BI 

6w + x + 4y + 5z = —13.3 

Twt+4x+ y+2z= 141 

Ans: 

w = 31,x = 2.2, 

y = 4.6,z = —10.5 

From the final line of the matrix, we see that z = 3. If we substitute this value into 
the equation represented by the second row, we have 

yeriz = 13 

y + 3(3) = 13 

y+9=13 

y=4. 

Now we substitute the values obtained for y and z into the equation represented by 
the first row of the matrix. 

x+2y+z2=12 

x+2(4)+3=12 

ys + 3 = 12 

yee il = 12 

x=1 

Thus, the solution to this linear system of three equations is (1, 4, 3). oO 

Student Practice 3 Use matrices to solve the system. 

te ye oe = = 15 

aye ay ig = 15 

eiaeOy to De a 

We could continue to use these row operations to obtain an augmented matrix 
of the form 

iO) Oh ea 

Fares (i) alge OM 
() (al we 

This form of the augmented matrix is given a special name. It is known as the reduced 
row echelon form. If the augmented matrix of a system of linear equations is placed 
in this form, we would immediately know the solution to the system. Thus, if a system 

of linear equations in the variables x, y, and z has an augmented matrix that could 

be placed in the form 

LO OF 7 

OPS Or €32 |, 

Dae 1.4) £18 

we could determine directly that x = 7, y = 32, and z = 18. A similar pattern is 
obtained for a system of four equations in four unknowns, and so on. Thus, if a sys- 
tem of linear equations in the variables w, x, y, and z has an augmented matrix that 
could be placed in the form 

0, 0-1 23.4 

Dit) 0. |..48.6 

moet 0) 0.73 |’ 

OP Ge O.s 1. |) 5.97 

we could directly conclude that w = 23.4, x = 48.6, y = 0.73, and z = 5.97. Reduc- 
ing a matrix to reduced row echelon form is readily done on computers, Many math- 
ematical software packages contain matrix operations that will obtain the reduced 
row echelon form of an augmented matrix. A number of graphing calculators such 

as the TI-84 can be used to obtain the reduced row echelon form by using the rref 
command on a given matrix. 
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Solve each system of equations by the matrix method. Round your answers to the nearest tenth when necessary. 

1. 

4, 

10. 

16. 

Zee By. = 5 

Sx + y=19 

age) =", —9 

ay sy = —13 

ea@= 2y +3 = 5 

ma ay — | = 9 

a Oy 82 14. 

Pie oy a) =e 

Boer) yi—.224a= 5 

mary — z= -3 

Beate ym Z 

Pie yt Z. = iu Nw 

4x + 3y +5z= 2 

2y + 7z = 16 

2x —- y 

Il 

| fon 

2. 

11. 

14, 

L7, 

Sak Syrah 3 2n y= 3 

2x + Ty = —10 Sx y= .24 

S++ 2y = 6 6, =24 + y= 24 

3x + 4y = 12 may — 10 

34 yi Sx + 3y = 2.7 

OX 1 Oy ees 6x + Sy = 25.7 

Seretiy = eee oe iZnox y rag = 5 

ax iy. SZ Se oe beet yo Sz IT 

4y > 3y = oy oy + 12 = — i 

Di ya ee iI, 2G — Bh sie re thal 

LLY — eae Tes Sa era a is) 

actin Ver eo camie®) ee sy = 2 = —11 

6x = Yih org seed 18, 3x + 2y = 44 

2x + 3z = 16 Ay aiSzi= 19 

4x + Ty + 5z = 20 2x eee 

Optional Graphing Calculator Problems /f your graphing calculator has the necessary capability, solve the following 
exercises. 

19. seer 6y + 7z 

iie—3.2y + 1.62 

Oe) By + 222 

45.6 

3.12 

70.8 

21. 6wt+ Sxt+ 3y+15z= 

Pope O./X — SVeah 

in ob Swe 

3w + 8x —- 15y + 

7z 

6z 

Z 

ll 

41.7 

S21 ,02 

58.4 

—142.8 

pM REE AM Whe RS) 

MO cael Swe ze—— — 20:93 

TER CIS YA Et 42 39.6 

22. 20 Pat lye Id4z = 6.7 

Sa OM Ves 92) = 25.3 

—dt wet Loy — 9z = —53,4 

CO ite Zoy + 62 = 22,9 

A-15 



Appendix D Sets 

E} Writing a Set in Roster Form @® 
After studying this section, you will 

be able to: 

1 Write a set in roster form. &® 

Write a set in set-builder 

notation. 

Find the union and 

intersection of sets. €® 

Identify subsets, @® 

A-16 

Set theory is the basis of several mathematical topics. Sorting and classifying objects 
into categories is something we do every day. You may organize your closet so all 
your sweaters are together. When you go through your mail, you may separate bills 
from junk mail. 

A set is a collection of objects called elements. Numbers can be classified into 
several different sets. The natural numbers, for example, are the set of whole num- 
bers excluding 0. Prime numbers make up another set. They are the set of natural 
numbers greater than 1 whose only natural number factors are 1 and itself. We can 
write these sets the following way. 

N= (0253.4, 5... .} 

Peles 2.) Syl al GS ae 

There are several things to notice. Capital letters are usually used to represent sets. 
When elements of a set are listed, they are separated by commas and enclosed by 
braces. When we list the elements of a set this way, we say the set is in roster form. 
The three dots in sets N and P indicate that the pattern of numbers continues. 

To indicate an element is part of a set, we use the symbol €. Since 17 is a prime 
number, we can write 17 € P. This is read “17 is an element of set P.” 

Example 1 Write in roster form. 

(a) Set D is the set of Beatles. 

(b) Set X is the set of natural numbers between 2 and 7. 

(c) Set Y is the set of natural numbers between 2 and 7, inclusive. 

Solution 

(a) Writing set D in roster form, we have 

D = {John Lennon, Paul McCartney, George Harrison, Ringo Starr}. 

(b) X = {3,4,5, 6}. 

(c) The word inclusive means the numbers 2 and 7 are included. 

Ves 4 5,6,7} Oo 

de’ Student Practice 1 Write in roster form. 

(a) Set A is the set of continents on Earth. 

(b) Set C is the set of natural numbers between 35 and 42. 

(c) Set D is the set of natural numbers between 35 and 42, inclusive. 

The sets in Example 1 are finite sets; we can count the number of elements. Set 
D in part (a) contains four elements and set Y in part (c) has six elements. The set of 
natural numbers N = {1,2,3,...} isan example of an infinite set. The list of num- 

bers continues without bound; there are infinitely many elements. Some sets contain 

no elements and are called empty sets. The empty set is denoted by the symbol { } or ©. 
The set of students in your class that are 11 feet tall is an empty set. 
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Writing a Set in Set-Builder Notation @® 

All the sets we have seen so far have been in roster form or have been described in 
words. Another way to write a set is set-builder notation, used often in higher math- 
ematics. An example of a set written in set-builder notation is 

A = {x|x is anatural number greater than 10}. 

We read this as “Set A is the set of all elements x such that x is a natural number 

greater than 10.” We also could have written A = {x |x EN andx > 10}.xEN 
means x is an element of the natural numbers. 

Let’s look at each part of set-builder notation and its meaning, 

{ x | criteria } 

y | 1 J 
The all such x meets 
set elements that these criteria 

of x 

Example 2 Write set B in set-builder notation. B = {a, e,i, 0, u} 

Solution For an element to be in set B, it must be a vowel of the alphabet. We 
write B = {x|x is a vowel}. Notice what is written to the right of the bar. We don’t 
describe the set in words here, We simply indicate what criteria an element must 
meet to be in the set. B = {x|x is the set of vowels} is not correct. oO 

Student Practice 2. Write set C in set-builder notation. 

C = {4,6,8, 10,12} (Hint: There is more than one acceptable answer.) 

Finding the Union and Intersection of Sets @® 

Addition, subtraction, multiplication, and division are operations used on numbers. 
There are other operations used on sets. The two most common operations are union 
and intersection. 

The union of two sets A and B, written A U B, is the set of elements that are 
in set A or set B. 

Example 3 Find A UBif A = {a,b,c,d,e} and B = {a,c,d,g}. 

Solution To find the set A U B, we combine the elements of A with those of B. 

We have A U B = {a,b,c, d,e, g}. oO 

tmepa Student Practice 3 Find GUH if G = {!,*,%,$} and 
Ti 1%, 7, A, +} 

The intersection of sets A and B, written A () B, is the set of elements in set 

A and set B. 

Example 4 Find A ()B,if A = {a,b,c,d,e} and B = {a,c,d,g}. 

Solution The elements that are common to sets A and B are a, c, and d. Thus 

ANB = {a,c,d}. o 

Student Practice 4 Find GQMH if G= {!,*,%,$} and 

H = {$,?,A,+}. 
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We have talked about one important set of numbers, the natural numbers. 

There are several other sets of numbers that we summarize below. 

Sets of Numbers 

Real numbers 

Natural numbers 

Whole numbers 

{x | x can be placed on the number line } 

PAE Cie) S05 cf} 

{Oe 25.3545 >see 

Integers 1. Shey oe le OER 

Rational numbers {x | x can be written as where p and q are integers, andq # 0} 

Irrational numbers {x | xis areal number that is not rational } 

You are probably more familiar with the terms natural numbers, whole num- 

bers, and integers than the others. Let’s look at rational, irrational, and real numbers 

in more detail. 
A rational number is a number that can be written as a fraction (with a denom- 

inator not equal to 0). Here are some examples of rational numbers: 

25083 54,1 <\/9) 

=5 354 3 
The first three numbers can be written as —— 1 100° and LP respectively, and so are 

considered rational numbers. Every integer is rational since it can be written with 1 

in the denominator. When a number is written in decimal form, we can easily deter- 

mine whether or not it is a rational number. If the decimal repeats or terminates, it 

is a rational number. 

z 13 a 
0.3 and aoa 0.5909090... = 0.590 are repeating ae 

rational numbers 

9 
d= 1S =] = 15562 an 16 5) are terminating decimals 

There are some numbers whose decimal representation is not a repeating or See 

ing decimal. For example, if we looked at the decimal forms of V2. Ve 6,and V7, we 
would see that the decimal does not end and does not contain digits that repeat. These 

are irrational numbers. Pi (77) is another irrational number. When these numbers are 
used in calculations, we use approximations: V6 ~ 2.449 and r ~ 3.14. 

All the numbers we have discussed above can be placed on the number line. 
Some of them are shown below. 

3 4+ | 0.590 
5 SAG 10 y V4V6 3.54 

<< n —}—_#—__}_—e—+} o— $—s—— 0-6 | -—> 
5 4 3 2 1 0 1 2 3 4 5 

Any number that can be placed on the number line is a real number. The set of 
real numbers is the union of the rational and irrational numbers. 

Z¥ identifying Subsets 

We have seen that all integers are rational numbers and all rational numbers are real 
numbers. When all the elements of one set are contained in another set, we say that 
it is a subset. Here is a more formal definition. 
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Set A is a subset of set B, written A C B, if all elements in A are also in B. 

Consider the sets A = {Amy,Jack,Ron} and B = {Amy, Harry, Lena, 

Jack, Ron}. All three elements of set A are also in set B. Therefore, set A is a subset 

of set B, and we can write A C B, 

Example 5 Determine if the statement is true or false. If false, state the reason. 

(a) A = {t,v} and B = {r,5,t,u,v,w},soA CB, 

(b) The set of integers is a subset of the natural numbers. 

Solution 

(a) True. All the elements of A are also in B. 

(b) False. To see why, consider the number —3. 

—3 is an element of the set of integers, but —3 is not a natural number. So the 

integers is not a subset of the natural numbers. 

The natural numbers, however, is a subset of the set of integers. Do you see 

why? oO 

Student Practice 5 Determine if the statement is true or false. If false, 

state the reason. 

(a) C = {a,b,c,d,e,f} andD = {c,f}soC CD. 

(b) The set of whole numbers is a subset of the rational numbers. 

The table below shows the relationship among the sets of numbers we have 

discussed. 

Real numbers (33, —6.7, NAS 1) 

I 
Rational numbers [Irrational numbers | 

(0,3, Vee (V3, -V10, 77) 

Integers (—18, 1, 215) 

Whole numbers 

(0, 338) 

Natural 

numbers 

(1, 10, 23) 

A-19 
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Fill in the blank with appropriate word or words. 

1. The objects of a set are called 

2. When the elements of a set are listed in braces, the set is in 

3. The of two sets is the elements the sets have in common. 

4. The symbol means “intersection.” 

5. A set that contains no elements is called the 

6. Ifaset is , we can count the number of elements it contains. 

In exercises 7-14, write the set in roster form. 

7, The set of states in the United States that begin with the letter C. 

8 A= {x|xENand4 <x < 10} 9. C= {x|x € Nand x is odd} 

10, M = {x|\4 © Paid? = x < 23} 11. F= {x|x € Nand xis a multiple of 5 between 
10 and 50} 

12. B = {x|x is an integer between —3 and 2, inclusive } 13. A is the set of integers less than 0. 

14, The set of the last five months of the year 

In exercises 15-20, write the set in set-builder notation. 

15. O = {Atlantic, Pacific, Indian, Arctic} 16. B = {3,6, 9, 12,15} 

17, G = {2,4, 6, 8} 18. K = {31, 37, 41, 43} 

19, T = {scalene, isosceles, equilateral } 20. C is the set of planets in our solar system 

21. IfA = {-1,2,3,5,8} and B = {-2,-1,3,5},find 22. IfC = {d,e,f,g,h,i,j} and D = {x,z}, find 
(a) AUB (b) AM B (a) CUD (b) C()D 

Given sets A, B, and C, decide if the statements in exercises 23-34 are true or false. If it is false, give the reason. 

A = {1,2,3,4,5,...},B = {10, 20,30, 40, 0} C=) leanne 

23. Bisa finite set 24. ACC 

25. 68EA 26. 1200E B 

27. BCA 28. BC = {10, 20, 30, 40} 

29. AMC = { } ener 1, 2,3,4,5,... } 
A-20 

—— ae 



31. A is the set of whole numbers 

33. A U Cis the set of natural numbers 

35. Give an example of a subset of A. A = {Joe, Ann, 

Nina, Doug } 

Appendix D Sets A-21 

32. B = {x|x © Nand x is a multiple of 10 greater than 5} 

348 (Va) 

36. Give an example of a set of which B is a subset. 
= {poodle, Irish setter, dachshund } 

Below is a table of the top 10 most popular boy and girl names for 2005 and 2015. Use the table to answer exercises 37 and 38. 

Source: www.babycenter.com. 

2005 2015 

Boy Girl Boy Girl 

1. Aidan Emma Noah Emma 

2. Jacob Emily Liam Olivia 

3. Ethan Madison Mason Sophia 

4, Nicholas Kaitlyn Jacob Ava 

5. Matthew Sophia William Isabella 

6. Ryan Isabella Ethan Mia 

7 Tyler Olivia James Abigail 

8. Jack Hannah Alexander Emily 

9, Joshua Makayla Michael Charlotte 

10. Andrew Ava Benjamin | Harper 

37. (a) Write set B in roster form. B is the set of the most 

popular boys’ names in 2005 or 2015. 

(b) Your answer to part (a) represents a(n) of 
two sets. 

38. (a) Write set G in roster form. G is the set of the 

most popular girls’ names in 2005 and 2015. 

(b) Your answer to part (a) represents a(n) 

of two sets. 

39. Decide which elements of the following set are whole numbers, natural numbers, integers, rational numbers, irrational 

Z 2 
{3.00 20, = 13 o V8, -7} 

numbers, or real numbers. 

40. Is the set of whole numbers a subset of the real num- 

bers? Explain. 

42. Which sets of numbers are subsets of the rational 

numbers? 

41. Is the set of integers a subset of the whole numbers? 
Explain. 

43. List all sets of numbers of which the whole numbers 

are a subset. 
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Solutions to Student Practice Problems 

Chapter 0 0.1 Student Practice 

iyo = 2x5 E 5 aS 
: Tom 2 X12 DSO aoe Oe 8 

Den 2x 22 
©) 36 2x2x3x3° 3 

<n 2x2 x Soupreeeee ss 6 
9 3:7 7 

Bx 2 i Oa 2 5x5x1 
21ers ©) 5 5x5x5 
Me 

MGs 13o 2 

eee. xo xX So 146 78. * 2 

ee 2x3x1 9 Bae ext” 
ae i 

S6u tell Wace 4 
4. 56 out of 154 = For = > a 

1 
5 (a) 2 =12+7 12 

? 7 
5 Remainder 

foe 5 
pp S 

w B= 0 +5 510 
20 
Q Remainder 

20 
far 

Ps XS) F 2k 157 27 
ers = 5 Mee BS 

epipk 7) 8 saya 1d 
Gm, 7 “> heey 

_ (2x11) +6 2246 28 
©) = i or ee 

re (4X3) 2 12g 
UY is 3 Pea aa 1g: 

5 
. iro FS BA etl =a 
7. @ 3 24 8 (b) & 30° 6x5 

peed 9) pee 25 
Bs | 24 6X5 30 

l 7X8 = 56 ©) 7 = 56 = 

Bere 8, 4) 16) 
7X8 56 

0.2 Student Practice 

Bares) 3 ew Ae siens a8. 11 
ee 6 6 () 77 cl Sn 11 

oy eee) 
ae 38°. a 

ieee 
@ 5+ 5 9 9 1G 

10. 

M6 _M-6_5 
"ORB 13 1B 
ee eae 

Grane 5 OF 3 
. The LCD is 56, since 56 is exactly divisible by 8 and 

smaller number that is exactly divisible by 8 and 7 
. Find the LCD using prime factors. 

8 6 

35 8nd 5 
35 =7°:5 

i | 5:3 

ro 
RCD sees 05 

5 
Find the LCD of — 2 and 30° 

12 = 3°2*2 

30 = ‘| 2°5 
Le ae | 

LCD = 3:2:2:°5 = 60 

Find the LCD of =, —, and — ind the (0) 7 rae 12° 

i Bas-3 
| 3+3+2 
12 = aS 

Vv 
LCD = 353" 3n2m2 = 108 

. From Student Practice 3, the LCD is 56. 

SCS ede TT 

ECS SsGemse is <7 56 
_ 47 

il 

Sing le 40g eal) 
~~ == + — 
%° & *56. 45656, 
47 
56 of the farm fields were planted in corn or soybeans, 

Thus 50 is the LCD. 

4 4x10 40 6 

a) Oo LOP se) 25 

6X2 ite 

2x 2 0 

7. There is no 

. We can see by inspection that both 5 and 25 divide exactly into 50. 

LCD) = 77298 
Then change to equivalent fractions and add. 

1 1X Die we hee Se. 2h 
A AVCCR ORM 4 14x77 98 
tS ee 25 
49° 14 98 98 98 

LCD = 2:2:3:5 = 60 
Then change to equivalent fractions and subtract. 

rie sree i aa ae 
1) TIES, Da 30 30x2 60 
LEEIOOGS *e eae 

12) SINGER GOGO 20 

a+ 6 i. 1 _ 4 12 1 _4+2+1_ 53, 3 

ee 50) =50% 850, 50 50 50 50 

5 
. Add Z hat 

First He the LED} 

49 =7°7 

liga 7°2 
ded 

SP-1 



SP-2 — Solutions to Student Prac 

2 Siege 
.2+5e5 

ae 4 8 
First find the LCD. 

LCD = 

tice Problems 

OE SO ae 

2 3.46 19 909 wees 

2 

3 

Now combine the fractions. 

2 

3 48° Mh oh G4 OA 24 
12. (a) The LCD of 3 and 5 is 15. 

ce pi i 4x3 _ 42 
RS ee SS 50. Si 156 See 
PN th Oe eb Sil il 

Wy 4545 915 15 45 
(b) The LCD of 4 and 3 is 12. 

1 2 MWK3 0 32.8 8x4 32 
Ti GIS i) Nae oe A 
ees el Deeps seul 7 

ri 23-2 (el 2D 
13. 1 1 ieee 1 al ER, eer ean vd! 

2 om Ait 65 AS alte 

, ; = 2i, 13 (28h aa 
oo ore 5 Sle Pee 

cm 
Nie 

AQ) 6D) 420s: 
=—+—+— + 

10) 10 Oo 

ees Cis cte 
io oe 

2 
The perimeter is 21 5 cm. 

0.3 Student Practice 

Seep 2 ilG) 
Ll re Meera 
7. pA eae 

1. (a) 

(b) 

x | (c) 

x ll (d) 

x | 
W|o 

2. (a) 

wo MW OO] MIO mj RP A|N 

BSS 

(b) —x = 
ay i=) = Ne 

ee .@) 4xl= 2 aa 
32 

Oe eg A 
, oF. 3 

4. Multiply. 575 times 37 

3 Sho) Phe ey ey 
= = x 

35 XS eee A 
The area of the field is 21 square miles. 

il 1 ee ed Ana) 

Air 7s Ee EE Sy 
x4=—-X K >=] 2X x 

3 

ik 2 Pome Be 
7 Se a ere i SS 

7 

12 

5 12.8 12 d5" Sede sooo 1 

Oe ise 5 ig 5 eee 
1S 
2 (oma 8) Se So 

i + = + == x = 
7 Os 85 as Fe 

2 IS. af ACS See or) oi 
+7= += x== == 

(b) 43 ‘ Sree 3 3 oe Oe) 

it 
5) 1 De Ou, 9 7 293 i 14 

—_— = |- + — =—-= ~< — 

[Yeah Fe 7 55 Eee eee ae 
i] 

il 64 16 64 3 4:16 3 12 
i +5-= +-—= = xX —— = = 

16h ae 9G, i 16 1 eae ee 
He can fill 12 jars. 
peeezo 21> 126 14 Oa 

UM. 126 + 57 = 7a ee FI i > = 24 

The car got 24 miles per gallon. 

0.4 Student Practice 

1. (a) 1;0.9 = = = nine tenths 

9 F 
(b) 2; 0.09 = Too > nine hundredths 

(ce) 3;0.731 = a = seven hundred thirty-one thousandths 

(d) 3;1.371 = 1a = = one and three hundred seventy-one 

thousandths 

5 ; 
(e) 4; 0.0005 = 10,000 = five ten-thousandths 

0.375 0.035 

Ze (a) = = = (375 8)3.000 (b) a = 0,035 200)7.000 

24 6 00 
60 1 000 

56 1.000 
40 0 

40 
0 

1,65 
© 5 == 1,65 20)33.00 

20 

130 

120 
100 

1.00 
0 

1 = nee 
3. (a) 6 = (1.1666... or 0.16 (b) * = 0.454545... or 0.45 

0.166 0.4545 

6)1.000 11)5.0000 

6 44 
40 60 

36 55 

40 “50 

36 44 
4 60 

55 
5 



8 4 88 22 
4. (a) Red rtears (b) 0.88 100 > 25 

45 9 148 3 
(c) 0.45 = 559 = 20 (d) 0.148 000 250 

612 153 16 2 
(e) 0.612 = 1000 = 250 (f) 0.016 = tan ie 

5, (a) 3.12 (b) 152.003 (c) 1.1 (d) 1.0052 

+5.08 = 136.118 3.16 = 0.1234 
8.20 15.885 +5.123 0.8818 

9,383 
6. (a) 0.0610  (b) 18.000 

5.0008 = 0.126 

+1,3000 17.874 

6.3618 

7 0.5 (one decimal place) 

x.0.3 (one decimal place) 

0.15 (two decimal places) 
8. 0.12 (two decimal places) 

x 0.4 (one decimal place) 

0.048 (three decimal places) 

9, (a) 1.23 (two decimal places) 

xX 0.005 (three decimal places) 

0.00615 (five decimal places) 

(b)\ 0,003 (three decimal places) 
X_0,00002 (five decimal places) 

0.00000006 (eight decimal places) 

10. 5.26 
6)31.56 
30 

15 Each box of paper costs $5.26. 

ip 

11. 300.00. 
0.06, oe 00, Thus, 1800 + 0.06 = 30,000. 

~ 00000 

12. 0.0036 
49,)00,1764 Thus, 0.01764 + 4:9 = 0.0036. 

“04 
294 

0 

13. (a) 0.0016 x 100 = 0.16 
Move decimal point 2 places to the right. 

(b) 2.34 X 1000 = 2340 
Move decimal! point 3 places to the right. 

(c) 56.75 X 10,000 = 567,500 
Move decimal point 4 places to the right. 

me 4 5 
14, (a) —— = 0.582 (Move decimal point 1 place to the left.) 

a 4 
1000 ~ (0.1234 (Move decimal point 3 places to the left.) Oia 

0.6 Student Practice 

1. Mathematics Biueprne for Problem solving 

Living room measures Area of room in square feet. 
164 ft by 103 ft 

The carpet costs ae 
per square yard. 

Area of room in square yards. 

Cost of the carpet. 

Solutions to Student Practice Problems SP-3 

(@) 2.00814 
* “10,000 = (.000000614 (Move decimal point 4 places to the left.) 

0.5 Student Practice 

1. (a) 0.92 = 92% (b) 0.0736 = 7.36% 
(c) 0.7 = 0.70 = 70% — (d) 0.0003 = 0.03% 

2. (a) 3.04 = 304% (b) 5.186 = 518.6% 
(c) 2.1 = 2.10 = 210% 

3. (a) 7% = 0.07 (b) 9.3% = 0,093 
(c) 131% = 1,31 (d) 0.04% = 0.0004 

4. Change the percents to decimals and multiply. 
(a) 18% of 50 = 0,18 x 50 = 9 
(b) 4% of 64 = 0.04 x 64 = 2.56 

(c) 156% of 35 = 1.56 X 35 = 54.6 

5. (a) 4.2% of 38,000 = 0.042 x 38,000 = 1596 

His raise is $1596, 
(b) 38,000 + 1596 = 39,596 

His new salary is $39,596. 

Sel ih 187° nee ee 
Oia 148 reduces to Ay a a 0.25 = 25% 

OS ae ee 
7. (a) ree 0.5 = 50% 

4 = — 9 (b) Th 0.16 = 16% 

430 _ 215 
" 1256 628 

9, Round 128,621 to 100,000. Round 378 to 400. 

100,000 X 400 = 40,000,000 

10. Round 125 feet to 10 feet. Round 92 feet to 10 feet. 

First room: 10 X 10 = 100 square feet 

= (342 ~ 34% 

Round 114 feet to 10 feet. Round 185 feet to 20 feet. 

Second room: 10 X 20 = 200 square feet 
100 + 200 = 300 

The estimate is 300 square feet. 

11. (a) Round 422.8 miles to 400 miles. Round 19.3 gallons to 20 gallons, 
20 

20)400 
Roberta’s truck gets about 20 miles per gallon, 

(b) Round 3862 miles to 4000 miles. 
200 

20)4000 

She will use about 200 gallons of gas for her trip. 

Round $3.69 to $4.00. 

200 x $4 = $800 

The estimated cost is $800. 

Citiary 165 ft By 103 ft to iGiget t nee area in 9 sq feet = 1 sq yard 
square feet. 

Divide the number of square feet by 9 to get 
the number of square yards, 

Multiply the number of square yards by $20.00. 



SP-4 Solutions to Student Practice Problems 

33 21 693 A 10 3,660,000 1 1 
= s —ft = — ft x —ft = — feet i — = 0. — LY ————_ = (0). = 9 165 ft 105 ft 5 ft 5 ft a or 1737 square fee 2. (a) 55 0.182 ~ 18% (b) 13,240,000 0.276 ~ 28% 

1 OOS Or OosianeL es 77 1 173 = 9s te ee ar me 10 bez Lee 3,720,000 "0281 @ 98° 
‘ 4 1 4 9 4 4 (c) 55 0.273 = 27% (d) 13,240,000 0.28 28% 

197 square yards of carpet are needed. (e) We notice that 18% of the company’s sales force is located in 

the Northwest, and they were responsible for 28% of the sales 
1 LYE Pv 

19— x 20 = — X — = 385 volume. The percent of sales compared to the percent of sales 
4 rae P 

force is about 150%. 27% of the company’s sales force is located 
in the Southwest, and they were responsible for 28% of the sales 
volume. The percent of sales compared to the percent of sales 

Estimate area ie are we ok i force is approximately 100%. It would appear that the North- 

Estimate the cost: 20 20 = $400.00 west sales force is more effective. 
This is close to our answer of $385.00, Our answer seems reasonable. 5 

To Think About: 88;35 
To Think About: 6.5 sq ft; 52.5 sq ft; $468 4s 

It will cost a minimum of $385. 
Check: Estimate area of room: 20 X 10 = 200 square feet 

Chapter 1 1.1 Student Practice ib, SAA (-4) 
12 2) 12 

“ Rational _ Irrational Real oe re (- s) as 

Number Integer Number Number Number 2 = i 
(a) =2 x x HM. 26:35 (=8)0) 335 

5 —_ = Way oo 
(bye Lsisisiee xX xX = —10.8 

(c) at Xx x Xx 12, —6 +5 

(d) T x De =] +5 

=2 43 
2. (a) Population growth of 1259 is +1259. =i 13 

(b) Depreciation of $763 is —763. ==) te 5) ae (9) ar (2) Se Ser che al) ae tls) = 2 

(c) Wind-chill factor of minus 10 is —10. 13, Gy enom (257) = =8%6 

3. (a) The additive inverse (opposite) of is -2 (b) 24 (-1) 

(b) The additive inverse (opposite) of —1.92 is +1.92. 8 ; 3 5 
(c) The opposite of a loss of 12 yards on a football play is a gain of D ae ( =) 6 

12 yards on the play. 

4. (a) oe = 7.34 1.2 Student Practice 
o | =2 1. DE (sy 9 F (43) = 12 

0 . ~12 — (-5) = -12 + =- @ a oe ee ea 5) = =7 

2 Pe fee ( 1) 2 
5. (a) 37 + 19 (b) —23 + (-35) EEE G18), Vy WS 

37 + 19 = 56 23 + 35 = 58 ie 3) Seve! 5 9 4 

37 + 19 = +56 —23 + (-—35) = —58 (b) 2K 7 PHN I 21 i Dl Di 

B 4 4, WS (17.3) 17.3 + 17.3 =0 
» —->t[-= 

o aes ( ) 5. (a) —21—9 (b) 17 — 36 

21 _ 20 
= bet —9)) = 17 + (-36) 

a5 ESS = —30 aoe 
21 20) i 6 

= orl (c) 12 — (15) @ayees 
ies SS Bio a Bb) 35 =12+15 5 
+ ( 2) mel. 2 © ~ 97 8 wordy 
35 35) 08 135 35 ei 

3 10 i 
, —12.7 + (-9.3) les C&W 2 (= 8)ghsi) 5 (-¥) 5 or IS 

12.7 + 9.38 = 22.08 
27 (= 9:38) 22.08 6. 350 — (—186) = 350 + 186 = 536 

The helicopter is 536 feet from the sunken vessel. 
Ss 7 ae (20) ae (=358))) 

Nv 
= —18 4+(=33) 1.3 Student Practice 

= -51 Tay (0) 2) — 12. (b) (7) (9) = 63 
ai/2 6 5 Bh hae 35 5 9, —9 + 15 = = = 23 ee 

15-9 =6 P ( 55) as (5) ”) all “ it ae 

ace 2. (—5)(-2)(—6) = (+10)(-6) = -60 



3. (a) positive; —-2(—-3) = 6 
(b) negative; (—1)(—3)(—2) = +3(-2) = -6 
(c) positive; 

—4(-1)(-2)(-6) = +1(-2)(-6) = -2(-6) = +12 or 12 

4, (a) —36 + (—2) = 18 (b) 49+7=7 

eh a ae CF aaa! (@) — = -3 

5. (a) The numbers have the same sign, so the result will be positive. 

Divide the absolute values. 

7 

1.8 ) 12.6, 
126 

ie.O  (=—1.8) = 7 

(b) The numbers have different signs, so the result will be negative. 

Divide the absolute values. 

0.5 

0.45 + (-0.9) = -0.5 

ee) Cid =) oe i) 

(b) 

8. (a) 6(—-10) = —60 
The team lost approximately 60 yards with plays that were 

considered medium losses. 
(b) 7(15) = 105 

The team gained approximately 105 yards with plays that were 

considered medium gains. 

(c) —60 + 105 = 45 
A total of 45 yards were gained during plays that were medium 

losses or medium gains. 

1.4 Student Practice 

1. (a) 6(6)(6)(6) = 6" 
ye 2(—2)(—2)(—2)(=2) = (aye 
(c) 108(108) (108) = 108% 

(Gye wll(—11) (—11) (10) 
(e) (w)(w)(w) = w? 
() (z)(z)(z)(z) =z 

2. (a) 3° = (3)(3)(3)(3)(3) = 243 

(b) 2? = (2)(2) =4 
= (3)(3)(3) = 27 

433=4+27 = 31 

3. (a) (—3)? = -27 

—11)(—11) = (-11)° 

wa 

(b) (—2)° = +64 

2 =-(2')=-16 (d) —[6°) = 216 

4. (a) (3)3 = (3) (3) (3) = 77 
(b) (0.3)4 = (0.3) (0.3) (0.3 ae = 0),0081 

© (3)4= ()G NE) (G) © 
(d) 3* = (3)(3)(3)(3) = 

ee (4)(4) = 16 

(3)*(4)? = (8 me ong 1296 

1.5 Student Practice 

Solutions to Student Practice Problems SP-5 

1, 25 + 5-6 +2" 
=25+5:6+8 

=5-6+8 
= 30+8 
= 38 

. (—4)3 — 2° = -64 — 64 = —-128 
3. 6 = (8 = 12)? +58 + 2 | 
=6- (-4)?+8+2 

iS 

1.6 Student Practice 

1. (a) 3(x + 2y) = 3x + 3(2y) = 3x + 6y 

(b) -2(a + 3b) = -2(a) + (—2)(+3b) = —2a — 6b 

oe (8) = (35 me 1 Sr 8 | ¥) 
= (> 1} mage (= 1) Cy) 
= 3% — 

3. (a) oa? — 5a + 25) = (3) ca" + (3) se) + ( 

= 2a? — 3a +15 

Ciles) 
Jes) 

2 

(b) cel et = ope aul2) 
= (2. ate x*) + (2.5)(-3.5x) + (2.5 

2.5x” — 8.75x + 3 

4, —4x(x — 2y + 3) = (—4) (x) (x) + (—4) (x) (-2) Y) 
= —4x? + 8xy — 12x 

5. (3x? — 2x)(—4) = (3x”)(-4) + (—2x)(-4) 

6. 400(6x + 9y) = 400(6x) + 400(9y) 
= 2400x + 3600y 

The area of the field in square feet is 2400x + 3600y. 

)(1.2) 

+ (—4) (x) (3) 

= —12x? + 8x 

1.7 Student Practice 

1, (a) 5a and 8a are like terms. 

2b and —4b are like terms. 

(b) y? and ~7y’ are like terms. These are the only like terms. 

2. (a) 16y> + 9y3 = (16 + 9)y> = 25y3 
(b) Sa + 7a + 4a = (5 +7+4)a = loa 

3. —8y? — Oy? + 4y? = (-8 — 9 + 4)y? = -13y? 

4, (a) 1.3x + 3a — 9.6x + 2a = —8.3x + Sa 

(b) Sab — 2ab* — 3a*b + 6ab = 11ab — 2ab? — 3a°b 
(c) There are no like terms in the expression 

Tx’y — 2xy? — 3x?y? — 4xy, so no terms can be combined. 

5. Sxy — 2x?y + 6xy? — xy — 3xy? — 7x2y 
= Sxy — xy — 2x*y — 7x*y + Oxy? — 3xy? 

= 4xy — 9x7y + 3xy? 



SP-6 Solutions to Student Practice Problems 

Lea a_i 6. a4 1? * 24 3? 

1 2 oo ae, ee eee ee = ai = 4 + 2a 4 19 74 aoa 

i piel eens: 
= —q? + = 

sala sh iy tat 
5 1 5 1°4 5 4 

is oe 2° 12° 
9 3 

iar tage 

Thus, our solution is Pa - b. 

7, 5a(2 — 3b) — 4(6a + 2ab) = 10a — 15ab — 24a — 8ab 

= —14a — 23ab 

1.8 Student Practice 

2. (a) 4x? = 4(-3)? = 4(9) = 36 

(b) (4x)? = [4(-3)P = (-12)° = 144 
3, 2x? — 3x = 2(-2)? - 3(-2) 

= 2(4) — 3(-2) 
=8+6 
= 14 

4. 6a + 4ab* —5 = o(-2) + 4( +).3) = 

a+a(2)o)-s 
= -1+(-6) -5 
= -1 + (-6) + (-5) 
= -12 

5, Area ofa triangle is A = ab 
altitude = 3 meters (m) 

base = 7 meters (m) 

A= 3(3m) (7m) 

1 = 5 (3)(7)(m)(m) 

= > (my? 
= 10.5 m? 

Chapter 2 2.1 Student Practice 
1, x+14=23 

x +14 + (-14) = 23 + (-14) 
x+0=9 

x=9 

Check. x +14 = 23 

9+ 14 + 23 
Mey} 

Ds. 17 Sa Check, 17 =x-5 

17+5=x-5+5 17 £22 =5 
2=x+0 Westy & 
22 =x 

3, 05-12=x-03 Check, 05-12 =x-0.3 
-0.7=x-03 0.5-12 = -0.4-03 

-0.7+03=x-03+ 03 -0.7 = -0.7 Vv 
—0.4=x 

4. x+8=-22+6 
—2+8 4-22 +6 

6 # -16 This is not true. 

6. Area of a circle is 

A=ar 
r = 3 meters 

A =~ 3,14(3 m)? 

=~ 3.14(9)(m)? 
= 28.26 m* 

7. Formula 

5 
C= 9g (F = Syd) 

5 
aac (68 — 32) 

5 - 

= 9 (36) 

= 5(4) 
= 20° Celsius 

The temperature is 20° Celsius or 20°C, 

8. Use the formula. 
k = 1.61(r) 

1.61(35) Replace r by 35. 

= 56.35 
The truck is traveling at approximately 56.35 kilometers per hour, 
It is violating the minimum speed law. 

X 

v 
U 

1.9 Student Practice 

1 [4x (ye 2))|| 
= 5[4x — 3y + 6] 
= 20x — 15y + 30 

Ph eh — (( Sl = (8) ate 
= —3[2a — 3b + c + 4d] 
= —6a + 9b — 3c — 12d 

3) SA Ceo sxc (x — 2) 
= efi = ae ed) — ena ew ee | 
= 3[6x — 2] — [4x — 2] 
= 18x -6-4x +2 

= 14x - 4 

4, —245x — 3[2x — (3 — 4x)]} 
=2 =) 5p3 = BlPa — ey Geral! 
= 25% 130% — 3]} 
NSS — hy so) 

= =P) leks ce Oly 
= 26x — 18 

Thus x = —2 is not a solution. Solve to find the solution. 

x+8=-22+6 

x +8 = —-16 

16-8 
% = —24 

i ee 
3 mo Ss Check. 

fe ec 3 +4 Cae 
Mego | Sa zt ; bt 4 

a paxte 2072-72075 

ey + 12 es a 20 20 
ee) = a -pe-v 
20 20 20 20 

Bie 
> ae 

ne es 20 20 



2.2 Student Practice 

FG2 = 5.2% — 3.4x 

16.2 = 1.8x 

Oe 18x, 

ve 1.8 
Q=x 

2.3 Student Practice 

1. 9x +12 = 38 
Oe a (=2,) = 38 + (—2)) 

9x = 36 
9% 36 

g) 9 

x=4 

2. 13x = 2x — 66 

iormen( = 20) = 2x + (2%) 166 

11lx = —66 

lx _ ~66 
11 11 

x=-6 

3. Se 2) = "6x 492 

Bit) + 2 = Sx + (=3x) $2 

2, =e ee 

De (—2) = 26 2 (2) 
0 = 2x 

Oe 2% 

2. oe 
0O=x 

Check. 3(0) +2 +5(0) +2 
2=2 Vv 

4. =z+8-—z=3z+10-3 

—2z+8=3z+7 

—2z +2z+8=3z+2z+7 

8=5z+7 

8+ (—7) =5z +747) 

1=5z 

Sree (xo 3) = 12— 3(4= 2) 

4x —x —3 = 12-3x+6 

38x — 3 = —3x + 18 

aye ox — 3 = =3x +See 18 

6x —3 = 18 

6x -—3+3=18+3 

6x = 21 

6x) 21 

Gn ie 6 
fi 1 

x= 5013, 

6. =51 = 3x — Ox 

-51 = 
-51 
=) 

uy BO} 1 85 = 

=O 

~6x 
—6 

x 

Check. 9(4) +2 = 38 
36 + 2 2 38 

38 = 38 ¥ 

Solutions to Student Practice Problems 

i 7 2 7 
Check. 4(Z) (7+3) 12 (2 -2) 

a us | 

|B 
Ike Ee nN | Ww 

ae 

Jw 

SS 

6.) 422 3) (4 — 2) F 2 

—8x — 12 = —5x + 10 + 2 

—8x — 12 = —5x +12 

—8x + 8x —12 = —Sx + 8x + 12 

—12 = 3x + 12 

—12 —12 = 3x + 12-12 

—24 = 3x 

204 Lax 
a \91 3 
-8=x 

TOG aay a Oe —= 3.) — Td 
OS oO 12 — 11 

= 74 — 02,— 0.4% — 23 

=e Lie Oe OA Lin = 2.3 
02 =2.14— 23 

2 23 = 2x — 23+ 2.3 
21 = 21x 

24 _ 21x 
hilly oa 

=x 

Ba S2e = 1) a aie a za ES) 

lA See Ae = 12 

102 S237 

107 = 372 3277 — 12 

Iz+ 2= =12 

7z+2-2=-12-2 
Tz = —14 

i eas 
z 7 
ea 

Check. 5[{2(-2) - 1] +7 = 7(-2) - 4[(-2) + 3] 
5[-4 -1] + 7 = 7(-2) - 4[1] 

5(-5) +72 -14-4 
—25+ 7 + -18 

-18 = -18 Vv 

2.4 Student Practice 

cp) <li 
1. gt es 4° 

-(t) 
(Ns) - MG) - OG) 

SP-7 

3x — 12 = 2x 

Sea) pie 2% -F(=-3%;) 

2% 

12=x 
3 

2. “aya 3k yt Check. o ee 

5x 3% 1 15 Om i 

ee ace (7) +43) 1 aes 
Sx-4=3x+2 15. 455 9m 2 

5x — 3x -—4 = 3x - 3x +2 rae 
ae 4 = 2 Lael 

2x-44+4=2+4 ne Cle 
2x = 

IES AMS) 



SP-8 Solutions to Student Practice Problems 

3 a8 ap (0) Hol 

: Lie 6 PB 

2° 10s ae 
9” Or Aang 2 

6 6 x 1 1s(*) is() - 18( ) + is(5) 
Dk 12) 

Phi Pro ae lly2, == By — piso Cas) 

12s 6 9) 

12 — Ox Oe 

3=x 

4, s(x #5) = 5(e-2) +5 

x DS ake ee ul 
+ = 

PER Pes) ere 

(3) +1003) 
Sy ge Po) aes Pe — hc by 

5x + 25 = 2x +1 

bee Pad ave) = poe — Uhr aa al 

3x +25=1 
3x + 25 — 25 = 1-25 

3x = —24 

3x _ —24 
3 3 
x= —-8 

Check: =\(=0y neste ees 229) + 2 
ye) Ts j 

1 21 1 —(-3 = *f_ = 5 (3) mcet0)ia 

ce 1 
oan 2+; 

2 he 
Te Nally. 
3 3 
mea * 

oy 2.8 = 03(0¢— 2) -2(0d% — 0:3) 

2.0 —= 0:30 Oon U2 — 0:6 

10(2.8) = 10(0.3x) — 10(0.6) + 10(0.2x) — 10(0.6) 

28° = 3x)i— Oe 2t —16 

28 = 5x — 12 

28 + 12 = Sy 22 

40 = 5x 

40 _ Sx 
Gg 5 
8=x 

2.5 Student Practice 

1. (a) x + 4 (b) 3x (c) x — 8 (d) 

1 
PEG) Bhie ae ts) (b) 3(x + 8) (c) 3 (* + 4) 

3. Let a = Ann’s hours per week. 

Then a — 17 = Marie’s hours per week. 

4, l=2w+5 

width = w 
w length = 2w + 5 

5. Number of degrees in Ist angle = s — 16 p> 
Number of degrees in 2nd angle = s 

Number of degrees in 3rd angle = 2s 

6. Let x = the number of students in the fall. 

p p 
3% = the number of students in the spring. 

1 , 
5% = the number of students in the summer. 

2.6 Student Practice 

1. Let x = the unknown number. 

ty = —81 

(3x) = 4(-81) 

3x = —324 

3x _ 324 
Ee aes) 
x = -—108 

The number is —108. 

2. Let x = the unknown number. 

3x—2 = 49 

3x -2+2=49+2 

3x = 51 

St 
are 3 
x=17 

The number is 17. 

3. Let x = the first number. 

Then the second number is 3x — 12. 

x + (3x — 12) = 24 

4x — 12 = 24 

4x = 36 

x=9 

First number is 9. Second number = 3(9) — 12 = 15. 

a 
132° + x + x = 180° 

132° + 2x = 180° 
2x = 48° 

x = 24° 

Both angles measure 24°, 

5. Let x = the measure of the first angle. Then 2x + 5 = the measure 
1 

of the second angle, and 7 = the measure of the third angle. 

ee es = 180° 
2 

ry + S° = 180° 

a = 175° 

x= “(1759 

x = 50° 

The measure of the first angle is 50°, the measure of the second 

angle is 2(50°) + 5° = 105°, and the measure of the third angle is 

1 1} ead fo] 3(50°) = 25 

6. (a) d=rt 

220 = 4r 
55=r 

Leaving the city, her average speed was 55 mph. 
(b) d=rt 

225 = 4.5r 
50 =r 

On the return trip, her average speed was 50 mph. 
(c) She traveled 5 mph faster on the trip leaving the city. 

 -— 



7, Let x = her final exam score. Since the final counts as two tests, 

divide her total score by 6. 

78 + 80 + 100+ 96 +x4+x_ ; 90 

354 + 2x = WH 
6 

5 
o( At oe 2") = 6(90) 

354 + 2x = 540 
2x = 186 
x = 93 

She needs a 93 on the final exam. 

2.7 Student Practice 

1, Let m = the number of miles. 

3(25) + (0.20)m = 350 
as 4 O20. = 350 

0.20m = 275 

0.20m _ 275 

0.20 0.20 
m = 1375 

He can travel 1375 miles for $350, 

2. Let x = the cost of the chef’s knives he sold. 

0.38x = 17,100 
0.38% _ 17,100 

0.38 0.38 

x = 45,000 

He sold $45,000 worth of chef’s knives last year. 

3. Let x = the price last year. 

% + 0.07% = 19,795 
1.07x = 19,795 

L.07x _ 19,795 
aay * 1,07 

x = 18,500 

A similar model would have cost $18,500 last year. 

4, I = prt 
I = (7000) (0.12) (1) 
I = 840 

The interest charge on borrowing $7000 for one year at a simple 

interest rate of 12% is $840. 

5. Let x = the amount invested at 9%. 

Then 8000 — x was invested at 7%. 

0.09x + 0.07(8000 — x) = 630 

0.09x + 560 — 0.07x = 630 

0.02x + 560 = 630 

0.02x = 70 

0.02x _ _70_ 

0.02 0,02 
x = 3500 

8000 — x = 8000 — 3500 = 4500 

Therefore, she invested $3500 at 9% and $4500 at 7%. 

6. Let x = the number of dimes. 

Then x + 5 = the number of quarters. 

0.10x + 0.25(x + 5) = 5.10 
0.10x + 0.25x + 1.25 = 5.10 

0.35x + 1.25 = 5.10 

0.35x = 3.85 
0.35x _ 3.85 

0.35 0.35 
x=11 

x+5=11+5=16 

Therefore, she has 11 dimes and 16 quarters. 

ae 

Solutions to Student Practice Problems SP-9 

Let x = the number of dimes. 

Then 2x = the number of nickels and 

x + 4 = the number of quarters. 

0.05(2x) + 0.10x + 0.25(x + 4) = 2.35 

0.10% + 0.10x + 0.25x + 1 = 2.35 

0.45x + 1 = 2.35 
0.45x = 1.35 
Ot5x 135 

0.45 0.45 
x=3 

2x = 2(3) = 6 
x+4=3+4=7 

Therefore, the boy has 3 dimes, 6 nickels, and 7 quarters. 

2.8 Student Practice 

1. 

2. 

af 

4, 

os 

6. 

(a) 7>2 Deer =4 

(d) -8 < -5 (Oar 

(a) x is greater than 5 

(ec) -1 <2 

@)) 33 

3 4 5 6 7 8 

(b) x is less than or equal to —2 

—————=- | — 1 
-5 -4 -3 -2 -1 0 1 

(c) x is less than 3 (or 3 is greater than x) 

0 1 2 3 4 5 6 

(d) x is greater than or equal to -5 

Th ————— 
5 3 1 1 
sCd Gig Tha tZ 0 9 ong 

(a) Since the temperature can never exceed 180 degrees, then the 

temperature must always be less than or equal to 180 degrees. 

Thus, ¢ = 180. 
(b) Since the debt must be less than 15,000, we have d < 15,000. 

(a) 122 (b) -3 < -1 

=14 < —4 Sve 

(c) —10 = —20 (d) —15 = —5 

1 S92, arse 

8x —2< 3 <—_————-$ t+ + HH 

&—-24+2<—3 +2 : 4 3 3 ; 1 it 
tobe <4) 

8x 5 
—< — 

8 8 

ete x 3 

Aske <—_——_>¥—_t+—___+— 
4-4-S5x>7-4 -? -2 -2 -+ 0 

Srp PEs TS) . " 

1h 3 
= 

=5 5 

ere: 
eas 

sede 5) 3 iG 7) 18) 19hee 20 ot 

1 2 s(x) + (3) <6(22) 
Spo eell< Abe 

3x — 4x + 18 < 4x — 4x 

Spe ge Wels (1) 

—x + 18-18 < 0-18 

Sh 18 

=) —18 
— > —— 

=I =i 

x> 18 



SP-10 Solutions to Student Practice Problems 

kee 
8. 53-2) SOO ody Seren Sak les nee 

3 1 § 5 § 5 s 5 

5 ot = oe 

2(3) =?) br) = 225) 2(S)) 
2 2 ie > 

3s 40s 0 

3 wi 4 4 eet 

3=45x Ss 10 

Bi Bb s2 Spe <=, 19) 3 

Spe 7 

== 5% a 
——S-s > 

=§ =) 

== 

Chapter 3 3.1 Student Practice 
1. Point B is 3 units to the right on the x-axis and 4 units up from the 

point where we stopped on the x-axis. 

2. (a) Begin by counting 2 squares to the left, starting at the origin. 

Since the y-coordinate is negative, count 4 units down from the 

point where we stopped on the x-axis. Label the point /. 

(b) Begin by counting 4 squares to the left of the origin, Then count 

5 units up because the y-coordinate is positive. Label the point J. 

(c) Begin by counting 4 units to the right of the origin. Then count 2 

units down because the y-coordinate is negative. Label the point K. 

4. To find the point C move along the x-axis to get as close as possible 

to C. We end up at 2. Thus the first number of the ordered pair is 2. 
Then count 7 units upward on a line parallel to the y-axis to reach 

C. So the second number of the ordered pair is 7. Thus, point C is 

represented by (2,7). 
5, (a) 

Number of motor vehicle 
deaths (in thousands) 

Ope oeccs 0) 12 14 

Number of years since 2007 

(b) Motor vehicle deaths were significantly high in 2007 In 

2009-2013 the number of motor vehicle deaths was relatively 

stable. There was a significant increase in the number of deaths 
in 2015. 

9, 2000n — 700,000 = 2,500,000 
2000n — 700,000 + 700,000 = 2,500,000 + 700,000 

2000n = 3,200,000 
2000n _ 3,200,000 
2000 ~ 2000 

n = 1600 

6. (a) Replace x with 3 and y with —1. 3x + 2y =5 

3(3) + 2(-1) 25 
9-225 

7=5 False 

The ordered pair (3, —1) is not solution to 3x + 2y = 5. 

(b) Replace x with 2 and y with 5: 3x + 2y=5 

Pas 
SF ——}]= 3(2) 2 x) 5 

6+ (-1) 25 
5=5 Vv True 

ae ; 
The ordered pair (2, -1) is a solution to 3x + 2y = 5. 

7, (a) The ordered pair (—2, 13) is a solution if, when we replace x 
with —2 and y with 13 in the equation x + y = 11, we get a true 

statement. 

x = —2and y = 13,or(—2,13) x+y=11 

=2 + 13 = iv 

Since 11 = 11 is true, (—2, 13) isa solution of x + y = 11. 

(b) There are infinitely many solutions. We can choose any two 

numbers whose sum is 11. 

x= —3and y = 14,or(-3,14) x+y=11 

-3+14=11, 11=11 Vv 

x = 2and y = 9, or (2,9) cay sal 

27 9=S= 110 =i 4 

x = 5and y = 6, or (5,6) 26 ays IL 

$+6=11, 11=11 Vv 

Therefore (—3, 14), (2,9), and (5, 6) are solutions to 
xt+y=11. 

8. (a) Replace x by 0 in the equation. 3x — 4y = 12 

3(0) — 4y = 12 

0 — 4y = 12 

y=-3 
The ordered pair is (0, —3). 

(b) Replace the variable y by 3. 3x — 4y = 12 

3x — 4(3) = 12 

CY etl Pa 

3x = 24 

x=8 

The ordered pair is (8, 3). 

(c) Replace the variable y by —6. 3x — 4y = 12 

3x — 4(-6) = 12 

3x + 24 = 12 

3x = —12 

x= —4 
The ordered pair is (—4, —6). 



Solutions to Student Practice Problems SP-11 

9, First solve the equation for y. 4 y=2 

8 = 2y +3x= 0 This line is parallel to the x-axis. It is a 
—2) =) = ors horizontal line 2 units above the x-axis. 

— 23% 8 

Te: 
Bt Ll 
sume) 

3 
Yaad §, 3x +1=—-8 

(a) Replace x with 0, Solve for x. 
3 3x+1-1=-8-1 

me) +4 3x = -9 
y= =3 

y=4 ae yee ; 
: This line is parallel to the y-axis. It is a vertical 

() ag oo line 3 units to the left of the y-axis. 

y= 5(2) +4 
Mass 4 3.3 Student Practice 

y=7 ee eee a el 

Thus, we have the ordered pairs (0, 4) and (2,7). 42 M4 ee 2 a a 
se pate is 

3.2 Student Practice gee Ga =1=2 -3 3 

1. Graph y = —3x - 1. th) Hoe ee 
Let x = 0. (a) j= (=) 0 

aa a : " == is undefined. Therefore there is no slope and the line is a 
SP hall a 
y=-1 vertical line through x = —S, 

Let x = 1, = ieee. Ly) 0 
y= 3x = 1 (b) m= = =0 
fe = 3(1)-—c Sh (7) 10 
y=-4 m = (0) The line is a horizontal line through y = —11, 

et —1. 4. regis 
y= -3x -1 A pe 
y= —3(-1) -1 —2y = —4x -— 5 

Plot the ordered pairs (0, -1), (1, —4), (-1,2) ~2 
| 

ame Ni]|n ie 
2. ix 3 = —2y +3 y=2x+ 2 Slope =2 __y-intercept = 

+3-3=-2y+3- x a = 3 2y' anes Buta) yore 
7x = —2y 3 2 , 

7x + 2y = —2y + 2y m=- > y-intercept = (0.2). == 
7x + 2y = 0 7 7 7 

Geet = 0. sssstst ee 
7(0) + 2y =0 7 : 

2y = 0 a ee sae (b) Ras 

Lets = —2, 3 2 

M(=2) + 2y = 0 iors (-3x) ‘s (5) 
-14+ 2y=0 ly = —39-F 2. 

2y = 14 3x + Ty =2 

y=7 6. y-intercept = (0, —1). Thus the coordinates of the y-intercept for 

oo thls fue arse tice ihe point. Slope ia 28°, Sikes chesloge f 7(2) + 2y =0 is li e f . Plot the point. Slope is run’ since the slope for 

14 + au =.) this line is pre will go up (rise) 3 units and go over (run) 4 units to 

4 ey the right from the point (0, —1). This is the point (4, 2). 

Graph the ordered pairs (0,0), (—2,7), and (2, —7). 
3. 2y=x= 6 

Find the two intercepts. 

Let y = 0. Let x = 0. 
2(0) -x = 6 2y -0=6 

—x = 6 2y =6 

se z 4 3 ’-x=6 
The x-intercept is (—6, 0), the y-intercept is (0, 3). 
Find a third point. 
Lety = 1. 

Zia) = x = 6 
2-x=6 
-x=4 

x= -4 
Graph the ordered pairs (—6, 0), (0,3), and (—4, 1). 



SP-12 Solutions to Student Practice Problems 

2 
Ly = sD 

The y-intercept is (0,5) since b = 5. Plot the point (0, 5). The 

ee =) ; : 
slope is aaa Begin at (0,5), go down 2 units and to the right 

3 units. This is the point (3, 3). Draw the line that connects the 

points (0,5) and (3, 3). 

1 
8. (a) Parallel lines have the same slope. Line j has a slope of 4 

(b) Perpendicular lines have slopes whose product is —1. 

mm, = —1 

; qi = Al 

(i )m = —1(4) ge 

m= —4 

Thus line & has a slope of —4. 

9, (a) The slope of line n is ;. The slope of a line that is parallel to 

line v7 is =. 

(b) mym2 = -1 

3m =-1 

ws Seas 
a pee 

: Pes 
The slope of a line that is perpendicular to line 1 is — 7 

3.4 Student Practice 

1 y=m+b 

12= -2(-8) +b 

12=6+5 
6=b 

3 
An equation of the line is y = aa” + 6, 

2. Find the slope. 

Ss Yoav 5) Bas 

x2 X1 ail 3} —4 

Using either of the two points given, substitute x and y values into 
the equation y = mx + b. 

m=1 x=3 and y=5. 

1 

y=mxt+b 

5=1(3) +b 

S$=3+5 

2=b 

An equation of the line is y = x + 2. 

3. The y-intercept is (0,1). Thus b = 1. Look for another point on the 

line. We choose (6, 2). Count the number of vertical units from 1 to 2 

(rise). Count the number of horizontal units from 0 to 6 (run) m = i 6 

Now we can write an equation of the line. 

y=mxt+b 

il 
==x 41 y é x 

3.5 Student Practice 

1, Graph x — y = —10. 

Begin by graphing the line x — y = —10. Use any method discussed 

previously, Since there is an equals sign in the inequality, draw a solid 

line to indicate that the line is part of the solution set. The easiest test 
point is (0,0), Substitute x = 0, y = 0 in the inequality. 

36 — he 1/0) 

0-02 -10 

0 = —10 true 

Therefore, shade the side of the line that includes 

the point (0,0). 

2. Step1 Graph 2y = x. Since > is used, the line should be a dashed 

line. 
Step 2 The line passes through (0, 0). 

Step 3 Choose another test point, say (—1, 1). 

2y>x 

GD) Ss 1 
eel true 

Shade the region that includes (—1, 1), 

that is, the region above the line. 

3. Step 1 Graph y = —3. Since = is used, the line should be solid. 

Step 2 Test (0,0) in the inequality. 

y2-3 
Ol= 3 true 

Shade the region that includes (0, 0), that is, b ae a 

the region above the line y = —3. te +t PoE 

etter sf 

SEEEEPEEEER * 
Beieriiiic: 

ye-3 

3.6 Student Practice 

1. The domain consists of all the first coordinates of the ordered pairs. 

The domain is {—3, 0,3, 20}. The range consists of all the second 

coordinates of the ordered pairs. The range is {—5, 5}. 

2. (a) Look at the ordered pairs. No two ordered pairs have the same 

first coordinate. Thus this set of ordered pairs defines a function. 

(b) Look at the ordered pairs. Two different ordered pairs, (60, 30) 

and (60, 120), have the same first coordinate. Thus this relation 

is not a function. 

3. (a) Looking at the table, we see that no two different ordered pairs 

have the same first coordinate. The cost of gasoline is a function 

of the distance traveled. 

Note that cost depends on distance. Thus distance is the inde- 

pendent variable. Since a negative distance does not make sense, 

the domain is {all nonnegative real numbers}. 

The range is {all nonnegative real numbers}. 

(b) Looking at the table, we see two ordered pairs, (5, 20) and 

(5, 30), have the same first coordinate. Thus this relation is 

not a function. 

4, Construct a table, plot the ordered pairs, and connect the points. 



Solutions to Student Practice Problems SP-13 

5. Select values of y and then substitute them into the equation to 7. (a) The graph of a vertical line is not a function. 
obtain values of x. (b) This curve is a function. Any vertical line will cross the curve in 

only one location. 

(c) This curve is not the graph of a function. There exist vertical 

lines that will cross the curve in more than one place. 
8. f(x) = -2x? + 3x - 8 

(a) f(2) = -2(2)? + 3(2) - 8 
24 ee) as 
=-8+6-8 

= —10 

(by) flea =2(- 3)? 453(=3):= 8 
= —2(9) + 3(-3) - 8 
= —18i= 9,— § 
= —35 

(c) f(0) = —2(0)? + 3(0) — 8 
= —2(0) + 3(0) =8 
=0+0-8 
= -8 

We cannot 
divide by 0. 

. The lines intersect at the point (4, -1).Thus (4, —1) is the solution. 

Chapter e 4.1 Student Practice We verify this by substituting x = 4 and y = —1 into the system of 

1. Substitute (—3, 4) into the first equation to see if the ordered pair equations, 
is a solution. 3x + 2y = 10 x-y=5 

2x + 3y = 6 3(4) +2(=1) 240 4—(-1) 25 

2(-3) + 3(4) 26 12 -2= 10 d= 3) 
S612 = 6 10=10 ¥ 

rem 7 Seay oe a1] 

3x +4y=-6 [2] 
Likewise, we will determine if (—3, 4) is a solution to the second Solve equation [1] for y. 
equation. yo | = 2x 

3x — dy =7 Sei aires |B 

3(—3) = 4(4) £7 Substitute —7 + 2x for y in equation [2]. 

cee | 3x + 4(-7 + 2x) = -6 
re alll 3x — 28 + 8x = -6 

Since (—3, 4) is not a solution to both equations in the system, it is lx — 28 = —6 

not a solution to the system itself. 11x = 22 

2. You can use any method from Chapter 3 to graph each line. We will vee 
change each equation to slope-intercept form to graph. Substitute x = 2 into equation [1]. 

2(2) -—y=7 
3x + 2y = 10 4-y= 

oy = 33x 4. 10 -y= 

y= -3x +S ye ae 

eyes The solution is (2, —3). 

yen Se 

The solution is (4, —1). 
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ae wel |p 

Clear both equations of fractions. 

6(32) a oy) = 6(1) 

3x + 4y = 6 [3] 

(4) + 3(y) = 3(-1) 

Rey, = = [4] 
Solve equation [4] for x. 

Gas) Sy 
Substitute —-3 — 3y for x in equation [3]. 

3(-3 — 3y) + 4y = 6 
-9 — 9y + 4y = 6 

-9-5y = 6 

—5y = 15 
y=-3 

Substitute y = —3 into equation [2]. 

£-3=-] ; = 

ee oe 

x=6 

The solution is (6, —3). 

Gh esghae AWShs) Ih] 
2x + 3y=4 [2] 

Multiply equation [1] by —3. 

=alon)  K=3)(y) = -3(5) 
Or sy) = 19) [3] 

Add equations [3] and [2]. 
9x — 3y = -15 

ae r3y= 4 

11x =-11 

y= =] 

Now substitute x = —1 into equation [1]. 
=O y= 5 

3+y=5 

y=2 

The solution is (—1, 2). 

25 a P48) 

sey Sak akiy ese 

fr-2=1 
Clear both equations of fractions, 

ag iy De 
+ = 20(*) 20(2) 20(33) 
5x + 4y = 23 [3] 

1s(x) = 15(2) = 15(1) 

Te = 3y = 15 [4] 
We now have an equivalent system, 

Sx + 4y = 23 [3] 
7x -—3y=15 [4] 

Multiply equation [3] by 3 and equation [4] by 4. 
15x + 12y = 69 

28x — 12y = 60 

43x = 129 

i 

Now substitute x = 3 into equation [3]. 
5(3) + 4y = 23 

15 + 4y = 23 
4y =8 

y=2 

The solution is (3,2). 
7% 4x-2y=6 [1] 

—6x + 3y =9 [2] 

Multiply equation [1] by 3 and equation [2] by 2. 

3(4x) — 3(2y) = 3(6) 
12x — 6y = 18 [3] 

2(—6x) + 2(3y) = 2(9) 
—12x + 6y = 18 [4] 

When we add equations [3] and [4] we get 0 = 36. 
This statement is of course false. Thus, we conclude that this system 
of equations is inconsistent, so there is no solution. 

0.3x-09y= 18 [1] 
-0.4x + 12y = -2.4 [2] 
Multiply both equations by 10 to obtain a more convenient form. 

3x -— 9y= 18 £3] 
—4x + 12y = —24 [4] 

Multiply equation [3] by 4 and equation [4] by 3. 
12x — 36y = 72 

—12x + 36y = —72 

0=0 

This statement is always true. Hence these are dependent equations. 
There is an infinite number of solutions. 

. (a) 3x + Sy = 1485 

x + 2y = 564 
Solve for x in the second equation and solve using the substitu- 
tion method. 

x = —2y + 564 

3(—2y + 564) + Sy = 1485 
—6y + 1692 + Sy = 1485 

—y = —207 

y = 207 
Substitute y = 207 into the second equation and solve for x. 

x + 2(207) = 564 
x + 414 = 564 

x = 150 

il i 

The solution is (150, 207). 

(b) 7x + 6y = 45 

oy y= =2 

Use the addition method. Multiply the first equation by —6 and the 
second equation by 7, 

—6(7x) + (-6)(6y) = (-6)(45) 
7(6x) — 7(S5y) = 7(-2) 

—42x — 36y = —270 

42x = 35y = S14 
—Tly = —284 

y=4 

Substitute y = 4 into the first equation and solve for x. 
7x + 6(4) = 45 

7x + 24 = 45 

Tx = 21 

x=3 
The solution is (3, 4). 

4.2 Student Practice 

1. 

2. 

Substitute x = 3, y = —2,z = 2 into each equation. 

2(3) + 4(-2) +2 20 
6-8+240 

=0 Vv 
3 — 2(-2) + 5(2) £17 

3+4+10 4217 
17=17 Vv 

3(3) - 4(-2) +2 419 
9+8+2419 

19=19 Vv 

Since we obtained three true statements, the ordered triple (3, —2, 2) 

is a solution to the system. 

x+2y+3z= 4 [1] 
ay ey 2z—= 3 [2] 
She ap Shy ae Ge = IO) Tay 
Eliminate x by multiplying equation [1] by —2 (call it equation [4]) 
and adding it to equation [2]. 



—2x —4y —-6z=-8 [4] 
oe yetez = 3 [2] 

=3y = 87—'—5) * [5] 
Now eliminate x by multiplying equation [1] by —3 (call it equation 
[6]) and adding it to equation [3]. 

—3x — 6y —-9z = -12 [6] 
3x + 3y +4z= 10 [3] 

—=Syrerog e72(7] 
Now eliminate y and solve for z in the system formed by equation 

[5] and equation [7]. 
=p Gye =o) | bil 

= 34 Sz =—2 [7] 
To do this, multiply equation [5] by —1 (call it equation [8]) and add 
it to equation [7]. 

3y + 8z= 5 [8] 

Say b= 2 [led 

3z= 3 

z= 1 
Substitute z = 1 into equation [8] and solve for y. 

3y + 8(1) =5 
3y = -3 

y=-l 

1 and y = —1 into equation [1] and solve for x. 
xt 2y + 3z7= 4 

xP 2(—1) sl) = 4 
x-2+3=4 

x=3 

Substitute z 

The solution is (3, -1,1). 
ooo yt z= 11 i} 

4y+3z=-8 [2] 
oe Oy = 2 [3] 

Multiply equation [1] by —3 and add the result to equation [2], thus 

eliminating the z terms. 

=—6% — 3y=— 37 = —3ar -[4] 
4y+3z= -8 [2] 

=O ay =-41 [5] 
We can solve the system formed by equation [3] and equation [5]. 

x= Sy =— 2 '[S] 
=r + y= —41 [5] 

Multiply equation [3] by 6 and add the result to equation [5]. 
6x —30y = 12 [6] 

=6x tt eye 41 [5] 

~29y = -29 
y=1 

Substitute y = 1 into equation [3] and solve for x. 
PSC 5 

=7 

Now substitute y = 1 into equation [2] and solve for z. 
4y + 3z = -8 

4(1) + 3z = -8 

3z = —12 

fd Te) 
The solution is (7, 1, —4). 

4.3 Student Practice 

1, Let x = the number of boxes of baseballs purchased and y = the 

number of bats purchased, 

Last week: 40x + 50y = 1040 [1] 
This week; 32x + 42y = 856 [2] 
Divide both sides of equation [1] by 10. 

4x + 5y = 104 [3] 
Divide both sides of equation [2] by 2. 

16x + 21y = 428 [4] 
Multiply equation [3] by —4. 

—16x — 20y = —416 
16x + 21y 428 

y= ile 

Substitute y = 12 into equation [2]. 

ll 
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32x + 42(12) = 856 
32x = 352 
x= 11 

Thus 11 boxes of baseballs and 12 bats were purchased. 
Let x = the number of small chairs and y = the number of large 

chairs. (Note: All hours have been changed to minutes.) 

30x + 40y = 1560 [1] 
75x + 80y = 3420 [2] 

Multiply equation [1] by —2 and add the results to equation [2]. 
—60x — 80y = —3120 
75x + 80y = 3420 

15x = 300 

x= 20 

Substitute x = 20 in equation [1] and solve for y. 
600 + 40y = 1560 

40y = 960 
y = 24 

Therefore, the company can make 20 small chairs and 24 large chairs 

each day. 

. Let a = the speed of the airplane in still air in miles per hour and 

w = the speed of the wind in miles per hour. 

R D 

oe 

-T= 

w 3 1359 

a+w Z 994 

From the chart, we have the following equations. 

(a — w)(3) = 1359 

(a + w)(2) = 994 
Remove the parentheses. 

3a — 3w = 1359 [1] 

2a + 2w= 994 [2] 
Multiply equation [1] by 2 and equation [2] by 3 and add the 
resulting equations. 

Against the wind | 

With the wind | 

6a — 6w = 2718 

6a + 6w = 2982 

12a = 5700 

a = 475 
Substitute a = 475 into equation [2]. 

2(475) + 2w = 994 
950 + 2w = 994 

2w = 44 

w = 22 

Thus, the speed of the plane in still air is 475 miles per hour and the 

speed of the wind is 22 miles per hour. 

. Let A = the number of boxes that machine A can wrap in 1 hour, 

B = the number that machine B can wrap in 1 hour, and C = the 

number that machine C can wrap in one hour. 

A+ B+ C=260 [1] 
3A + 2B = 390 [2] 

3B +4C = 655 [3] 
Multiply equation [1] by —3 and add it to equation [2]. 

—3A — 3B — 3C = -780 [4] 
3A + 2B = 390 [2] 

—Bisc = —390), [5] 
Now multiply equation [5] by 3 and add it to equation [3]. 

—3B —9C = -1170 [6] 
3B+4C= 655 [3] 

—s€—" —515 
C = 103 

Substitute C = 103 into equation [3] and solve for B. 

3B + 412 = 655 
3B = 243 
B= 81 

Now substitute B = 81 into equation [2] and solve for A. 
3A + 162 = 390 

3A = 228 
A = 76 

Machine A wraps 76 boxes per hour, machine B wraps 81 boxes per 

hour, and machine C wraps 103 boxes per hour. 
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4.4 Student Practice 

1: 

. The graph of y > —1 is the region above 

-2x+y=s-3 
x+2y24 

The graph of —2x + y = —3 is the region on 

and below the line —-2x + y = —3. The graph 

of x + 2y = 4is the region on and above the 

line x + 2y = 4, 

the line y = —1,not including the line. y>-1 
8 ail 

The graph of y < ~7x + 2is the Vie dela 

region below the line y = -y + 2,not 

including the line. 

Chapter 5 5.1 Student Practice 
1. 
2. 

3. 

10. 

11. 

(a) aa@ =a'> (b) w+ w = w 
(a) x+y? =yX (b) 37.34 = 37+4 = zu 

(c) a>» b? = a+b? (cannot be simplified) 

(a) (7a®)(a*) = (7+1)(a’-a*) 
== (a3) 
= Tq" 

(b) (3y*)(—2y*) = (3)(-2)(y?+y?) = —6y° 
(c) (—4x3) (—Sx?) = (—4)(—5) (x3 x?) = 20x 

= ae 10 ptt 
ei x12 

 2ay)(-F2'y an) = @)(-F) OU? DO-y-¥9) 
= —3x4y° 

13 
. (a) a = QF = 11)? 

am bs =f) 
(b) eS —— ate Se 

18 
(c) = S yltb = yf 

se 
G 1 1 

» (a) a. ges glee 

“ 107) eo ee 
(b) 1056 c 1956-31 _ 1025 

15 Zz oe! 
(c) gi - i 7 

7 = 1 

(a) ae EOS) LAD = PAN 3x She 

Seats Ls (b) Ee aS. De —5x7 

238 1 1 
(C) 70 aoe 46b 2b 2b 

rig rl yl 

(a) eee a 

0) ee 
—24x3y8 —2y8 6 2y? 

107 
a = (a) 107 

12a4 (4) 
b =6 = 6(1) =6 (b) ae = (1) 

—20a*b'8c* = Sa = S(1) 5b 
(a) 28a°b’c° WG i er 
() 5x°y6 2 5(1)y° ues 

LOxty® | LOx*y 2 ox ye 

(—6ab*)(3a"b*) _ -18a°b? _ 9b? 
16a°b’ 16a°b’ 8a? 

3, The graph of x + y < 6is the region on 

and below the line x + y = 6, The graph of 
3x + y = 12 is the region on and below the Dy 

line 3x + y = 12,The lines x + y = 6 and eee 
3x + y = 12 intersect at the point (3,3). ane 

The graph of x = 0 is the y-axis and all the (4,0) 

region to the right of the y-axis. The graph of 

y = Ois the x-axis and all the region above 

the x-axis. The vertices of the solution are 

(0,0), (0,6), (3,3), and (4,0). 

125 (aaa a 
(b) (10°)? = 10°? = 101° 
(c) (=1)* ==1 

13. (a) (Gey) oxy) = 2Tx-y? 
(b) (yz)? = Veg 

(©) (37) = (-3)'(x°)? = 92° 
see ge ae 

14, (a) (2) = 53 ms 125 

ce ae 160? 16 
(Ga) ebb? abo 

me e225) 2 ey . (°C) eae 
: 4x27 2z 2525 3275 

5.2 Student Practice 

1 1 ip Fee oa SO 1. (a) x = 0 (b) w a Okma= 

1 1 1 1 
a =— = m4 = — = — 2. (a) 4 e 6A (b) 2 oi ae 

3 xeyt yz? oe 1 
3. (a) 4 = Sut ler a8 9. (c) x *y aes 

10 10 
ae ye yy y 4. (a Ix4y5 2 = 2-2, 7810 — = pe i 8 ae 

ae ze an 
(b) 7 23,4 5,4 5 

yz yyz yz y 

5. (a) 78,200 = 7.82 x 10,000 = 7.82 x 104 
Notice we moved the decimal point 4 places to the left. 

(b) 4,786,000 = 4.786 X 1,000,000 = 4.786 x 106 
6. (a) 0.98 = 9.8 x 107! 

(b) 0.000092 = 9.2 x 105 
7. (a) 1.93 X 10° = 1.93 x 1,000,000 = 1,930,000 

56205 10m = 8,562 X = 0, (b) 8.5 100,000 0.00008562 

. 30,900,000,000,000,000 meters = 3.09 x 10!° meters 
9. (a) (56,000) (1,400,000,000) = (5.6 x 104)(1.4 x 10°) 

(5.6) (1.4) (104) (107) 
7.84 x 103 

oO 

0.000111 _ 1.11 x 10-4 

0.00000037 = 3.7 x 1077 

Bett p10" 
ai tore 
Bey 10" 

3.7 104 

= 0.3 X 103 
= 3.0 X 10? 

(b) 



\ 
(3.09 x 10!9 kilometers) 

1 parsec 
= 491,31 x 10' kilometers 

10. 159 parsecs = (159 parsecs) 

a=Pr xt 

000k 
491.31 x 10% km = 200km 

1 hr 
4 

hor3t'oc 10 tend SS 2 Se 
Lhr 

4.9131 x 10! km (1 hr) _ 
5.0 x 10¢km , 
0.98262 x 10! hr = ¢ 

It would take the probe about 9.83 x 10!” hours. 

5.3 Student Practice 

1. (a) This polynomial is of degree 5. It has two terms, so it is a binomial. 
(b) This polynomial is of degree 7, since the sum of the exponents is 

3 + 4 = 7. It has one term, so it is a monomial. 

(c) This polynomial is of degree 3. It has three terms, so it is a trinomial. 
2. (—8x? + 3x? + 6) + (2x3 — 7x? — 3) 

= [—8x? + 2x3] + [3x + (-7x?)] + [6 + (-3)] 
= [(-8 + 2)x3] + [(3 — 7)x?] + [6 - 3] 
= -6x) + (—4x?) +3 

tg 1 ila if 
3. ( 3° 6x 5) + (Ge oe 5) 

4, (3.5x3 — 0.02x? + 1.56x — 3.5) + (—0.08x? - 1.98% + 4) 
= 3.5x3 + (—0.02 — 0.08)x? + (1.56 — 1.98)x + (-3.5 + 4) 
= 3.5x3 — 0.1x? — 0.42x + 0.5 

5. (Sx? — 15x? + 6x — 3) — (—4x3- 10x" + Sx + 13) 
= (5x3 — 15x? + 6x —3) + (4x3 + 10x? — 5x — 13) 
= (5 + 4)x3 + (-15 + 10)x? + (6 — 5)x + (-3 - 13) 
= 9x3 — 5x? + x — 16 

6. (x9 — 7x2y + 3xy? — 2y3) — (2x3 + dxy — 6y3) 
= (x3 — 7x’y + 3xy*—2y3) + (-2x3 — 4xy + 6y?) 
= (1-2)x°-7x’y + 3xy?-4xy + (-2 + 6)y? 
= —x3 — 7x*y + 3xy* — 4xy + 4y3 

7. (a) 1990 is 5 years later than 1985, so x = 5. 

0.16(5) + 20.7 = 0.8 + 20.7 = 21.5 

We estimate that the average light truck in 1990 obtained 
21.5 miles per gallon. 

(b) 2025 is 40 years later than 1985, so x = 40. 

0.16(40) + 20.7 = 6.4 + 20.7 = 27.1 
We estimate that the average light truck in 2025 will obtain 
27.1 miles per gallon. 

5.4 Student Practice 

1. 4x3(—2x? + 3x) = 4x3(—2x") + 4x3(3x) 
= 4(-2)(x3+x?) + (4+3)(x3+x) 
= —8x° + 12x4 

2. (a) —3x(x? + 2x — 4) = —3x3 - 6x? + 12x 
(b) 6xy(x? + 2x2y — y?) = 6x4y + 12x3y? — 6xy3 

3. (—6x3 + 4x? — 2x) (—3xy) = 18x4y — 12x3y + 6x2y 
4. (5x —1)(x — 2) = 5x? - 10x —x +2 = 5x? - 11x +2 
5. (8a — 5b)(3a — b) = 24a? — 8ab — 15ab + 5b? 

= 24a” — 23ab + 5b? 
6. (3a + 2b)(2a — 3c) = 6a? — 9ac + dab — 6be 
7. (3x — 2y)(3x — 2y) = 9x? — Oxy — 6xy + 4y’? 

= 9x? — 12xy + 4y? 

Solutions to Student Practice Problems SP-17 

8. (2x? + 3y2) (5x? + 6y?) = 10x4 + 12x2y? + 15x2y? + 18y4 
= 10x* + 27xy? + 18y* 

9, A = (length) (width) = (7x + 3)(2x — 1) 
= 14x? — 7x + 6x — 3 
= 14x? -x -3 

There are (14x” — x — 3) square feet in the room. 

5.5 Student Practice 

. (6x + 7)(6x — 7) = (6x)* — (7)* = 36x? — 49 

. (3x — 5y)(3x + Sy) = (3x)? — (Sy)? = 9x? — 25y? 
3. (a) (4a — 9b)? = (4a)? — 2(4a)(9b) + (9b)? 

= 16a” — 72ab + 81b? 
(b) (Sx + 4)? = (Sx)? + 2(5x)(4) + (4)? = 25x? + 40x + 16 

4, 4x3 — 2x2 + x 

meet Sa!) 
—8x? + 4x? — 2x 

12x* — 6x3 + 3x? 

4x5 — Ox44+ 3 

4x5 + 10x4 — 13x3 + 7x? — 2x 
5, (2x? + 5x + 3)(x? — 3x - 4) 

= 2x?(x? — 3x — 4) + Sx(x? — 3x — 4) + 3(x? — 3x - 4) 
= 2x4 — 6x? — 8x? + 5x3 — 15x? — 20x + 3x* — 9x - 12 
= 2x4 — x3 — 20x? — 29x — 12 

6. (3x — 2)(2x + 3)(3x + 2) = (3x — 2)(3x + 2)(2x + 3) 
= [(3x)* — 27](2x + 3) 
= (9x? — 4)(2x + 3) 

nn = 

Ox? — 4 

Oe te a 

27x? + 0x - 12 

18x3 + Ox? — 8x 
18x3 + 27x? — 8x - 12 

Thus we have 

(3x — 2)(2x + 3)(3x + 2) = 18x73 + 27x” — 8x - 12. 

5.6 Student Practice 
ied 3 ie 2 4 3 2 A 15y a 21y ss ee 2 an is = si Gye 7 

3y 3y 3y 3y 
xe+ 6x +7 

2. x + 4)x? + 10x? + 31x + 25 
xo+ dy? ¥ 

6x? + 31x Ans: x? + 6x +7 + 
4 Kick 4 

6x7 + 24% 

7x + 25 

Tx + 28 

8 

2x? + x41 

sy = 1)2x3 — x?+ Ox +1 

2 

x?+ Ox Ans: 2x7 +x+1+ 

x= x a 
acca 

ae ll 

2 

5x27 + x-2 
4, 4x — 3)20x3 - 11x?- 11x + 6 

20x? — 15x? 

dx? — 11x Ans: 5x? + x — 2 
47 — 3x 

Sor 6 

Eashact 0 

0 
Check. (4x — 3) (Sx? + x — 2) 

= 20x? + dx? — 8x — 15x? - 3x + 6 
= 20x7 — 11x? — 11x + 6 
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Chapter 6 6.1 Student Practice 
1. 

2. 

8. 

» 3a -F Ob) aw (a ob) 

L By (Oye = 2) = 

(a) 21a — 7b = 7(3a — b) because 7(3a — b) = 21a — 7b. 

(b) Sxy + 8x = x(Sy + 8) because x(S5y + 8) = Sxy + 8x. 
4 is the greatest numerical common factor and a is a factor of each 

term. Thus, 4a is the greatest common factor. 

12a* + 16ab? — 12a*b = 4a(3a + 4b? — 3ab) 
(a) The largest integer common to both terms is 8. 

16a? — 24b? = 8(2a? — 3b) 
(b) ris common to all the terms. 

35? — Arts + Tr? = 13(s? — 4rs + Tr?) 
. We can factor 9, a, b?, and c out of each term. 

18a°b*c — 27ab%c? — 45a*b*c* = Yab*c(2a? — 3bc — Sac) 
. We can factor 6,x, and ve out of each term. 

30x3y? — 24x?y* + Oxy? = oxy?(Sx? — 4x + 1) 
Check: 6xy?(5x? — 4x + 1) = 30x°y* — 24x7y? + 6xy? 

(@ ay Sener 1339) 

(Sy = 2) = 8y(9y? = 2) — 1(9y? = 2) 
= (9y? — 2)(8y — 1) 

ab? — ma? = 1(b* — a?) 

6.2 Student Practice 

1, 
2. 

3. 

. 6a* + 5bc + 10ab + 3ac = 6a’ 

Sy(Ze — 1) 18 2x n(n oy — 8) 
6x? — 15x + 4x — 10 = 3x(2x — 5) + 2(2x — 5) 

= (2x — 5) (3x + 2) 
A ee age OU 

= (x + 2)(a + 4b) 
+ 10ab + 3ac + 5bc 

= 2a(3a + 5b) + c(3a + 5b) 

= (3a + 5b) (2a + c) 

ae 

5, Oxy ld — Sy Sit (oy 7) = 1S yi 35 

= 2x(3y + 7) — 5(3y + 7) 
= (3y + 7) (2x — 5) 

6. 3% + Gy = Sax lay —3(Ge 2y))— Sa(x- Zy)) 

= (x + 2y)(3 — Sa) 
7. 10ad + 27bce — 6bd — 45ac = 10ad — 6bd — 45ac + 27bc 

= 2d(5a — 3b) — 9c(Sa — 3b) 
= (Sa — 3b) (2d — 9c) 

(Sa — 3b) (2d — 9c) = 10ad — 45ac — 6bd + 27be 

= 10ad + 27bc — 6bd — 45ac 

Check: 

6.3 Student Practice 

1. 

2. 

The two numbers that you can multiply to get 12 and add to get 8 are 

6 and 2. x? + 8x + 12 = (x + 6)(x + 2) 
The two numbers that have a product of 30 and a sum of 17 are 2 

and 15. x? + 17x + 30 = (x + 2)(x + 15) 
. The two numbers that have a product of + 18 and a sum of — 11 must 

both be negative. The numbers are — 9 and —2. 

x? = 11x + 18 = (% — 9)(x — 2) 
. The two numbers whose product is 24 and whose sum is —11 are —8 

and —3. x? — 11x + 24 = (x — 8)(x — 3) or (x — 3) (x — 8) 
. The two numbers whose product is — 24 and whose sum is —5 are —8 

and +3, x? — 5x — 24 = (x — 8)(x + 3) or (x + 3)(x — 8) 
. The two numbers whose product is —60 and whose sum is +17 are 

+20 and —3. y? + 17y — 60 = (y + 20)(y — 3) 
Check: (y + 20)(y — 3) = y’ — 3y + 20y — 60 = y? + 17y — 60 

. List the possible factors of 60. 

Difference 

59 

Factors of 60 

60 and 1 

30 and 2 

15 and 4 

12 and 5 <— Desired Value 

oh, 

10. 

11. 

For the coefficient of the middle term to be —7, we must add —12 

and +5, x* — 7x — 60 = (x — 12)(x + 5) 
BS (GE) 
The two numbers whose product is —42 and whose sum is 1 are 7 

and —6. 

a‘ + a* — 42 = (a? + 7)(a’ — 6) 

3x? + 45x + 150 = 3(x? + 15x + 50) 
= 3(x + 5)(x + 10) 

4x” — 8x — 140 = 4(x? - 2x — 35) 
= eo sie) 79) 

pagar 1) aa cee 20) 

= (x + 5)(x - 4) 

6.4 Student Practice 

1. 

» 

5. 

To get a first term of 2x”, the coefficients of x in the factors must be 

2 and 1. To get a last term of 5, the constants in the factors must be 1 

and 5. Possibilities: 
(2x +1) (x + 5) = 2x? + 11x +5 
(2x + 5)(x +1) = 2x? + 7x +5 
Thus 2x? + 7x + 5 = (2x + 5)(x + 1) or (x + 1) (2x + 5). 

. The different factorizations of 9 are (3)(3) and (1)(9). The only fac- 

torization of 7 is (1)(7). 

Possible Factors Middle Term Correct? 

(ka = Gre = a) —24x No 

(She = Ge = 19) No 

(Oe = iG ais 7M) Yes 

The correct answer is (9x — 1)(x — 7) or (x — 7)(9x — 1). 
The only factorization of 3 is (3)(1). The different factorizations of 14 

are (14)(1) and (7)(2). 

Middle Term 

sellilee 

Possible Factors Correct Factors? 

(Giese WANs = 1) 

(Gkoae ION Ge = iZ)) 

(Bhs ae IES =) 

(3x + 2)(x — 7) 

To get the correct sign on the middle term, reverse the signs of the 
constants in the factors. 

The correct answer is (3x — 7)(x + 2) ton ioe 2 (Seis 
. We list some of the options and check to see which one yields the 
middle term +7x. 

(2x 2)(5x 3) (2x 3)(Sx 2) 
10x 15x 

6x 4x 
No possible sum No possible sum 

of +7x Ot 

xix 6) (2x) 6)iisae il) 
\ se ay 

+12x 24 
ie oS No possible sum 

of +£7% 

Only one of the possibilities yields +7x, so we can write the factors 
(ie = IDK Gre seioy) A 

Check: (2x — 1)(5x + 6) = 10x2 + 7x -6 V7 
The grouping number is 3(—4) = —12. The two numbers with a 

product of —12 and a sum of 4 are 6 and —2. Write 4x as the sum 
Ox eeN (= 2x) OrlGx — 2x. 

3x? + dx — 4 = 3x? + 6x — 2x — 4 
= 3x4 + 2) — 2(x 42) 
(x + 2)\(3x,— 2) 

. The grouping number is 9-7 = 63. The two numbers with a product 

of 63 and a sum of —64 are —63 and —1. Write —64x as the sum 

—63x + (—1x) or —63x — Ix. 

9x? — 64x + 7 = 9x? — 63x —x +7 
= Grace 7) ie IU — 7) 

= (x — 7) (9x = 1) 



7, 8x? + 8x — 6 = 2(4x? + dx — 3) 
= 2 (25071) (axes) 

24x? — 38x + 10 = 2(12x? — 19x + 5) 
= 2(4x — 5)(3x - 1) 

6.5 Student Practice 

1. 

4, 

8 = 

10. 

Pi 

64x” — 1 = (8x + 1) (8x — 1) because 64x” = (8x)? and 
= 1(1)2. 

. 36x? — 49 = (6x + 7) (6x — 7) because 36x? = (6x)? and 
49 = (7). 

. 100x* — 81y? = (10x + 9y) (10x — 9y) 

x8 — 1 = (x* + 1)(x* - 1) 
= (xt + 1)(x? + 1)(x? - 1) 
= (x4 + 1)(x? + 1)(x + 1)(x - 1) 

. The first and last terms are perfect squares: x” = (x)? and 
25—a(5)2. 
The middle term, 10x, is twice the product of x and 5. 

x? + 10x + 25 = (x + 5)? 

30x = 2(5x+3) 
Also note the negative sign. 25x? — 30x + 9 = (5x — 3)? 

(a) 25x? = (5x)*, 36y? = (6y), and 60xy = 2(Sx-6y). 
25x? + 60xy + 36y? = (5x + 6y)? 

(b) 64x° = (8x7)?,9 = (3), and 48x> = 2(8x3 +3), 
64x° — 48x3 + 9 = (8x3 — 3)? 

eax) and 4 = (2)%, butlowi 20are2) = 12%, 
Ox? + 15x + 4 = (3x + 1) (3x + 4) 

. 20x? — 45 = 5(4x? — 9) 
= 5(2x + 3)(2x - 3) 

75x? — 60x + 12 = 3(25x* — 20x + 4) 
= 3(5x - 2)? 

6.6 Student Practice 

L 

2. 

a 

(a) 3x? — 36x + 108 
= 3(x? — 12x + 36) 

(b) 9x4y? — 9y? 

= 9y?(x* — 1) 
= 3(x — 6)? = 9y?(x? + 1) (x? - 1) 

= 9y?(x? + 1)(x + 1)(x - 1) 

(c) 12x — 9 — 4x? = —4x? + 12x - 9 
= —(4x? — 12x + 9) 
= =(2y 537 

5x3 — 20x + 2x? — 8 = Sx(x? — 4) + 2(x? - 4) 
= (5x + 2)(x? = 4) 
= (Sx + 2)(x + 2)(x - 2) 

(a) x? — 9x - 8 
The factorizations of —8 are (—2)(4), (2)(—4), (—8) (1), and 

(—1)(8). 
None of these pairs will add up to be the coefficient of 

the middle term. Thus the polynomial cannot be factored. 
It is prime. 

(b) 25x? + 82x + 4 
Check to see if this is a perfect-square trinomial. 
2[(5)(2)] = 2(10) = 20 
This is not the coefficient of the middle term. The grouping 
number is 100. No factors add to 82. It is prime. 

Solutions to Student Practice Problems 

6.7 Student Practice 

1. 10x7-x-2=0 
(Si + 2)(2x= 1) = 0 
5x +2=0 2x -1=0 

5x = -2 2x = 

ose ae x= 5 x 

De ( 2) 2 Gy 1 
2 NS |e) Ra eae et ee Check: 10( 2) 5 2=0 10 ° 

4 z 2 i 1 
—- +--— = ( _ on 10( 5) 5 2=0 10(5) 5 

afar 2 Sad 
—-+-—- + pa es a 

S= 5 Ee ° Deen: 

10_ 103, 4 

5 5 2 

2, 

Thus —? and } are both roots of the equation. 

2. 3x7 + 11x -4=0 
(3x — 1)(x + 4) =0 

3x-1=0 x+4=0 
ax = x= 4 

at 
hoe 

Thus } and —4 are both roots of the equation. 

3. 7x? + 11x =0 
x(7x +11) =0 
4=0 7x +11=0 

Ix = -11 

ees 
soa) 

Thus 0 and — 4-are both roots of the equation. 

4, x*-6x+4=-8+x 
x? - Ix +12=0 

(x — 3)(x - 4) =0 
x-3=0 Se-4=0 

x=3 x=4 
The roots are 3 and 4, 

2x? — Tx 
5, 3 = 5 

3( S78) = 345) 
2° =— int S 

2x? — Ix — 15 =0 
(20 3) (iS r—0) 

x+3= x-5=0 

The roots are —} and 5. 

6. Let w = width, then 

3w + 2 = length. 

(3w + 2)w = 85 
3w* + 2w = 85 

3w? + 2w — 85 = 0 
(3w + 17)(w - 5) =0 

3w +17 =0 w-5=0 

= ea w=5 

The only valid answer is width = 5 meters 

length = 3(5) + 2 = 17 meters 

SP-19 
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SP-20 Solutions to Student Practice Problems 

7. Let b = base. 

b — 3 = altitude. 
b (bi 93)) ee 

D +a. 

b? — 3b 
> = 35 

b* — 3b = 70 
b? — 3b - 70 =0 

(6 + 7)(b-— 10) =0 

ba 7 =0 

b=-7 

This is not a valid answer. 

Chapter 7 7.1 Student Practice 
ere 6 

63 ro 9 

5, ea = Ge Ole ee 
44ep= 7 Heth YF 

ae eee eee) 2x 48 
Bay — 3 Te —Si(ek 1) x+1 

4 x? — 16x a mle = 16) tle 4) a ae 

“8 — 2x2 — Bx x(x? =—2e — 8) x(x + 2)e—ty_ x +2 

5, 8 = 20 _ 4(2x—S) ees 4 

= <sesiem ss =| 3 
_ dx? 43x = 10) (4x SG = 2) (4e—S) (x + 2) 

25-16x2 (5+ 4x)(5—4x)  —1(=5+4x)(5 + 4x) 
x+2 _ ee 

15 FG 5 + 4x 
x Shy ely a = 99) x = OY 

‘ 2x? — 11xy + Sy? ~ (e—5yJ(2x-y) 2x-y 

é 25a*— 16b*  _ « Ga+46)(5a— 4b) _ Sa — 4b 

” 10a* + 3ab — 4b? (Sa-+4b)(2a-b) = 2a-b 

7.2 Student Practice 

6x? + Ty 22 eae 10 

“x2 — Ie +10 2x? + 11x +5 
Qx+T)(3x +2) G+S)G@—2) 3x42 

C=] ears x -5 
2y?-6y-8 y?—S5y +6 

yoyp=2 f= 
2(yt8y Ae 3) (y= 2) 
(y-2)(y+1)  2(y? - 16) 

_ 29-4 G+ (y-3)G-27 _ y-3 
— &-2e+tyT 2y9+4)G-—4) y+4 

3, tS +6, Wit Sx +2 

x + 8x 2x? + x 

x? +5x+6 2x? + x 

- x? + 8x VED) 

eateZ et) x(2x+T) x+3 

x(x +8) Qe tay x +8 

2. 

x+3- Poe ee 
arene i 2) fet” x 23 oe 

_ 243. 1 

~ x-3 (3+4)(3-~x) 

1 

Saas 

op — 10) = 10) 

b= 10 

Thus the base = 10 centimeters 

altitude = 10 — 3 = 7 centimeters 

8. —517 + 45 = 0 

—5(# = 9) =0 
?-9=0 

Ge se Ss — Sh) 10) 

t+3=0 t-3=0 

t= -3 t=3 

t = —3 is not a valid answer. 

Thus it will be 3 seconds before he breaks the water’s surface. 

7.3 Student Practice 

2s +t SEs tes = 3s 

2) Sear 0 As i OS Ig 
7 b 2b 

(a-2b)(at+b) (a-2b)(a+b) 
” b — 2b 

~ (a - 2b)(a + b) 
—b 

~ (a —2b)(a + b) 
7 13 

3 
“6x +21’ 10x + 35 

Over lea (261 7) 
10x + 35 = 5(2x + 7) 

LCD = 3+5+(2x + 7) = 15(2x + 7) 

Pere 3 19 

50xy2z’ 40x3 yz 
50xy2z = 2- 5+5+x: yryz 
40x3yz = al xexex | Z 

a Va a He Be a BP 
PL OPES NO Y9 Sap GOP GOs M3 CT 

LCD = 23-5?+x3+y?+z = 200x7y*z 
2) 6 

Y x? + 5x + 6 3x2 + 5x-2 
x* + 5x + 6 = (x + 3)(x + 2) 
3x7 + 5x -2= 1 Gre 

LED = (x +3) (i+ 2)\(3x =) 

5. LCD = abc 

eee 3 tbe, tbe 
a abe abe abc abe abc abe 

6. a? — 4b* = (a + 2b) (a — 2b) 
LCD = (a + 2b)(a — 2b) 
2a —b 

ae Apo eG a 2D 

a 2a —b 2 2 a4 — 2b 

(a+ 2b)(@-—2b) (a+2b) a-—2b 

Ae) 0) 2a — 4b 
= + 

(a+ 2b)(a-—2b) (a+ 2b)(a — 2b) 
_ 2a—b +2a- 4b 
~ (a + 2b)(a — 2b) 

4a — 5b 

~ (a+ 2b)(a — 2b) 

Ta 4 
fs + 
a+2ab+b* a?+ab 
a Ta 4 

(a+b)? a(a+b) 

ie at 4 (a+b) 

(a+b)? a@ a(at+b) (a+b) 

me get tO) Tae dg db 

a(a+b)? a(at+b)? a(a + b)? 

LCD = a(a + b)? 

a 



<2 SE al x+7 arta 

Sao) = 38 3x = 3) ees 

mee i. x65 oe le 0) 
Po —3) x-3 3 1 eo) 

Be 7 —3x+18 =e 4-25 

3(x-3) — 3(x-3) 

9 i Egress eae 

“x2 =4 2x2? + 4x (x +2)(x-2) 2x(x +2) 
18 = DE Ge hee 

SiG = 2)(x—2) 2% Delo) — 2 
Paina 2) = (0 oe i) een Ay — x2 + 7 BE 2 

a 2x(x + 2)(x — 2) 2x(x + 2)(x - 2) 
x? — 3x +2 (x — 1)(4—27 

~ 2x(x+2)(x—2) 2x(x+2)(e—2) — -2x(x + 2) 

7.4 Student Practice 

yf a te, 3 aol 

1 a a _aa aaa a by Gatthe ws 2 

Dy 2 isp a b? 

b be e 
at+i hb. bla+1) 

ees 2 = De neal 2 

li pb La b-Wa 

2 2 a2 bb a ab b+a 2 _ dy(b+a) 
me, x -Y «5.2, xy id ab xy-10 ab(xy—10) 

2 Dime Ve Nie, 2y 

x " 2 25 i 2S eae) 

4, Me 4s + 3 th Ate tl x + 3 

f x+1 "a x+1 
eax +6 

Dt 1)(x+ 3) aoe | 
(xe + 1) Gera) Gaapeie (xe 1) 

“ ty 2) 

(x + 1)?(x + 3) 

6 6 
; ry ty vy 
'e — =f = 

1 4 3 Laut? Mae Sie Fy 

tay Ft Y XY Rave xy 

6 6 3. 
a aye me ey) (2) 
= peas SY 35 eu oy 4x — 2y 

eery)(x-y) Wey y) (x + y)(x-y) 
& 6 Wie 2:3 

G+yyle—y)2(2x-y) ——2(2x-y) 2x 
5. The LCD of all the denominators is 3xy, 

2D 3 2 3 2 3 HE) fem) axe ey "3x2 y i "3x2 ayy. thar 

5 7" 5 5 "15x — 12xy es) 4 a oe all Daa Lh Aa) *s 3x (= 4) 3x (=) 3x“y(4) 

6. The LCD of all the denominators is (x + y)(x—y). 
6 

pay 

i a 
+ 

ey 

(x+y) = y)( 6 

2a) 
++ ye-»() x- (r+ (x= y0( 

xh L 

Solutions to Student Practice Problems SP-21 

6 

~ T(x + y) + 3(x - y) 
7 6 

Ix + Ty + 3x — 3y 

¢ Shor 
~ 10x + 4y 

2:3 

2(5x + 2y) 

3 

ape ae PAY 

7.5 Student Practice 

3442.2 icp=sy, Check. 
a) 8 3 ee ee ee 

sx(2) + sx(4) = sx(-2) _ 25 5 _ 25 
x 5 5 % 4 4 

a 16 & 9s 
=a 12,202 8 
x =—-—or-6-or-6.25 25 25 25 

4 4 
nk ee Oy 
DS OPS 

LCD = (22° Die + 2) 
6 2 

phi x+2 

Gx. +1) 2)(=—* 7) = (2x + 1)(x + 2(- 2 5) 
6(x + 2) = 2(2x +1) 
6x +12 =4x +2 
De Pe) 
2x = —10 
x=-5 

Check. 

6 3 2 
2(=5y 41 {=5) +2 

Spd bk afte 
-10+1 —-5+2 

G§ 22 
=9 -3 
2 2 

tatey 
f= I 2 4 

= + 
goad | eee 

xia t Sree 4 
GAG = 2) eee 2 

Pte. Seth 

eS Sean 
= G42) = 2)(- 2 5) + (x + 2)(x - 2(—*,) 

Gh ye aot) 

x=-1=2x-—4+4 4% +8 

i One 
=§x-—1 =4 

31 55 

x=-1 

Check. a des 2 " 
(See eal cad =, = 1 = 2 

Coan a 
Sele 3 

By aig 4 
Ct a 
Deak 

ae 



SP-22 Solutions to Student Practice Problems 

4. The LCDisx + 1. 

eh = =) 

Xe) Ser 

(x + (25) = (x + n(—) + (x + 1)(1) 

qo lt 

Pept SY) tie ie Ge lh 

2x=x-1 

x = —-1 (but see the check) 

Check. Seto | 

ee el Aer) 
0 0 

These expressions are not defined; therefore, there is no solution 

to this equation. 

7.6 Student Practice 

1, Let x = the number of hours it will take to drive 315 miles. 

oe 
420 315 

8(315) = 420x 

2520 _ 
Cy 

6=x 
It would take Brenda 6 hours to drive 315 miles, 

2. Let x = the distance represented by 2} inches, 

yy wh 
aes 
30 x 
5 1 

ve 30(27) 
5 p) 5, = 30(3) 

2 = 75 

s(2x) = 8(75) 

5x = 600 

x = 120 

Therefore 2+ inches represents 120 miles. 

13 _ 16 
x Ss 

13(18) = 16x 
234 = 16x 

234 _ 
io 

Side x has length 

117 5 
ice = 14, cm. 

Transition Chapter 1.1 Student Practice 
1. (a) (3)? = a a3) (-3)(—3) = 243 

(by) (3) = 3) Sy 3)(-3)(-3)(-3) = 729 

(©) (-4)4 = (=4)(—4)(—4) (-4) = 256 
(d) —44 = -(4-4+4-+4) = —256 

Ne AD \/fl 1 

(3) =(s)a 
2. Since (-7)? = 49 and 7” = 49, the square roots of 49 are —7 and 7 

The principal square root is 7 

3. (a) (0.3)? = (0.3)(0.3) = 0.09, therefore, V/0.09 = 0.3. 

ea 
©) va et 9 
(c) This is not a real number. 

6 % 

: 7 385 
6(38.5) = 7x 

231 = 7x 

x = 33 

The height of the flagpole is 33 feet. 
, , 180 ’ 

5, Let x = the speed of train B, Then train A time = - 10 and train 

150 ¥ 
B time = —, 

x 

180__ 150 
+ LO es 

180x = 150(x + 10) 
180x = 150x + 1500 

30x = 1500 

x = 50 

Train B traveled 50 kilometers per hour. Train A traveled 
50 + 10 = 60 kilometers per hour. 

6. 
Number of Part of the Job Done 

Hours in One Hour 

John 6 hours t 

il 
Dave 7 hours 7 

John & Dave ue 

Together 4 x 

LCD = 42x 

degre 4 
Ga” x 

1 1 1 
—)+4 pa | = 423(4) ax(2) 42x( +) 

Tx + 6x = 42 

13x = 42 

3 
— 3— 

ae 13 
3 60min 180 , : 
— me => — = ‘ B hour iu B min 13.846 min 

Thus, doing the job together will take 3 hours and 14 minutes, 

4. (a) 6(12 — 8) +4 = 6(4) +4 = 24+ 4 = 28 
(b) 5[6 — 3(7 — 9)] — 8 = 5[6 — 3(-2)] - 8 

= 5[6 + 6] - 8 

= 5[ioyeans 
= 60 —8 
= 52 

5, (a) V(—5)? + 12? = V/25 + 144 = 169 = 13 
(b) [-3 -7+2- (-4)| = |-3-74+244| = |-4| 

2(3) + 5(-2) 6 — 10 
ieee (3) + 29 4 5(=95 

—4 
1 +18 4 (15) 

_ -4 
4, 
=-1 

=4 



8. 

11. 

12. 

13; 

14, 

15, 

ae. 
(a) 37 = at 'G 

1 a a 

(b) z 3 

(a) (Txy) (2x*y®) = 14x! Sy? = 14x4y 8 = nee 
xy 

(b) (x + 2y)*(x + 2y) = (x + 2p) = (x + 2y)™ 
2x 4y 1 

4x78 ie a “Dixy! 
(a) 30x°y9 wall, xe SySiears ey 

iy? 20, x ya ee 

. Si5a°b’ct = 15 “a BY ing DA 5G" 
3a°b'c? 3 0 gi se 2 © il a 

1 1 aS eyes be Poe (c) (5~)(2a)" = (5~)(1) 3 125 

(a) (w?)® = w?8 = w% 
(by (52) = 525 = 510 

te) ae = 2y)°)P = (x — 2) te 2y)? 
(aGey 2 — 42% = doxye 

) ( dxy ) Z 4x33 a 64x33 8! 
3x5y6 Bxlyl8 D7 x15yi8 ~ 97 y12y15 

1 1 
Bmeuye.) o = 3 xy = = —— (c) (3xy*) : 32x24 9x24 

Te aa * 7x7 x°y° < Gace 

a 
@) Suey 22) 8yterze ase 
; 4x2y2\-3 . 43,66 [- yo ‘y 1 

(b) x4y3 a xy ro 43x12 6y9 = 64x83 

(a) 128,320 = 1.2832 x 10° 
(b) 476 = 4.76 x 107 
(c) 0.0786 = 7.86 x 10? 
(d) 0.007 =7 x 10° 
(a) 4.62 x 10° = 4,620,000 
(b) 1.973 x 10-7 = 0.001973 
(c) 4.931 x 10°! = 0.4931 

(55,000) (3,000,000) (5.5 * 104)(3.0 x 10°) 

5,500,000 . 

ane a4 

1 10° 

= 3.0'x 100° 

= 3.0 x 104 

T.2 Student Practice 

1. 

4, 

(a) 3x° — 6x4 + x? This is a trinomial of degree 5. 
(b) 5x? + 2 This is a binomial of degree 2. 
(c) 3ab + 5a2b* — 6a*b This is a trinomial of degree 5. 

(d) 16x+y° This is a monomial of degree 10. 

pix) = 2x* — 3x° + 6x =18 
(a) p(—2) = 2(-2)* — 3(-2)3 + 6(-2) — 8 

= 2(16) — 3(-8) + 6(-2) — 8 
SII aie Pie NO 

= 36 

(b) p(5) = 2(5)* — 3(5)* + 6(5) - 8 
= 2(625) — 3(125) + 6(5) —8 

1250 = 375 4-306 

= 897 

(=Tx? + 5x — 9) + (2x? — 3x + 5) 
= —7x? + 5x —-9 + 2x7 - 3x +5 

—5x* + 2x — 4 
(2x? — 14x + 9) — (—3x? + 10x + 7) 
= (2x? — 14x + 9) + (3x? — 10x — 7) 

pore 2A6 4.2 

Il 

Il 

Solutions to Student Practice Problems 

5 

(x + 3y)Gx) = Sy) 

= 14x? — 35xy + 6xy — 1Sy? = 14x? — 29xy — 15y? 

(3x? — 2)(5x - 4) 

= 15x3 — 12x? — 10x + 8 

7, (7x — 2y) (Tx + 2y) = (7x)? - (2y)? 
= 49x? — 4y? 

8. (a) (4u + Sv)? = (4u)? + 2(4u) (Sv) + (5v)? 

16u? + 40uv + 25v? 

Ba. = 2(7%") (3y") F(3F) 
= 49x* — 42x7y? + gy4 

9, 2x? -— 3x +1 
x? — 5x 

—10x3 + 15x? — 5x 

t= Sx x 

2x4 — 13x3 + 16x? — 5x 

10, (2x? — 3x + 1)(x? — 5x) 
= (2x? — 3x + 1) (x?) + (2x? — 3x + 1)(-5x) 

= 2x4 — 3x9 + x? — 10x? + 15x? — 5x 
= 2x4 — 13x? + 16x? — 5x 

(b) (7x? — 3y?)? 

T.3 Student Practice 

1. (a) 19x? — 38x? = 19+x-x+x — 19-2+x+x = 19x?(x — 2) 

(b) 100a* — 50a* = 50a*(2a? — 1) 

2. 9a3 — 12a7b? — 15a* = 3a?(3a — 4b? — Sa’) 
Check: 3a — 4b? —5a” has no common factors. 

3a*(3a — 4b? — Sa”) = 9a* — 12a*b* — 15a" 
This is the original polynomial. It checks. 

Ss x ZY) wove aya I(t ZY) 

K(X ta QV ov ey) = L(x + 2y) 

= (er 2) ie eae) 

4, bx + Sby + 2wx + 10wy = b(x + Sy) + 2w(x + Sy) 
= (x + Sy)(b + 2w) 

SP-23 

5. To factor xy — 12 — 4x + 3y, rearrange the terms. Then factor. 

xy — 44 + 3y — 12 =a(y — 4) + 3(y — 4) 

iy = 4) (e +'3) 
6. To factor 2x? — 15 — 10x + 3x”, rearrange the terms. Then factor. 

2x3 — 10x + 3x? — 15 = 2x(x? — 5) + 3(x? — 5) 
= (x? — 5)(2x + 3) 

Sum of the Factors 

PH Pe) 

a se 

7, Factor Pairs of 21 

(=20)\(=0) 

73) 
The numbers whose product is 21 and whose sum is —10 are —7 and 

—3, Thus, x? — 10x + 21 = (x — 7)(x — 3). 

8. x4 + 9x? + 8 = (x)? + 9(x?) + 8 

Let y = x7. Then x4 + 9x? + 8 = y? + 9y + 8. The two 
numbers whose product is 8 and whose sum is 9 are 8 

and 1,so y? + 9y + 8 = (y + 8)(y + 1). 
Thus, x4 + 9x? + 8 = (x? + 8)(x? +1). 

9. (a) a?— 2a — 48 = (a + 6)(a — 8) 
(b x4 + 2x? — 15 = (x? + 5) (x? - 3) 

10. (a) x? — 16xy + 15y? = (x — 15y)(x — y) 
(b) x? + xy — 42y? = (x + Ty) (x — 6y) 

11. The grouping number is (a)(c) = (10)(2) = 20. The factor 
pairs of 20 are (—20)(—1), (—10)(—2), and (—S) (—4). Since 
—5 + (—4) = —9, use —5 and —4. 

10x? —9x + 2 = 10x? —Sx—4x + 2 

—n(25—1) = 2(2x—1) 

(2 r)|(ox — 2) 
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12. 

i: 

14. 

9x3 — 15x? — 6x = 3x(3x? — Sx — 2) 
= 3x(3x? — 6x + x — 2) 
= 3x|/3x(x — 2) + L(x — 2)] 
= 34 (x —2)\(3x + 1) 

The first terms of the factors could be 8x and x or 4x and 2x. The 

second terms could be +1 and —5 or —1 and +5. 

Possible Factors Middle Term of Product 

(fi genell) (a5) =39% 

(Be a) Geen) +39x 

(Geen sii(Ge = il) — she 

(ha SiGe al) +3x 

(4s 1) a5) teh 

(ks = IN Gsa ce Sy) +18x 

(Char sy iCze— 1) +6x 

(4x = Si 1) —6x 

Thus, 8x? —6x — 5 = (4x —5)(2x + 1). 

6x? + 13x? — 5 = (2x? + 5)(3x? - 1) 

T.4 Student Practice 

1, x? — 9 = (x)? — (8)7= (a + 3) (x — 3) 
2. 64x” — 121 = (8x)*—-(11)? = (8x + 11) (8x — 11) 
3. 49x? — 25y* = (7x)? —(Sy”)? = (7x + Sy?) (7x — Sy?) 
4. 7x? — 28 = 7(x? — 4) = 7(x + 2)(x —2) 
5. 9x? — 30x + 25 = (3x)?—2(3x)(5) + (5)? = (3x — 5)? 
6. 242x? + 88x + 8 = 2(121x? + 44x + 4) 

= 2[(11x)? + 2(11x) (2) + (2)?] 
= 2(1ix + 2)? 

7, (a) 49x + 28x? : — (7x°)’ + 2(7x?) (2) + (2)? = (7x? + 2)? 
(b) 36x* + 84xy? + 49y4 = (6x?)? + 2(6x7) (Ty?) + (7y?)? 

= (6x? + Ty’)? 
8. 8x° + 125y? = (2x)? + (Sy)? = (2x + Sy) (4x? — 10xy + ey), 
9. 64x3 + 125y? = (4x)? + (Sy)? = (4x + Sy) (16x* — 20xy + 25y? : 

10. 27w? — 125z° = (3w)? —(5z7)3 = (3w — Sz?) (9w? + 15wz? + 25z*) 
. 54x3 — 16 = 2(27x3 — 8) 

= 2(3x — 2) (9x? + 6x + 4) 
. Use the difference of two squares formula first. 

64a°—-1 = (8a>)?—(1)? 
(8a3 + 1)(8a?—-1) 

= [(2a)? + (1)*][(2a)?-(1)7] 
= (2a + 1)(4a* -2a + 1)(2a — 1) (4a? + 2a + 1) 

ll 

T.5 Student Practice 

1. Y= vy = 1 ex) 
3 

2-2) ee) 

; 15 
Vite ae 

Chapter 8 8.1 Student Practice 
3x2y 4 ey. Omeye 

Cxeyae 

~ (2x7Sy2)3 

_ 33443 
= 23(x5)(yy-3 

373, by 

x 7- ae 

ty +42) =4(22) (5) 
4y + 8 = 3x - 15 

Sooty 5) — "8 
3x — 4y = 23 

aiivand (e233) 
enh ar is i-3= A ee 

X2— Xj SP) (-4) app ai 2 

Substitute m= —2 and (x;,y,) = (—4,1) into the point-slope 

equation. 

y— y= m(x- m4) 
y-1=-2[x - (-4)] 
y-—1=-2(x + 4) 
Vea ea or 8 

y= -2x-7 
. First, we need to find the slope of the line 5x — 3y = 10. We do this 

by writing the equation in slope-intercept form. 

5x — 3y = 10 
—3y = -—5x + 10 

5 10 

ot oe 
The slope is 3, A line parallel to this passing through (4, -5) would 

have an equation 

y= ya = n(x = x4) 
B) 

Pr(5) > oleae) 

Pe 20 

> Sa a 

3y + 3(5) = (3x) - (2) 

3y) + 1s) = 5x — 20 
ova sy) = =20ie ws 

5x — 3y = 35 

. Find the slope of the line 6x + 3y = 7 by rewriting it in slope— 
intercept form. 

6x + 3y =7 

3y = -6x +7 
7 

y= S200 
a 

The slope is —2. A line perpendicular to this passing through 

(—4,3) would have a slope of 5, and would have the equation 

Y— Vi > Nay) 

y-3= Fx - (-4)] 
y-3= F(x +4) 

1 
ae ae 

2y ~ 2(3) = a( $x) +202) 

2y-6=x+4 
-x+2y=4+6 
oe 2) a0) 

3 x6 yl 

Eo 6-15, tone = 2 os aig 
3 Mf 

6 ow 8 
i Ra 

~~ 



Solutions to Student Practice Problems SP-25 

etenmenye? = x8/C) a 58 9, (a) 8/3 = (W8)?=2=4 
(b) . = x3/7-2/7 = yA/7 (b) (—8)43 = (W/—8)4 = (-2)4 = 16 

x 1 il 1 
fe x8 = x SFA we ge (c) 1003/7 = a on | -Vi00): er ap 

(d) 34/7-32/7 = 34/7+2/7 — 36/7 10. @) WOR S38 

3. (a) (—3x"/4)(2x1/2) = —6x1/441/2 = —6y1/442/4 = — 63/4 (b) V(-5)* = |-5| = 5 
13x'/12y-W/4 I /12-(-1/9)y 1/442 (c) Wry? = |w| 

0) etsy ~ 2 @) Wy’ =y 
xe rate tis 2/4 11. (a) \/36x2 ay 6|x| 

2 (b) W/16y8 = 2|y?| = 2y? 
~ ae ex (c) W/125x3y8 = W53x3(y?)? = Sxy? 

2 
Ope 8.3 Student Practice 

2y3/4 = 5S = 

4 aa 28 = ee sen ae. 
haga : 3. (a) W/24 = W8w3 = 2W3 

5. (a) (4)9? = (22)? = 24452 = 95 = 32 (b) W/-108 = W/-27W/4 = -3W/4 

(b) (27) = (33)44 = 33/149 = 34 = 81 4. Wo4 = V16W4 = 2W4 
yt = 3,18 y 5. (a) V45x%y7 = V9+5+ x8 yoy = VOx5y9 V5y = 3x3y3V/5y 

i: a4 (b) W270"? = W27 aa bb? 
Ag = J en = W27a°b'c? Wab* 
53h = 3a7b?c3 Wab? 

Sear cs 6. 19V xy + SV xy — 10Vxy = (19 + 5 — 10) Vxy = 14V xy 
7, 4y3/? = gy? = 4yite+in i gy2/2+3/2 7, 4V/2 — 5V/50 — 3V/98 

= 4(y2)(y'/2) — g(y?/)(y3?) = 4V2 - 5V25V2 - 3V/49V2 

= 4y(y'/?) — 8y(y9?) = 4V2 — 5(5)V2 - 3(7) V2 
= dy(y'? — 2y3?) = 4V2 — 25/72 = 21/2 

; = -42/2 
8.2 Student Practice 8 42x + Vi8x — 2V125x — 6V20x 
L (a) W216 = Woe? = 6 = 4V2x + Vov2x - 2V25V 5x - 6V4V 5x 

Why 32 = W/25 = 2 = 4V2x + 3V2x - 10V5x — 12V5x 
(c) W-8 = W(-2) = -2 = 7V2x — 22V5x 
(a) \/—81 is not a real number, 9, 3xy W54x4y3 — 3y?W/16x7 

2. (a) fl3) = V4) —3 = V12-3 = V9 =3 = xy WIT Wx — 3y/W/8x° 2x 
(b) f(4) = V4(4) -— 3 = V16 - 3 = V13 ~ 3.6 = 3xy(3xy) W2x — 3y?(2x2) W2x 

(©) f(7) = V4(7) — 3 = V28 - 3 = V25 = 5 = 0x?) 2x — 6x2y?WV 2x 

SQ arate 2 = 0 = 3x2y2W/2x 

Csi —2 

a 8.4 Student Practice 
The domain is all real numbers x where x = —4, 1 (-4V/2) (-3V13x) a (—4)(—3) V2: 13x = 12 26x 

- am mil = 2. V2x( V5 + 2V3x + V8) 
: = (V2x) (V5) + (V2x) (2V3x) + (V2x) (V8) 

= V10x + 2V6x2 + V16x 
= Vi0x + 2Vx?V6 + V16Vx 
= Vi0x + 2xV6 + 4Vx 

5. (a) Vid = (3) = axl ax 3. By FOIL: (V7 + 4V2) (2V7 - 3V2) 
(b) Wy! = (y*)"4 = y4 = yl ay = 2V49 - 3V/14 + 8V/14 - 124 

6. (a) W/b = b'8 = 14 ¥5V/14 = 24 
(b) Wx? = (x°)"/4 = x3/4 = -10 + 5V14 
(c) W(xy)? = [(xy)"]5 = (ayy 4. (2-5V5)(3 - 2V2) =6 — 4V2 - 15V'5 + 10V/10 

7 (a) W8ix™ = (34x14 = 333 5. By FOIL: (V5x + V10)? = (V/5x + V10) (V5x + V10) 
(by W/27x8 = (3°x5)3 = 3x? = V25x2 + V50x + V50x + V/100 

(ce) (32x5)3/5 = (25x5)3/5 = 23x3 = gy3 = 5x + 2V25V2x + 10 

8. (a) (xy) = Wey) = We¥ ot (xy) = (Way)? 33) ae 
= 5x + 10V2x + 10 

(b) ee = oe = Sy 
yi Wy 

(c) (2x)*/5 = V/(2x)4 = V/16x4 or (2x) 4/5 = (W/2x)4 

(d) 2x4/5 = 2Wx' or 2x45 = 2(Wx)4 
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6. (a) W2x(W/4x? + 3Vy) 

= (V2x) (W4x7) + 3(W2x) (Wy) 
= Wax + 3W2xy 
= 2x + 3W2xy 

(b) (W7 + Wx?) (2W/49 -— Wx) 
= 21/343 — LS Aas W3 
= 2(7) — W7x + 2W49x? 
PR cn) a 

V 5 
7. (a) Ese? 

TL WOT es 
6) Ja= 7 

4 64 4 

\V/ 54, 3h7 3p7 5 

Nee =, (EO. Vad? = 3abVa 
6b> 6b 

od Wo DIVE INS 

V3 ck Vo 3 
8 8 V5x _ 8V5x _ 4V5x 

9. Method 1: 
Tia Vavex 2V5x V5x «10x Sx 

8. Seon 8 V50._ BN Senor 
V20x V20x V5x V100x2 —:10x Sx 

@_ VG oye” . V/150x? | Wis0r 

Sx W5x 0 W5x W/25x2 W153 5x 

af 250 af 1500” S150 © SO 
Method 2: = 

\ Sx ae 125x3 -\W/125x3 5x 

Method 2: 

10. Method 1: 3 

11. 
nie oe 

es 

2? - (v5)? 
_ 8 -4V5 

reer 
B= 45 

=F 
-(8 - 4V5) 

= -8+4V5 
Vi+V5_ Vi1+ V5 V1 + V5 

NWP = V5 BN ia s/t * V5 
_ V121 + 255 + 25 

(a) (5)? 
_ 11+2V55 +5 

{= 
_ 16 +255 

ll 

6 

seas) 8 44/55 
23 3 

8.5 Student Practice 

1. V3x = 8 =4 > 2 

(V3x — 8)? = (x - 2) 
3x = Saag ae hd 

0 =x’ — 7x + 12 

0 = (x —3)(x — 4) 
x=3=0 or «=4=0 

yes x= 4 
Check. 

Forx=3: V3(3)-8+43-2 

Vi24 
=i & 

Forx=4: V3(4)-824-2 
V422 
2=2 ov 

The solutions are 3 and 4. 

Pes WS So ae 

Vxrt4=x4+4 

(Vx +4)? = (x + 4) 
x+4= x7 + 8x + 16 

0 =x? + 7x + 12 
0= (+3) + 4) 

x+3=0 or x+4=0 

p= 3 x=-4 
Check, 

Forx=-3: -4+ V-3+42- 
-4+V1 2-3 

—3=-3 Vv 
For x = —4: 4+ 4+4+4-4 

-4+ V0 2-4 
-4=-4 ¥ 

The solutions are —3 and —4. 

3. V2x +5 -2V2x =1 
Woes 5 =2V2x +1 

(Wie = 5)? = (2V/2x + 1)? 
On 5 = (22x +1) (2V2e44) 
2x+5=8r+4V2x +1 

ox + 4 = 4V/2x 
—3x +2 = 2V2x 

(-3x + 2)? = (2V2x)? 
9x? — 12x + 4 = 8x 
9x? — 20x +4 =0 

(9x — 2)(x — 2) =0 

OM OL 4 = 2, =10 

9x = 2 

2 my x= 95 x= 

i) 
IZ wl/rN Sa 

ie = 

Rowe ss 
+ n | 

o| 

Ike a 

wir 
| 

= Ud) /Co) Uo) Sa 

Ike an 

For x = 2: 

\/ 20a 2°/2(2) 
9-2V4 

3) = 

1 

- 

YK Ib I Ib RPE Re 

The only solution is —. 
o(N | 

4. a ht Naas Val 

(Vy -1+ 4)? = (V4y — 11)? 
feet ea) Veni oc 

y—-1+2VQ-)O-4)+y-4=4y- 11 

2V'y ~ DO = 4) = 2y =6 
VO= Dy=4 =f 
(Vy? = Sy +4)? = (y - 3) 

y—-Sy+4=y?-6y+9 

js) 

~~ 2 

a ae 

— 



\ Check, V5-—1+ V5-—4+4 V4(5) - 11 

V4+V1i2 Vo 
2g 

3=3 Vv 
The solution is 5. 

Se Vos —1=2 
(W6x — 1)? = 2 

6x —-1=8 

6x = 9 

pgs 
2 

8.6 Student Practice 

1. (a) V-49 = V-1V/49 = (1)(7) = 7i 
(b) V-31 = V-1V31 = iV31 

2 V—-98 = V-1V/98 = iV98 = iV'49V2 = 712 
BN 28+ V/=2 = V/-1V/8> V-1V2 

= iV8-ivV2 
= ?V16 
= -1(4) = -4 

4. -7 + 2yiV3 = x 4+ 61V3 
=-7, 2yV3=6V3 

Y Be 
5, (3 — 4i) — (-2 — 18) 

= [a> (—2)] + [—4 — (=18) 
= (3 +2) + (-4 + 18)i 
=5+ 14i 

(4 — 2i)(3 — 71) 
= (4)(3) + (4)(—7i) + (—2i)G) + (—2i)(-7)) 
= 12 — 28i — 6i + 14/? 
= 12 — 281 — 61 + 14(-1) 
= 12 - 28) - 6i — 14 = -2 - 34; 

7, -2i(5 + 6i) 
(—2)(5)i + (—2)(6)i? 
—10i — 12i? 
=10i — 12(-1) = 12 = 10; 

6 

8, (a) i = (i972) = (i*) (i) BS (ay) asi (1)!(-1) =-] 

(b) i = (8 *1) = @)() = GH) = (1) = I 
ae 4+ 2 3-4 
G2 4i 3+ 4i 3-4 

_ 12 - 161 + 61 — 87? 
r 9 — 16i2 

12 — 10i — 8(-1) 
9 — 16(-1) 

12 — 10i + 8 
9+ 16 

SOF 5.— 6% 2 
a =2 2 

—4j? 

pale — 12(24) 
"  =4(-1) 
_ 10% + 12 
hs 
__ 2(5i + 6) 

Solutions to Student Practice Problems 

8.7 Student Practice 

1, Let s = maximum speed, 
h = horsepower. 

s=kVh 
Substitute s = 128 and h = 256. 

128 = kV 256 

128 = 16k 

8=k 

Now we know the value of kso s = BVA. 

Let h = 225. 
s = 8(V/225) 
s = 8(15) = 120 

The maximum speed is 120 miles per hour. 

nee: » y . 

Substitute y = 45 and x = 16. 

k 
45 = 16 

720 =k 

; 720 
We now write the equation y = a 

Find the value of y when x = 36. 

_ 720 
7, 36 
y = 20 

3. Let w = weight, 

h = height of column. 

ak 

ors 
Substitute w = 2 and h = 7.5. 

__k* 

G5)e 
112.5=k 

115} 

we 
Now substitute h = 3 and solve for w. 
Az 

(3) 
ine) 

ae 125 

The column can support 12.5 tons. 

_ kzw? 
x 

We now write the equation w = 

WwW 

SP-27 

To find the value of k, substitute y = 20, z = 3, w = 5,and x = 4, 
2 » — OO) 

4 

75k 
Later 

80 _ 
AS 
ik) 
is 

k 

k 

We now substitute 28 for k. 
15 

= 16zw? 

15x 

We use this equation to find y when z = 4, w = 6, and x = 2. 

_ 16(4)(6)* 2304 
iGO ~ Wee 

_ 384 
uns a 
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Chapter 9 9.1 Student Practice 9.2 Student Practice 
1? — 12110 1. x? + 5x = -1 + 2x 

x2 = 121 x? +3x+1=0 

5 oe Ww 1DA a=1,b=3,c=1 

g = 211 eas 4D) 
The two roots are 11 and —11. * 2(1) 

Check. 23 enV 
(11)? - 121 40 (ly? = 1214.0 ie 

120 121 =o) 121 — 121 = 0 2, 2x? Hy 6 = 0 
0=0) V C=O a= 2 b= nel 16 

2. ie -Ve5 oe 400) 
xy = ae — ales . 

2(2) 
x= +3V2 

The roots are 3V2 and -3V2. x Se Eas = el wal 

3. 5x2 + 1 = 46 a 4 
5x2 = 45 =i ap | ie pines Be 

7 ; 4 4 4 4 
x 3 
E= EVO Eos WS) ba 
x= +3 2 3. 2x? — 26 =0 

re roots are 3 and —3. @ 2 bave = —26 

4. a ag 1% -0 + V0? — 4(2)(-26) 
= — x= 

2 = +V-9 2(2) 
are aa -VOR + VI6VIB _ 24V13 — Lon 

The roots are 37 and —3i. 4 4 4 ie 

Check. 4. 0 = —100x? + 4800x — 52,559 
3(3i)? = -27 3(—-31)? = -27 a = —100, b = 4800, c = —52,559 

3(9i7) = -27 3(9i7) = -27 F —4800 + (4800)? — 4(—100)(—52,559) 

3(-9) = -27 3(-9) = -27 2(-100) 

-27 = -27 Vv -27=-27 Vv —4800 + V23,040,000 — 21,023,600 
KG. — 

5a (xs) —200 

26 So eV —4800 + V2,016,400 
2s St 7 i Sin 

232 V7 
Le ie x = 4800 + 1420 

34+ V7 peo Vi ~200 
The te a. =4800 + 1420 _ -3380 _ 469 ag 

x= = — 4 = 

6 x+8&+3=0 —200 —200 

x? + 8x = -3 or 

x? + 8x + (4)? = -3 + (4) pe SAS 420 _ 6220 _ 4 Bai 
x° + 8x + 16 = -3 + 16 —200 —200 i : 

(x + 4)?=13 For zero profit, they should manufacture 17 or 31 modems. 

nt $= VB eee The LCD is 6x Sy 
x=-4+ V13 Sips al ; 6 ; 

The roots are —4 + V13 and —4 — V'13. (ne (4) aT OoG (0) n(—4) = 6x(x — (2) 
2 = 

p, 

bo es Meee 6(x -— 1) + 6x = Sx(x - 1) 
oT ; 6x — 6 + 6x = 5x? — 5x 

ees 0 = 5x? - 17x + 6 

Poh Oo (Nee a Fy 4 Va 
é 2 Oe ee 17)" = 45 )6) 

(x +1)? = é 2) 
2 eve 120 _ 17 = Vie? Magee 

ee re % 10 10, .) aealO 
2 yee, 1-1 eee 

pee heli 10 io 10 10°" 5 
V2 

V2 -2+ V2 
5 = il as or 



6. 2x7 - 4x +5=0 
@=—2,b) = =4,c = 5 

Bees) 2-483 OO) 
2(2) 

m4 2s V6 - 0 ae 
4 = 4 

pat £2V6 _ 2(2 + V6) _ 2 + 1V6 
4 4 eo: 32 

7, 9x? + 12x +4=0 
a=9,b=12,c=4 
b? — 4ac = 127 — 4(9)(4) = 144 - 144 = 0 
Since the discriminant is 0, there is one rational solution. 

8. (a) x? - 4x + 13 =0 
a=1,b=-4,c = 13 

b? — 4ac = (—4)? — 4(1)(13) = 16 — 52 = —36 
Since the discriminant is negative, there are two complex 

solutions containing i. 

(b) 9x? + 6x -7=0 
a=9,b =6,c = =7 

b* — 4ac = 6 — 4(9)(—7) = 36 + 252 = 288 
Since the discriminant is positive but not a perfect square, there 

are two different irrational solutions. 

9. x = -10 x=-6 
x+10=0 x+6=0 
(x + 10)(x + 6) =0 

x? + 16x + 60=0 

10. x — 2iV3 = 0 x + 21V3 =0 

(x — 213) (x + 2iV3) =0 

x2 + 2ixV3 — 2ixV3 — (21V3)? = 0 
x= 4i2(V9) =0 

x? — 4(-1)(3) =0 

x7 +12=0 

9.3 Student Practice 

1, x* — 5x? — 36 = 0 
ety — x. Then y= x". 

Thus, our new equation is 

y? — 5y - 36 = 

eae + 4) = 0 
y-9=0 or y+4=0 

y=9 y=-4 

pix 8 x? = -4 

x=+V9 x= +V-4 
x= +3 x= +2i 

2. x° — 5x7 + 4=0 

Let y = x°. Then y? = x°. 
y —-S5y+4=0 
ey > 4) = 

y—-1=0 or y-4=0 

y=1 y=4 

i=l C4 
VL x= VA 

3. 3x43 — 5x77 +2=0 

Let y = x7/3, Then y? = x4, 

3y? — Sy +2 =0 
ey = 2)(y - 1), =0 

Sy = Za= 0) or y-1l= 

2 = aa ‘Te 

323 -3 ae 

ays = (2) 2/3)3 — 43 Cie bea hes Ca = 1 

Solutions to Student Practice Problems 

en8 zal os 7 x iL 

ee = 2V1 x aE 7 3 es BES 

VE; 

be 22/3 
ea W3 

Pe 2v6 

V6 . 2V6 
Check. eke te 

re ah: ioe ds 

w 
na io | en 

| Nn 
, a 

pS Wid 

= 
+ i) Ike =) 

4 10 . 
———+ a aa 28 

O04 
_ _2V6. 

ars 

Ma ( 2 BN 
— — — + = a( 5 5 220 

2 3(4) - (2) +2 20 
Awe 10 a 
Be a tye 

C= 0 a7 
x=: 

(14? = $1)" +2 20 
3(1) -5(1) +240 

SO ae 
i= ly 

3(=1)8— S(=1)7? 2 = 6 
3(1) -5(1) +240 

O20 % 

4. axt/2 = gyl/4 — 4 

3x'/? — 8xl/4 44 =0 

Let y = x1", Then y? = x12, 

3y? — 8y +4=0 
(Sy 2) (yi 2) 10 

3y -2= Of Vere =) 

2 = yi 2 

xh = 2 Ep) 

1/4 2 i 4 ey = (2) (aye = (2) 
x= x=16 

Check, x=: x = 16: 

3(16)”? = 8(16)"/4 — 4 

3(4) = 8(2) -4 

SP-29 
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5, De at dal" 0) 

het y = en When yee 

2y>+y=0 

y(2y +1) =0 

y=0 or 2y+1=0 
1 

see 
1 -1 at ad at x 0 x 5) 

1y=1 rl 1y-1 2\ “1)-1 = 9- el ee Ge wry = (-4) 
it 

56 = 0 hee —2 

which is undefined. 

Check. x = —2: 

2(—2) + 2) 0 

(7) + (-3) #9 

0=0 v 

9.4 Student Practice 

1, V= ; amrh 

4 2 may sO le 
~ Nath wth 

2. 2y* + 9wy + 7? = 0 
(2y + Tw)(y + w) = 0 
2y + 7w = 0 or y+w=0 

2y = -7w y=-w 

meet 5 
1 ae 

3. 3y? + 2fy - 7g = 0 

Use the quadratic formula. 
a = 3,b = 2f,c = —7g 

_ Of VAP = 4(3)(—72) 
sa 2(3) 

-2f + Va4f? + 84g 
a 6 

—2f + Va4(f? + 21g) 
Saas 6 

—2f + AVF? + 21g 
y = 

6 

afm Var eee 
BS = ara eae 

2 sh 
4.d= 5 

Multiply each term by 2. 

2d = n* - 3n 
0 =n? -— 3n - 2d 

Use the quadratic formula. 

a=1,b = -3,c = -2d 

_ =he 8) eae = 4(1)(-2¢) 
a 2(1) 

3+ V9 + 8d 
2 

Since n is the number of sides of a polygon, n > 0 and we use only 
the principal root. 

n= 

. A=ar 

5. (a) a + b? = ¢? 
bP=c- a 

b=Vc- a 

Only the positive root is used since 5 is a length. 

(b) b= Vc? - a? 

b = V (26)? — (24)? = V676 — 576 = V/100 

b=10 
Hea (ee = 7A) see = e) 

c = —2x + 37 
GND Ore, OX) 137 

By the Pythagorean Theorem, 
x? + (x — 7)? = (-2x + 37)? 

x? + x? — 14x + 49 = 4x? — 148x + 1369 

—2x? + 134x — 1320 = 0 

x? — 67x + 660 = 0 
Use the quadratic formula. 
a = 1,b = -67,c = 660 

i —(-67) + V(-67)* — 4(1)(660) 

2(1) 
Or ze NV 1849 | G7 43 

a 2 f° 2 
ee tee ae eae 

2 2 
The only answer that makes sense is x = 12; therefore, 

x = 12 
+ — 7 = 5 

ono) mS 
The longest boundary of the piece of land is 13 miles. The other two 
boundaries are 5 miles and 12 miles. 

2 

A = (6)? = 367 
The area of the cross section of the old pipe is 367 square feet. 
Let x = the radius of the new pipe. 
(area of new pipe) — (area of old pipe) = 457 

wx? — 36m = 45a 
ax? = 817 

x 18h 
x= +9 

Since the radius must be positive, we select x = 9. The radius 
of the new pipe is 9 feet. The radius of the new pipe has been 
increased by 3 feet, 

Let x = width. Then 2x — 3 = the length. 
x(2x — 3) = 54 
2x” — 3y= 54 

2x* — 3x - 54=0 
(2x + 9) =o) =0 

Paes =6 or x= 

We do not use the negative value, 
Thus, width = 6 feet 

length = 2x — 3 = 2(6) — 3 = 9 feet 

. Let x = his speed on the secondary road. Then x + 10 = his speed 
on the better road. 

Distance 

Secondary Road 150 

Better Road 

(not used) 



150, 240 
yo e+ 10” 

The LCD of this equation is x(x + 10). Multiply each term 
by the LCD. 

240 150 
+ ee ec 10)( 7 ) ee (ete 1(- 210 

TS0(%-- 10) + 240% = 7x(x + 10) 

150x + 1500 + 240x = 7x? + 70x 
0 = 7x? — 320x — 1500 
0 = (x — 50)(7x + 30) 

Ix +30=0 

) = x(x + 10)(7) 

ee) == Om Jor 

x = 50 
30 

eS 
il 

We disregard the negative answer. Thus, x = 50 mph, so Carlos drove 

50 mph on the secondary road and 60 mph on the better road. 

9.5 Student Practice 

1. f(x) = x? - 6x + 5 

a=1,b=-6,c=5 

Step 1 The vertex occurs at x = 22 Thus, x = a8) . 22 3 
a 2a : 2(1) 2 

The vertex has an x-coordinate of 3. 

To find the y-coordinate, we evaluate f(3). 
f(3) = 3* — 6(3) + 5 

= 9— 18 +5 
= —-4 

Thus, the vertex is (3, —4). 

Step 2 The y-intercept is at f(0). 
f(0) = 0? — 6(0) +5 

The y-intercept is (0,5). 
Step 3 The x-intercepts occur when f(x) = 0. 

x = 65 +5. = 0 
(4. = 3) G0 

x =5 = 00 ol 10 

x=5 x=1 

Thus, the x-intercepts are (5,0) and (1,0). 

2 g(x) =x’? -2x-2 
a=1,b = -2,c = -2 

Step 1 The vertex occurs at 

Lee 
~ 24 

Pee) 
_ 2(1) 

The vertex has an x-coordinate of 1. To find the y-coordinate, we 
evaluate g(1). 

x 

2 =o 

g(1) =17-2(1) -2 
=1-2-2 
=-3 

Thus, the vertex is (1, —3). 

Step 2 The y-intercept is at g(0). 
g(0) = 0? — 2(0) — 2 

=-2 
The y-intercept is (0, —2). 

Step 3 The x-intercepts occur when g(x) = 0. We set 

x° — 2x — 2 = 0 and solve for x. The equation does not 
factor, so we use the quadratic formula. 

Bab + ViPS age PV (-2)" — 4(1)(—2) 
a 2a 7 2(1) 

x 

Solutions to Student Practice Problems SP-31 

The x-intercepts are approximately (2.7, 0) and (—0.7, 0). 

3. g(x) = —2x* — 8x - 6 

a=-2,b 8,c = -6 

Since a < 0, the parabola opens downward. 

The vertex occurs at 

bre tr i B)imes8 
2a Zie2) —4 

To find the y-coordinate, evaluate g(—2). 

Ree) oe -2)° > 8(=2) = 6 
= 9 + 16)="6 

=2 
Thus, the vertex is (—2,2). 

The y-intercept is at g(0). 

8(0) 

x= i, 

Il —2(0)? — 8(0) — 6 
= —-6 

The y-intercept is (0, —6). 
The x-intercepts occur when g(x) = 0. 

Use the quadratic formula. 

_ =(—8) + V(-8)? = 4(-2)(=6) 
2(—2) 

+ Se VIG me 
=4 

C= —3. 4 = —1 

The x-intercepts are (—3, 0) and (—1,0). 

Vertex 
(—2, 2) 

SCL © 
x-intercepts 

“HPS y-intercept (0, —6) 

g(x) = —2x? - 8x - 6 

9.6 Student Practice 

L =8'Sk 2 =) 
-9 -8 -7 -6 -5 -4 -3 -2 -1 

Dealers 
=o 70) 0 2 ar Aes no 

3. “At least $200” means s = $200 and “never more than $950” means 

s = $950. 950 

200 400 600 800 1000 

Asi G On keenly 
6007) sabeo) e100) dd) eased 4 

3 

eh BS eae eS) 
-10-8 -6 -4-2 0 2 4 6 

6. Rejected applicants’ heights will be less than 56 inches (h < 56) or 

will be greater than 70 inches (h > 70). 

56 in, 

50 in, 60 in, 70 in. 80 in. 

1 Sia Sor 24 3S S13 

Shas 8) 2x > 10 

nll or shea BS 

= 0 Sate oe Seeds: 6) 7 
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8. 

10. 

11. 

24-1 oi 7 Tanda 15 

2%) = — 10 Ix > -14 

Ee 5) and Ger), 

x > 5 and atthe same time x > —2. Thus x > Sis the solution to the 

compound inequality. 

te 2273 4S 6a 

, = 3% = I= 26) Sandia aed 

— che = —il6) 5x < 10 
He 5 and Si 

Now clearly it is impossible for one number to be greater than 5 and 

at the same time less than 2. There is no solution. 

i = 238 0 
Replace the inequality symbol by an equals sign and solve. 

x*-2x-8=0 
(x + 2)(x — 4) =0 
ye 2 0) or 4-4 =.0 

; x=-2 x=4 
RegionI x<-2 Usex=-3 

(-3)? - 2(-3) -8 =9+6-8=7>0 
RegionIT -2<x<4 Usex=0 

0? — 2(0) -8 = -8 <0 
RegionIlIT x >4 Usex=5 

(5)? — 2(5) -8=25-10-8=7>0 
Thus, x? — 2x — 8 < 0 when -2 <x <4. 

es De cee eee ees ae aoe Gon aa 
-3-2-1 0123 4 5 

3x? -x -220 
3x7 -x -2=0 

(Gx +2) — 1) = 0 

3x +2=0 OD ete 0) 

Eee x=1 me 
; 2 

Region I Ve Use x = -1 

3(-1)? - (-1) -2=3+1-2=2>0 

Region II ~$<x<l Use x = 0 

3(0) -O-2=-2<0 
RegionlI x>1 Usex =2 

3(2)?> -2 --2 =12 -2-2=8>0 

Thus, 3x* — x — 2 = 0 whenx <= —= or when x = tle 

2 
3 

—3=2) =i" 0 PL Ze 

x +2x <7 

x? +2x-7<0 
x? +2x-7=0 

pam Se VE eee) = 2 + V4.4 28 
2(1) a) 

ett Vile 
3 2 

-1+2V2 = -1+ 2.828 ~ 1.828 ~ 1.8 
=1 32/2 = 928 = —3.828 = —3.8 
RegionI Usex = —S 

(S5)'er 20-5) — 7 = 25-10 -7 =F "0 
RegionII Usex = 0 

(0)? + 2(0) —-7 = -7 <0 
Region III Use x = 3 

Gye 22) 7=94+6-7=8>0 
Thus, x? + 2x < 7 when -1 — 2V2 <x < -1 + 22, 

13. Approximately —3.8 < x < 1.8 
-3.8 1.8 

-4-3 -2 -1 012 3 4 

9.7 Student Practice 

1, |3x — 4| = 23 
3x — 4 = 23 or 3x — 4 = -23 

3x = 27 3x = -19 

a Su 3 

Check. 

ifx = 9 ifx= 

[3x — 4| = 23 Le 
3(9) os 273 I3z, 7 4] = 23 

|27 - 4| 223 b(-2) a 4 2 
\23| 4 23 3 . 
23=23 ¥ rites teas 

|-23| = 23 
23 = 28m) 

2 
2 25 +4| = 

grt4= or Sxt4=-2 

2x +12=6 2x+12=- 
2x = -6 2x = -18 
x= -3 x=-9 

Check. 

ifx = -3 ifx = —9 
2 a 2 2% 
at oye) 2 gre) ae 

|-2+4| 22 |-6 + 4| 42 
i252 p=2) 29 
2=2 V7 2s 2) OF 

3. jax +1) +3=8 
jax +1|/+3-3=8-3 

|2x + 1| =5 
2x+1=5 or 2x + 1 =—5 

2x = 4 2x = -6 

x=2 x=-3 

Check. 

tx =2 ifx = -3 
|2(2) +1, +3 #8 |2(-3) +1, +3 48 

|4+1) +348 |-6+1| +348 
(5) +348 |=5| +348 
5+328 5+348 

Seats / o= 57 
4, |x — 6| = [5x + 8| 

Y—o— 5% 78 or 4% —(6)=— (Seams) 
x—5x=6+8 Bites (6) ees) 1 as} 

—4x = 14 x+ Sx =6.—8 

yet --i 6x = =2 

a vane = 

Check, 

zy 1 
if x 7 fin=—; 

F421 Hd bedad are K(-3) +8 Epil ioemnjai acento 
7 ap es 1 5 

ee ts oe ies 
|-2- 22 3438 |-4 B] 2 |-2+ 34 
Py 2 tee = OF phx 
|-2 : |-2| 19| » |19 

2 4 2 ee —atho’ 
19 19 19) 19 

a.” =a ion 
Che bs 2 

=S'=4)' 32 — 1 2 aS 



6. |x -—6| <15 
jes 5 

=15+6<x*x-6+6<15+46 

EOex x Di 

27 a(x — 1) < 20 
|2 + 3x — 3| < 20 

|-1 + 3x| < 20 
—20 < -1 + 3x < 20 

20) a1 <i ie ox DOr, 

—12-9-6-3 0 3 6 9 1215 18 21 24 

if 

a ho ane 5 <4 

ols. 
3 3 3 

~F<x<7 1 
Sry 

=(§2 <i 
3 -7-6-5-4-3-2-101234567 

8. |x| > 2.5 <_< ++ 
me Or x > 25 eeteat 0 7 2 3 

9, |—5x — 2| > 13 

—se—2>13 or —st> 2 —13 

=Soq a) —5x-< —11 

he 15 =5% _ =I 
— < — — > — 
=5 =5) oS) =5) 

11 
Sc) Sits ae oi 5 

1 
SS 

- O5 
1 1 

x<—3orx > 2- 25 

—4-3-2-1 0 123 4 

Chapter 10 10.1 Student Practice 

1, Let (x, ¥1) = (—6, —2) and (%, y2) = (3, 1) 

d= V(x) — 4)? + (2 — ys)? 
= Vi aaip ae li — (-2)P 
= V(3 + 6)? + (1+ 2) 

= V'(9)? + (3)7 
= V8i +9 = V90 = 3V/10 

2 (x +1)? + (y+2)?= 
To compare this to (x — h)? + (y — k)? = r?, we write it in the form 

[x - (1)? + = (-2)P = ¥. 
Thus, we see the center is (h,k) = (—1, —2) and the radius is r = 3. 

» 

PERE Ee 

ee 
(-1, -2)2 a Ne £ 

oN res mee ES iB 

(x+ 1? + (y +2)? =9 

3. We are given that (h,k) = (—5,0) andr = V3. Thus, 
(x — h)* + (y — k)? = r? becomes 

[x = (-5)P + 0) = (V3)? 
(x +5)? + y? = 3 

4. To write x2 + 4x + y? + 2y — 20 = Oinstandard form, we 
complete the squares. 

a 4 + ch ye = 20 

V+4x+44+y4+2y+1=20+44+1 

x>+4x+4+ y? + 2y +1 = 25 

(x + 2)? + (y + 1)? = 25 

Solutions to Student Practice Problems SP-33 

10. I = oy a) 

4-res or 4-tx<-s 

3 3 4(4) - (3x) = 4(5) 4(4) - (3x) < 4(-5) 

16 — 3x = 20 16 — 3x = —20 

—3x =4 ot = 30 

3G 4 ake —36 
a ee 
-3~ =3 -3 > -3 

See > Kee 12 

tl 
x=-1 3 

Kuss cy (aye ep ene) 
3 

eee 
1 150 12 

11. |d —s| = 037 
|d — 276.53| < 0.37 

=(0.37 =d — 276.53 = 0.37 

—0.37 + 276.53 = d — 276.53 + 276.53 = 0.37 + 276.53 

276.16 = d = 276.90 

Thus the diameter of the transmission must be at least 

276.16 millimeters, but not greater than 276.90 millimeters. 

The circle has its center at (—2, —1) and the radius is 5. 

(x +2) en ae 25 

10.2 Student Practice 

1. Make a table of values. Begin with x = —3 in the middle of the table 
because (—3 + 3)” = 0. Plot the points and draw the graph. 

Vertex 

Axis of symmetry 

The vertex is (—3, 0), and the axis of symmetry is the line x = —3. 
2. This graph looks like the graph of y = x’, except that it is shifted 

6 units to the right and 4 units up. 

The vertex is (6, 4), The axis of symmetry is x = 6. 
Ifx = 0,y = (0 — 6)? + 4 = 36 + 4 = 40,50 the y-intercept is 
(0, 40). 

a ts We HHH 

y=(x- 67 +4 
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3. Step 1 The equation has the form y = a(x — h)* + k, where 
a= ih = 2,and k = 3,s0 it is a vertical parabola. 

Step 2 a> 0;so the parabola opens upward. 
Step3 We have h = 2 andk = 3. Therefore, the vertex is (2,3). 

Step4 The axis of symmetry is the line x = 2, Plot a few points 

on either side of the axis of symmetry. At x = 4, y = 4. 
Thus, the point is (4, 4). The image from symmetry is 

(0,4). At x = 6, y = 7. Thus the point is (6, 7). The image 

from symmetry is (—2,7). 
Step5 Atx =0, 

1 3) =—-(0-2)7+ y 4 (0 2) aes) 

= (4) +3 

=14+3=4. 
Thus, the y-intercept is (0, 4). 

4. Make a table, plot points, and draw the graph. Choose values of y 
and find x. Begin with y = 0. 

— 

eae H Vertex 
(2. 

The vertex is at (4, 0). The axis of symmetry is the x-axis. 

5. Step1 The equation has the form x = a(y — k)? + h, where 
a= —1,k = —1,and h = —3,s0 it is a horizontal parabola. 

Step 2 a < 0;so the parabola opens to the left. 

Step3 We have k = —1 andh = —3. Therefore, the vertex is 

(35h): 

Step4 The line y = —1 is the axis of symmetry. At y = 0, x = —4. 

Thus, we have the point (—4, 0) and (—4, —2) from sym- 

metry. At y = 1,x = —7. Thus, we have the point (—7, 1) 

and (—7, —3) from symmetry. 

Step5 Aty=0, 
x=-(0+1)?-3 

= =“ Bi 

=-1-3=-4 
Thus, the x-intercept is (—4, 0). 

6. Since the y-term is squared, we have a horizontal parabola. The 
standard form is x = a(y — k)? + A. 

x= y* — by + 13 
2 2 

=a. oy + (8) (S) +13 

= (7 = oy 9) 4 

=o) 
Therefore, we know that a = 1,k = 3, 

and h = 4.The vertex is at (4,3). The 

axis of symmetry is y = 3. If y = 0, 

x = 13.So the x-intercept is (13,0). 

— == <—ll Ty = 2x? + 8x +9 
Since the x-term is squared, we have a vertical parabola. 
The standard form is 

y=a(x-—h) +k 

y = 2x7 + Bx + 9 

= 2(x? + 4x + )- +9 

= 2(x? + 4x + 4) — 2(4) +9 

=2(x+2)?+1 

Complete the square. 

The parabola opens upward. The vertex is (—2, 1), and the y-inter- 
cept is (0,9). The axis of symmetry is x = —2. 

Pyritt 

y=Ur+ 224+ 

| 

10.3 Student Practice 

1. Write the equation in standard form. 

4x? + y? = 16 
Oo) 2 

4x a ya 16 

16 16 16 

x oy 
— + — = 

A 16 1 

Thus, we have: 

GA Iso) ai" 

b= 16 so b= 4 

The x-intercepts are (2,0) and (—2,0) and the y-intercepts are 
(0,4) and (0, —4). 

GAZ): pa 3)? 
16 9 

The center is (h,k) = (2, -3),a = 4,and b = 3. We start at 
(2, -3) and measure to the right and to the left 4 units, and up 
and down 3 units. 

16 9 

10.4 Student Practice 

x oy? 
ig oe 

This is the equation of a horizontal hyperbola 
with center (0,0), where a = 4 andb = 5, 

The vertices are (—4, 0) and (4, (0). 
Construct a fundamental rectangle with 

corners at (4,5), (4, -5), (—4, 5), and 

(—4, —5). Draw extended diagonals as 
the asymptotes. 



Solutions to Student Practice Problems SP-35 

2. Write the equation in standard form. 2.2x-9=y (1) 

a ee xy = —4 (2) 
i A iy Equation (1) is solved for y. 

Jey Shae SS Substitute (1) into equation (2). 
4 4 4 x(2x - 9) = -4 

NB) (ES 2x? — 9x = -4 
ey, x 
Thi 2x? - 9x +4 = 

This is the equation of a vertical hyperbola with center (0, 0), where (2x — ie |e ie 
a = Land b = 2. The vertices are (0,2) and (0, —2). ax-1s= : ett 
The fundamental rectangle has corners at (1,2), (1, -2), (-1,2), x=- x= 
and i(—1), =2). 2 ; 

For x = 5: y= (5) -9=-8 

Forx = 4: y=2(4) -9=-1 
1 

The solutions are (4, -1) and G -8), 

The graph of y = =! is the graph of y = * reflected across the 

x-axis and stretched by a factor of 4. The graph of y = 2x — Yisa 

line with slope 2 passing through the point (0, —9). The sketch 
1 

(x-3)? (y +2)? shows that the points (4, -1) and G. -8) seem reasonable. 

ah = =1 
16 9 

This is a horizontal hyperbola with center at (3, —2), where a = 4 

and b = 3.The vertices are (—1, —2) and (7, —2). The fundamental 
rectangle has corners at (7,1), (7, -5), (—1,1), and (—1, —5). 

3 xe + y? = 12 (1) 
3x? - dy? = 8 (2) 

“@-3' G42), 4x? + dy? = 48 Multiply (1) by 4. 
16 9 3x? — dy? = 8 Add the equations. 

, Tx? = 56 
10.5 Student Practice wee 

2 2 x= tV8 
ae Y 

ie 4 x+y+1=0 x= +2V2 

w-y=4 (1 =-x-1 (2 Fm oP 
te (2) toi y (2) oy 2V2, then x? = 8, Substituting this value into equation (1) 

x*-— (-x-1)?=4 
xe (x? +2x+1) =4 8+ y? = 12 

x? —x?-2x-1=4 ys 

-2x-1=4 y= iva 
-—2x = 5 y= +2 

5 
= ane Similarly, if x = —2\V2,then y = +2. 

Now substitute the value for x in the equation y = —x — 1. Thus, the four solutions are (22,2), (2V2, -2), (-2V2,2), 
For x = -2.5:y = -(-2.5) -1=25-1=15. (20/2 aa). 
The solution is (—2.5, 1.5). 

Chapter 11 11.1 Stud i — apter .1 Student Practice (©) g(a) = 5a-3 

1 
1. (a) g(a) = 50-3 eA) Sa shae 3 = =! 

1 1 
(b) g(a + 4) = 3 (4 a ean Thus, g(a) + g(4) = (F0 = 3) + (-1) 

il 1 
=-at - =-a- = 74 Phas 2) 74 apeavell 

1 1 
34-1 = ay 
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2. (a) p(—3) = —3(-3)? + 2(-3) +4 
= —3(9) + 2(-3) +4 
=-27-6+4 
= = 09 

(b) p(a) = —3(a)* + 2(a) +4 
Ss By sk Dg 3k 

(c) p(2a) = —3(2a)? + 2(2a) + 4 

= —3(4a”) + 2(2a) + 4 

= -12a?+ 4a+4 

(d) p(a — 3) = —3(a — 3)? +2(a — 3) + 4 
-3(a — 3)(a- 3) +2(a-3) +4 

-3(a? —6a + 9) +2(a- 3) +4 

—3a? + 18a — 27 + 2a-6+4 

= —3a* + 20a — 29 
= -3 

3. (a) mien 2) ere a 

053 
a3 

_ =3 
(6) 16) sag 

—3 3 
(©) r(a +2) ~ r(a) =; - (9) 

a ay ea 
Fea” al 

(-3)(a + 1) 3(a + 3) 

~ (a+3)(a+1) (a+1)(a+3) 

=—3a — 3 3a +9 

Wey +3) a+ @ ss) 
—3a— 35 + 3a +9 

~ (a+1)(a +3) 

es 6 
~ (a+1)(a+ 3) 

4. g(x +h) =2-5(x +h) =2 -—5x-5h 
FAC) = Bho 
B(x th) rel) (ao ot) — (2'—"Sx) 

=e rou — 2 OX, 

= —-5h 
g(x +h) — g(x) _ —Sh 

h Wek 

5. (a) S(r) = 16(3.14)r + 2(3.14)r? = 50.24r + 6.287? 

(b) S(2) = 50.24(2) + 6.28(2)? 
= 50.24(2) + 6.28(4) 
= 125.6 m? 

(c) S(e) = 50.24(2 + e) + 6.28(2 + e)? 
= 50.24(2 + e) + 6.28(2 + e)(2 + e) 
= 5(),.24(2 + e) + 6.28(4 + 4e + e) 
= 100.48 + 50.24e + 25.12 + 25.12e + 6,28e? 
= 125.6 + 75.36e + 6.28e? 

(d) S(e) = 125.6 + 75.36e + 6.28e7 
5(0.3) = 125.6 + 75.36(0.3) + 6.28(0.3)? 

= 125.6 + 22.608 + 0.5652 
~ 148.77 m? 

Thus, if the radius of 2 meters was incorrectly measured 
as 2.3 meters, the surface area would be approximately 
148.77 — 125.6 = 23.17 square meters too large. 

=) —5, Therefore, 

11.2 Student Practice 

1. (a) By the vertical line test, this relation is a function. (b) By the 
vertical line test, this relation is not a function, 

px) = |e +21 

undefined 

We recognize that h(x) will have a similar 
shape, but the curve will be shifted 4 units 

to the left and 3 units upward. 

The graph of g(x) is 1 unit to the 
left and 2 units below f(x). We use 

each point on f(x) to guide us in 
graphing g(x). 
Note: g(x) is not defined for 



\ 11.3 Student Practice 

1. (a) (f + g)(x) = f(x) + g(x) 
= (4x +5) + (2x? + 7x — 8) 

= 4x +5+2x7+ 7x - 8 

= 2x" oe 

(b) Use the formula obtained in (a). 

(f + g)(x) = 2x? + 11x - 3 

(f + g)(4) = 2(4)* + 11(4) - 3 
= 2(16) + 11(4) -3 
= 32+ 44-3 
= 73 

2. (a) (fg) (x) = f(x) +(x) 
= (3x + 2)(x? — 3x - 4) 

= 3x3 — 9x? — 12x + 2x? — 6x — 8 

= 3x3 = 7x? — 18% -— 8 
(b) Use the formula obtained in (a). 

(fg) (x) = 3x? — 7x? — 18x - 8 

(fg) (2). = 3(2)? = 7(2)? =18(2) - 8 
= 3(8) — 7(4) = 18(2) — 8 
= 24 — 28 — 36-8 

= —48 
ee 2 

3. (a) (Ze a Apeig where x # A 

5 Wi St il petal: 1 

©) Ge 544 641 (rt i\@e+r1) x+1 
1 

where x # —5t ~ -1 

g 5(3) +1 ise eal6 
Ge 3(3) —2. Gees 

& fie(%)| = f(3x — 4) 
=2(3x —4) -1 

— 61 — 6 — 1 

=6x -9 

5. (a) f[g(x)] = f(x + 2) 
= 2(x +2)? -3(x+2)+1 

= 2(x? + 4x + 4) — 3(x +2) +1 

=2x*7+ 8x +8 —3x—-6+ 1 

= 2x? + 5x +3 

(b) glf(x)] = g(2x° — 3x + 1) 
= (2x7 - 3x +1) +2 

= 2x7 -3x+1+2 

= 2x? — 3x +3 

Solutions to Student Practice Problems SP-37 

6. (a) (g°f)(x) = slf()] 
= g(3x + 1) 

2 

(Sie oe) ae} 

) a) ae 
ON ea 2 > 2 ae a 

11.4 Student Practice 

1. (a) A isa function. No two pairs have the same second coordinate. 

Thus, A is a one-to-one function. 

(b) Bis a function. The pair (1, 1) and (—1, 1) share a common 

second coordinate. Therefore, B is not a one-to-one function. 

2. The graphs of (a) and (b) do not represent one-to-one functions. 

Horizontal lines exist that intersect each graph more than once. 

3. The inverse of B is obtained by interchanging x- and y-values of 

each ordered pair. 

mms 2e 1a (887) (da Sis, (12, 10) 
4. g(x) =4-6x 

y=4-6x 

x =4-6y 
x -—4= —6y 

—x + 4 = 6y 

Set A 
<a silat 

ay ee eee ect 
BO) Sse 

Sef (G) = OS er ies(.—= 1) 
y = 0.754 0155 (4% — 1) 
x = OSs Oo (G7 — A.) 

x = 0.75 + 0.55y — 0.55 
x = 0.55y + 0.2 

x — 0.2 = 0.55y 

2b Ps 

a ll | a ae ar 

ge1= ay 

—4y + 4 

f(x) = -4x + 4 
Now graph each line. 

Il SS 
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Chapter 12 12.1 Student Practice 8 == 

eater ; x | fx) PE eo ped 
2 Ve 1 2 i?) ae te, | 2 Pe 

9 2? = 2-* Because —- = 27°. 
f(-1) = a8 1 - 2 ; 

3 24 2 x =-5 Property of exponential equations, 
f0) = 2 =1 5 6. Here P = 4000, r = 0,07, and t = 2. 

0 1 ~A=P(1+r)! 
1 3 = 4000(1 + 0.07)? 

2 9 = 4000(1.07)? 
= 4000(1.1449) 
= 4579.6 

Uncle Jose will have $4579.60. 

7, Here P = 1500,7r = 8% = 0.08, t = 8, andn = 4, 
at 

A= (1 4 r) 
n 

(4)(8) = 1500(1 + 298) 
4 

= 1500(1 + 0.02)” 

= 1500(1.02)* 

= 1500(1.884540592) 
=~ 2826.81089 

Collette will have $2826.81. 
8. Here C = 20 and ¢ = 5000. 

A = 20¢70.0016008(5000) 

A = 20¢ 80 
A = 20(0.0003341) = 0.006682 ~ 0.007 

Thus, 0.007 milligram of americium 241 would be present in 5000 years. 

12.2 Student Practice 

1. Use the fact that x = b” is equivalent to log, x = y. 

(a) Here x = 49,b = 7, and y = 2.S02 = log, 49, 

a = 8 Spee tener (b) Here x = 77,5 = 4, and y = 3, So 3 = toni( 2 

2. (a) Here y = 3,b = S, andx = 125, Thus, since x = b, 125 = 5°, 

(b) Here y = —2,b = 6,andx = ee Saas lates, 
36° «36 

3. (a) log, 125 = 3; then 125 = b3 

GS Le 

b=5 

3. VG) =e 
f(-4) = 37-442 =3-2= 

f(-3) =33V =3%= 

f(-2) =3°7*7 = 3 =1 
f(-1) = 3-142 = 3! =3 

HO) =a = Fae 
bad 

(b) logi/2 32 = x; then 32 = ( 

N nm ll 
ae 

= 

"1 
lj ay 

Il 
ama 

NIP NIP Nie Vie te Nie ae 

age 
Il 
a 

4, 

f(4) = e4? = e? = 7.39 es 
f(3) = ee - et ~ 2.72 4, logio 0.1 = x 

Mie on 0.1 = 10* fie etees 037 Le 
f(0) =e? = e~? = 0.14 y= 10" 

-1l=x 
OF Thus, log;)0.1 = —1. 

«037 a 5. To graph y = log;/.x, we first write 

(0, 0.14) A *; So A . We make a table of values, 

a Ti 
fix) = e*>? 

x 

1 
4 

1 
2 

ft 

2 

4 



6. Make a table of values for each equation. 

y = logex 

12.3 Student Practice 

1. 

2. 

Dawes 

2) 

10. 

Property 1 can be extended to three logarithms. 
log, MNP = log, M ofr log, N Ge log, P 

Thus, 

logyWXY = logyW + logyX + logyY. 

log, M + log, N + log, P = log, MNP 

Therefore, 

log, w + log78 + logzx = log;(w-8+x) = log, 8wx. 

toss( 2) = log; 17 — log35 

132 
log, 132 — log, 4 = tons( 122) = log, 33 

log, 12° = 6 log, 12 
1 
3 187+ — 5log7y = log, x — log, y° By property 3. 

x13 
= log; a 

4,5 y 

loss( ) = logs x*y° — log3z 

= log,x* + log;y° — log3z _—_ By property 1. 
= 4log3x + S5log3y — log3;z_ By property 3. 

By property 2. 

By property 2. 

logyx + logy5 = 2 

logy 5x = 2 By property 1. 

Converting to exponential form, we have 

A= 5%, 
16 = 5x 

16 _ ra 

m6 

e's 
logigx — logig (x + 3) = -1 

logio| > i OO #1 By property 2. 

. . Be 10 Convert to exponential form. 

x at +3) Multiply each side by (x + 3). 

x= a = Simplify. 

9. 8 

10° > 10 
= 
oa 

(a) log;1 = 0 By property 5. 

(b) logg8 = 1 By property 4. 

(©) logi213 = logi2(y + 2) 
lS) 15) ie 2 By property 6. 
y= 

Solutions to Student Practice Problems SP-39 

11. log,2 — log35 = log;6 + log;x 

loss(2) = log; 6x By property 1 and property 2. 

oS) 
ll ron = By property 6. 

12.4 Student Practice 

1 (a) 4.36 [log] ~ 0.639486489 

(b) 436 flog] ~ 2.639486489 
(c) 0.2418 [log] ~ —0.616543703 
We know that log x = 2.913 is equivalent to 10” 

Using a calculator we have 

2.913[10"] ~ 818.46479. 
Thus, x ~ 818.46479. 

PHS os 

. To evaluate antilog(—3.0705) using a scientific calculator, we have 

3.0705 ~ 8.5015869 x 1074, 
Thus, antilog(—3.0705) ~ 0.00085015869. 

(a) log x = 0.06134 is equivalent to 10°44 = x, 

0.06134 [10"] ~ 1.1517017 

Thus, x ~ 1.1517017. 
(b) log x = —4.6218 is equivalent to 10-478 = x, 

4.6218 ~ 2.3889112 x 1075 
Thus, x ~ 0.000023889112. 

(a) 4.82[In] ~ 1.572773928 

(b) 48.2[In] ~ 3.875359021 

(c) 0.0793[In] ~ —2.53451715 
. (a) Ifinx = 3.1628, then e718 = x. 

3.1628|e"] ~ 23.636686 

Thus, x ~ 23.636686. 
(b) If In x = —2.0573, then e257 = x, 

2.0573 ~ 0.1277986 

Thus, x ~ 0.1277986. 

. To evaluate logy 3.76, we use the change of base formula. 
log 3.76 

logy 3.76 = 
log 9 

On a calculator, find the following. 

3.76[log][=] P][log] = 0.602769044. 

. By the change of base formula, 

Meer fury: oi 8s WR 
Ogg V. = —— 

¢ 

On a calculator, find the following. 

0.009312 {In|=]8 [in]|=] -2.24889774 

Thus, logs 0.009312 = —2.24889774. 

In 0.009312 

In8 

. Make a table of values. 
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12.5 Student Practice 

1, log(x + 5) =2 —logS 
log(x + 5) + log5 =2 

log[5(x + 5)] = 
log(5x + 25) = 2 

5x + 25 = 10? 
5x + 25 = 100 

Sy = 15) 

x = 15 

Check. log(15 + 5) = 2 — log5 
log 20 4 2 — logs 

1.301029996 = 2 — 0.698970004 
1.301029996 = 1.301029996 _V 

2; log(x +3) —logx = 1 
loa( 2 + 2) me 

= 10! 
x 

EI. 

% 
x +3 = 10x 

3 = 9x 

Le4 37% 

1 1 > 
Check. log(4 +3) - tog} 21 

10 il 
log = log, = 1 

10 

log 1 1 

3 
log 10:4 1 

L=1 7 

3. log5 — logx = log(6x — 7) 

1oa(2) = log(6x — 7) 

== (933 = JI 
Hw] 

5 = (ie = The 

0 = 6x? — 7x — 5 
(= (he = SNN@2e 5 19} 

3x = 5 =0 or 21 = 0 

3x = 5 2x = -1 
eo as 

wee c= 2 

Check. log5 — logx = log(6x — 7) 

5) 5 5 
= igs logis = lon( >) log (3) = 7| 

log 5 — log > log(10 — 7) 

Ike 

Ihe 

Heyes) = log > 2 log 3 

at = log3 

3 
log3 = log3 Vv 

1 1 ul a = SN aes x 7 log 5 ion( ;) 2 1oa|6( 5) 7 

Since logarithms of negative numbers do not exist, x = — i is nota 
valid solution 

5 
The only solution is 3 

4. 3 =5 

log 3* = log 5 

x log 3 = log5 

_ logs 

© log3 
5. Take the logarithm of each side. 

g3etl — = grt 

log g3xtl = log gti 

(3x + 1) log2 = (x + 1) log9 

3x log 2 + log2 = xlog9 + log 9 

3x log2 — x log9 = log 9 — log 2 

x(3 log 2 — log9) = log9 — log2 

_ log9 — log2 

~ 3log2 — log 9 

Use the following keystrokes. 

(09 foal =] 2 foal DIE=I 3 2] (eal E) 9 foal DIE -12.76980898 
Rounding to the nearest thousandth, we have x ~ —12.770 

6. Take the natural logarithm of each side. 
20:98 = 63% 

In 20.98 = In e* 

In 20.98 = (3.6x) (In e) 
In 20.98 = 3.6x 
In 20.98 _ 

a6 ae 
On a scientific calculator, find the following. 

20.98|In] [=] 3.6 [=] 0.845436001 
Rounding to the nearest ten-thousandth, we have x ~ 0.8454. 

7. We use the formula A = P(1 + r)', where 
A = 10,000, P = 4000, and r = 0.08. 
10,000 = 4000(1 + 0.08)! 
10,000 = 4000(1.08)' 
10,000 _ , 
4000 a8) 

25 = (08)! 
log 2.5 = log(1.08)' 

log 2.5 = t(log 1.08) 

log2.5 _ 

log 1.08 — 

On a scientific calculator, 

2.5 [log|[+] 1.08 flog][=] 11.905904. 
Thus, it would take approximately 12 years. 

A= Age” 

5000 = 1300e°4 Substitute known values. 

Ch ere re 
7300 > ° Divide each side by 1300. 

5000 0.0431 : : 
In 7300) > Ine Take the natural logarithm of each side. 

50 
— } = (0.043 in( 2) (0.043r) In e 

In 50 — In 13 = 0.043¢ 

la 50 = 113 

0.043 

Using a scientific calculator, 

(Q 50 [in] [=] 13 fin] D/[=] 0.043 [=] 31.32729414 
Rounding to the nearest whole year, the food shortage will develop 
in about 31 years. 



9, Let J; = intensity of the Japan earthquake. 

Let /; = intensity of the San Francisco earthquake. 

I 
8.9 = loa( 7) = log J; — log Ip 

0 
Solving for log Jy gives log J) = log J; — 8.9 

Is 
TA= loa( 7 ) = log Is — log I 

0 

Solving for log Jp gives log Jy = log Js — 7.1 

Therefore, log J; — 8.9 = log Is; — 7.1 

log J; — log Is = 8.9 — 7.1 

lo (3) =18 aly. 

Student Practice Appendix B 

1. (a) oy “4 = (-7)(-2) — (-4)(3) = 14 - (-12) = 14 + 12 = 26 

(b) i _g| = (9)(-5) = (0)(6) = =25 - 0 = -25 
2. (a) Since 3 appears in the first column and third row, we 

delete them. 

; mee 
The minor of 3 is og oak 

(b) Since —6 appears in the second row and third column, we 
delete them. 

The minor of —6 is 
3 A 

3. We can find the determinant by expanding it by minors of elements 

in the first column. 

me -3 ~1 “oes 2 8 
t= alma ats a 

= I[(-1) (a aa 2[(2)(4) — (1)(-3)] 
+ 3f(2) 2 Meet) (3) ) 

= i[-4 2] 2a — (=3)], + 314 — 3] 
=1(r6) =2(tdh aed) 
= -§ 2243 
= -25 

3 Pelle he! 
4o=[} is| p,=|% 3 

mea) (=5)— (2) (3) vs) = (13)(3) 
= -25 - 6 = =85— 39 
= -31 = -124 

id 
e213 

= (5)(13) — (2)(17) 
= 65 — 34 
=31 

Die 124 cppeilaeaee 
=> ee, 

Solutions to Student Practice Problems SP-41 

i gis 

Is : 

I; 
— = 63.09573445 
Is 
I; 
Se = (i) 
Ts 
i, re 6315 

The earthquake in Japan was about sixty-three times more intense 

than the San Francisco earthquake. 

5. We will expand each determinant by the first column. 

Pho esp =a! 
5 2 3, Pl sy il p=)3 5 -a)=2 2)-32 Sai]? oI 

ie 3 eh 3 2 3 By =z 

= 215 — (—4)] - 3[9 = (-2)] + 1[-6 - (-5)] 
= 2(19) — 3(11) + 1(-1) 

= oad 
Sy Sy al Sy al 

D,=|-3 5 -2 =-| | - «-2)| +2 | 
rae 3 Z 3 2 3 Ole te 

= -1[15 - (-4)] + 319 - (-2)] 
BAe (55) 

= —1(19) + 3(11) + 2(-1) 
= 12 

iets il 
= 4 2 lls il ll el Dy=|3 -3 -2| =2 | -3| +1] a 

1 > 3 2 8 2 5 3 2 

= 2[-9 - (—4)] - 3[-3 - (-2)] +12 - 3] 
(= 5)=. 3(—1) 4.1(—1) 
=-8 

23 il 
5 al 3 1 Sh sisal 

D,=|3 Se-3 =2 |- 3 +1 | 
12 2 2 2 2 2 3) es 

[10 — (-6)] ~ 3[6 - (-2)] 
+ i-9 — (-5)] 

= 2(16) — 3(8) + 1(-4) 
= 4 

B, M. D, 

Appendix C Student Practice 
1. The matrix represents the equations x + 9y = 33 and Ox + y = 3. 

Since we know that y = 3, we can find x by substitution. 

x + 9y = 33 

x + 9(3) = 33 

% + 27 = 33 

x=6 

The solution to the system is (6, 3). 
2. The augmented matrix for this system of equations is 

pemie 
Interchange rows one and two so there is a 1 as the first element in 

the first row. 
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i =s}|) 5) We now know that z = 5. Substitute this value into the second 
2) =O EG RyRy equation to find y. 

1 5 
y+ 20) => 

We want a 0) as the first element in the second row. Multiply row one ees 
: Vina, D 

by —3 and add this to row two. y=- 

F -3 | ‘| =3R, +R Now substitute y = —5 and z = 5 into the first equation. 

Opes x + 3y + 2z = —-5 

Now, to obtain a 1 as the second element of row two, multiply each can pis - ao va Ee 

element of row two by 5. 1d 
C= > = —5 

shill 25) 1 R : x=0 

0 Wear. ao The solution to this system is (0, —5, 5). 

This represents the linear system x — 3y = 5 
=-3, : 

| Appendix D student Practice 
We know y = —3. Substitute this value into the first equation. n ; d ‘ 

1. (a) A = {Africa, Antarctica, Asia, Australia, Europe, 

ie) eo) => North America, South America} 
x+9=5 (b) C = {36, 37, 38, 39, 40, 41} 

x= -4 (©) D = (35, 36, 37, 38, 39, 40, 41, 42} 
The solution to the system is (—4, —3). 2. Some possible answers: 

ae C = {x|xis an even number between 2 and 14} 
The augmented matrix is 
> to as C = {x|xis an even number between 4and 12, inclusive} 

C = {x|xis even and2 < x < 14} 
oh cue ene ee C = {x|xis even and4 < x = 12} 

3 

1 a 2) aed C = {x|x = 2n,where n = 2,3, 4, 5, 6} 

fl e) a0) 8a) 3. Combining elements of G and H, we have 

4 =) 1 15 R, oR; GUH= Lite %, real 

2 1 =?) 154 4. The only element common to both G and H is $, thus 
G()H = {$}. 

: 3 2) -5 5. (a) False. All elements of C are not in D. 

0. 14 = 73s —4R, + Ro (b) True. Whole numbers are also rational numbers. 
OP oe — Onl —2R, + R; 

fat 2 | 

0 1 3 = aS i 

MQ), -=6) = (5) || 53 14 

fal 33 22))| 5) 

oh a=. 
7T oe SRE R Lo 0 =e ph = 2 3 

ft 39°25 

Om 3 +3 aR 

Ww ah) Ss 



Answers to Selected Exercises 

Chapter 0 0.1 Exercises 1. 12 3. Answers may vary. When two or more numbers are multiplied, each number that is multi- 

plied is called a factor. In2 x 3,2 and3are factors. 5. ea ees ee | = 9, : 11. 5 1. = 

1 5 2 3 1 2 1 16 33 11 59 
15. 3 17. 6 19, 25 21. 9 5 23. 57 25. 2075 27, 65 29. 123 31. 5 33. 5 35. 9 37, 7 

oi) 1 33 1 1 3 
39. 4 41. 8 43. 24 45. 21 47, 12 49, 21 $1.15 §3. 70 55. 235 57. 160 59, 4 61. >) 63. 5 

Quick Quiz 0.1 See Examples noted with Ex. Us 5 (Ex. 1) 2 = (Ex. 6) 3. 4 (Ex. 5) 4, See Student Solutions Manual 

0.2 Exercises 1. Answers may vary. A sample answer is: 8 is exactly divisible by4. 3.36 5.20 754 9105 11, 120 

13. 120 18. 546 17.90: 19% : 21. : 23. Sor las 25. - 27. a 29, = 31. & 33. ; 35. = 

37. orl; 39, . 41. : 43. ; 45. 1 47. is 49, 4 $1. 655 53. 5 55, 4= $7.9 

59, 61. 12 63. x 65. 2 67, ; 69, ro 71. 1 73. 335 75, 24 mi hs 25 hr 

79. A= 12in; B= is in, 81. 8 in, 83. = 84, 2 

Quick Quiz 0.2 See Examples noted with Ex. 1, or es (Ex. 8) 2. 1 (Ex. 12a) 3. 2> (Ex. 12b) 4. See Student Solutions Manual 

0.3 Exercises 1. First, change each mixed number to an improper fraction. Look for a common factor in the numerator and denominator 

to divide by, and, if one is found, perform the division. Multiply the numerators, Multiply the denominators. 3. = Sh - The ; 5 

12 2 1 6 18 3 3 1 8 1 7 7 1 15 1 
9. — or 25 11. j 13. 7 15, 5 ors 17. 5 19, 7 21.14 23. 7 of 1 25. 7 27. 615 29. 4 lag 

8 1 2 1 8 5 1 3 3 5 
31. 35 33. 1; 35, 83 37. 67 39. 5 41. 6 43. ri vi 45, a 47. 40 49, 28 Si 16 53. (a) 3 

uh (i 8 4 2 
(b) 125 55. (a) 6 (b) FI 57, 26shirts 59, 136 ft 61.55 62. 49 

: | 5 
Quick Quiz 0.3 See Examples noted with Ex. 1. 6 (Ex. 2) 2. 142 (Ex. 4) a ea (Ex. 9a) 4, See Student Solutions Manual 

. = 3 
0.4 Exercises 1. 10, 100, 1000, 10,000, and so on 3. 3, left 5, 0.875 T 0.2 9. 0.63 11. : 13. : 15, : 17. 50 

19, Zor 32 21, or 55 23, 2,09 25. 10.82 27, 261.208 29, 131.79 31, 3,9797 33. 122.63 35, 30.282 37, 0.0032 

39, 0.10575 41. 87.3 43. 0.0565 45, 2.64 47, 261.5 49, 0.508 51. 3450 §3. 0.0076 §5, 73,600 57. 0.73892 

59, 14.98 61, 0.01931 63. 8.22 65. 16.378 67. 2.12 69. 768.3 71, 52.08 Tam. 5o 7 75, 2.6026 L 77, 21 hr; $4 

2 1 93 
79, 3 80. 5 81. 100 82. 9 149 

Quick Quiz 0.4 See Examples noted with Ex. 1. 5.7078 (Ex. 5) 2. 3.522 (Ex. 9) 3, 28.8 (Ex. 11) 4, See Student Solutions Manual 

Use Math to Save Money 1. $100, $300, $2000, $8000, $8000, $8000, $12,000 2, 3 X $25 + $50 + $200 + 2 x $20 = $365 
3. $100 loan, $300 loan, $2000 car loan 4. $40 §. $2000 — $400 = $1600; $1600/$240 is 7 months if we round to the nearest whole number. 

6, Answers will vary. 

0.5 Exercises 1, Answers may vary. Sample answers follow. 19% means 19 out of 100 parts. Percent means per 100. 19% is really a fraction 

with a denominator of 100. In this case it would be 3,5. 3.79% 5.568% 7. 7.6% 9 239% 11. 360% 13. 367.2% 15. 0.03 
17, 0.004 19, 2.5 21, 0.074 23. 0.0052 25. 10r1.00 27.5.2 29, 13 31, 72.8 33. 150% 35. 5% 37. 6% 
39, 40% 41, 85% 43. $4.92 tip; $37.72 total bill 45. 21% 47. 540 gifts 49. (a) $29,640 (b) $35,040 51. 240,000 
53. 20,000,000 55. 240 57. 20,000 59, 0.1 61. $4000 63, $6400 65, 25mi/gal 67. 22 mi/gal 69, 4.0 in. 

Quick Quiz 0.5 See Examples noted with Ex. 1. 96.9(Ex.4c) 2. 15% (Ex.7b) 3, 20(Ex.9) 4. See Student Solutions Manual 

SA-1 



SA-2 Answers to Selected Exercises 

0.6 Exercises 1. $1287 3. (a) 76 ft (b) He should buy the cut-to-order fencing. He will save $7.80. 5. Jog 2* mi; walk 35 mi; rest 

4 min; walk 12 mi 7. Betty; Melinda increases each activity by ; by day 3 but Betty increases each activity by : by day 3. us 45 mi 

11. (a) 900,000 Ib/day (b) 14.29% 13. (a) $48,635 (b) $14,104.15 15. 18% 17. 69% 

Quick Quiz 0.6 — See Examples noted with Ex. 1. 350 stones(Ex.1) 2. 46% (Ex.2) 3, $1215 (Ex.1) 4. See Student Solutions Manual 

Career Exploration Problems 1. $1823.08 2. 43.4% — 3. (a) $122.15 (b) $242.47 

2 3 2 1 2 12 55 11 5 
You Try It 1. @; 07 OF 2%~@4, OS, 3@F > 4. 155. (a) 60 (b)100 6 a) (b) 5 

7 1 10 1 i. 15 5 ase +1 29 7 
7. (a5 @)25  &@s > OF ors, %@I OT, 10 @)Z ord, (b)2 11.0875 12 IF) 7H 

13. (a) 8.533 (b) 3.46 14, (a) 1.35 (b) 3.4304 15. 18.5 16, (a) 52% (b)0.8% (c) 186% (d)77% (e) 0.09% 17. (a) 0.28 

(b) 0.0742 (c) 1.65 (d) 0.0025 18, 13.8 19. (a) 83.3%  (b) 125% 20. 300 ft? 21. $154.06 

: 3 18 3 
Chapter_0 Review Problems 1. ; 2.5 33 eit atens! a 6. os 7. 26> 815 95 10, 45 

17 2) es 4 13 23 9 29 11 30 8 1 
2 a or 1— = = 5 . 6— . 2 . 1 . — or 2— . 10= IL 22 425 OS ome ia (18, te Ge or ee 

20 S26 1 a 4 3 22.50 23. or27 MF 8 ord 26. 5527. 6 287.201 29. 7.73730, 29.561 31. 4.436 32, 0.03745 

33, 362,341 34. 0.07956 35, 125.5 36. 0.07132 37. 1.3075 38. 90 3951.82 40. 0.375 41. = 42. 0.014 43. 0.361 

44. 0.0002 45. 1.253 46. 0.25% 47, 32.5% 48. 90% 49. 10% 50. 120 51. 3.96 52. 95% 53. 60% 

54, 13,480 students 55. 75% $6. 400,000,000,000 57. 2500 58. 300,000 SBS) 60. $12,000 61. 25 62. $320 

63. $800 64. 1840 mi; 1472 mi 65. 1500 mi; 1050 mi 66. $349.07 67. $462.80 68. $1585.50 69. $401.25 

How Am | Doing? Chapter 0 Test 1. 5 (obj. 0.1.2) m, F (obj. 0.1.2) 3. © (obi. 0.1.3) 4 ug (obj.0.1.3) 5 Pot 

5 
12 (obj. 023) 6. 4° (obj. 02.4) 7. = (obj. 0.2.4) 8. Sor 15 (0bj.0.3.1) 9, Zor 35 (obj.032) 10. 15 (obj. 03.2) 11. 85 (obj. 03.1) 

12. Tor 35 (obj 0.3.2) 13, 14.64 (obj. 0.4.4) 14, 3.9897 (obj. 0.4.4) 15, 1.312 (obj. 0.4.5) 16. 73.85 (obj.0.4.7) 17. 230 (obj. 0.4.6) 

18. 263.259 (obj. 0.4.7) 19. 7.3% (obj.0.5.1) 20. 1.965 (obj. 0.5.2) 21. 6.3 (obj. 0.5.3) 22. 6% (obj. 0.5.4) 23. 18 computer chips 
(obj. 0.3.2) 24, 100 (obj.0.5.5) 25. 700 (obj. 0.5.5) 26. 65% (obj. 0.6.1) 27. 60 tiles (obj. 0.6.1) 

Chapter 1 1.1 Exercises 1. Integer, rational number, real number 3. Irrational number, real number 

5, Rational number, real number 7. Rational number, real number 9, Irrational number, real number 11. —20,000 13. ol 

5 3 ff 1 
I ae = TS A Rs} ae = h i 5 5 5 ; eNOS We 27 17. —8 19, 2.7 21. 1 23. 6 25; —15 Zi. —30 29 10 31, B 33 35 aly, == EY 37. 0.4 

9 
39. —14.16 41. —16 43. 0 45. 0 47. -8 49, -3 51. 59 53. 4 55: : Sih veal 59, —28 61, —12 

63. 15.94 65. $167 profit 67. —$3800 69. 9-yd gain 71. 3500 73. $28,000,000 Ths, Ass ads 2 or 1 “ 78. ; 

79. = 80 Za 81. 1.52 82. 0.65 83. 1.141 84. 0.26 
12 * 34 

: F 13 
Quick Quiz 1.1 See Examples noted with Ex. 1. —34(Ex.5b) 2. 0.5(Ex.11) 3. ~ 54 (Ex. 13b) 4, See Student Solutions Manual 

1.2 Exercises 1. First change subtracting —3 to adding +3. Then use the rules for addition of two real numbers with different signs. 

Thus, —8)— (3) — nolo. hy ee Shed ell 9.8 11. 5 13. 0 1s. 3 17. : 19. 2 ort 

19 7 17 2, 14 2 35 3 
21. 1 23. =0:9 25. 4.47 i 16 ss) Bh = ns —s = rie D 27. 5 OF 35 29. 3 oF 4; 3 Ry == 78) 357i 37 4 oF 87 

37 1 38 3 29 4 
39, 6 or 6 41, 35 or 135 43. -8.5 45. “hs, or “55 47. 6.06 49. —5.047 Sy 53... —48 Rep 

57.0 59. 10 61. 1.1 63. 626 ft 65. =21 66. —S1 i il) 68. 15°F 69. 6 mi 

: ; ; 51 
Quick Quiz 1.2 See Examples noted with Ex. 1. 7(Ex.2) 2 -1.9(Ex.4) 3. 56 (EX 3b) 4, See Student Solutions Manual 

1.3 Exercises 1. To multiply two real numbers, multiply the absolute values. The sign of the result is positive if both numbers have the same 

sign, but negative if the two numbers have opposite signs. 3. —40 5. 0 7.49 9, 0.264 11. —4.5 13. -; or ae 15. Zz 
» 11 

OO OO OOo 



Answers to Selected Exercises SA-3 

5) 3 20 2 7 
ty, SS 19. . : 2S 1) Pie = ea: =f) pe Ns b \ %6 9. 0 21. 6 23. 15 130 29, —0.6 31. —0.9 33 10 35 3 or 65 37 0 39. 14 

41. =! or ae 43 Ze 45, —24 47. —72 49, 0 S03 53 nad 55 e 57. 9 59. 4 61. 17 63: =72 4 4 ake 4 F L b =i! 35 “37 : L 5 1 

65. —1 67. He gave $4.40 to each person and to himself. 69. $235.60 71. Approximately 20 yd gained 73. Approximately 70 yd lost 

; 11 5 
75. A gain of 20 yd 76. —6.69 ale a oF ay 186 tals 79, —88 

C i : 15 ii ; 
Quick Quiz 1.3 See Examples noted with Ex. 1. og ce ree (Ex. 1d) 2, —l20\(Ex 2) 3. 4 (Ex. 5) 4. See Student Solutions Manual 

1.4 Exercises 1. The base is 3 and the exponent is 4. Thus you multiply (3) (3) (3) (3) = 81. 3. The answer is negative. When you raise a 

negative number to an odd power the result is always negative. 5. If you have parentheses surrounding the —2, then the base is —2 and the expo- 

nent is 4, The result is 16, If you do not have parentheses, then the base is 2. You evaluate to obtain 16 and then take the negative of 16, which is —16. 
Thus (—2)* = —16 but =2*= -16. 76 9. uw? 11. p* 13. (3q)2or3*g? «0415.27 «= «17. 81 += «19. 216 = 21. -27 Ss «23. —-16 

1 
25. —25 27. 6 29. a 31. 4.41 33 .0,00032 1) 35.256) E37. 25605 159.) 1611 41, —21 43. -128 45.23 47. 1000 

2 
48. —19 49, -2 or -15 50. —8 51. 2.52 52. $1696 

Quick Quiz 1.4 See Examples noted with Ex. 1. 256(Ex.3) 2. 3.24(Ex.4b) 3. = (Ex 4c) 4, See Student Solutions Manual 

1.5 Exercises 1. 3(4)+6(5) 3. (@)90 (b)42 510 75 9-29 11,24 13.21 1513 17-6 19, 42 
hua 7 23 1 2 Th 

. or 2— au . : . —or -11= . 18, . = or 1— » 1(-2) + 5(-1) +° 2 Gor2, 23. 0.848 «25. -F- 25 H.-S or—ll> 3. 18.35 33, Forlag 38, 1(-2) + 5(—1) + 10(0) + 2(+1) 

19 7 72 
37. 2 over par 39. 0.125 40. rire or=1 D 41, -1 42. ps5 

Quick Quiz 1.5 See Examples noted with Ex. 1. —77(Ex.1) 2. 16.96(Ex.1) 3. 11(Ex.3) 4, See Student Solutions Manual 

Use Math to Save Money 1. ($2500 x 0.05) x 12 = $1500 2. $4500 ~—- 3, $3450-~—S 4, About 28 months or 2 years, 4 months 
5. About 14 months orl year,2 months 6. (2500 + (5800/12) ) x 0.05 = $149.17 a month 7. ($2500 + ($5800/12)) X 0.20 = $596.67 a month 

8. Answers will vary. 9, Answers will vary. 10. Answers will vary. 

1.6 Exercises 1. variable 3. Here we are multiplying 4 by x by x. Since we know from the definition of exponents that x multiplied by x is 

x7, this gives us an answer of 4x7. 5. Yes, a(b — c) can be written as a[b + (—c)]. 3(10 —-2) = (3 x 10) — (3 X 2) 

3x 8 = 30-6 

24 = 24 

7. 10% = 25y 9. —8a + 6b 11. 9x + 3y 13. —8m — 24n 15, —x + 3y 7s Si 4ay 72 19: —65x A 13y S52 
2 

21. 10x? - 20x +15 23 _ + 2xy — 2 25. 5x2 + 10xy + Sxz 27. 13.5x-15 29, 18x? + 3xy — 3x BL. —3x*y — 2xy? + xy 

33. —Sa*b — 10ab? + 20ab 35. 2a — 4a — 3 37. 0.36x? + 0.09x? — 0.15x 39. —1.32q3 — 0.28qr — 4q 

41. 800(5x + 14y) = 4000x + 11,200y ft? 43. 4x (3000 — 2y) = 12,000x — 8xy ft?  44.-16 45.64 46.14 47.4 48. 10 

Quick Quiz 1.6 See Examples noted with Ex. 1 = 15a)— 35d (en) 2, —2x* + 8xy — 16x (Ex. 4) 3. —12ab + 15ab? + 27ab (Ex. 4) 

4. See Student Solutions Manual 

1.7 Exercises 1. Atermisa number, a variable, a product, or a quotient of numbers and variables. 3. The two terms 5x and —8x are like 

terms because they both have the variable x with the exponent of one. 5. The only like terms are 7xy and —14xy because the other two have dif- 

ferent exponents even though they have the same variables. 7. —31x? 9. 6a° — 7a’ jh — sa Spy 13.7.1 = 3.5y US 2 ey 
2 LiL 

17.5p+q-18 19. 5be-6ac 21.x7-10x+3 23, -10y?-—16y+12 25, = 3 
1 

SS a vendsa = = 27s. i is? a7 27 702 6° PAY PNAS Sin P97 

31. AP +2x*y 33. 28a-20b 35. —27ab-—11b* 37. -2c—10d? 39 11x+20 41. 7a+9b 43. 14x-8 ft 

2 . 5 

Quick Quiz 1.7 See Examples noted with Ex. 1. Pay * 3° (Ex.6) 2. 0.6a2b — 4.4ab? (Ex.4a) 3. 20x — 2y (Ex. 7) 
4, See Student Solutions Manual 

25 1 : OF al 
1.8 Exercises 1.-7 3. -12 5. 5 or 12, 7 =26 92] 13 I. “ory 13.10 15.5 17.-24 19, —20 

21. 9 23. 39 25. 2, 27. 44 PAY yl Sit 33. 15 35. 32 Sey? 39: -+ 41. 352 ft? 43, 1.24 cm? 

45, 32 in? 47. approximately 113.04 ft? 49, ~ 28.26 ft? 51, —785°6 §3. $2340.00 55. The coldest temperature was —396.4°F. The 

warmest temperature was 253.4°F. 57. 16 58, —x? + 2x — 4y 

: - 9 1 
Quick Quiz 1.8 See Examples noted with Ex. 1. 2 (Ex.3) 2. 2 or 45 (Ex. 4) 3. 33 (Ex. 4) 4. See Student Solutions Manual 

1.9 Exercises 1. -(3x+2y) 3. distributive 5 4x+12y 7% 2c-16d 9% —3a-—36b 11, 8x? — 4x2 + 12x 



SA-4 Answers to Selected Exercises 

13, -2x+26y 15. 2x+1ly+10 17. 15a-60ab 19, 12a°-19a’-22a 21. 3a +16b+12b 23, -13a+ 9b-1 
25. 6x2 + 30x — 30 27%. 12a2- 8b 29, 1947.52°F 30. 453,416 ft? 31. 54to67.5kg 32. 4.05to6.3kg 

Quick Quiz 1.9 See Examples noted with Ex. 1, —14x-—4y(Ex.1) 2. -6x + 15y-36(Ex.2) 3, —8a— 24ab + 8b (Ex. 4) 
4. See Student Solutions Manual 

Career Exploration Problems 1. 21.6W per conductor; total power loss of 43.2W 2.1728W 3.06A 4. 168in? 

You Try It 1. (@)5 (b)1 @05 (a+ (e)457 2.-14 3 (a)6 (b)-6 43 £5. -1 6. (a)-54 (b)-8 (c)6 (d)21 ‘ 

7. (a) 81 (b) 2.25 (a 8 (a)—-8 (b)256 967 10. (a)8a—12 (b)-25x+5 11. -3a2-3a+8ab 12. 103 

13. 2500 ft? 14. 28x + 8 
; 1 

Chapter 1 Review Problems 1.-8 2-42 3-9 419 5 -; 6. 3 is ; 8-5 98 10.13 

13 5 ie 5 25 4 
1. -33° 1292 13. -For -1, 0 14 1S, -22.7 16, 88 17-318, 13 19,32 FDL — or -35 

22. -72 23,60 24-30 25-243 26.64 27.625 28 = 29, -81 30.036 3 = 32. a 33. —44 

34, 20.004 381 36. —-2ix+7y 37. 18x — 3x7 + 9xy 9-38, —7x? + 3x-—11 39, —6xy? — 3xy? + 3y? = 40 —Sab + 3bc 

41, -3x-4y 42, -5x2 - 35x -9 = 43, 10x? — 8x -5 44.-55 451 46-4 47.-3 480 4917 50.15 

51. $810 52, 68°Fto77°F 53. $75.36 = 54. $8580 5, 100,000 ft”; $200,000 56, 10.45 ft”; $689.70 57, —2x + 42 

58. -17x —18 50 —-2+10x 60. —12x2+ 63x 61. Sxy? — 6x°y — 13x2y? -— 6x?y = 62. x - 10y + 35 — 1Sxy 63, —31a + 2b 

64. 15a — 15b — 10ab 65, —3x — 9xy + 18y? 66. 10x + 8xy — 32y C723 68. 8 69, -* or 1k 70. -; 

Al al 72 —05 73, . or a= 74, -8 75. 240 76. —25.42 77. $600 78. 0.0081 79, —0.0625 80. 10 

81. —4.9x + 4.1y 82. -; 83. -: 84, No: the dog’s temperature is below the normal temperature of 101.48°F, 

85. 3y° + 12y —7x —28 86. —12x + 6y + 12xy 

How Am | Doing? Chapter 1 Test = 1, -0.3 (obj.1.1.4) 2. 2 (obj.1.21) 3. -" or -45 (obj. 1.3.1) 4. —70 (obj. 1.3.1) 

5. 4 (obj. 1.3.3) 6. —3 (obj. 1.3.3) 7%. —64 (obj. 1.4.2) 8, 2.56 (obj. 1.4.2) 9, 2 (obi. 1.4.2) 10. 6.8 (obj. 1.5.1) 

11, —25 (obj. 1.5.1) 12, —5x? — 10xy + 35x (obj. 1.6.1) 13. 6ab? + 4ab? — 14a*b* (obj. 1.6.1) 14. 2a*b + ab (obj. 1.7.2) 

15, —1.8x2y — 4,7xy? (obj. 1.7.2) 16. Sa + 30 (obj. 1.7.2) 17. 14x — 16y (obj. 1.7.2) 18. 122 (obj. 1.8.1) 19. 37 (obj. 1.8.1) 

20. Bot 2= (obi. 1.8.1) 21, ~ 96.6 km/hr (obj. 1.8.2) 22. 22,800 ft? (obj. 1.8.2) 23, $23.12 (obj. 1.8.2) 24, 3 cans (obj. 1.8.2) 

25, 3x — 6xy — 21y? (obj. 1.9.1) 26. —3a — Yab + 3b? — 3ab? (obj. 1.9.1) 

Chapter 2 2.1 Exercises 1. equals, equal 3. solution 5. Answers may vary. .x=7 9x =11 11, x = 17 

13, x = -5 15, x= =13 17, x = 62 19, x = 15 21, x = 21 23. x = 0 25. x = 0 27, x = 21 

29, No; x = 9 31, No; x = —14 33, Yes 35, Yes 37. x = -18 39, x = 0.6 41,.x=1 43, x = -+ 

1 5 
45. x= -7 47, x = Zot 25 9x = : $1. x = 5.2 53. x = 20.2 SS or = 4y 56. —2y? - 4y + 4 

Quick Quiz 2.1 See Examples noted with Ex, 1, x = 14.3(Ex.2) 2.x = -35(Ex.2) 3. x = —8 (Ex. 3) 
4, See Student Solutions Manual 

2.2 Exercises 1.6 3.7 5&x=48 %x=-30 %x=80 Wre=-15 13x=4 152x=8 
8 

17, x = -3 19. x = 0.18 21, x = 15 23, x = -7 25, x = 0.2 27. x = 4 29, No; x = -7 31. Yes 

8 
33, y = —0.03 35. t= 3 37. y = -0.7 39. x =3 41. x = —4 43. x = —36 45.x=1 47. m=2 

49, x = 126 51, x = —10.5 53, Oxy — By? 54. x-9 55. 22.5tons 56, 27 earthquakes 

Quick Quiz 2.2 See Examples noted with Ex. 1, x = -38(Ex.4) 2 x=14(Ex.4) 3. x = -12 (Ex. 6) 
4, See Student Solutions Manual 

2.3 Exercises 1x=9 3.x=6 Sx=-4 Dxr=13 Ke=31 Wx=28 134=-27. 152=8 
11 

17. x = 3 19. x = oe 21. x = -9 23. Yes 25, No;x = —11 27. x = -1 29. x =7 31. y= -1 33. x = 16 

35, Answers may vary. 37. x = 4 39. x = ior 0.25 4.x= 3 43. x = 65 45.a=0 47. x= -* 49, y=2 



Answers to Selected Exercises SA-5 

2 
$1. x = —4 53, z= 5 55. a = —6.5 57, x = ay 59. x = —0.25 61. x = 8 635% = —1.5 65. 42 66. —37 

67. 21 68. $1184.66 69. (a) $629.30 (b) $647.28 

Quick Quiz 2.3 See Examples noted with Ex. 1, x = 3 (Ex. 3) 2. x = 4 (Ex. 1) 3.x = -; (Ex. 6) 

4. See Student Solutions Manual 

Za Exercises 1.4=-7 SOa=l° SR x=1 97x = 12-009) y=200 ae = tigi! 15. x = ~L or -35 
3 

17, Yes 19, No 21.x=1 23. x = 8 25. x = 2 4 fe GS} 22. y=4 SL = =22 33. x = 2 

0 
3524 =—12 Sy A rR -; 39. x = Lu 41. No solution 43. Infinite number of solutions 45. x =0 47. No solution 

52 1 22 2 
49, — 3 or wt, 50. 4s 

3 

$1. 572)— 975 52. 3173 seats 

Quick Quiz 2.4 See Examples noted with Ex. 1. x = -2 (Ex. 2) 2x= x (Ex. 2) 3x = x (Ex. 4) 4, See Student 

Solutions Manual 

Use Math to Save Money 1. Shell: $4.55; ARCO: $4.88 2. Shell: $13.65; ARCO: $13.74 3. Shell: $18.20; ARCO: $18.17 
4. Shell: $45.50; ARCO: $44.75 §, 3.75 gallons 6. Shell 7. ARCO 8. Answers will vary. 9, Answers will vary. 

10. Answers will vary. 

2.5 Exercises 1.x+11 3x-12 5 e or . bP a Be x it 249") 13. FCs +7) 

15. z = 2x V7. Sxl 19. x = value of a share of AT&T stock 21. w = width 

x + 74.50 = value of a share of IBM stock 2w + 7 = length 

23. x = number of boxes sold by Keiko 25. Measure of Ist angle = s — 25 27. w = width of rectangle 

x — 43 = number of boxes sold by Sarah Measure of 2nd angle = s 3w + 3 = length of a rectangle 
x + 53 = number of boxes sold by Imelda Measure of 3rd angle = 3s 

29, p = price of the Summer on the Beach Concert tickets; 31. x = number of men aged 16-24 33. x =7 

; p = price of All Star Concert tickets 
x + 82 = number of men aged 25-34 5 1 

x — 25 = number of men aged 35-44 34. x = —= or -2= 

x — 110 = number of men aged 45 and above 2 2 

Quick Quiz 2.5 See Examples noted with Ex. 1. x +10 or 10 + x (Ex.1) 2, 2% = 51(Bx; 2) 3. Measure of first angle: x + 15 

4, See Student Solutions Manual 

2.6 Exercises 1.1261 3. 2368 
19, first: 46°; second: 23°; third: 111° 

Measure of second angle: x 

Measure of third angle: 5x (Ex. 5) 

§. 182 7. 43 9, 9 11. —4 13. 12 15, 40 red tablet cases 17. They each measure 72°. 

21. 4 items 23. 11.5 sec 25. 5 mi 27. She traveled 52 mph on the mountain road. 

x 
It was 12 mph faster on the highway route. 29. The score on the final lab must be 92. 31. (a) F— 40 = 7 (b) 200 chirps (c) 77°F 

32, 10x? — 30x? — 15x 33, —2a°b + 6ab — 10a” 34. —Sx7— Oy 35. —4x?y — Txy? — 8xy 

Quick Quiz 2.6 See Examples noted with Ex, 1. 17(Ex.2) 2. They each measure 55°. (Ex.4) 3. 74(Ex.7) 4. See Student Solutions Manual 

2.7 Exercises 1. 38coffee products 3. 5hr 5. 12weeks 7. $360 9. $22,000 114. $12,000 13. $3000 at 7% 

15. Conservative fund = $250,000 

Growth fund = $150,000 

27. $925,000 worth of furniture 29. 1 

$2000 at 5% 

17, $12,000 19, 13 quarters 21. 18 nickels 23. 10 boxes of beige paper 25. $10 bills = 26 

31 

10 

9 nickels 6 dimes 20 boxes of white paper $20 bills 

9 quarters $50 bills ll 

2 30. —17 31. 25 32.20) 

Quick Quiz 2.7 See Examples noted with Ex. 1. 9 months(Ex.1) 2. $11,600 (Ex.3) 3. $2200 at 4% 

4, See Student Solutions Manual 

$2800 at 5% (Ex. 5) 

2.8 Exercises 1. Yes, both statements imply 5 is to the right of -6 on a number line. a 5 > by iets 9. (a)< (b)> 

11. (a) > = =(b) << 13. < 15, > 

1. —————$——— t+ 
=§ -4 =3 -2 =i 

45. 
-5-4-3-2-1012345 

49. x=5 
-2-1 0 1 2 3 4°5°6°77 8 

1b 19. < 21. < 2300 PE er ee er 

29, eke fy | | —> 31. 

3 ui 1 0 1 -5.6 —5.5 =5.4 =—5.3 =52) —5.1 

rr ponte. 4 2 4 

sev = -: 37k a) Bh ep SSa Shy! 41. c= 12 43, h = 48 

Chis S83 SQ) So aeeeerteeeen eg 
-§ -4 -3 -2 -1 0 

1.x. > -9 SO 
=11 -10 =9 -8 <=7 



SA-6 Answers to Selected Exercises 

8 ee i Kc Oe 
ee Oa a -14 -13 -12 -11 -10 

CRA 38 IV 

3 
Gh oa IL St ee 59. <5 Sera ae 

1 3 5 Si ee 1 1 3 5 
2.) ees 

61. x > —6 63 ai4 .x>-6 0 tH tH Yass 
=i =o) =80a7 6) os —4 3 0 6 SE a 3 

65. 3 > 1 Adding any number to both sides of an inequality doesn’t reverse the direction. 67. 3 69, x =4 Gh oc All 

73. x = 14 ThE BSS 77. 76 or greater 79. 8 days or more 81. 6.08 82, 15% 83. 2% 84. 37.5% 

Quick Quiz 2.8 See Examples noted with Ex. 1. <————-—=__—_=—= —_|___|___| >» (Ex, 2) 
-45 -4 -35 -3 -25 -2 

Qe XS 6 epg} 1 > (Ex. 5) Be XS plete (EX, 7) 
4 5 6 7 8 -7-6-5 -4-3-2-1 0 1 2 3 

4, See Student Solutions Manual 

_BMR-10W+5A-5 _ BMR ~ 6.25H + 5A —5 _ 

: 6.25 
Career Exploration Problems 1. a 

2. 74 inches or 6 feet 2 inches tall 3. 125 pounds 

H 

You Try It 1.x=-12 2%y=4 3.10and50 4, $600 at2%;$3000at4% 5. x= —4 
-7 -6 -5 -4 -3 -2 -1 0 

; 2 
Chapter 2 Review Problems 1.+=-7 2%x=-3 3x=-3 4.x =404or 405 Somes) 06 ped 

Nas = 8 x=-3 9 x=5 10. x =1 11, x = 20 2 x=5 13. x =5 => 15. x =4 

16. x = -17 ibe —7/ 18. x = 3 19, x =4 20. x = 32 21. x = 0 22. x = —17 23. x = —32 

24. r=-2 Pip sete ils 26. Sr 27. xt or > 28.00 = LS 29. 3(x + 4) 30s 2x58 

31. r = the number of retired people; 4r = the number of working people; 0.5r = the number of unemployed people 32. 3w + 5 = the length; 

w = the width 33, b = the number of degrees in angle B; 2b = the number of degrees in angle A; b — 17 = the number of degrees in angle C 

34, a = the number of students in algebra; a + 29 = the number of students in biology; 0.5a = the number of students in geology 35. 3 

36. —7 37. 16 years old 38. 88 39. 13.3 hr; 12.3 hr 40. 1st angle = 32°; 2nd angle = 96°; 3rd angle = 52° 41. 310 kilowatt-hours 

42. 280 mi 43. $3000 44. $200 45. $7000 at 12%; $2000 at 8% 46. $2000 at 4.5%; $3000 at 6% 47. 18 nickels; 6 dimes; 

Q quarters 48, 24 nickels; 21 dimes; 26 quarters 

QO, x SS Lee apg} > SO, x << 4 eee |} —_} —_+ __} > 
= Sy ei 25) = 40s 

—_— SO H+ HH 
5.x >-3 OO m2. x 6 =" <5 Zing 3) 4h eS aRGe ES 7aeans 

ag =f = =p en Mi 5 6 7 8 9 

SA, x < 10 egg tt te 855, > 3 eee 56. h < 32hr 57. n = 22 
7 8 tor a 12 =s =4) (JCal 0 

eee Deer =0 ict 6a? 
6 Se | ey eee 

6 x <8 weep te 
ai) =O ah yf easy il 15 17 19 

re td 7 

O68 aE Br —F# $F 
-15 -13 -11 

How Am | Doing? Chapter 2 Test 1. x = 2 (obj.23.1) 2x= 5 (obj. 2.3.2) 3, y= -F (obj. 23.3) 

LONE : ; 
4 y= 5 (obj. 2.4.1) 5. x = 1 (obj. 2.3.3) 6x = — 2 or =,2 (Obj; 2.809) 7. y = 7 (obj. 2.4.1) 8 y= co 25 (obj. 2.3.3) 

9. x = 13 (obj. 2.3.3) 10. x = 20 (obj. 2.3.3) 11. x = 10 (obj. 2.3.3) 12, x = —4 (obj. 2.3.3) 13. x = 12 (obj. 2.3.3) 
il ; F ; 

14. x= 50 —0.2 (obj. 2.4.1) 15. x = 3 (obj. 2.4.1) 16. x = 2 (obj. 2.4.1) 17, x = —2 (obj. 2.4.1) 

18, x S —3 (Obj. 2.8.4) geen —} > 19, x > > (Oba) a a ce ee 
-5 -4 -3 -2 -1 0 4 ait ae 3 

4 

20, x < 2 (Obj. 2.8.4) egeepepenc —___} | 5 a x= e (obj. 2.8.4) —+—+——- > 
0 1 2 3 4 2 1 1 3 

“js 5 

22. 35 (obj. 2.6.1) 23. 36 (obj. 2.6.1) 24. 7 and 15 (obj. 2.6.1) 25. 1 hour sooner (obj. 2.6.2) 26, Second angle = 34°; first angle = 102°; 

third angle = 44° (obj. 2.6.1) 27. 15 months (obj. 2.7.1) 28. $32,000 (obj. 2.7.2) 29. $1400 at 14%; $2600 at 11% (obj. 2.7.3) 
30. 16 nickels; 7 dimes; 8 quarters (obj. 2.7.4) 

gare, = 

me 



Answers to Selected Exercises SA-7 

Cha pter 3 3.1 Exercises 1.0 3. The order in which you write the numbers matters. The graph of (5, 1) is not the same as the 
graph of (1,5). 5. They are not the same because the x and y coordinates are different. To plot (2,7) we move 2 units to the right on the x-axis, 

but for the ordered pair (7,2) we move 7 units to the right on the x-axis. Then to plot (2,7) we move 7 units up, parallel to the y-axis, but for the 
ordered pair (7,2) we move 2 units up. Om Ra —ou-3)) te —4 a) 13. BS 

S: (—4}, 0) (-3,-2) 15. El 
X: (3, -5) (-2,-3) 17. D3 
Y: (23, 6) (-1, -5) 

(0, -3) 
(2; =) 

(b) The number of DVDs shipped 21. (a) . 19. (a) Z E (b) An estimated $4.5 billion 
=> decreased overall between . = 48t will be spent buying 

& j 2008 and 2015, with a slight S 3 ry I books online in year 5. 
Ze increase in 2010. 2s 42 

sé Be 3a, 
sé £2 36 

; Ae 3 est god 

z 
< 

23. No 25. Yes 27. Jon is right because for the ordered pair (5,3), x = 5 and y = 3. When we substitute these values in the equation we get 
2(5) —2(3) = 4. For the ordered pair (3,5), when we replace x = 3 and y = 5 in the equation we get 2(3) — 2(5), which equals —4, not 4. 

29, (a) y = —Sx +4 (b) 6,0) 31. @) y= 4x +11 (b)(2,3) 33, (a) y= -3 +2 (b) (3,0) 35. (a) (0,7) (b) (2, 15) 

Seat = 1,11) (b) (3, -13) et) (3, =5) | (b) (5,1) > 41. (@) 2,0), (4,3), 2 -.(0).(7,3) ) (-1.5) 

45. (a) (2,2) (b) (3,5) 47, ~1133.54 yd2 48, 12 

(Ex.3) 2 (a) (-2,3) (b) (3,-22) (©) (0, -7) (Ex. 9) 
3. (a) (3,8) (b) (-9,-8) (©) (4.5, 10) (Ex. 8) 
4, See Student Solutions Manual 

Quick Quiz 3.1 See Examples noted with Ex. 1. 

To Think About, page 218 By choosing multiples of 4 as replacements for x, we get integers as the corresponding y-values. 

3.2 Exercises 1. No, replacing x by —2 and y by 5 in the equation does not result in a true statement. 3. x-axis 

17. 21. y= 6 — 2x 23. x + 3 = 6y 

0,2 EBL im a 
_~ in — 

aa aL 
atin 

27. 



SA-8 Answers to Selected Exercises 

‘ Calories Burned While 35. 5 ~ 37.4 =) =2 
3 Cc Cross-Country Skiing — 600 A 2 ait #1395 ya ae Se 

a ee eee =) 14 Vr eet ‘ : fo 38, x= — 14 
sé (75, 600) 2 s60|- ane 3 
[Bae oT z | ee eee Aoi eee 
= 400 Sat Tt ; -6 -5 _14 -4 ee 3) 8 sae ae _M 
3 200 —(30, 2A) ae | = — 

100 = 480 + 
t i if na 

0 15) 30) AS G0 75 m = 
Minutes spent skiing 2 440 “a 

€ 

Z 400 

Quick Quiz 3.2 See Examples noted with Ex. 1. (Ex.5) 3. (a) (2,0), (0,4) (Ex. 3) 

4, See Student Solutions Manual 

To Think About, page 228 _ Since the slope is negative, we would expect the y-values decrease as you go from left to right. In other 
words, the line will go down to the right, as we can see in the graph. 

You Try It Graphing Organizer Method 1: 

m= -3;b=2 

3.3 Exercises 1. No, division by zero is impossible, so the slope is undefined. 3.2 5-5 7. 2 9. =| 11. Undefined 

13.0 15. -* 17. m=8;(0,9) 19% m=-3;(0,4) m= -§.(0.2) 23. m= —-6; (0,0) 25. m = 0; (0, —2) 
7 4 3 

71. m=2(0,-£) 29, (a) y = 5x +3 (b) 3x — 5y = —15 31. (a) y = 4x — 5 (b) 4x -y=5 33. (a) y = —x (b) x + y =0 

35, (a) y= -2y- : (b) 5x + 4y = -3 

oa 47. (a)? (by -2 

il 2 3 
49, (a) -8 (b) . 51. (a) 3 (b) =F 53. Yes; 2x — 3y = 18 55. (a) y = 35x + 625 (b) m = 35; (0, 625) 

(c) The amount of increase (in thousands) in the number of cell phone accessories sold in the U.S. per year from 2010 to 2020, 

A mn a SB. x S24 egg pp 
= 22, ' “259s ose 26: 

5) 
3 y= ao S(Exn5) 4. See Student Solutions Manual (b) 



Answers to Selected Exercises SA-9 

Use Math to Save Money 1. $42,000/12 = $3500 —-2, $3500 x 0.05 = $175 3, FV = $175 x [1.00674°-1]/0,0067 ~ $618,044 
_ 4, $618,044 x 0.04 ~ $24,722 5, $24,722/12 ~ $2060 6. $3500 — $2060 = $1440 7. Yes, he needs to increase the amount. 

3.4 Exercises 1. y=3r+6 3 y= -2x4+11 8 y= -3r+2 Ry =grt4 %Ry=-2x-6 11. y= -4e +2 

13. y = 5x — 10 I. y= ax $5 17. y = —3x 19, y= Sx a. y= 2x +1 23. y = Fx -4 28, y = -23 

: 
Mmy=-2 By=-5 Wes By= 3x +5 3 y= 3x +4 3..y=24x+227 BWx<-4 40x53 

41. $61.20 42. 290 min 

Quick Quiz 3.4 See Examples noted with Ex. 1 y= =r —7(Ex.1) 2 y=6x+19(Ex.2) 3. x = 4; the slope is undefined (Ex. 2) 
4. See Student Solutions Manual 

3.5 Exercises 1. No, all points in one region will be solutions to the inequality while all points in the other region will not be solutions, Thus 
testing any point will give the same result, as long as the point is not on the boundary line. 

yeaa 

cana ae 27, $95.20 28, $19,040 
Hi ee 

alo 

Quick Quiz 3.5 See Examples noted with Ex. 1. Use a dashed line. If the inequality has a < or a > symbol, the points on the line itself are 
not included. This is indicated by a dashed line. (Ex. 1) 2. (Ex, 1) 

4, See Student Solutions Manual 

To Think About, page 250 The relation is a function since for each time, there is exactly one bus stop. Since the location of the bus 

depends on the time, the bus stop is the dependent variable and time is the independent variable. 

3.6 Exercises 1. Using a table of values, an algebraic equation, ora graph 3. possible values; independent 
5. Ifa vertical line can intersect the graph more than once, the relation is not a function. If no such line exists, then the relation is a function. 

7, (a) Domain = {all nonnegative real numbers} _—(b) Yes. 9, (a) Domain = {3,6} (b) Not a function 

Range = {all nonnegative real numbers} Range = {0.5,1.5, 2.5} 

11. (a) Domain = {1,9,12,14} (b) Function 13. (a) Domain = {3,5,7} (b) Not a function 
Range = {1,3,12} Range = {75, 85, 95, 100} 

15, 

31. Function 33. Notafunction 43, f(0) = 31.6, f(4) = 32.24, f(10) = 34.4 
35. Function 37. Notafunction The curve slopes more steeply for larger values of x. 
39, (a)26 (b)2 (c) -4 The increase in pet ownership is increasing as x gets larger. 
41, (a)3 (b)24 (c)9 

YA fx) = 0,020? + 0.08% + 31.6 

47, —19x + 2y —2 48. 9x*y — Oxy" + Txy Number of years since 2014 



SA-10 Answers to Selected Exercises 

Quick Quiz 3.6 See Examples noted with Ex. 1, 

2. (a) 41 (b) 34 (Ex. 8) 3. (a) -7 (b) -! (Ex. 8) 4. See Student Solutions Manual 

Career Exploration Problems 1.» 

No. Two different ordered pairs have the same first coordinate. (Ex. 2) 

2. 2005-2008: $6.67; 
2008-2009: —$0.76; 2010-2014: $4.67 

a5 Fi ie Tot $ 3. y = 4.60x — 9027.66 
pe r . ye 4. 2018: y = 4.60 (2018) — 9027.66= $255:14 

_ 20 Sea 2022: y = 4.60(2022) — 9027.66= $273.54 
5 215 + + — 

210 t hee | 
200 ee ot ‘, 
195 | -+- =: Scale eae 

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 x 
Year 

You Try It 1. 2. (a) x-intercept: (4, 0) 3. (a) ee 
y-intercept: (0, —2) P 

(b) _ 5. Slope = = 

: y-intercept = (0,3) 
6. y = 2x-3 

1 7 i . y= — Set | 10. y =o ee 12, Yes © 13, 

Be : a 

{x 

PEE 
ys2r-4 

14.No 15. (a)20 (b)6 

Chapter 3 Review Problems 1. 2 _ 3. (a) (0,7) (b) (-1, 10) 
pee ; E (4,4) 4. (a) (1,2) (b) (-4,4) 

cH Ht 5. (a) (6,—1)  (b) (6, 3) 
: PEE EEE REPS © H(-4 Des 

D(-2, =3) 9711 ¢ A (2, —3) Let re 
HEE ee 

5 §) 9 15 il 
Sh ee 10. m= 3 nm = 9:(0,73) I y=-5x+3 

il 11 
16. y = —6x + 14 See 3? * 18. y=x+3 19. y=7 

20, y = Sx -3 M.y=-3x+1 Wwy=5 

Oe 

3y + 2v2=12 

A, 26. Domain: {—6,-5,5} 27+ Domain: {—2, 2,5, 6} 
ECE See Range: {—6, 5} Range: {—3, 4} 

: not a function function ! eer 
te ae 28. Function 29. Notafunction 30. Function 

1} - . 4 

t) 



38. 

PAH 

al 

HEA oN HH 
5x + 3y = -15 

Answers to Selected Exercises SA-11 

(b) 31 35. (a) —1 

(b) 4 

(b) —S 36. (a)1 (b) : 

42. m= -2. y-intercept = (0. *) 

ae 45. $210 46. $174 47. y = 0.09x + 30; (0, 30); it tells us that if Russ and Norma use no electricity, the minimum cost will be $30. 

50. 2400 kilowatt-hours 

44, 

48. m = 0.09; the electric bill increases $0.09 for each kilowatt-hour of use. 

§1. 213,087,000 people in 2009 52, A 

213,647,000 people in 2014 

214,095,000 people in 2018 

Number of people employed in the manufacturing industry 

(in thousands) 

Number of years since 2009 

How Am | Doing? Chapter 3 Test 

(obj.3.11) 2. (obj.3.2.1) 3 

5. (a) x-intercept: (—2, 0) 

y-intercept: (0, —4) 

(b) 

| 

; 
H 

—ay = 2y. 10 

(obj.3.6.2) 16. (a) -3 (b) —3 (obj. 3.6.4) 

Cumulative Test for Chapters0-3 1.369 2 x orig 

7.21 8 30 9 —2st—7s’t+14st? 10, 25x? 11. 6x — 40 + 48y — 24xy 

5.x <3 —<————— ++ 16. 28.26in2 =: 17. A = 162.5 m*; $731.25 
1 2 3 4 5 

0). LR) 3 A SS aS 8 Do) 

(obj. 3.5.1) 13. No, two different 

ordered pairs have the 

same first coordinate. 

3 (obj. 3.6.1) 

49, 1300 kilowatt-hours 

53. The slope is 112. The slope tells us that the number of 

people employed in manufacturing increases each year by 

112 thousand. In other words, employment in manufacturing 

goes up 112,000 people each year. 

54. The y-intercept is (0, 213,087). This tells us that in the 

year 2009, the number of manufacturing jobs was 213,087 

thousand, which is 213,087,000. 

14. Yes, any vertical line 

passes through no more 

than one point on the 

4 

(obj.3.2.2) 9, (ayy = x ~ 4 (obj.3.4.1) (b) —2 (obj.3.3.5) 10. y = —Sx + > (obi. 3.4.2) 

graph. (obj. 3.6.3) 

3. —1.514 4. 8.52 5. —8.6688 

12. x= 2 13. x =4 

18. —7 19. 58 

$5. 2020 56. 2028 

5 
6. m = 1 (obj. 3.3.1) 7.m = ->. (0. 5 (obj. 3.3.2) 8 y= s = 0 (Obj: 5.3.5) 

6. —34x + 10y — 20 

14, y=1 

20. 92 21. m=0 



SA-12 Answers to Selected Exercises 

22, y= ~y i) 26. (a)1 — (b) 10 

Chapter 4 4.1 Exercises 1. There is no solution. There is no point (x, y) that satisfies both equations. The graph of such a system 

yields two parallel lines. 3. It may have one solution, it may have no solution, or it may have an infinite number of solutions. 5. (. 2) isa 

solution tothe system. 7. a 1, yee 13. 

NA 
aaa im i 

No solution to |X 
this system 

Infinite number |. 
of solutions |! 

*) Pits (je eh) ZO Gy—2) 31. (2,8) 

83:0 4.0) 35. (6, —8) 37. No solution; inconsistent system of equations 39, Infinite number of solutions; dependent equations 

41, (—4,7) 43. No solution; inconsistent system of equations 45, (12,4) 47, (0,2) 49. Infinite number of solutions; dependent equations 

51. (a) y = 400 + 50x, y = 300 + 75x 

(/) x | y = 400 + 50x y = 300 + 75x 

15, (18,520), ADT 92) @20G 0) 25 CO es (2, 

400 300 

putas “s 

On eee ee tase 6 7) 8. 9 10: 
(c) The cost will be the same for 4 hours of installing new tile. Number of hours installing new tile 
(d) The cost will be less for Old World Tile. 

53. (2.46, —0.38) 3 55, (=2.4556.11) 15 56. Approximately $0.01/lb 57, 341,889 cars 

-1 3.5 

=19 4 

=e -2 

Quick Quiz 4.1 See Examples noted with Ex. 1. (4,2) (Ex.3) 2. (2,2) (Ex.6) 3. (—12,-15) (Ex.6) 4. See Student Solutions 
Manual 

4.2 Exercises 1. Yes,itis. 3. .No,itisnot. 5 Gps 2) Th, 2) STO; =2;,5)) He (de s2) 13. (2,1, —4) 

A (yal = 2) 17. x = 1.10551, y = 2.93991, z = 1.73307 19. (4,—-1, —-3) 21. G. > 3) 23s (esas) 25.) 210,00) 

27. Infinite number of solutions; dependent equations 29. No solution; inconsistent system of equations 31. (4,0, 2) 33. x =2 

34, m = = ays ete Re 

Quick Quiz 4.2 See Examples noted with Ex. 1. (—1,2,3) (Ex.2) 2. (1,0,-1) (Ex.2) 3. (2,1, -1) (Ex. 3) 
4, See Student Solutions Manual 

Use Math to Save Money 1. Job 1: $50,310/52 = $967.50; Job 2: $23.50 x 30 = $705 2. Job 1; $967.50 x 0.15 ~ $145.13; 
Job 2: $705 X 0.12 = $84.60 3. Job 1: $175 + $75 + $25 + $50 + ($0.35 x 45 X 5) = $403.75; Job 2: $150 + $50 + $25 + $25 + 
($0.35 x 5 X 5) = $258.75 4. Job 1: $967.50 — ($145.13 + $403.75) = $418.62; Job 2: $705 — ($84.60 + $258.75) = $361.65 
5. Job 1: $418.62/50 ~ $8.37; Job 2: $361.65/31 ~ $11.67 6. She should take Job 2. 7. She should take Job 1. 

4.3 Exercises 1. 62s the larger number; 25 isthe smaller number 3. 16 heavy equipment operators; 19 generallaborers 5, 511 tickets for 
regular coach seats; 47 tickets for sleeper car seats 7, 25 experienced employees; 10 new employees 9, 30 packages of old fertilizer; 

25 packages of new fertilizer 11. One scone costs $2.75; one large coffee costs $1.90 13. Speed of plane in still air is 216 mph; speed of wind is 
36 mph 15. Speed of boat is 14 mph; speed of currentis2 mph 17. 28 free throws; 36 regular (2-point) shots 19. 235 regular text messages; 



Answers to Selected Exercises SA-13 

80 multimedia text messages 21. $19,250 for a car; $24,300 foratruck 23, 7 pens, 5 notebooks, and 3 highlighters —- 25. 80 adults, 100 high 
school students, and 120 children 27. 800 senior citizens, 10,000 adults, and 1200 junior and high school students 29. 5 small pizzas, 8 medium pizzas, 

and 7 large pizzas 31. 3 of Box A, 4 of Box B, and 3 of Box C 32. x = 2 or 32 33. x = a 34, y= ; or 5 35. x = Sai 

Quick Quiz 4.3 See Examples noted with Ex. 1. Speed of wind = 40 mph; speed of plane = 440 mph (Ex.3) 2. $35/day; $0.75/mi (Ex. 1) 
3, Drawings were $5, carved elephants were $15, and a set of drums was $10, (Ex.4) 4. See Student Solutions Manual. 

4.4 Exercises 1. They would be dashed. The boundary lines are not included in the solution of a system of inequalities whenever the system con- 

tains only < or > symbols. 3. She could substitute (3, —4) into each inequality. Since (3, —4) does not satisfy the second inequality, we know that 
the solution does not contain that ordered pair. Therefore, that point would not lie in the solution region. 

7. y2-2 11. x-y2-1 13. x+29<6 
yy “ae yd 

(b) Yes (b) No 31. 13 

32, —4x + 4y 33. The driving range 

cI n<2p takes in $1250 ona rainy day and $800 ona 
\4N+3D<520 sunny day. 34, One chicken sandwich 

i Ae costs $5.25, one side salad costs $3.75, and 
one soda costs $1.50. 

ys3r+6 x2=-2 

{ aaa 

4y+3x53  y2-3 
12345678910 D 

Quick Quiz 4.4 See Examples noted with Ex. 1. Below the line (Ex. 2) 2. Solid lines (Ex. 1) 

3. 3x + 2y >6 (Ex. 2) 4, See Student Solutions Manual. 

Career Exploration Problems 1. 1600 units 2. 996 units 3.900 units 

You Try It 1. The solution is (—3,1). 2. (2,-1) 3. (10,7) 4. No solution 
5. Infinite number of solutions 64, =27'5) ae 

Sia Gales) 4. (3, -2) S21(=4;0)) 
6. G2) 7.) (25.3) 8.7 67= 10) 
9. No solution; inconsistent system of equations 
10. Infinite number of solutions; dependent equations 

dices ye | £12.) (0)3) 003. (£-+) 
Sa 

14, (0 2) 15. No solution; inconsistent system of equations 16. (5,2) U7 ep elie) Sue), 3) 19. (5, —3,8) 

20. (7 > -3) 21. (4, -2,0) Doel. —4 ) 23. Speed of plane in still air = 264 mph; speed of wind = 24 mph 24. 5 touchdowns; 

4 field goals 25. Laborers = 15; mechanics = 10 26. Children’s tickets = 215; adult tickets = 115 27. Hats = $17; shirts = $30; 

pants = $45 28. Jess scored 92; Nick scored 85; Chris scored 72 29. One jar of jelly = $4.50; one jar of peanut butter = $6.40; one jar of 
Ail 

honey = $3.80 30. Buses = 2; station wagons = 4; sedans = 3 31. @ | B2y (Gene) 33. (0,2) 34, (0,12) SS. u (deo) 



SA-14 Answers to Selected Exercises 

36. (2,5) 37% (3,2) 38 (-3,-2,2) 39% (5,-5,-20) 40. (3, -1, -2) 
41. 42, 

How Am | Doing? Chapter 4 Test 1. (10,7) (obj.4.13) 2 (3, -4) (obj.4.1.4) 3. (3,4) (obj.4.16) 4 G 3) (obj. 4.1.6) 

5. (1,2) (obj. 4.1.6) 6. No solution; inconsistent system of equations (obj.4.1.5) 7% (2,—-1,3) (obj.4.2.2) 8 (—2,3,5) (obj. 4.2.3) 
9. (—4,1, -1) (obj. 4.2.2) 10. Speed of plane in still air is 315 mph; speed of wind is 35 mph (obj. 4.3.1) 11. Pen = $1.50, mug = $4.00, 
T-shirt = $10.00 (obj. 4.3.2) 12. $30/day; $0.50/mi (obj. 4.3.1) 13. y : (obj.4.4.1) 14. a (obj. 4.4.1) 

may 

Cha pter 5 5.1 Exercises 1. When multiplying exponential expressions with the same base, keep the base the same 

eS a 
3 27+? 2 3 =i) 

and add the exponents. 3. S5..opxiand y; 11 andvlmmermeca bp) 9 —5Sx-y2z2 | Le ge 

1507 17, AO O20 2050x? «= 23 Sx yee 25; axis 27, —2.75x3yz_ 29. —48a°b> = 3. 80x7y’ =: 333. — 24x47 

8 7 

35. 3x7y3 «37. —2da’b3x2y5 39, —30x3y4e ay? 43, e 45. = 47,27 4." 51% 53.2% 55, ->— 
y 11 4 y 2y 

2 . 7 

say Me ee oe ee 18 ot 5 
302° 16x° 4 128m*8 
Rae 9 6 23 

7.2 99, sigth® «wt, =e? «= 83, 5, 25a? gs, og ty 
49y4 x qo a? 4b xy8 

95. -46 96. x 97.-4 98. ~64% 99. 0.6% 

. . 3 ‘ 

Quick Quiz 5.1 See Examples noted with Ex. 1. —10x4y7(Ex.3) 2 -= &. 8) 3. 81x!2y?0 (Ex. 13c) 
4, See Student Solutions Manual Sy 

P 1 1 zo a x? 3 1 3x23 bd 
.2 Exercises 1.— 3. — Ro a ns © ns kn 1 = : ._— 5 ercises 1. | a ae °F = 7 ons 1 rs 19. dry 2G 

8 

23. i 25. - me eae 2 29. 1.2378 x 10° 31. 6.3 X 10°? 33, 8.8961 X 104! 35. 3.42 x 10° ~—- 37, 302,000 «39. :0.00047 
y xy 

41. 983,000 43. 2.37 x 10°>mph 45, 149,600,000km 47.6310 491.0 x10! 51.81x107' 53. 4.5 x 10° 

55. 5.61 x 10*dollars 57.6.6 X 10°mi 59 About 3.68 x 10° mi/yr 61. 13.2% 63. -0.8 64-1 65. - 

Fi 5 3y2 8 
Quick Quiz 5.2 See Examples noted with Ex. 1. — (Ex. 3c) 2. ae (Ex.4b) 3. 8.76 X 10° (Ex. 6) 
4. See Student Solutions Manual ae 

5.3 Exercises 1. A polynomial in x is the sum of a finite number of terms of the form ax”, where a is any real number and n is a whole number. 
An example is 3x? — 5x — 9. 3. The degree of a polynomial in x is the largest exponent of x in any of the terms of the polynomial. 
5. Degree 4; monomial 7. Degree 5; trinomial 9. Degree 6; binomial il, =Zhe = is) 13. —2x? + 2x -1 

15. 2 a > ay 17. 3.4x° + 2.2x* — 13.2x -— 5.4 19. 4x7 +x -1 21. ar = at 3 1th 23, 3x3 — x? + 8x 

25. —4.7x4 — 0.7x? - 16x +04 27.6x-6 29, 4x*y?+4xy-10 31. x4-3x3-4x?-24 33, 743,000 35. 90,400 

37. 3x? + 12x 39, m= §,(0,2) 40. <4 4+ + {+ {+ + +a 7 41.x=7 42, x= 2 
3 3 —2-1 0 1 2 3140506. 7.8 S00 

Quick Quiz 5.3 See Examples noted with Ex. 1, —4x?—11x + 5(Ex.2) 2 6x?-9x-16(Ex.5) 3. —3x + 8(Ex.5) 
4, See Student Solutions Manual 

Use Math to Save Money 1. ($450 + $425 + $460)/3 = $445 2. $445 — (0.06 x $445) — $30 = $388.30 
3. $388.30 — ($388.30 x 0.2) = $310.64 4, $445 — $310.64 = $134.36; $134.36/445 = 30.2% 5. $134.36 x 12 = $1612.32 

5.4 Exercises 1. -12x4+ 2x? 3. 2x3 -— 4x2 5, —4x5 + 10x4- 23 =o 7 x t ox “ 2x3 9. = 2x7y SAL — ony 

11. 9x4y + 3x3y — 24x7y 13. 3x4 — 9x3 + 15x? - 6x 15, —2x3y3 + 12x2y? — loxy «17. —28x5y + 1ax4y + Bx5y — ayy 



Answers to Selected Exercises SA-15 

19, —6c7d° + 8c7d3 —12c%d 21, 12x7 — 6x° + 18x4 + 54x33. -16x54+ 10x5-—12x4 925. x27 +:12n +35 8=- 27. x2 + Bx + 12 
29. 8x7 - 2x -3 31. 6x?-17x+5 33. -20x?-7x+6 35, 2x2 + 6xy—Sx-—15y _ 37. 15x? — S5xy + 6x — 2y 

39, 20a” — 17ab + 3b? — 41, 10x4 + 23x°y3 + 12y® 43, The signs are incorrect. The result is -3y + 6. 45. 20x 47. 20x? — 23xy + 6y” 

49. 49x? — 28% +4 51. 16a? + 16ab+ 4b? 53, 0.8x7 + 11.94 —0.9 55, on i kien lel 6x4 + 16x2y? + 8y® 
25 

59, 10x? — 11x — 6 61. x = -10 62, w = rca or -34 63. 9 twenties; 8 tens; 23 fives 64, $25 billion 65. $36.2 billion 

66. $58.5 billion 67. $67.4 billion 

Quick Quiz 5.4 See Examples noted with Ex. 1. 8x3y4—12xy3 + 1oxy?(Ex.3) 2. 6x2 —x—-15(Ex.4) 3, 12a” — 26ab + 12b? (Ex. 5) 
4, See Student Solutions Manual 

5.5 Exercises 1. binomial 3, The middle term is missing. The answer should be 16x? — 56x + 49. 5. y? — 49 7, x? — 81 

9. 36x7-25 11, 4x?-49 13, 25x7-9y? 15. 0.36x7-9 17. 4y?+20y +25 19. 25x? - 40x +16 21. 49x? + 42x +9 
1 1 

23. 9x2 - 42x +49 25, ax a F toga wy) 2 8ix°y? + 72xyz + 16z* 29. 49x? — Dy? 31. 9c? — 30cd + 25d? ~— 33. 81a” — 1006? 

35, 25x? + 90xy + Bly? 37%. x3 — 4x2 + 8x-15 939, 2x4 + Wx tx? 4+ 7x44 4 at +a?-13a2+17a-6 43, 3x9 — 2x? — 25x + 24 
45, 2x9 -—x?-16x+15 47, 2a°+3a*-S0a-—75 49, 24x3 + 14x?-11x-6 51. 19;41 52, Width = 7m; length = 10m 

Quick Quiz 5.5 See Examples noted with Ex. 1. 49x? — 144y?(Ex.2) 2. 6x3 — x2 — 19x — 6(Ex.6) 3. 15x4 — 16x3 — 8x? + 17x — 6 
(Ex. 5) 4. See Student Solutions Manual 

5.6 Exercises 1.5x3-3x+4 3 y3+7y-3 5. 9x4-4x?-7 7. 8x4-Ox+6 93x45 ieee 3 = Be 
ia) 

oo 15. 2x? — 3x —2- 17. 2x? + 3x - 1 19, 2x7 + 3x +6+ ae 
x+1 2x +5 2x =— 3 

25. 2010: $3.25; 2015: $3.77 26. 170 and 171 27, (a) 75 (b) 73 wee ee 

(c) 6.3 (d) 2.7% decrease (e) 13.7% decrease 

Quick Quiz 5.6 See Examples noted with Ex. 1. 5x3 — 16x? — 2x (Ex.1) 2. 4x2 — 5x —2(Ex.4) 3. x2+2x+ 84 mi (Ex. 3) 
4. See Student Solutions Manual 2 

Career Exploration Problems 1. Transformation efficiency of first set: 1.4 x 10°; transformation efficiency of second set: 3.28 x 104 
2. (a) 50,100,000 (b) 0.00302 (c) 237 X 10° = 237,000,000 3. 0.25X2 + O.SXy + 0.25y* 

6 

You Try It 1. (a)2" (b) 16a® (c) -3a°b* =, (a) 7x? (b) - (c) — 3. (a) 1 (b) 1 (©) 1 @) 6a 4. (a) a” (b) 4n® 
S a 

27x? el 
(ieee) (4) 25s (ce) abe 54a) a (b) x (c) 

y a 

(b) 3.04 x 104 = 8 — 6x4 — 4x3 + x? 9, 3 -— 3x? 10. (a) —6a2 + 1007 — 2a (b) —4x°y + 12x2y? — 12xy3 11. (a) 4a? — 250? 
(b) 4a? + 20ab + 25b?  (c) 4a” — 20ab + 25h? (d) 6a2 + Tab — 5b? = 12. (a) 12x97 — 4x7 + x43 (b) 3x° — 17x? + 11x — 5 
13. 3x3 + 14x2-7x-10 14. 6a7-3at+1 15, x27+5x-1 

5 (d) 5 6. (a) 3.864 x 10° (b) 5.2 10° ~—7z. (a) «7.75 x 101° 
m 

Chapter 5 Review Problems 1. -18a’ 2.5% 3. 6x4y® 4, -14x4y? 5. ~ 6. 7 oye B. sa See : 
x x" y 

74 25a2b4 9 5 8 2y3 15 
SO dL x” 12 esac! 14 six! 1 ek to 

30° 5°b c 64w!>z a D x 8y* 

1 3y? 4w” bred" ul 5 4 ~6 Lt. 2; 23, Meare 24 ; 28. 1.563402 x 10 26. 1.79632 X 10° 27, 92 x 10 28. 1.74 x 10 
36a°b! Le xyz 27a 

29, 120,000 30. 6,034,000 31.025 32. 0,0000432 33.20x10%  34.936x 10! 35.7.8x10!! 36.7 x 10° dollars 

37. 7.94 x 104cycles 38.6% 10 operations 39, 5.5x2-—x-—2.3 40. 7x°>-3x?-6x+4 41. ar? - a + x 

42. a - a + * 43, -3x7-15 944. 15x2 + 2x-—1 45, 28x?7- 29% +6 46. 20x? + 48x +27 47. 10x? — 30x? + 15x 

48. —4x2y4—20x7y> + 24xy? 49, Sa? — 8ab — 216? 50. 8x4 — 10x2y — 12x? + 1Sy = S. 16x? + 24x +9 = 52, a — 250° 
53. 49x? — 36y? 54, 25a? — 20ab + 4b? 55, 4x9 + 27x7 + 5x -—3 56. 2x7 — 7x? — 42x +72 9-57. 2y? + 3y +4 = 58. 6x7 + Tx? — 18x 

2 
59. 4x7-6x +8 60.3x-2 61.3x-—7 62. 2x? - 5x4 13 - 7 63. 3x -—4 + 64. x2 + 3x4+8 

2y eo 

66. About $14.52 67. 1.847 X 10? 68. 2.733 x 10g 69. 4.76 X10’ lb 70. 3xy+2x ‘71. 2x? — 4y? 
11 

65. 2x7 + 4x +5 + 
ies 2 

' 1 
How Am | Doing? Chapter 5 Test 1. 3% (obj.5.1.1) 2. 5516 (Obj. 5.1.2) 3. 84 (obj.5.1.3) 4. 12x4y!° (obj. 5.1.1) 

3 14,4 
5. — 7 (obj. 5.1.2) 6. —125x3y!8 (obj. 5.1.3) 7. see 

11. 3xy7 (obj. 5.2.1) 12. 5.482 x 10-4 (obj. 5.2.2) ——-13,_ 582,000,000 (obj. 5.2.2) 14, 2.4 x 10-6 (obj. 5.2.2) 18, —2x? + Sx (obj. 5.3.2) 
16. —11x3 — 4x? + 7x — 8 (obj.5.3.3) — 17..—21x5 + 28x4 — 42x? + 14x? (obj.5.4.1) 18. 15x4y? — 18x93)? + 6x2y (obj. 5.4.1) 
19, 10a? + Jab — 12b? (obj. 5.4.2) 20. 6x3 — 11x? — 19x — 6 (obj. 5.5.3) 21, 49x4 + 28x2y? + 4y4 (obj. 5.5.2) 22. 25s? — 1212? (obj. 5.5.1) 
23, 12x4 — 14x? + 25x? — 29x + 10 (obj.5.5.3) 24, 3x4 + 4x%y — 15x?y? (obj. 5.4.2) 25. 3x7 — x + S(obj.5.6.1) 26, 2x? — 7x + 4 (bj. 5.6.2) 
27. 2x? + 6x + 12 (obj. 5.6.2) 28. 3.77 x 10° barrels per year (obj. 5.2.2) 29, 4.18 x 10° mi (obj. 5.2.2) 

(obj. 5.1.3) 8, 2 (obj. 5.13) 9, + (0bj.5.2.1) 10 10e (obj, 52:1) penile ar \prekule A ows ap 2.2, 



SA-16 Answers to Selected Exercises 

Chapter 6 6.1 Exercises 1. factors 3. No:6a? + 3a” — Sastill hasacommonfactorof3a. 5 8a(at+1) 7. Tab(3 — 2b) 
9, 2nmr(h + r) 11. 5x(x? + 5x — 3) 13. 4(3ab — Tbe + Sac) 15, 8x7(2x? + 3x — 4) V7, 1x(2xy — sy —9) 

19. 9x(6x — Sy + 2) 21. y(3xy — 2a + Sx — 2) 23. 8xy(3x — Sy) 25. 7x?y*(x + 3) 27. 8x7y(2x2y — 3y — 1) 
29. (et 2y3) aad) SG 4 (Gx — 2) 33. (2a — 3c)(6b — 5d) 35. (b — a’)(7c — 5d + 2f) 37. (ab — 4)\(3qi— 5 =sb)) 
39. (a — 3b) (4a? + 1) 4li(a 2) — s) 43, 27(x + y + z) 45. 1,664,000 metric tons 46. 2,752,000 metric tons 47. About 

41 Ib/person 48. About 30 Ib/person 

Quick Quiz 6.1 See Examples noted with Ex. 1. x(3 — 4x + 2y) (Ex.2) 2. Sx(4x? — 5x — 1) (Ex.5) 3. (a + 3b) (8a — 7b) (Ex.6) 
4. See Student Solutions Manual 

6.2 Exercises 1. We must remove a common factor of 5 from the last two terms. This will give us 3x(x — 2y) + 5(x — 2y). Then our final 

answer is (x — 2y)(3x + 5). Sno) =) 4)\i(apt16)) 5. (x — 4) (x? + 3) Tol(astasb))\(2%'= y)) Of (3a Geb) Gis 2) 

11. (a + 2b)(5 + 6c) ASHI 24) (Ole) BSSE(y st 2) Gi —e3)) 17. (9 — y)(6 + y) 19 (Sue y) Casa) 
21. (x + 4) (2% = 3) 23. (t — 1)(t? + 1) 25. (2x + Sy?) (3x + 4w) 27. We must rearrange the terms in a different order so 

that the expression in parentheses is the same in each case. We use the order 6a? — 8ad + Yab — 12bd to factor 2a(3a — 4d) + 3b(3a — 4d) = 

(3a — 4d)(2a + 3b). 29, -2 30. 7 31. Marre 32. 4x? — 20x + 25 33. Pharmacist: $127,000; pharmacy technician: $35,000 

34. About 21,323.1 thousand barrels of oil each day 

Quick Quiz 6.2 See Examples noted with Ex. Tee 12)\(ar 2) 2. (y? + 3)(2x — 5) (Ex.7) 3. (10y — Si 4) 
(Ex. 6) 4, See Student Solutions Manual 

6.3 Exercises 1. product,sum 3, (x + 4)(x + 4) 5. (x +5)(x+7) 7% (x-3)(x-1) 9 9 (x -—7)(x -4) 
HW (Geae Sy (oe = Sh) 13: (% — 14)\(x + 1) DRGs FEZ = SN) DAME OIG? ae A) 19. (Ga 12) |Get) 
21. (x — 6)(x — 4) 23. (y? + 3) (y? + 10) 25. (x? — 5) (x — 1) + 1) 27. (a + 8)(a — 2) 29, (x — 4)(% = 8) 
SU (east) (eee) BN (G7 oe 7) G@s ae ts) 35. (y + 9)(y — 5) 37. a2 eae) 39) (v3) (x =) 

4. (x —7)(x-9) 43. 4(x+5)(x+1) 45. 6(x+1)(x +2) 47.5(x-1)(x-5) 49. 3(x + 4)(x ~ 6) 

51. 7(x + 5)(@ — 2) 53. 5(x — 1)(x — 6) 55. (12 + x) (10 — x) 57. 18a°b? = 58. 25y"? 59, ae 60. 8x? + 8xy — by? 
61. 120 mi 62. $3800 63; 25°C 64, June y 

Quick Quiz 6.3 — See Examples noted with Ex. 1. (x + 7)(x + 10) (Ex.2) 2. (x — 6)(x — 8) (Ex.3) 3. 2(x + 6) (x — 8) (Ex. 10) 
4. See Student Solutions Manual 

6.4 Exercises 1. (4x + 1)(x + 5) 3. (5x — 2)(x - 1) 5. (4x — 3)(x + 2) 7, (2x + 1)(x — 3) 9, (3x + 1) (3x + 2) 
ihls (ke = Sy(Spe = Si) STG S))(%. + 94)) 150 (4x) 2S) ie (Ge 22x — 3) AOS (Sx — el) 

21. (x — 2)(7x + 9) 23. (9y — 4)(y — 1) 25. (5a — 2)(a — 3) 27. (7x — 2) (2x + 3) 29, (5x — 2) (3x + 2) 
31. (6x + 5) (2x + 3) 33. (6x + 1) (2x — 3) 35, (3x2 + 1)(x* — 5) 37. (2x + Sy) (x + 3y) 39, (Sx — 4y)(x + 4y) 
41, 5(2x + 1)(x - 3) 43, 3x(2x — 5)(x + 4) 45, (5x — 2)(x + 1) 47, 2(3x — 2) (2x — 5) 49, x(6x — 1)(2x — 3) 

S200 teen) 53, m = - 54, x = ; §5. (a) 17,600,000 (b) Approximately 10.8% 56. Approximately 27.4% 

57. (a) 1.8 million (b) Approximately 28.1% 58. (a) 2.1 million (b) Approximately 35.6% 

Quick Quiz 6.4 — See Examples noted with Ex. 1, (2x + 3)(6x — 1) (Ex.3) 2 (Sx —3)(2x—3)(Ex.4) 3, 3x(2x — 5)(x + 2) 
(2:49) 4. See Student Solutions Manual 

Use Math to Save Money 1. $5100 + $3800 + $3200 = $12,100 2. $5500 + $4000 + $3500 = $13,000 
3, $12,100/$13,000 ~ 93% 4, $13,000 x 0.5 = $6500 5. $12,100 — $6500 = $5600 6 $13,000 x 0.33 = $4290, $6500 — $4290 = $2210 

6.5 Exercises 1. (10x+1)(10x-1) 3 (9x + 4)(9x — 4) 5. (x+7)(x-7) 7. (5x + 9)(5x - 9) 9. (x + 5)(x — 5) 
WL (1 + 4x) 4) 13. (4x + 7y) (4x — Ty) 15, (6%) 13 y) (6x — 1S) 17, (4x? + 9)(2x + 3)(2x — 3) 19. (Sa + 9b) (Sa — 9b) 

21. (3x41)? 23. (y=5)? 25. (6x—5)* 27. (Ju +2)? 20, Gaye BL (Sr — 4)? 33.(9x + 2y)% 35) Garena 
37. (4a + 9b)? 39. (7x — 3y)? 41. (8x + 5)? 43, (12x + 1)(12x — 1) 45. (x? + 4)(x + 2)(x — 2) 47. (3x? — 4)? 
49. No two binomials can be multiplied to obtain 9x? + 1, 51. 9;one answer 53. 4(2x + 3) (2x — 3) Bee lb ese sibs = 3) 
57, 4(2x-1)? 59. 2(7x + 3)? 61. (x + 9)(x +7) 63. (2x — 1) (x + 3) 65. 3(2x + 3) (2x — 3) 67. (3x + 7)? 

69. 9(2x — 1)? Thy Ace = ONG = 99) 73.07 +3x+44+ an 5) 74, 2x7 +x-5 75. 1.2 oz of greens; 1.05 oz of bulk vegetables; 

0.75 oz of fruit 76. 1.44 oz of greens; 1.26 oz of bulk vegetables; 0.9 oz of fruit 

Quick Quiz 6.5 — See Examples noted with Ex. 1. (7x + 9y) (7x — 9y) (Ex.3) 2. (3x — 8)? (Ex. 6) 3. 2(9x + 10) (9x — 10) 
(Ex. 9) 4. See Student Solutions Manual 

6.6 Exercises 1.x(3x-6y+5) 3. (4x + S5y)(4x—5Sy) 5. Prime 7. (x+5)(x+3) 9 (3x + 2)(5x -1) 
1 (a = 3c)\Geae sya) 13. (y + 7)? 15, (2x — 3)? IE gs) (65 — 4) 1 Oy) (a5 + Ty.) PAE Aas SH\es = 5) 

23. 4x(2+x)(2—x) Prime 27. 3xy(z+1)(z-3) %3(x+7)(x—5) Sh Sxy?(x-1)? 33 -1(2x? + 1)(x + 2)(x —2) 
35; Prime) Sees reron (ay (ae tm) 1) 39. 5(x? + 2xy — 6y) 41. 3x(2x + y) (Sx — 2y) 435230 a) one) 45. prime 
47. $48,000 48, 372 live strains 49, (4,-5) 50, 



Answers to Selected Exercises SA-17 

Quick Quiz 6.6 See Examples noted with Ex. 1. (2x — 3)(3x — 4) (Ex.1b) 2, 3(4x + 1) (5x — 2) (Ex.1b) 3, Prime (Ex. 3) 
4. See Student Solutions Manual 

- 3 
6.7 Exercises 1.x=-2,x=6 3.x = -12,x=-2 S252 pee ares 9, x = 0,4 = =13 

11. x =3,x = -3 13,x%=0,x=1 I. x= 5x =2 17. x= -3,x =2 1. x= -3 

23, x = -—8,x = -2 25. x = -4 =4 27. You can always factor out x. 29. L=14m;W=10m 31. 66 groups 33. 10 students 

30° 
2b* * 3x5y4 

35, 3 sec; 12 mabove ground after2sec 37. 1Speople 39. 11 organizers 41. —10x°y4 = 42, 12453 43, — 

Quick Quiz 6.7 — See Examples noted with Ex. 1. x = ay = (Expy eter eee at(ex 4) 3.5 =37= ee (Ex. 4) 
5 3 4 

4, See Student Solutions Manual 

Career Exploration Problems 1, Rectangular piece: width is 7 ft and length is 18 ft. Triangular piece: base is 5 ft and height is 4 ft. 

2 
2. Base is 12 ft and height is 22 ft. 3, 3 or 145 yd? 

You Try It 1. (a)Sa(a—3) (b)4x(x-2y +1) (©) 6x2(x?-3) =. (3x2 +2)(a—4) 3. (a) (x + 3) (x + 6) 
(b) (x + 7)(x-5) (&)3(xt+1)(x-4) 9 4 (2x +3)(4x-3) 5. (a)(3x + 4y) (3x — 4y)  (b) (9x? + 1) (3x + 1) (3x - 1) 
(c) (4a +3)? (d) (2x —Sy)? 6, (a) 4(x + 3)(x — 2) (b)x(3x +1)(x +2) () x(3x + 8)(3x — 8) (d) 3(4x - 1)? 

7. (a) This is a sum of squares with no common factor. (b) There are no two factors of 2 that add to 1. 8 x= 7) orx = -1 

9, Length = 15 ft; width = 6 ft 

Chapter 6 Review Problems 1. 4x?(3x - Sy) 2. 5x3(2-7y) 3. 8x*y(3x —y — 2xy?) 4. Baa? + 2a — 3b + 4) 
5. (a + 3b) (2a — 5) 6. 3xy(5x* + 2y + 1) 7. (2x + 5)(a— 4) 8. (a — 4b) (a + 7) 9, (x? + 3)(y — 2) 
10. 3(2x — y)(Sa + 7) See UCSy 22) 125)(Sw = 3) (Gro 2) 1S oi 3) 14. (xe 10) (oe =) 
15. (x + 6)(x + 8) 16. (x + 3y)(x + Sy) 17, (x? + 7) (x? + 6) 18, (x? — 7)(x? + 5) 19, 6(x + 2)(x + 3) 
20. 2(x — 6) (x — 8) 21. (4x — 5)(x + 3) 22. (3x — 1)(4x + 5) 23. (2x — 3)(x + 1) 24. (3x — 4)(x + 2) 
25. (10x — 1)(2x + 5) 26. (5x — 1) (4x + 5) 27. 2(x — 1)(3x + 5) 28. 2(x + 1)(3x — 5) 29, 2(2x — 3)(x — 5) 
30. 4(x — 9)(x + 4) 31, 4x Sy) (3x — 2y) 32, 1(3k = Sy (2x Sy) RRB GES ci 3) (Ube ia) 34.7420" By) Ce — Sy) 

35. (y + 6x)(y — 6x) 36. (3y + 5x) (3y — 5x) 37. (6x + 1)? 38. (Sx -— 2)? 39. (4x—3y)? 9 40. (7x — 2y)? 
41, 2(x + 4)(x - 4) 42, 3(x + 3)(x — 3) 43. 7(2x + 5)? 44, 8(3x — 4)? 45. (2x + 3y) (2x — 3y) 46, (x + 15)(x — 2) 
47. (3x — 4)(3x + 1) 48. 10x°y?(5x + 2) 49. 3(x — 3)? 50. x(Sx — 6)? SI (ax aio) (x =4) 52. x°a(3a + 4x) (a — 5x) 

53, 2(3a + 5b) (2a — b) 54. (1la+ 3b)? 55. (a—1)(7-—)5) 56. (3x + 5y)(x + 1)(x - 1) 57. (3b — 7)(6 +c) 
SSetop +8) (2 — 3x) 59, (b — 7) (5x + 4y) 60. (x? + 9y®) (x + 3y3) (x — 3y3) 61. (3x? — 5) (2x? + 3) 62. yz(14 — x)(2 — x) 

63. x(3x + 2)(4x + 3) 64. 3(2w -1)? —- 65. 2y(2y — 1)(y + 3) 66. 9(x? + 4) (x — 2) (x + 2) 67. Prime 68, Prime 
69. 4y(2y? — 5)(y? + 3) 70. (4x2y - 7)? 71. (2x + 5) (a — 2b) 72. (2x + 1)(x + 3)(x - 3) 13. = 5.5 — 4 

14, x= -6,x= 5 75. x= 0,4 => 76.x =4,x = -3 TI x= -5,x => 78. x = -8,x = -3 79, x=-5,x=-9 

3 x= -2r=2 Shx=-3 Sx=-3x=> Sx= 4 pt =2 84, Base = 5 in.; altitude = 10 in. 85, Width = 5 ft; length = 6 ft 

86. 6 sec 87. 8 amperes, 12 amperes 

How Am | Doing? Chapter 6 Test 1. (x + 14)(x — 2) (obj.6.3.1) 2 (4x + 9)(4x — 9) (obj.6.5.1) 3, (Sx + 1)(2x + 5) 
(obj. 6.4.2) 4 (3a — 5)? (obj.6.5.2) 5, x(7 — 9x + 14y) (obj.6.1.1) 6, (2x + 3b) (Sy — 4) (obj.6.2.1) 7. 2x(3x — 4) (x — 2) (obj. 
6.6.1) 8 c(Sa—1)(a — 2) (obj.6.6.1) 9, (9x + 10) (9x — 10) (obj.6.5.1) | 10, (3x — 1)(3x — 4) (obj.6.6.1) ‘11. 5(2x + 3) (2x — 3) 
(obj.6.6.1) 12. Prime (obj.6.6.2) 13, x(3x + 5)(x + 2) (obj.6.6.1) 14, —Sy(2x — 3y)? (obj.6.5.3) 18. (9x + 1)(9x — 1) (obj. 6.5.1) 
16. (9y2 + 1)(3y + 1)(3y — 1) (obj.6.6.1) 17. (x + 3)(2a — 5) (obj.6.6.1) 18. (a + 2b) (w + 2)(w — 2) (obj. 6.6.1) 

19, 3(x — 6)(x + 5) (obj. 6.6.1) 20. x(2x + 5)(x — 3) (obj. 6.6.1) 21. x = —5,x = —9 (obj. 6.7.1) 22. x = -in = —2 (obj. 6.7.1) 

23. x = Bu = 2(obj.6.7.1) 24. x =7,x = —4(obj.6.7.1) 25. Width = 7 mi; length = 13 mi (obj. 6.7.2) 
2 

: 6 
Cumulative Test for Chapters 0-6 1. x 2. 5 3.-> 4.11055 5, 12,400 employees 6. 66 7. 2x” — 13x 

9 Fiote 1 3 13 Bx=15 %x=-> Wx<-3 11, (24,8) 1265,1) 1mibr Wm=7 0 I. y=-Fx +> 

8 

16S 4 2 17, 20x? -21x-5 18. 9x2-30x+25 19. —20x5y® 20. 16x!2y8 21. os Be SSE MO 
re eeeaes i | 23. (11x + 8y)(11x — By) 24. —4(Sx + 6)(4x-—5) 25, x(4x + 5)? 26, (4x? + b?) (2x + b)(2x - b) 

ZT (2x8) (ai 2b) 2. x=-9,x=4 



SA-18 Answers to Selected Exercises 

‘ 6 Saris a(a ~ 2b) Sea eer peice 
Chapter 7 7.1 Exercises 1.4 3. Peak eh ee es it Gua ee 

Seed a0 = 5 3(x + 3) 3 (Ease 3x + 4 3x ~ 2 a—2b ; 
b 5 B n 23. 25. : 31. 9x? — 42x + 

8 So eco) u 4x —1 Sag = 2) A OF See 4 erg ll i 4-x 3a — b x ee $'E 

23a? 
32. 49x? — 36y? «33. 2x2 -— 5x —-12 34. 2x°-—9x?-2x +24 35. = + * 36. * or x 37. 12 acres 38. 6 hr, 25 min 

: P 2 Dy F 
Quick Quiz 7.1 See Examples noted with Ex. 1. rea (Ex. 4) z a9 (Ex. 5) 3. ra 35 : (x. 3) 4, See Student Solutions Manual 

F ; a : 4(x + 5) 3x7 x-2 
7.2 Exercises 1. factor the numerators and denominators completely and divide out common factors <—————— 5, 7. 

eS 4(x — 3) Ar 3) 

(% + 6) (x + 2) 3(x + 2y) (Geshe Sie = 2) = S52 45 Si) (ges Sh) 8)(Ge 42 3) 
Senet 11. x + Spee eee TD 19. 1 

x+5 a tae aye 39) a0 = FG 9 =2(4 = 2) VG) 
SaLFe 

21. : =f : 23. x = —8 24, x 25. 79.5(8981)$x = $713,989.5x 26. Harold’s was 6 ft by 6 ft. George’s was 9 ft by 4 ft. 

F : 2(x +4 5 2g 23 
Quick Quiz 7.2 See Examples noted with Ex. 1. = (Ex. 1) 2. = cig: (Ex. 1) 3. a (Bx73)) 

4. See Student Solutions Manual 

7.3 Exercises 1. The LCD would be a product that contains each factor. However, any repeated factor in any one denominator must be re- 

: 2(2x + 1) Big 5 
peated the greatest number of times it occurs in any one denominator. So the LCD would be (x + 5)(x + 3)?. 3. Aang Pg 

- + 
f . = : 9, 3a7b?> «11. 90x3y-S «13. 18(x-—3) 15. (wv +3)\(x —3) 17. (% +5)Gx-1)? 19. ia 

at ae 8 3 y(Sy = 3) 43a + 12 4z +x a0 x +10 33, 24+ 1b 
6?) en) * (y +1)(y-1) * Sa(3a + 2) * 6xyz ~ 2(x — 3) "(x + 5)(x — 5) A 10) 
Pag Ie —7x 4x + 23 4% -1 

35. oe 37. i 39. “s 41. es F adie 
(Ce = Sere 2) (Caro ee — 1) 74) Cor 4iGs - SiiGoeere (Cae ite — 3) Viele 

—y(liy = iG) 8x + 3 5 
45. 47, .x=- x= ee ; 12,16 5 (i SGD yes (x + D(x —3) 49, x 7 50. x =4 Sl. x 7 52. 81x°“y 

53. At least 17 days 54, 287,985 people 

; F : 2x + bes Dy + x = 
Quick Quiz 7.3 See Examples noted with Ex. 1. eee (Ex. 6) 2 a CE 8) 3, 3 Bl ; 4 (Ex. 7) 

4. See Student Solutions Manual (x es ) ey (x + 3)(x—3)(x + 4) 

Use Math to Save Money 1. $500 x 0.15 = $75 2. $500 x 0.25 = $125 3. $500/$5000 = 10% 4, $9 x 48 = $432 

e 5x 4b+a see = 2) 2 1 2h 0) 3(a? + 3) 7.4 Exercises 1. 3. ; : 5 : ; . 
4x + 3 2] z 4+ 5x 1 35 + 10 zy i a ey eee 5 a2 

3(x + 3) thy = il ath oe : 
Sac eo 21. No expression in any denominator can be zero because division by zero is undefined. So —3, 5, and 0 are not allowed. 

5y(x + 5y)? = 4 
pase 25. m = =: (0 5) DO a a 2 OM Oe 24,000 
x(x — 6y) 6 3 -2 =e 0 1 

a(3a — 4b) 
Quick Quiz 7.4 See Examples noted with Ex. 1, SGa= 166) 

2; 
(Ex. 2) 2. ab (Ex. 2) 3, Sar (Ex. 4) 

4. See Student Solutions Manual a 

7.5 Exercises 1.x=-12 3x=2 Sx=15 7%x=10 9x=-5 I. x =~ or ~45 13. x = -2 

i 
15. x =8 17.x = 4 19. x =-1 21. No solution 23. x = —3 255 x= —9 27. No solution 29. x =4 31. No solution 

a 
33. x = -6,x = 3 Sieh (Gie se Ire ih) 36. x = 2 or 25 or 2.5 37. Width = 10 in.; length = 12 in. 

38. Domain = {7,2, -2}; Range = {3,2,0, —2, -3}; Not a function 

Quick Quiz 7.5 See Examples noted with Ex. 1. x = as (Ex 1) 2a 2 (Bx) 3. No solution (Ex. 4) 
3 24 

4. See Student Solutions Manual 

; 88 3 9 
7.6 Exercises 1. x= = orl7 = or17.6 Rh ae = = or 40% or 40.8 5. x = 6:5 7x = ~ or 2232 or 22.75 

9. (a) 750 New Zealand dollars (b) 35 New Zealand dollars less 11. 56 mph 13. 29 mi 15. n= a or 18 in. 17. y = 200m 

56 1 768 2 F 
19, k= 7 or 1s ft 216k = 30 ot 385 m 23, 48in. 25. 35 in. 27. 61.5mph 29. Commuter airliner: 250 km/hr 31. (a) $0.17 

Helicopter: 210 km/hr 

3 : - ws 2 es 
(b) $0.14 (¢) $5.48 33. 3, hr or 3 hr, 26 min 35. 8.92465 x 10-4 36. 6,830,000,000 37. am 38. ot 33 

KG Woz 
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Answers to Selected Exercises SA-19 

Quick Quiz 7.6 See Examples noted with Ex. 1. x =55(Ex.1) 2 24ft(Ex.4) 3. 172 flights (Ex. 1) 
4, See Student Solutions Manual 

__ $350n + $22,000 
Career Exploration Problems 1. (ene 2. 8 hours 3. $98.75 per hour for 50 treadmills; $71.25 per hour for 

100 treadmills 

NEG a) ay) 2 coer 
You Try It 1. ; ; , xo , i ; ulrylt 1 ais aN 5g 3. 5 4 TCE aban 6.x-1 7 Nosolution 8, 15.75 ft 

: 4 cs Ox a8 2(x = 4y) 2-y x-2 Chapter 7 Review Problems 1. — eee ol ex : 5, —— 
P aS 5 4s See ey Syl oF EF Ohts Si) 

Dy il 4y(3y - 1 3y(4x + 3 Zee 3 4(S5y +1 
ey. 9, 2 Oe gy, YD) Rae oe a pee) 

(HG 1l)) Sy (Syl L(y 5) Ze on) x — 4y 16 Sy(yer 2) 

i 3x2 + 6x +1 2S — a) (G5) Ge?) 2xy + 4x + Sy + 6 (2a + b)(a + 4b) es 2yto: 

eeco(n- (1') 4 (s -42)@e4) * (x + 3)(x - 3) ; 2y(y + 2) i ab(a + b) (923% 
2x? + 7x — 2 3 1 - 2x - x? 4 22 y 

: 7 ——— Cit eo re 4 ya ert: ae bayll Laer eer 2)... 16-9) sits 2). ) ate’ Si eee cid 
x +2y -1 1 —3a-—b 3a +b 2 

Sh rs 5 32, a= . a= 15 35, 4 == 36. x = — Wety+2) °° ae Raa + 5) pee 3 0 Gk aK? ame F Mate 
1 12 2 

37. x = 2 38. No solution 39, x = - 5 oF —25 or —2.4 40. y=2 41. y= -2 42. No solution 43. y= > or Ion ier} 

4 132 2 
44. y=0 45. x =f or2Zor28 46. x = > or 15 or 1.25 47, x = 2 or 262 or 264 48. x =6 49, x = 16 

50. x, = a or vt or 9.1 51. 6.3 gal §2. 167 cookies 53. 240 mi 54, Train: 60 mph 55. 182 ft 56. 1200 ft 

Car: 40 mph 

W 2 9) whe Be b—a)(b-a 
S7ehror2hr,24min 58 12hr 5,2" 60,“ Se orem gg, AND Fa) 

5 3a’ Dain xa oy cs x ab(x + y) 
Ps) 

fess "ot eee, ort Oo pa? 
3 y? 2(x + 2y) 

How Am | Doing? Chapter 7 Test 1.2 (obj.7.1.1) 2 ile dic Fe (oly, 72.1), A =e (0b). 72.1) 
3a (y + 2) 12 3y(x — y) 

2a | 3a +4 ye eae % 6x 
7 fe dsds ae eae ODI aos ih Diao ; ————- (ODIs: . — (obj. 7.4.2 10. — (obj. 7.4. 5 00k? 2) 6 (a alee 2) (obj. 7.3.3) a (obj. 7.3.3) 8 xg Obi 73.3) 9 4 (0b) ) 5 (obj. 7.4.1) 

2 Sy x 1 
R fetal. es aS feds Ce ODD. ~x= fees i i jadeos 11 ey (obj. 7.1.1) 12. YRDEos (obj. 7.3.3) LRM 5 (obj. 7.5.1) 14. x = 4 (obj. 7.5.1) 15. No solution (obj. 7.5.2) 

16. x= a (obj. 7.5.1) 17. x= 3 (obj. 7.6.1) 18. x = 37.2 (obj. 7.6.1) 19, 151 flights (obj. 7.6.1) 20. $368 (obj. 7.6.1) 21. 102 ft (obj. 7.6.2) 

Transition Chapter 1.1 Exercises 1. The base isa. The exponentis3. 3, Positive § +11 and—11; (+11)(+11) = 121 
1 2 

and (-11)(-11)= 121 7,32 925 11.-36 13-1 15. -75- 17.049 19, 0.000064 21.9 = 23, 4-25. 5 

1 1 
27.0.3 29.1 31. Notarealnumber 33. -33 35. -46 37.0 39-28 41.4 43. : 45.1 “47,5 49. = 

2 2 D 10s yhyis 
51. —6x® 53. 11x°y? 55. 4y 57. (x+y)® 59. 24xy?z S61. — 6.8 65 67. —5x3z 69. earn t i TL 

x z 
2 4 4 Bi 1 

Pe 75, rp, Ge ty)? 81. 20" 8a ay 98, S97, ee Lo 93, 38 x 101 
166" 8x'*y y b 4x 5 y 

95. 1.73 x 10° 97. 8.3 x 10°! 908.125 x10* 101. 713,000 103. 0.307 105. 0.000000901 107. 4.65 x 10° 
109. 3x 10' = 111. 1.06 x 10° 8g 

T.2 Exercises 1. Trinomial, degree 2 3. Monomial, degree 8 5. Binomial, degree 4 LEG Oey) 11. 6 13.316 
14 

15. 10m? + 4m? —6m-13 17. 5a2-—a?2+12 819. ax +32 21. —3.2x3 + 1.8x7-4 23, 10x? + 61x + 72 

25. 15aw — 20bw + 6ad — 8bd =. 27. -12x? + 32xy — Sy? 29. —28ar — T7rs? + das? + 11s4 31, 25x? — 64y? 33, 25a? — 20ab + 4b? 

35, 25r2 + 30r +9 37. 36-—25x* 39, 9m® + 6m? +1 = 41. 6x2 — 10x? + 2x 43. —2a*b + ab +5ab 45, 2x? — 5x? + 5x — 3 

47. 6x? — 7x2y — 10xy? + 6y> 49, 3a -11a3-21a? + 4a +5 51, 2x3 — 7x? -— 7x +30 53, —2a3-—3a? + 29a — 30 

55. (4x3 + 12x? + 13x + 20) ft? 

T.3 Exercises 1.10(8-y) 3.S5a(a—5) 5. 4a(ab’-2b+8) 7. 6y’(Sy?>+4y+3) 9, Sab(3b + 1 — 2a”) 
11. 10a*b?(b —3ab +a-—4a?) 13, (x +y)(3x-2) 15. (a—3b)(5b+8) 17. (a+5b)(3x +1) 19. (3x — y) (2a? — 5b?) 

21. (5x + y)(3x -—8y-—1) 23. (a-6b)(2a-3b-2) 25. (x + S)(x? +3) 27. (x +:3)(2-3a) 29, (b — 4) (a — 3) 
31. (x —4)(5+3y) 33. (x -3)(2-—3y) 35. (x+7)(x+1) 3% (x-5)(x-3) 39 (x-6)(x-4) 41. (2 +9)(a—5) 



SA-20 Answers to Selected Exercises 

43, (x — Ty) (x + 6y) 45. (x — 14y)(x - y) 47, (x? — 8) (x? + 5) 49, (x? + Ty?) (x? + 9y?) §1,.2(e 11) ee) 

53, 1% (4 — 4) SS ee Le — 1), S7-(Bx 15) \ (xed ly) 59, (3a — 5) (a — 1) 61. (4a—7)(a + 2) 

63. (2x + 3)(x +5) 65, (3x2+1)(x7-3) 67. (Ax + y)(2x+1ly) 69. (7x-—3y)(x+2y) TL x(4x + 1)(2x — 1) 

73, 5x?(2x + 1)(x + 1) 

T.4 Exercises 1. The problem will have two terms. It will be in the form a* — b*. One term is positive and one term is negative. Pp Pp 
The coefficients and variables for the first and second terms are both perfect squares. So each one will be of the form 1, 4, 9, 16, 25, 36, and/or 

x2,x4,x® etc. 3, There will be two terms added together. It will be of the form a? + b*, Each term will contain a number or variable cubed 
or both. They will be of the form 1, 8, 27, 64, 125, and/or x, x°,x?, etc. 5 (@+8)(a-—8) 7 (4x+9)(4x-9) 9 (8% +1)(8x - 1) 
11. (7m + 3n) (Im —3n) 13, (Oy + 9)\(l0y— 9) 15, Cl = Gry) = Oxy) 2 (a: Si) (493) = 19. ol 2) (eee) 
21, (3v-1)? 23, (7x — 1)? 25, (9w + 2t)? 2% (6y+ Sy)? = - 29, 2ST Sx(a — 4)? 33, (x= 3h (no oe) 

35, (x + 5)(x? — 5x +25) 37, (4x —1) (16x? + 4x +1) 39. (2x — 5) (4x2 + 10x + 25) 4, (1 — 3x) (1 + 3x + 9x?) 

43. (4x + 5) (16x? — 20x + 25) 45, (4s? + 0?) (1654 — 457¢? + ¢4) © 47. S(y —2)(y? + 2y +4) 49, 2(Sx + 1) (25x? — 5x + 1) 
51, x(x — 2y)(x? + 2xy + dy?) 53. (x —9)(x +7) «8B. (3x + 2)(2x-—1) 857, (Sw? + 22)(Sw?- 2?) 59, (b? + 3)? 

61. (y-—3)(22+5) 63 (ab+1)(b?> +c) 65, (3m>+8)(3m>-8) 67. (6y7-5)? 69. 5(3z* + 1) (3z4 — 1) 

71, (5m + 2n) (25m? - 10mn + 4n?) 73, 2(x + 8)(x- 6) 75, 3(3x + 2)(2n +1) 77. Ba(Sx—1)(x +2) 79, 2x(3x — 2)(x + 5) 

81. 3(2a — b)(4a2 + 2ab +b?) = 83, (2W — 5z)? 85, 9(2a + 3b) (2a — 3b) ~— 8.7. (4x? + 9y?) (2x + 3y) (2x — 3y) 

89, (Sm? + 2)(25m* — 10m? +4) 991. (Sx +4) (Sx +1) 93. (7x -—4)(7x-—1) 95. A = (4x + y)(4x — y) ft? 97. One possibility 
is to have 6x + 5 rows 5x — 1 trees in each row. Another possibility is to have Sx — 1 rows with 6x + 5 trees in each row. 

: Wa: 
T.5 Exercises Ly=-5r+8 3. y = 5x + 33 8 y=-ar+e bales 9, pa Sey ae i. y= -3 

13. 5x — y = -10 Seo 8 17, 2x "Sy —15 19. 7x —y=-27 21. Neither 23. Parallel § 25. Perpendicular 

yids 27 8x9 

4 6,6 3 10 

Chapter 8 s.1eExercises 1°" 3%? 52 72 9592 ays 132% 15,295 17, a7 
1 bis 1 :] 4/7 7/8 1/2 a . 1/6 19, x 21. a 23. y 25. 7 CT 29. An 31. aa 33.243 35.8 37.-32 399 41, xy!/ 

5/2 

43, —14x7/!y'/12 45, 64/3 47, 2x7/!9 go, -* 51, 2ab 53, 16x"/*y5z_ 55, x? — 39/1557, 3/8 + 2m'5/B 50, 5 

3y +1 1 + 6f4/3x4/3 i 
61.55 63. 32 (C«65, 69, 2a(Sa'/4 — 2079/5) 71, 3x(4x¥3 - x3) 7B. a= -: 75, Radius = 1.86 m 

yl/2 i x1/3 

77. Radius = 5 ft 79x = 5 80. x = -3 

Quick Quiz 8.1 See Examples noted with Ex. 1, —12x‘/*y3/4 (Ex.3) 2, 2x!/3 (Ex.3) 3. 125x3/8 (Ex. 1 and 5) 
4, See Student Solutions Manual 

8.2 Exercises 1, A square root of a number is a value that when multiplied by itself is equal to the original number, 

3. W—-8 = —2 because (—2)(—2)(—2) = -8 5. 10 bie) 9, -; 11. Not a real number 13. 0.5 15. 0, 2.8, 4, 4.9; all real 

numbers x wherex = —3  =-17. 0,1, 2, 2.2; all real numbers x where x = 10 19, fox) 21, 23.4 25, —10 

sdasraces 
fx) = Ve = 1 

21.2. 2.3 SER Sats | SK -; 37. y"3 a0. mS) aay A (aD) | 45.1 24/3) 1/20 gt Orgy, (aye OP aoe 
4 ah 

SL. xty 53. 6x4y? 55, 20’b 087. Wy4or (Wy) 59, : 61. V(a + 5b or(Wa+5b) 63. W(—x)3 or (W =x)" 
3 49 

3 2 
65. W/8x°y3 or (W2xy) 67. 27 5 72 a 75, 11x? 77, 12a°b 79. S|x| 81. 2x? 83, |x|y® or |xy4| 

X 

2 
85. |a*b| 87. Sx5y? 8x = 

5 

aly 
125 

8.3 Exercises 1.2V2 33V2 52V7 7.5V2 93x 11. 20°°V/10b 13, 3xz?V/10xy «15,2 «17. 25 

19, 3W2a? 21. 3ab?Wa? 23, 2x4y4W5y 25, 3pWkp? 27, -2xyWy a =4 3 12S 33, 4/9 — V7 

Quick Quiz 8.2 See Examples noted with Ex. 1, ==> (Ex.9) 2 —4(Ex.1) 3. 11xy°(Ex.7) 4, See Student Solutions Manual 
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38102 9-37. 11-73. 39. -5V2 4 043. 26) 45. 83x47. 19V 2x 9. BV — Ve a V2x 53, 11°82 

55. 4xyWx — 3yWxy? 57, 20.7846097 = 20.7846097 59. 7.146amps 61. 3.14sec 63. x(4x — Ty)? 64. y(9x + 5)(9x — 5) 
65. 4x? — 9 66. 4x7 + 12x +9 

Quick Quiz 8.3 See Examples noted with Ex. 1. 2x3y*\/30x (Ex.5) 2. 2x5y3W/2y (Ex.5) 3. 10/3 (Ex.7) 4. See Student 
Solutions Manual 

8.4 Exercises 1.35 3.-8V21 5.-24V5) 7.-3V5xy 9. -12x°VSy 1 15 Vab — 25Va 13. —3V2ab — 65a 

15, -a+2Vab 17. 14V/3x -35e +7V5x 19.22 -5V/2. 2. 4 - 6V6. 2314 +11 35x + 60x = 28, V5 + 334 2/10 + 2V6 

27. 29-430 29.81-36Vb+4b 31.3x+134+6V3x4+4 333xW4—-4°VWx 35.1-V/12+ VW18 37. : 

2V/3x 2xyPW x? yw sy? 3V2 2V3 Vy Vay V3x  . x(V5 + V2) 
39, 41 45. E : : : : 

Ty? 3 4S. a 3 2 ui 3 F Sy pe y Ee 3 

Voy - yV2 3x — 3V3xy + 2 5 
rae Ge 5/5) 50, Seer Seog 44 4/15) 63, pyaar V6... 609, 9V2x 

6 — 2y Sey 4x 

71.3 — V5 73. 1.194938299; 1.194938299: yes; yes 75. 7, $79.58 79, (x + 8Vx + 15) mm? 
4(V2 - 3V5) 

Siu(—3. 5), 82. (2, 0, —4) 83. 41.5% 84. 18,900,000 households 85. 52,290,000 households 

: : V3x + 9V/5 Quick Quiz 8.4 See Examples noted with Ex. 1.8 + V15(Ex.3) 2 2 : = (Hix, 9) on. 3. NS ex 12) 4. See Student 
Solutions Manual 

Use, Math to Save Money 1. $545.75 2. $578.06 3. He did not deposit enough money to cover the checks he wrote for May. 

But the $300.50 he already had in the bank will help to cover his expenses for May. 4. $268.19 5. Eventually Terry will be in debt. 

6. Answers will vary. 7. Answers will vary. 

8.5 Exercises 1. Isolate one of the radicals on one side of the equation. 3.x =3 §.x=3 7y=2,y= 9x =3 

11. No solution 13. y=7 15. y = -2,y = -3 17,.x =3,x =7 19. x =0,x = 5 21. x = 3 23. x = 25. x = 12 

27, x =0,x =7 29, x = : 31. x = -3,x = -4 33. x = 0,x = 8 35. No solution 37, x =9 39. x ~ 3.3357,x = 0.9443 

2 
41. (a) S = a (b) 75 ft 43, x =0.055y?+1.25y-10 45.c=1 47. 16x* 48. os 49, -6x°y>_ 50. —2x7y 

iG 
51. Approximately 1.33 mph 52. 16 dogs; 12 cats 

Quick Quiz 8.5 See Examples noted with Ex. 1, x = 1,x = 4 (Ex. 1) 2. x = 2 (Ex. 2) 3. = 5 (Ex, 3) 

4, See Student Solutions Manual 

8.6 Exercises 1. No. There is no real number that, when squared, will equal —9, 3. No. To be equal, the real parts must be equal, 

and the imaginary parts must be equal. 2 # 3 and 3i ¥ 2i 5. 51 Tet 7 9, > 11. —9 13. 2+ iV3 15. =2.8' + 47 

17, -3 + 21V6 19," 0 ee eel 23. x =5;y = -3 25.x = 13;y =2 27. x = -6,y = 3 295 —5) iy 

Tee 33, 124215 35914 937. 4238. 7 ai HO 0-4 i . -V 
4 

— ae , 
10 + 3/5 2 Eo es es, 1 ss. 1 or. 4 Ose * oc 2a * Ge Seta Sw, EY ee a as de 

=o — ot 19 FS F Boetraor . 35.42) Li Ton Li oe , ; ’ 
67. 6 or 3 6! 69. —2i 71. 61 or 61 + 61. 73. B or B 13! 78. TiV2 The 2 — Sp 79, 12 War 

il = Si ie eS Y a Ree 5» et ae i 
5 or Bie 5° 83. Z = = or ay 85. 18 hr producing juice in glass bottles; 25 hr producing juice in cans, 62 hr producing 

juice in plastic bottles 86. $96,030 

81. 

Sone Mellie 2 
Quick Quiz 8.6 See Examples noted with Ex. 1, 32 — 9i(Ex.6) 2 ree i (Bx. 9) 3. i(Ex.8) 

4, See Student Solutions Manual 

8.7 Exercises 1. Answers may vary. A person’s weekly paycheck varies as the number of hours worked. y = kx, y is the weekly salary, k is the 

hourly salary, x is the number of hours. 3 y= « 5. y = 52 7. 71.4 \b/in.? 9. 160 ft 11. y = 500 13. 2993 gal 

2 
15. 3.9 hr 17. 400 Ib 19, Approximately 3.1 min 21. x = at =2 22. x = 1,x = -8 23. $460 24, 55 gal 

Quick Quiz 8.7 See Examples noted with Ex. 1. y = 4.5(Ex.2) 2 y=3(Ex.4) 3, 135.2 ft(Ex.1) 4, See Student Solutions Manual 

Career Explorations Problems 1, 174.2 feet and 79.5 feet; overall length is approximately 254 feet long 2. 1078 yd? 
3. 20-foot light pole: 6093.75 lumens; 30-foot light pole: 2708.3 lumens — 4: 38.4 ft 



SA-22 Answers to Selected Exercises 

You Try It 1/5 1/3, —1p,-1/12 SEH Aas! 3, —6x 1/4 5 a’ 1 ale 
ou ry 1 (a) x (b) 2 ab (© inp 2. —4a je —OX 4, Oe (b) > (35 Sat =v 6. 1 

4 

7. (a)2 (b)-1 (c)Notarealnumber 8 (a) Vx4or (Wx) (b) 0/4) 81_~— 9 (a) |x|, () yy — 10. —4m® 11. (a) 2x? Vx 

4 

(b) 37s? W/2r = 12, 302s 13, (a) 330. (6) 18V2-9V5 (1 - VIS ree 15. @¥s (b) -4V2-4V3  16.x =9 

17. (a) 10i ~ (b) 21V6 18. (a) 11 — 6i (b) -1 + 27 19,19 ii 20. 1 21, a ee = a 22. y = 36 23. w = 0.5 
5) a 

: 15x° Se a 2 Chapter 8 Review Problems 1. 2 40°? 3,37 4, Se a PS ae 
ye 2 32y'/2z4 

2x + 1 1/2 _ 3-1/2 u ; 1 9, =k a 18 Bhi Caeie — apo) ibe) 12. -2 13; Ei 14, 0.2 15. Not a real number 16. > 17. 16 18. 625 
x 

19. 7x2y5z_ 20, datb!? = 2, -2a4b5c7 «= 22, Txlly = 23, 7/52, (2b)? 25, (Sa)'/3 26, (xy)75 a. Vm S28, Wy or (Wy 
2 

29, Woz? or(W3z) 30. Wax or (W2x) 3. 832.9 33. 3 34.0.7 35.6 36. 125095 =. 37.112 38. 13-7 

39, 25V3 _ 40. 8xV5x 4, 1 V2 — S242, -6W/2 43, 902 44, 24x V5 45, 12/2 — 36x 
46. 4V/3a - 3aV7— 47. 2bV Ja — 20°V21c 484 -9V6 49. 74-1230) 50, 2x — Wry + 2 3x2 -— Woy SL. (a) f(12) = 8 

yV6x 3Vsy 
(b) All real numbers x where x = —4 52. (a) f(9) =3 (b) All real numbers x where x S 12 §3, - 54, mS 55, V3 

3x — Vxy + 3V5 2+3V2 W/4x? =7T+ 
6 2V642V5 | N5g, VST IVS Wg, 24 a s/s ae i Da y=-3 

ONE ty, 2 ik 2y 2 

630-9 = 1G 64. —10 + 2i 65. 21 + 9 66. 32 — 247 67. —8 + 6i 68. —5 — 4i 69. —1 70. i 71. As ee or x = i 

Vie ee sy ey ees 18 + 30i 18 , 30, 7 ” “ tj 
72. 10 oF 9 stp 10! 73. 5 or 5 5 74, ri or 7 ate 17! 75. x =9 76. x =3 77.x=4 78. x =5 

3 
79, x =5,x=1 80. x =1x= 2 81. y = 16.5 82. 62.5 g 83. 3.5 sec 84. y = 0.5 85. y = 100 86. 432 cm? 

i 9/4 

How Am | Doing? Chapter 8 Test = 1, —6x°/*y!/? (obj.8.1.1) 2. Pe (obi. 8.1.1) 3. 89/2x"/? or 16(2x)!/? (obj. 8.1.1) 

4, 5 (obj. 8.1.1) 5. —2 (obj.8.2.1) 6. + (obi. 8.2.1) 7. 32 (obj. 8.2.1) 8. Sa2b*V3b (obj. 8.3.1) 9. 7a2b? (obj. 8.3.1) 

10. 3mnW/2n? (obj. 8.3.1) 1. 6V6 + 2V2 (obj. 8.3.2) 12. 2V10x + V3x (obj. 8.3.2) 13, —30y V5x (obj. 8.4.1) 
V 3x 

SV 5H (obj, 8.4.) Thee 7 (0bj.8.4:3). 18 me 

19, x = 2,x =1(0bj.85.1) 20. x = 10 (0bj.8.5.1) 21, x = 6 (Obj. 8.5.2) 22. 2 + 14i (Obj. 8.6.2) 23, —1 + 4i (Obj. 8.6.2) 
Pie 13° tt 
<r "or 5 t 7pt (obi: 8.6.5) 26, 27 + 36i (obj. 8.6.3) 27. —i (obj. 8.6.4) 28. y = 3 (obj. 8.7.2) 

14. 18/2 — 106 (obj.8.4.1) 15. 12 + 392 (obj.8.4.1) 16. (obj. 8.4.3) 

24, 18 + i(obj.8.6.3) 25 

29, y= > (obj. 8.7.3) 30. About 83.3 ft (obj. 8.7.1) 

Chapter 9 9.1 Exercises 1.x= +410 32x=+V3 Sx=42VI0 2x= 49 9,x= 44) 

17. x 
-1+ 

1.74=342V3 x= 9+ V2 1s, x= =3x=-3 Pee 1 x = <6 n x= 23¥2 
=i) a —5 + = 

2x=-542V5 2.x =442V7 Wx =6x=8 Wxr= a 31. y = s3 MS 33, x = ae 

sie 7 ciel 
35.x=-2+V10 32x=4x=-2 3,x= +512 ee 3, 23 V7 

48, (-1+ V6)? + 2(-1+ V6) -520;1-2V6+6-24+2V6-520;0=0 ¥ 4% x=12 49, Approximately 1.12 sec 
51.8 527 53.40 54.4 

2V3 . . + 

Quick Quiz 9.1 See Examples noted with Ex. 1. x = See (Ex.5) 2x=4+2Vi1 (Ex. 6) Sin 
4. See Student Solutions Manual a 

= a fa 

9.2 Exercises 1. Place the quadratic equation in standard form. Find a, b, and c. Substitute these values into the quadratic formula. 

-1 + V21 -34+V -3 + 
2. onetcal ok MogtiaeeeN SS 9, 3m Dlx em (ies ee <2 B, x= 23 2 Va 16) 

P 4 3 4 8 2} 

allie eA) + 1, x= y= =4,<1 a fans 3.2=24Vi0 By=6y=4 2,x=-2 + 22 

iV22 4 + iVS =t 9 29, x= = , 31. x = 3 33, x = : 5 gL 35. One rational root 37. Two rational roots 39, Two irrational roots 
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41. Twononreal complex roots 43. x7 - 13x + 36=0 45. x7+13x+40=0 47.x7+49=0 49, 4x?-5x-6=0 
51. x ~ 1.4643,x ~ —2.0445 53, 18 mountain bikes or 30 mountain bikes per day 55, —3x* — 10x + 11 56. —y* + 3y 

Tae 8 AL 
Quick Quiz 9.2 See Examples noted with Ex. 1. x =~ (Ex.1) 2 x= —gx=1(Ex5) 3.x =-—7-— (Ex.6) 
4, See Student Solutions Manual 

9.3 Exercises 1.%=+V5,x=+2 3%=+V3,x= +21 gy NS ache Mx=2x=-1 %2x=0,x= 7% 

W54 1 8 1 
ree 2.x = + x= t— . 15, w= =-64,x = .£=—x=-—, 19x= i 1H Be alte 1 136 3 these are the only real roots. 15. x 640% =327 817: x 64 x 7 19. x = 81 21, 756 

23.x=32,x=-1 2%x=Wix=W-2 220x= -1,x=-2,x=-4x=1 Mx=9,x=4 31. x = -> 33, r= r= -5 

15x + 6 
35. x= 2 = ; 3702s. a goss «30, 3V10 -12V3 40. 6 — 2V'10 + 673 — 230-4. Less than HS. diploma 29.4%; 

HS. graduate 33.0%; some college or associate’s 32.6%; Bachelor’s degree or higher 34.1% 42. An additional 7.0 weeks 

Quick Quiz 9.3 See Examples noted with Ex. 1.x = +4,x= +V2(Ex.1) x= pt = -2 (Ex 5) 3. x = 125,x = -1(Ex.3) 
4. See Student Solutions Manual 

Use Math to Save Money 1. TheGoldplan 2. The Silverplan 3. The Silverplan 4, The Bronzeplan 5. $30 
6. $60 7. $90 8 TheSilverplan 9, $2319 

i VIR — + 2 
9.4 Exercises 1. += VS 27> 21/8 5 = Ge oe ee gy = + | 2 

4 3\V ar 2a 2 

V- 7Rh 3a E + VE? — 4RP —5t + V25t? + 72 —th + Vah? + Sx 
11, r= +,/———_ 13. x=0,x=— 15. = —————_ 17. w= 19, r= 

th 7b 2R 18 7 

-5 + V25 + - 5 5 ; 2 x= = a BOSS 2VS 2 a= Vis Baa Ce, = ase 29, 5V2in, 31, Width is 0.13 mi; 

length is 0.2 mi 33. Width is 7 ft; length is 18 ft 35. Base is 8 cm; altitude is 18 cm 37. Speed in rain was 45 mph; speed without rain 

/ 3( Vx — Vy 
was 50 mph 39. 30 mi 41. 2,275,000 incarcerated adults 43. In the years 2003 and 2016 45. a 46. = 47. re 

Ag 9 = 2/2 : 
—Ty + V49y? + 120w 

Quick Quiz 9.4 See Examples noted with Ex. 1. y = + 0? (Ex 1) 2z= 

3. Width = 7 yd; length = 25 yd (Ex. 8) 4. See Student Solutions Manual 

D (Ex 3) 

9.5 Exercises 1. V(4,1); (0,15); (3,0), (5,0) 3. V(—4,25); (0,9); (-9,0),(1,0) 5. V(—2,-9); (0,3); (—0.3, 0), (-3.7, 0) 
gay a) 

= ee —6\: = i, os =e = £ V =(3,-1) Te v( 2 5 ): y-intercept (0, —6); no x-intercepts 9 v( > >) (Oa) (1,0), (C250) 11 ea Na 

_ fle), y-int. = (0, 8) 

Aaa bes 8 

13. V =(-1,-9) 1s; V = (4,4) 19, V = (3,-4) 21. V = (2,0) 
4-int. = (—4, 0); (2, 0) x-int, = (2, 0); (6, 0) -int, = x-int, = (2,0) 

_ fe) y-int. = (0, 4) (0, -8) POH ae -int. = = = (0, -12) B(x), Y-int. = 

4 pope P+ ie - 8 peers a1 n= ae + Gt fe) =x? = ax + 4 

23. V=(0,-4) 25. N(10) = 1229.8; N(30) = 2686.6; N(50) = 5735.4; N(70) = 10,376.2; N(90) = 16,609 

ie vin = A eA 27. N(60) ~ 8000. Approximately 8,000,000 people participate in boating and have a mean income of $60,000. 
EH weeer ee 29. Approximately 68. This means that 10,000,000 people who participate in boating have a mean income of $68,000. 

eae ae ee ee 31, P(18) = —220; P(20) = 0; P(28) = 480; P(35) = 375; P(42) = —220 33. 30 tables per day; $500 per day 
mae © 35. 20 tables per day or 40 tables perday = 37. 56 ft; about 2.9 sec 

“N 39. x-intercepts (—0.3, 0) and (2.6, 0) 2 41. a = 3,b = 8,c = —10 
mea dane 43, (3, 1,2) 44. (3, —5,8) 

fix) =x? -4 =2 
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Quick Quiz 9.5 See Examples noted with Ex. 1, (-1,8) (Ex.1) 2. (0,6); (-3, 0), (1,0) (Ex. 1) 
4. See Student Solutions Manual 

9.6 Exercises 1. —+—+—>-——+—+-++ +> 3. -+ SOO 
3 8 —4 0 pe i 9 

hae Oo itil, oui 
-3 -2 -1 O11 2 2 8 2 

2 Se 
-3_ 0 4 

13, ~<—#—+—_+_+_ +o 15>. —-3=x<1 
-10 0 4) -4 -3 -2 -1 Oe esl 2 3 

17. x < -—60rx > ee ee 19. No solution axe ieee + 
2 -6 5 -4 

PRI fi, Sau es eae eT 25. =40= F = S18? 27. $555.46 < d < $647.20 29,4 <3 eh Beeson = il 

S35 2 ON Bes 2 Sk = 39. No solution 41.x=5 43. o< es 
wlr 

45. The boundary points divide the 

number line into regions. All values of x in a given region produce results that are greater than zero, or else all the values of x in a given region produce 

results that are less than zero. AS Oe teense ie 8) SS SS tie 
-4 -2 0 yee} -5 0 5 

St ee 53. x <—-Sorx >4 $5, -Tsx<3 57. x < -Forx >} 
2 

= OR 

59 10 == 3 61. Allrealnumbers 63. x = 2 65. Approximately x < —1.4o0rx > 3.4 67. Approximately —0.8 < x < 1.8 

69. All real numbers 71. No real number 73. Greater than 15 sec but less than 25 sec 75. (a) Approximately 9.4 < x < 190.6 

(b) $57,000 (c) $66,000 77. $400 for the 2-hour trip, $483 for the 3-hour trip 78. 9 adults; 12 children; 2 seniors 

Quick Quiz 9.6 See Examples noted with Ex. 1. -* =< = 2 ((Ex8) 2 o.onx =) 1 (Bx, 7) 3. = or ee Oo) (Exeil0) 

4. See Student Solutions Manual 

9.7 Exercises 1. It will always have 2 solutions. One solution is when x = b and one when x = —b. Since b > () the values of b and —b are 

always different numbers. 3. You must first isolate the absolute value expression. To do this you add 2 to each side of the equation. The result will 
be |x + 7| = 10. Then you solve the two equations x + 7 = 10 and x + 7 = —10. The final answer is x = 3 and x = —17. 5. x = 30, —30 

Te t= 8022 9. x =9,-4 11. x =.2,7 13. x = 6, -10 15. 12-22 17. x = —9, 15 19, r=-35 

i 5 : ill ae ih 
21 = Sl IRS $e SSI 25. = 351 Zire 012 29. x = 0, -8 31. x = — 33. No solution Ss. —=— 3S 

3 4 ey TIS 
-9.5 0.5 

7. 8 218 Oe >. 55 <i sh —————— 
-8 -4 0 4 8 -10 -8 -6 -4 -2 0 2 

4.28458 43. ee 
-4 2 0 2 4 6 8 10 -4 0 Bi) 

45. -1<xs<2 4—Weo 32 EK—iE=—=<10O——————— I 
-1 O 2 —32 0 16 

1 2 

1 or wad a3 
‘S48 oe ——————— «SOS. 3 ss = ee 

-4 0 8 3 3 -4 0 4 

53. x < -5 orx >hb—e———SS  ——- §§.x<-S5Sorxs> 1 <= i 
—5 0 5 -5 -1 0 

aut 
i 74 

57. x = -1 orx =>=3~<_+1_1W1__o-—— 50. x < -~-orx 241] | ++! 
-1 0 3 2 -1 0 4 

10 
61. x < 10 or x > 110 gp —}—$§$_} — Sp 63. x < —5 or x > 15 —<——}—_}—_}+—_}— [> 

0 110 -5 (0 15 
3 6 

(5 We bas 7 (ih =) SS 2 G9) hss ore 2 71. 18.53 = m S 18.77 73. 17.75 =n = 17.81 75. Sxy? 76, a 
x 

ick Ou a7 2h Di 4 
Quick Quiz 9. See Examples noted with Ex. LS) (BX) eee = 3S (Ex 5) 63. <= —1 Sor) ah ee) 
4. See Student Solutions Manual 2 2 5 

—3 + 
YouTrylt 1x= +2V5 bee EDS Rxer=4tV2l 42° -G@-11=0 Sx=1 6 @ x=-52=3y 
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9, x > -8andx <2 
' + Vw? + 36 Cee ay (ee HSB 

—9 -8 -7 ~6 -§ =-4 -3 -2-1 0 1 2 

(}-% Ne H 10. x = —20rx =3 

Aa) a + um 4 eed aa a2\ =i) 0. 1) 2 3) ans 

3 ath 16 i ey < 3 3 12.4 = 20 ee — "3. 12 =< <5 
2 3 -14-12-10-8 -6 -4 -2 0 2 4 6 

—3=? =f 0 A 2a seed Ss 

14. x < -120rx > -4 
-—14-12-10 -8 -6 -4 -2 0 2 

: oe 
Chapter 9 Review Problems 14.x=+2 2%2x=1,-17 3x=-4+V3 4x=2 Be i ue 

+ A/ 

Bx=2+V6 6 r= 52 axa &x=7,-2 9 x= 0,5 19, x= 250 11. x = +V2 12, x= 55 

—5 + -l+i 
3.x=-1+ V5 14.x= +2iV3 oe oe Vi 16. x= - 54 17,x = 4 18 x= -3-1 

5 5 
19. y= -6 =H 20. y = —-S,3 21. y = 0, wr 22, x =—2;3 23. Two irrational solutions 24. Two rational solutions 

3 

25. One rational solution 26.x7-25=0 22%2%27+9=0 2% 8r2+14xr+3=0 2%x= +2,+V2 0. 2=- 25,95 

3+ V9 +28 
3L.x%=27,-1 32x=+1,+V2 33, A= 2,/94 34, 1 = +V3ay — 2b ame 36. d= 7,-7 

—2a + Vda? + 2+ V4 —- 6y? + 3AB 
37, y= “s ae = 38, x = - 39, c= V22 40. a = 4V 15 41. Approximately 3.3 mi 

42, Base is7 cm; altitude is20cm 43, Width is 7 m; length is 29 m 44, 20 mph for 80 mi, 10 mph for 10 mi 45, 50 mph during first part, 

45 mph during rain 46. Approximately 2.4 ft wide 47, 0.5 m wide 48, Vertex (3, —2); no x-intercepts; y-intercept (0, —11) 

49, Vertex (—5,0); x-intercept (—5,0); y-intercept (0, 25) 50. V =(-3,-4) 51. V = (3,4) 
x-int, = (—5, 0); (—1, 0) x-int, = (1,0); (5, 0) 

Slo Y-int. = (0,5) fix) y-int, = (0, —5) 

1 eae Uae atte 

52, Maximum height is 2540 ft; about 25.1 sec for complete flight 53. R(x x(1200 — x); the maximum revenue will occur if the price is $600 

foreach unit. 54, —-———— = +> = 55. 6——_— 
-3 0 2 - -4 -2 0 5 

57, — nt tO, tr (EO”™D”._——— ee 
=5 ~1 -8 =3 4 5 

60. x >9 orx <1 61. Nosolution 62, -6<x <3 63. -45xs 15 64, 12 S15 65, All real numbers 

66. -9< x1 <2 —+ +t a KO SS OO ee 
-9 2 | 

4 
6 -S<x<2 0. 5 70. x<-Zorx> 3 71. xs —6orx = =—2 72.x< —8orx >2 

713. 6 = 1A ot x > 2.6 74, No real solution 75. x = 4,3 76, -° =xs 2 Tinie = =o ore 2 

1 1-19 -+ 
Sa at 19. = 15 Sek SF — 1 Sehnert ine -22 0 8 2 Z a ct 

80. x = -4 orx 25S ——¢—_}—_+—__+—_ > 81. x = 4 orx =6 
-4 0 5 4 6 

‘ + 
How Am | Doing? Chapter 9 Test 1.x =0, — 5 (obj. 91.2) "22 = 3 VB (obj ea) fx = 2, —* (obj. 9.2.1) 

+ j ~ 
4, x = -2,10 (obj.9.2.1) 5. x= + 2V2(0bj.9.11) 6 x= Z 31 (obj. 9.2.1) Fane : 7 “(obj.9.2.1) & x= 34 ee 9,2.1) 

’ io an , xyw 9, x = +3,+V2(0bj.9.3.1) 10.x*= gg (Obj. 9.3.2) UL. x = 64, —1 (Obj. 93.2) 1 z= +, |p bi. 9.4.1) 

-—b + Vb? - 30 , ater 
13,.9= ieee JP 5.3 (obj.9.4.1) 14, Width is 5 mi; length is 16 mi (obj.9.4.3) 18. ¢ = 43 (obj. 9.4.2) 

5) 
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16. 2 mph during first part; 3 mph after lunch (obj. 9.4.3) 17. V = (—3,4); y-int. (0, -5); x-int. (—5, 0); (1,0) (obj. 9.5.2) 

9 
18. —5 <x <1 (0bj.9.6.3) 19. x < ~2orx = 1(obj.9.6.3) 20. x= ~Forx=3(obj.9.64) 21. -2 < x < 7 (obj. 9.6.4) 

9 
22, x < —4.5 orx > 1.5 (obj.9.6.5) 23. x = -1,% (obj. 9.7.1) 24, x = 6, -18 (obj. 9.7.2) 

15 8 . Sx 53 05.974) <1 oe = S93) eet 25 7 = x <3 (obj. 9.7.4) i t : 26. x < 3 Or x > 2 (obj. 9.7.5) s 

7 3 

, Sly? lige es 
Cumulative Test for Chapters 0-9 1. —, qo 7 @ - SE Oaei2 4 

x 

6 14 
5 m= -5 6. (2,-5) 7 (Sx — 3y)(25x2 + ISxy + 9y?) 8 Oxy V2x 9 46-272 10. * 5 iN 1 

+ SEU ray —5w + V25w? 
pict! yi eee 22 ee, 

3° 4 D 3 4 
Wisi = doe 

18. y= + oe Bou 19. V/13 20. Base is 5 m; altitude is 18 m 21. Vertex (4, 4); y-intercept (0, —12); x-intercepts (2, 0); (6, 0) 

1 
2. On = —2 2A k= lors 3 8 = 5y=-2 26. —20 =x = 12 2. x < -2zorx> 5 

Chapter 10 10.1 Exercises 1. Subtract the values of the points and use the absolute value: |—2 — 4] = 6 3. Since the equation 
is given in standard form, we determine the values of h, k, and ae find the center and radius: h = 1,k = —2, andr = 3. Thus, the center is (1, —2) 

10 V2 
andthe radiusis3. 5 VS  7.2V5 910 1 5 3, 2 Beste 17. y = 10, y= -6 19. y=Qy =4 

9 ? 

2.x =3,4=5 23,4400 8 25.4 + 3)? + (y—7)7 = 36) 27) CS. 29, v+(y-2) = 3 

35. 37. (x — 2)? + (y + 5)? = 25; center (2, -5),r = 5 
39. (x — 5)? + (y + 3)? = 36; center (5, —3),r = 6 

Bee = 17 ( 3 ) 17 
M = + = —_— se = —— 41 (: ar 3 y qo center 79 iF 5) 

LH Hi 43. (x — 61.5)? + (y — 55.8)? = 1953.64 
(«- 5+ (9 - 3? = 16 hilt a 

-1+ V5 aN ; 
45, 2 AT shia 48. x = a. 49. Approximately 8.364 x 10! ft? 50. Approximately 81 sec 

=14 

Quick Quiz 10.1 See Examples noted with Ex. 1, V/29(Ex.1) 2 (x — 5)? + (y+ 6)? =49(Ex.3) 3. (x + 2)? + (y-3)2? = 
center (—2,3);r = 3 (Ex. 4) 4. See Student Solutions Manual 

10.2 Exercises 1. y-axis;x-axis 3. If it is in the standard form y = a(x — h)? + k, the vertex is (h, k). So in this case the vertex is (3, 4). 

5, th 11. 
rE sara 
+ + +y-int ou 
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Lx-int (7,0) 

x 

x= (y— 2) +3 

27. y= = 2)? -—5 (a) Vertical (b) Opens upward (e) (2, —5) 29, y = -2(x — 3)? +2 

(a) Vertical (b) Opens downward (c) (3,2) 31. x = (y +4)? -—7 (a) Horizontal (b) Opens right 

(c) (—7, -4) 33. y= —x? 35. Sin: 37. Vertex (—1.62, —5.38); y-intercept (0, —0.1312); x-intercepts 

are approximately (0.02012195, 0) and (—3.260122, 0) 39, Maximum profit = $45,000; number of watches 
produced = 70 41. Maximum yield = 202,500 oranges; number of trees planted per acre = 450 43. 5xV2x 

44. 2xyWSy 45, 2x2 - 8V2x 46. 2x W2x — 20xW/2 47. 7392 blooms _—48.. Approximately 1098 buds 

Quick Quiz 10.2 See Examples noted with Ex. 1. Vertex (—2,5); y-intercept (0, -7) (Ex. 2) 2. x = (y — 2)? + 3 (Ex. 5) 

3. Vertex (Ex. 7) 4. See Student Solutions Manual 

cl EEEEHH vi 
y= es - 3)? =6 

10.3 Exercises 1. Inthe ellipse 
anh (yk)? eee 

a 5 = | the center is at (h, k). In this case, the center of the ellipse is (—2, 3). 
az 

x + Oy? = 81 

ae y? ey y 

aon eS , == 
re 0 

17. seg + Gp 1 et Gg =) 2A. 142 million mi 

27. 

(+5)? | yt+2)? _ A 
16 36 

gets (x - 30)? (y — 20)? 5(V2x + Vy) 
Gs 5)- -$ ———— = 131. tl 3305005 7.2768)), (nS: , (4.2783, 0), (2.9217, 35, ——__—_—_ ae 5) + a ( ), (0, 3.3232), (4.2783, 0), (2.9217, 0) ee 

36. 30/2 -2V6 + 40V3 -8 37. 22 weeks 

p : 2 ss x +3)? 4+ 2)2 
Quick Quiz 10.3 See Examples noted with Ex. 1. aa te = = 1 (Ex. 1) 2. \ 16 ) + 2 9 = 1 (Ex.1) 

3. err (Ex. 2) 4. See Student Solutions Manual 
nae 

CQ, Sie) 

(-1,-1) 

(2, -6) 
(x- 2)? (y+ 0? _ > ae 

Use Math to Save Money 1. Private loan: J = (10,000) (0.0465) (20) = $9300. Total Amount = 10,000 + 9300 = $19,300. 
Subsidized loan: J = (10,000) (0.06) (20 — 4.5) = $9300. Total Amount = 10,000 + 9300 = $19,300. 2. The total amount that 

Alicia must pay back is the same for each loan. 3. Total Amount + Number of Payments = Monthly Payment. Private loan: 

19,300 + (12 months x 20 years) = 19,300 + 240 = $80.42. Subsidized loan: 19,300 = (12 months x 15.5 years) = 19,300 + 186 = $103.76. 
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4, Private student loan Bb Total Number of Monthly 

Type of Loan Amount | Monthly Payments | Payment Amount When Payments Begin 

Private loan $19,300 240 $80.42 Immediately 

Subsidized loan $19,300 $103.76 6 months after graduation 

6. Answers will vary. 

. 2 2 

10.4 Exercises 1. The standard form of a horizontal hyperbola centered at the origin is = = a = 1 with a and b being positive real numbers, 
a 

3. This is a horizontal hyperbola, centered at the origin, with vertices at (4,0) and (—4, 0). Draw a fundamental rectangle with corners at (4,2), 
(4, -2), (—4, 2), and (—4, -2). Extend the diagonals of the rectangle as asymptotes of the hyperbola. Construct each branch of the hyperbola 

passing through a vertex and approaching the asymptotes. 7. 9, 

2 2 y Ka bee 

=r EAH I. tor 169 ~ 
| 2 2 V(i-V2 om Aa) = sae en ; 
Ee 19, 14,400 — 129,600 1, where x and y are measured in millions of miles 

Hi 
2 

a 

Sle pos 25, Center (—6, 0); vertices (—6 + V7,0), (—6 — V7,0) 

EE 7 YS a wy = + o0sssasizg Ht : "49 16% por 
VOB EET 31. Sd $= ot 
EAA ppebberet (x — 3)(x — 2)(x + 2) (5x — 1)(x + 2) (5x — 1)(x + 2) 

(Ce ia ae ee +2? (+1)? 33. $809.7 million 34, 88.2 million barrels 
4 9 ED aarres Rt, 

. . ; 2 2 

Quick Quiz 10.4 See Examples noted with Ex. 1. (0,1), (0,-1) (Ex.2) 2 a - = Sxl(Ex. 1). 3 

4, See Student Solutions Manual 

x y 

10.5 Exercises 1. (41), (2, -2) 3. (42), G2 et gee 2 5 (=2,3), (1,0) 

a? 7. (-4,0) (-2 -¥8) 
> ) 5M 5 

oa 5 3 
9 See eS. Se i G).20 (33) 

ar tae 

13, (3,2), (=3,2), Gr 2) (3, —2) 15. (2.5 V2) V5), (=2, =V5) 

7 (ea (a aN ae Se Pos Sri 33 ees he ea. 

19. (2, V3), (-2, V3), (2,-V3), (-2,-V3) 2. (3-2), (-43) 

; ; ; 5 Pease 1b) 
PRD BP) (Cl 10))) 25. No real solution 27. Yes, the hyperbola intersects the circle; (3290, 2270) 29, x* — 3x — 10 30. ied re 

Quick Quiz 10.5 See Examples noted with Ex. 1. (4,4), (1,-2) (Ex.1) 2 (0,-4), (V7,3), (—V7,3) (Ex.3) 3. (-2,4), (1,1) 
(Ex.2) 4. See Student Solutions Manual 

Career Exploration Problems 1. About8.5 feet 2. About26feet 3. Yes 
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YouTrylt 15 2. 

--++ 

w=, W+3? _, : i tae wy 
4 9 9 

9 13 7 (0, 2), e 7 ) 

Chapter 10 Review Problems 1.V73_ 2. 41.3. (x +6)? + (y -3)? =15 4.x? + (y +7)? = 25 
5. (x +1)? + (y — 3)? = 5;center(-1,3),r= V5 6. (x — 5)? + (y + 6)? = 9; center (5, —6),r = 3 

a ee : 2 : Ae apc per (2s oe ene) 
16 4 4 

10. y = (x + 3)? — 5; vertex at (—3, —5); opens upward 

11. x = (y — 4)? — 6; vertex at (—6, 4); opens to the right 

y= —2e+1)?=3 =1+iyy-— 22 r=50 2)° +4 

14."'Center (=s7--9) nvetices are (a9 =3))5(— 74 —3), (—5,,2); (—5,=8) 

US. Center (45 —2)) svertices'are (4: 7),\(4e—a1), (1; =—2)5(7; =2) 

16. 17. 

18. Vertices are (0, —3), (4, —3); center (2, —3) 19. Vertices are (5, —9), (5,3); center (5, —3) 2Umei=3..0)) 25/9.) 21. (0,2), (2,0) 

Dew e (2,.5), (2, —3)),(—2550) 23. No real solution 24, (0,1), (W5,6), (V5, 6) 

25. (1,4), (—1, —4), (2V2, V2), (-2V2, - V2) 26. 0.78 ft 27. 1.56 ft 

How Am | Doing? Chapter 10 Test 1. V/185 (obj. 10.1.1) 2. Parabola; vertex (4,3);x = (y — 3)? +4 (obj. 10.2.3) 

3. Circle; center (—3, 2); (x + 3)? + (y — 2)? =4 (obj. 10.1.4) 4, Ellipse; center (0,0) 

P+ y+ or-4y+9=0 

5. Hyperbola; center (0, 0) (obj. 10.4.1) 6. Parabola; vertex (—3, 4) 

Lijit Bae gy 

y= -2Ux+ 3)? +4 

7. Ellipse; center (—2, 5) (obj. 10.3.2) 8. Hyperbola; center (0, 0) (obj. 10.4.1) 

a EEC} 

+2 (y- 5? 
16 4 =1 
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2 on} 2 A 

9. (x — 3)? + (y +5)? = 8 (obj. 10.1.3) 10. Bh. = =1(obj.10.3.1) 11. x = (y — 3)? — 7 (obj. 10.2.3) 12 a 4 ee = 1 (obj. 10.4.1) 

13. (0,5), (—4, -3) (obj. 10.5.1) 14, (0, -3), (3,0) (obj. 10.5.1) 15. (1,0), (1,0) (obj. 10.5.2) 
16. (3, -V3), (3, V3), (—3, V3), (—3, -V3) (obj. 10.5.2) 

Chapter 1111.1 Exercises 1-7 330+10 5 BGs a 9, ia'— 5.14. el cee ae 15. 2 
2 — 2 5 

Ps 

17. 3a7+10a+5 19, Bo 21.3) \ 2323. 28s Wa Oy pS 2042 Va + iy 3 Vee 

7 7 il 7 > : 
33. 7 35 14s ; 39, ae 41, 43.2 45.2x+h-—1 47. (a) P(w) = 2.5w? (b) 1000 kilowatts i - 

(c) P(e) = 2.5e7 + 100e + 1000 (d) 1210 kilowatts 49. The percent would decrease by 13; 26 51. 0.002a? — 0.120a + 1.23 53, x = -3 

54, x = 5 55. Approximately 6.7 times greater 56. Approximately 14.4 times greater : 

ae et eo 8 3 
Quick Quiz 11.1 See Examples noted with Ex. 1. sat e(Exl) 2 5% ~2a+4(Ex.2) 3, "> (Ex.3) 
4. See Student Solutions Manual 4 

11.2 Exercises 1. No, f(x + 2) means to substitute x + 2 for x in the function f(x). f(x) + f(2) means to evaluate f(x) and to evaluate f(2) 
and then to add the two values. 3. Up 5. Not a function 7. Function 9, Function 11. Not a function 13. Function 

15. 17. p(x) = ( + 3)? y fo) = x? 

iy 

29.15V/2-10V3 30.3x-2V3x+1 31. 

Ptr 
(x) = |x -31-4 

Quick Quiz 11.2 See Examples noted with Ex. 1. The graph of h(x) is 3 units to the right of the graph of f(x). (Ex. 3) 2. The graph of g(x) 

is 4 units below the graph of f(x). (Ex. 2) 3. y) fix) = [xl (Ex. 4) 4, See Student Solutions Manual 

=Ik-1)-4 

Use Math to Save Money 1. December $295.00, November $355.00 2. $1775.00 3. 4° lower = 8% savings, $1775.00 x 0.08 = $142 
4, $355 = 20% of $1775; 20% = 10 degrees lower, 72 degrees — 10 degrees = 62 degrees 5. Answers will vary. 6. Answers will vary. 

11.3 Exercises 1. (@)2x+5 (b)-6x+1 (©)9 (d)7 3, (a) 2x2 + 4x (b) 2x2 - 4x -2 (16 (d)4 

5. (a) x3 + ” + x = (bx? = “2 e oy +5 (0) = (@? 7. (a) 3Vx+6 (b)-13Vx4+6 ()6V2 (d) -13V5 

9, (a) 43 + 1x —3 (b)72 11. (a) ee 40 )5 13. (a) —3xV—-2x +1 (b)9V7 15. (a) ets #0 (b) -; 

17. (a)x+1,x #1 (b)3 19. (a)x +5,x # -5 (b)7 21. @—ax4 2x45 (7 23. —x? + 5x +2 25. 3x,x #2 

27.-3 29.-3 31-64-13 33, 2x7-4y +7 35. =—5x2—-7 37, pt # -+ 39. |2x + 2| 41. 9x? + 30x + 27 

43.3x74+11 4511 47% Vix? +1 49, ed 45 51.Vi0 53, R160] = eet 55, a[r(t)] = 28.2602; 11,304 ft 

56. (6x—1)? 57, (5x2 +1)(5x?-1) 58 (x + 3)(x —3)(x +1)(x-1) 59. (3x — 1)(x — 2) 

. . 2 

Quick Quiz 11.3 See Examples noted with Ex. 1. 5x? - 9x - 6(Ex.1) 2 7 - Pier wi(EX5) 3. a (Ex. 3) 
4, See Student Solutions Manual 5 

11.4 Exercises 1. have the same second coordinate 3 y=x 5. Yes, it passes the vertical line test. No, it does not pass the horizontal 

line test. 7. Not one-to-one 9. One-to-one 11. Not one-to-one 13. One-to-one 15. Not one-to-one 17. Not one-to-one 
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6 Ge) 

4 

4 
ibe MCE : + Sor 

19. J“ = {(2,8), (1,1), (0,0), (-2, -8)} Oe (GO) = 23 GaN ort 8 1, 25. $ x),= -" 

ni? Be 
29. f[f'(x)] =x 

cr 
? 1 

37. No, f(x) isnot one-to-one. 39% f[f-1(x)] = 2( Fx = ;) + ; = cel = 32x “iE >) = ; =x 414.x=4 42. x= —-64,x = -27 4 

43. 1,270,400 people 44, 19% 

Quick Quiz 11.4 See Examples noted with Ex. 1. (a) Yes (b) Yes A = {(—4,3), (—6,2), (6,5), (4, -3)} (Ex. 1,3) 
=x +5 

Qeahe (ey = a (Ex. 6) 3. f (x) = W2 — x (Ex.4) 4. See Student Solutions Manual 

Career Exploration Problems 1. In 2016, 2170 crimes were reported; in 2019, 2207 crimes were reported. 2. The population 
in 2016 was 73,561; in 2019, it was 79,414. 3. 2016; 2.95%; 2019: 2.78% 4, 2016: 2.76%; 2019: 2.55% 5. The violent crime model is 

V(x) = 1.4x? + 7.93x + 142. There were 142 violent crimes in 2016 and 178 violent crimes in 2019. 

You Try It 1. (@)-5 (b)-a? +a-—S5 ()-a?+3a-7 (d)-16a"+4a-S 2% Yes 3.(a) 

5. (a)x2 + 4x -—6 (b)x2+2x+6 (0) x — 3x2 - 18x 

x? + 3x 4 : 

ae ee 1 (tb) es 

7. No 8. No 9 Ccl= {(—2,3),(4, 0),(1, 5)} 

10. f-'(x) =2x+10 11. 

: il 
Chapter 11 Review Problems 1. xa 7 ; a 5 3, 50? + ; 4-28 5. -8a7+6a-16 6. -2a*-Sa-3 7.1 

1 5 eh e) 6a = 15 30a + 36 oS ; 
8. 74 | 9. |4a 6a — 1| 10. 3 11. ag 12. 1g + 28 13. 7 14. 6 15, 40 cel — 5 16. (a) Not a function 

(b) Not one-to-one 17. (a) Function (b) Not one-to-one 18. (a) Nota function (b) Not one-to-one 19. (a) Function (b) One-to-one 

21, fo) =\xl yy 8(x) = lr - 4| 23. 24, ae. Ee 

ams cde 

sues Bete 7 +44 

HHH EH HEH 
r(x) = - 13 +5 

5 = 

26 2 Ty 20 16x = 1 28. —5 29) 0 30, 2 B persica lsitaean4 
2 x x +x 

S1i—6 WRAeISs + Sint 39 | 33 2x7 = Be A) 8S fea) = : +5= 2 “, g[f(x)] = Sea 

fig(x)] 4 g[f(x)] 36. f "[f(x)] =x 37. (a) Domain = {0,3,7} (b) Range = {—8,3,7,8} (ce) Nota function 

(d) Not one-to-one 38. (a) Domain = {100, 200, 300,400} (b) Range = {10,20,30} (c) Function 

ily alla) 
(d) Not one-to-one 39, (a) Domain = {-4 rey a} (b) Range = { = BE b 2 a} (c) Function (d) One-to-one 

4 
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1 
40. (a) Domain = {0,1,2,3} (b) Range = {—3,1,7} (ec) Function (d) Not one-to-one 41, AS = ($3). > —2 af 7 4), (zs) 

8 — GG) ee al 46, 7G) 
6 

42. f (x) = ~Sx te : 43. g'(x) = -ix -2 44h (x) = a= 5 or 

47. f '(x) = —3x — 2 48. f(x) = eas +4 

3 

How Am | Doing? Chapter 11 Test 1. -8 (obj.11.1.1) 2. aa —2(obj.1111) 3. “a = 5 (obj. 11.1.1) 4, 124 (obj. 11.1.1) 

5. 3a? + 4a + 5 (obj. 11.1.1) 6. 3a? — 2a + 9 (obj. 11.1.1) 7. « 12a” + 4a + 2 (obj. 11.1.1) 8. (a) Function (obj. 11.2.1) 
(b) Not one-to-one (obj. 11.4.1) 9, (a) Function (obj. 11.2.1) (b) One-to-one (obj. 11.4.1) 

10. 8 == 1? +3 (Obj.11.22) 1 | (obj. 11.2.2) 12. (a) x? + 4x + 1 (obj. 11.3.1) (b) Sx? — 6x — 13 (obj. 11.3.1) 

AEs |x+ 1) +2 

Ve 3) 
ax £08 #5 (obj SEL) Cary x #5 (obi. 11.3.2) @ Cis) ia) x = 0 (ob) 113.) (b) = 

= 

14, (a) 2x — z 7 (obj. 11.3.2) (b) 2x — 7 (obj.11.3.2) (c)0 N ane 15. (a) One-to-one (obj. si 

(b) B! = (6. 1), fe 8), (10, 9), (9, —10) } (obj. 11.4.2) 16. (a) Not one-to-one (obj. 11.4.1) (b) Inverse cannot be found (obj. 11.4.2) 

Wag ee) = a iva) lS eap (x) = (obj. 11.4.3) 19. f “[f(x)] = x (obj. 11.3.2) 20. —8 (obj. 11.1.1) 

Chapter 1 2 To Think About, page 725 The graphs of f(x) = 2* and f(x) = 2 ~ are reflections of each other across the y-axis. 

To Think About, page 726 1. To graph f(x) = 3**, take the graph of f(x) = 3* and shift it two units to the left. 2, The graph of 
f(x) = e* gets shifted two units to the right to obtain the graph of f(x) = e* *. 

12.1 Exercises 1. f(x) = b*, where b > 0,b ¥ 1, and x is a real number. 3. 

cH 

fo =e} Six) = 2e* fi) =el-= 

21.x=2 23. x =0 2. xX = =1 27, x =4 29. x = 0 31. x =2 33. x = 4 35. x4 =2 37. x =1 39, $2402.31 

41. $3632.24; $3634.08 43. 32,000; 2,048,000 45. 37.1%; yes 47. 11.50 mg 49, 1.80 Ib/in.? $1. $5,000,000; about $6,536,736; about 31% 

53. 1955 55. 10.2 billion people; about 8 billion people 57. x = -6 58. x = -2 

Quick Quiz 12.1 See Examples noted with Ex, 1. 
4, See Student Solutions Manual 

(Ex.3) 2 $6975.33(Ex.7) 3. x = 2 (Ex.5) 
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12.2 Exercises 1. exponent 3x%>0 5. log,49=2 7. log1288=7 9 logy0.001=-3 11. loso( 3) = —-5 

eee 1S 3 = Fe = | «19, 164? = 4° 994 0-2 = OL 28, 3 — FS, OP =x 27, x= 16 

1 
* = 7000 31, y=3 33, y = -2 35. a = 11 37. a = 10 39. w= 5 41.w=-1 43. w=1 45.w=9 

47, —3 49. 7 S10 es: ; 55, 0 57, 

1 
65. 12.5 67,00 69. 2.957 71. 11,200 sets 73. $10,000,000 75. y= xx ae 76. m = ar 77. (a) 36,000 cells 

(b) 36,864,000 cells 78. (a) $11,558.20 (b) $24,424.03 

Quick Quiz 12.2 See Examples noted with Ex. 1. 4(Ex.4) 2x=64(Ex.3) 3.w= 5 (Ex 3) 4 See Student Solutions Manual 

12.3 Exercises 1. log;A +log;B 3. logs7+logs11 5, log,9 + log,f 7. logy2 — logy7 9 log, 12 — log,Z 

11. log, E — log, F 13, 7 logga 15. —2 log, A ibe + logs w 19. 2 loggx + loggy 21. log;;6 + log;;M — log,,N 

4 5 4 3 

23. log,5 + logyx + 4 logy — 5 loa 2 28: 3 }0Bax = logy 27. logy 39y 29, loss(*-) 31. losy( >) 33. 1 35. 1 
| Zz 

37,0 #393 414.x=7 43, x = 11 4.x=0 42.x=1 49. x =3 51. x = 21 53. x =2 55, x = Se 57. x =3 
59, 6 61, Approximately 62.8 m* 62. Approximately 50.2 m? 63035 —2)) 64. (=15 2,3) 65. $13,048; 14.30% 66. $5342: 6.44% 

‘ ; 1 sia 
Quick Quiz 12.3 See Examples noted with Ex. 1. =logsx — 4 logs y (Ex. 6) 2. log, Als (Ex. 5) 3. x = 625 (Ex. 10) 

3 5 
4. See Student Solutions Manual ‘ 

Use Math to Save Money 1. 83or22/3cups 2. S60z «= 3. 3.51b 4. $9.31 5, $6.23 6, Lucy saves approximately 67%. 
7. $162 X 52 = $8424; $8424 x 67% = $5644.08 8. $1664 

12.4 Exercises 1. Error. You cannot take the logarithm of a negative number. 3. 1.089905111 §, 1.408239965 7. 1.176091259 

9. 5.096910013 11, —1.910094889 13, x ~ 103.752842 15. x = 0.01 17. x =~ 8519.223264 19, x ~ 2,939,679.609 

21. x ~ 0.000408037 23. x = 0.027089438 25. 41,831,168.87 27. 0.082679911 29, 1.726331664 31. 0.425267735 

33, 11.82041016 35. —5,15162299 37, x = 2.585709659 39. x ~ 11.02317638 41, x = 0,951229425 43, x ~ 0,067205513 
45. 472.576671 47, 0.1188610637 49. 2.020006063 §1. 1.025073184 §3. —1.151699337 55. 0.917599921 57. —1,84641399 

59, 1.996254706 61. 7.337587744 63. 0.153508399 65. x ~ 3.6593167 x 108 67. x ~ 3.3149796 69, 5 

—2 8 

-5 

71. 6 73. 37.17; 37.75; 1.6% 75. R =~ 4.75 77. The shock wave was about 100,000,000 times greater 

TL = eVAsi =2 10 
than the smallest detectable shock wave. 79, x = rie 80. y = BES as 

81. 6 mi; 12 mi 82. 21 mi; 24 mi 

-4 

Quick Quiz 12.4 See Examples noted with Ex. 1. 0.9713 (Ex.1) 2. x ~ 1.68 (Ex.4) 3, 1.3119 (Ex. 7) 
4. See Student Solutions Manual 

12.5 Exercises 1.x=20 3x=1 5x=4 Mx=2 Lo ear) lives = 3 8615. x= 5 17, x=2 

1. x=4 at aS ee pee 2 eS 

log 7 3 log 2 

33. x = 1.739 35.¢= l6yr 37%t=19yr 39. 4.5% 41. 40yr 43. 1S yr — 45.: 130,333 physical therapy assistants 47, 2021 
49, 27yr 51. S5Shr_ 53. 2039trout 55, About 12.6times moreintense 57, About 31.6 times more intense 
59, 3V2- V6+4V3-4 60. 7xyV2x GL. 13-year-olds, 88; 12-year-olds, 70; 9- to 11-year-olds, 49 62, 218,750,000 British pounds; 
$5,468,750,000 

27, x = 1.582 29. x = 6.213 31. x ~ 5,332 

Quick Quiz 12.5 See Examples noted with Ex. 1.x =4(Ex.1) 2 x=6(Ex.2and3) 3, x ~ -0.774 (Ex.5) 
4. See Student Solutions Manual 
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Career Exploration Problems 1. 17,454 analysts 2. 2024 3, 2024 (thesame year) 4. $47,962 

1 
You Try It 1. 2x=-4 3, (a)4°*=9 (b)logs288=x ()x=-3 4. (a)logat 7 l0g2b — 2 ogee 

3,213 
(b) loas( se Z ) (ce) —2 5. (a) Approximately 1.2174839 (b) Approximately 3.4873751 

c 

6. (a) x ~ 118.8502227 (b) x ~ 4.6089497 7, Approximately 0.4406427 8. x =3 

9, x ~ 0.1826583 

2 Seat 4e=]=-=2 5107 = O01 

6. lous = 5 7.w=2 8 x=1 

oes 10 =4 11 wo = ODer HH (w= 5 . w= 5 ; 10 

fl) =e" 3 Wsx=3 Wix=6 14.x=-2 

1 1 xVw wt 
16. log,5 + logy x — 7 oe, w 17. 3 logyx + 7 logy 18. loss( 7) 19, tow =) 20. 6 

21. 1.376576957 22. —1.087777943 23. 1.366091654 24. 6.688354714 25. n ~ 13.69935122 

26. n ~ 5.473947392 27. 0.49685671 28. 3.084962501 29. x = 25 30. x = 25 31. x = 25 
log 14 as log 130 — 3log5 _ In100 +1 3 1 

32. x = 12 poe ee 34. t= 8 Pp EE x= jog 5 375% °) 

38. x ~ —1.4748 39, x = 2.3319 40. x ~ 101.3482 41. 9 yr 42. $6312.38 43. 41 yr 44, 9 yr 45. (a) Approximately 282 Ib 

(b) 7.77 Ib/in2 46. 50.1 times more intense 

How Am | Doing? Chapter 12 Test 1. ___. (Obj. 12,1) eam (obj. 12.2.4) 3. x = 0 (obj. 12.1.2) 
4 

4, w = 5 (obj.12,2.3) 5.x= ay (obi 1224) 6 los,( ) (obi 12.3.3) 7. 1.7901 (obj. 12.4.3) 8. 1.3729 (obj. 12.4.1) “an 

9, 0.4391 (obj. 12.4.5) 10. x ~ 5350.569382 (obj. 12.4.2) 11. x ~ 1.150273799 (obj. 12.4.4) 12, x = > (obj. 12.5.1) 

Oye +In5 ‘ ; 
igh ae = = (obj. 12.5.1) ao Spe (obj. 12.5.2) 15. x ~ —1.4132 (obj. 12.5.2) 16. $2938.66 (obj. 12.5.3) 

17. 14 yr (obj. 12.5.3) 

Practice Final Examination 1. ss yh 35 3.10 44.9715 5. 200,000 6.4480 7.4 8 -a?-10ab—a 

2 an 7 
9, —2x + 2ly + 18xy + by 10.44 11. F = -31 9) 12 2330) 14. x = 2.6 2.6 

YS eT ———————— 
0 1 2 3 4 5 

15. Length = 520 m; width = 360 m 16. 113.04 cubic feet 

17. x-intercept (—2,0); y-intercept (0, 7) 19. m= : 20. m = — > 21. f(3) = 12 

22. f(=2) =17 23, Domain {2, —1, 3}; Range {=7,1,2} 24. (6,=3)) 25) (674) 26. (1,4,-2) 27, (4,404) 
29, 18x°y° 30. 6x? +13x-—5 3. (x + 4) 32,°Ge—5)? 33. (x + 2)(x + 2) — 2) 

x(3x = 1) xt+5 3x? + 6x — 2 8x? 6x = 5 
35.4=-67x=-9 36, ————— = 38, : 728 ee Ge + 20 irae 

1 2 40. = <1 y Meee 42: 2xy?2/Szy 43,182) hd eile 28 oa) 45. 81 46. x = -3 3x7/2y5 25 

a 1 
GIG 3) =" SHB) Sb) Sa 49. x =0,x=-2 50. x = 8,x = —343 Sl. x= —Zorx>4 

~ 



Answers to Selected Exercises SA-35 

53. Width = 4cm; length = 13 cm 54. x =3,x =9 55. = =<; <= 8 

56, (4 > 3)? + (y — 2)? = 4; center at (—3,2); radius = 2 

x? 
Ellipse ee 

lt Centered at origin 58. 4 |. 
= 1;hyperbola _ 

60. (0, —4), (V7,3), (—V7,3) 61. (a) f(-1) = 10 (b) f(a) = 3a? - 2a + 5 (© f(a + 2) = 3a? + 10a + 13 62. f[g(x)] = 80x? + 80x + 17 
63. fi(x) =2x+ 14 64. fla) are 65. f(x) = 2'* 

feat 
66. 0.0016 = x or as =x 67. x = 21 68. y = —2 69, x =8 

Appendix A Addition Practice 1.37 275 394 499 578 629 7.61 881 9 369 
10.277 11.491 12, 600-13, 1421 14, 1052. 15. 900 16. 401. «17. 1711S 18, 1319-19. 28920, 399-21. 589 
22, 887 23. 422. «24, 792-25, 902 26. (930 

Subtraction Practice 1.21 262 3.22 443 568 65 7.29 845 9531 10.223. 11. 726 
12.191 13.378 14.66 15,509 16.228 17.256 18.63 19.183 20.269 21.873 22.1892 23. 7479 
24. 2868 25. 2066 —-26. 678 

Multiplication Practice 1.69 226 3.378 4.603 5.1554 6.1643 7.3680 8 3640 9.7790 10, 2691 
11.9116 12. 7502-13, 12,095 14, 30,168 ~=—-15. 20,672 16. 24,180 17. 37,584 18, 53,692 19, 284,490 20. 506,566 
21. 238,119 22. 375,820 23. 803,396 24, 785,354 25. 49,516,817 26. 62,526,175 

Division Practice 1.16 2.56 3.59R2 4.47R5 5.124 6.296 7.234 8567 9. 521R6 10. 739R2 
11. 321R11 12.753R6 13.89 14,91 15.32 1641 17.108R29 18.123R25 19.214 20,342 21. 1134R14 
22. 1076 R65 23. 124 24, 153 25. 1125 26. 1532 

Appendix B Exercises 27 3.15 952) 7.479 18 1 15. ~0.6 17. = 70 — 4b 
lak 6 10 Bhat 

Da. 21. 23. Pasty 9 27. =26 29, 11 S127) 33. —8 35. 0 37, 3.179 39. 18,553 
84 -5 9 1 =5 

41.x=2;y=3 43. x= -2;y= 45.x=10;y=2 47,x=4;y = -2 49, x ~ 1.5795; y ~ —0.0902 

See iy = 1 z= 83 x= -Sy= 52-2 §5.x =4;y = -2;z=1 57. x ~ —0.219; y= 1.893; z = —3.768 

59. w ~ —3.105; x ~ 4.402; y ~ 15.909; z = 6.981 

Appendix C Exercises 1. taeay 3. (3,-0) 5.3). 7% (2). oes 11. (3, =1, 4), 431d) 
15. (0,-2,5) 17. (0.5,-1,5) 19, (3.6,1.8,2.4) 21. (4.2, -3.6, 8.8, 5.4) 

Appendix D Exercises 1. Elements 3. Intersection 5. Emptyset 7. {California, Colorado, Connecticut} 

OTR B Ss Tops; } 11. {15,20, 25, 30, 35, 40, 45} eye nen eh 5 Ul 15. O = {x| xis an ocean} 17, G = {x|xisevenand2 <x < 8} 

19, T = {x| xis a type of triangle} 21, (a) {—2,—1,2,3,5,8} (b) {=1,355} 23. False. B is an infinite set. 25. True 27. True 

29, False; A()C = {1, 2, 3, 4, 5} 31, False; the set of whole numbers includes 0. 33. True 35. Answers will vary. One possible answer is 

{Ann, Nina}. 37. (a) {Aidan, Alexander, Andrew, Benjamin, Ethan, Jack, Jacob, James, Joshua, Liam, Mason, Matthew, Michael, Nicholas, 

Noah, Ryan, Tyler, William} (b) Union 39. Whole numbers: 15, 0, V31 ; natural numbers: 15, V81 ; integers: 15, 0, V1, —17 ; rational numbers: 

= 22 abla =o 22 4 : 
3.62, = 15; 3° 0, V81, -17; irrational numbers: 20; real numbers: 3.62, V/20, Wr INES, 3: 0, V 81, -17 41. No. The set of integers contains 

negative numbers. Negative numbers are not part of the set of whole numbers. 43. The set of whole numbers is a subset of the integers, the 

rational numbers, and the real numbers, 



Beginning and Intermediate 
Algebra Glossary 
Absolute value inequalities (9.7) Inequalities that con- 

tain at least one absolute value expression. 

Absolute value of a number (1.1) The absolute value of 

a number x is the distance between 0 and the number x on 
the number line. It is written as |x|. |x| = x if x = 0, but 
\x| = —xit x < 0, 

Altitude of a geometric figure (1.8) The height of the 
geometric figure. In the three figures shown the altitude is 
labeled a. 

Ae /e 
Altitude of a trapezoid Altitude of a parallelogram 

Altitude of a rhombus 

Altitude of a triangle (1.8) The height of any given triangle. 
In the three triangles shown the altitude is labeled a. 

pe Mies 

Associative property of addition (1.1) If a, b, and c are 
real numbers, then 

a+(b+¢e) = (a+b) +e. 

This property states that if three numbers are added it does 
not matter which two numbers are added first; the result 

will be the same, 

Associative property of multiplication (1.3) If a,b, andc 
are real numbers, then 

ax (bXc) =(aXb) Xe. 

This property states that if three numbers are multiplied it 
does not matter which two numbers are multiplied first; the 
result will be the same. 

Asymptote (10.4) A line that a curve continues to ap- 
proach but never actually touches. Often an asymptote is 

G-2 

a helpful reference in making a sketch of a curve, such as 
a hyperbola. 

Augmented matrix (Appendix C) A matrix derived from 
a linear system of equations. It consists of the coefficients 
of each variable in a linear system and the constants. The 

=—34.4 by =1-22 
augmented matrix of the system me: = i ie 5 is the 

-3 = 

matrix ; L a Each row of the augmented 

matrix represents an equation of the system. 

Axis of symmetry of a parabola (10.2) A line passing 

through the focus and the vertex of a parabola, about 
which the two sides of the parabola are symmetric. See 
the sketch. 

Vertex / Focus Axis of symmetry 

Base (1.4) The number or variable that is raised to a 

power. In the expression 2°, the number 2 is the base. 

Base of an exponential function (12.1) The number b in 

the function f(x) = b*. 

Base of a triangle (1.8) The side of a triangle that is per- 

pendicular to the altitude, 

Binomial (5.3) A polynomial of two terms, The 
expressions a + 2b, 6x* + 1, and 5a°b? + 6ab are all 
binomials, 

Circumference of a circle (1.8) The distance around a 

circle. The circumference of a circle is given by the formula 
C = ad or C = 27r, where d is the diameter of the circle 

and r is the radius of the circle. 

Coefficient (5.1) A coefficient is a factor or a group of 
factors in a product. In the term 4xy the coefficient of y 
is 4x, but the coefficient of xy is 4. In the term —Sx*y the 
coefficient of x*y is —5, 

Combined variation (8.7) Variation that depends on two 
or more variables. An example would be when y varies 

directly with x and z and inversely with a”, written y = a 

where k is the constant of variation. 

Common logarithm (12.4) The common logarithm of a 
number x is given by logx = log;x for all x > 0. A com- 
mon logarithm is a logarithm using base 10. 



Commutative property for addition (1.1) Ifa and b are 
any real numbers, thena +b=b+a. 

Commutative property for multiplication (1.3) Ifa and b 
are any real numbers, then ab = ba. 

Complex fraction (7.4) A fraction that contains at least 
one fraction in the numerator or in the denominator or 
both. These three fractions are complex fractions: 

34 
oi and aa 

ge oe aie am 3 

7 4 

Complex number (8.6) A number that can be written 
in the form a + bi, where a and b are real numbers and 

i= V-1. 

Compound inequalities (9.6) Two inequality state- 
ments connected together by the word and or by the 
word or. 

Conjugate of a binomial with radicals (8.4) The expres- 

sions aVx + bVy and aVx — bVy. The conjugate of 

Oa 5 V2 is 2\/3 = SV 2 The conjugate of 4 — Vx 

is4 + Vx. 
Conjugate of a complex number (8.6) The expressions 

a + bi and a — bi. The conjugate of 5 + 2i is 5 — 2i. The 
conjueaterol 7 — 371s’ 7 + 37. 

Constant (2.3) Symbol or letter that is used to represent 
exactly one single quantity during a particular problem or 

discussion. 

Coordinates of a point (3.1) An ordered pair of numbers 
(x, y) that specifies the location of a point in a rectangular 

coordinate system. 

Critical points of a quadratic inequality (9.6) In a qua- 
dratic inequality of the form ax*+bx+c > 0 or 
ax? + bx + c < 0, those points where ax? + bx + c = 0. 

Degree of a polynomial (5.3) The degree of the highest- 
degree term of a polynomial. The degree of the polynomial 
5x° + 2x? — 6x + 8 is 3. The degree of the polynomial 
5x7y? + 3xy + 8is4. 

Degree of a term of a polynomial (5.3) The sum of the 
exponents of the variables in the term. The degree of 3x° is 
3. The degree of 4x°y? is 7 

Denominator (0.1) and (7.1) The bottom number or alge- 

braic expression in a fraction. The denominator of 
Bo ele Ni 

x A 

is x + 4. The denominator of 3 is 7. The denominator of a 
fraction may not be zero. 

Dependent equations (4.1) Two equations are dependent 
if every value that satisfies one equation satisfies the other. 
A system of two dependent equations in two variables will 
not have a unique solution. 

Beginning and Intermediate Algebra Glossary G-3 

Determinant (Appendix B) A square array of numbers 

written between vertical lines. For example : ’ is a 

2 X 2 determinant. It is also called a second-order deter- 
ee) ss 

minant. | 242501 

=3e 00 nyo 
called a third-order determinant. 

is a 3 X 3 determinant. It is also 

Difference-of-two-squares polynomial (6.5) A polynomi- 

al of the form a* — b? that may be factored by using the 

formula 

a’ — b’ = (at+b)(a-—b). 

Direct variation (8.7) When a variable y varies directly 
with x, written y = kx, where k represents some real num- 
ber that will stay the same over a range of x-values. This 

value k is called the constant of variation. 

Discriminant of a quadratic equation (9.2) In the equa- 

tion ax? + bx +c =0, where a # 0, the expression 
b? — 4ac. It can be used to determine the nature of the 

roots of the quadratic equation. If the discriminant is pos- 
itive, there are two rational or irrational roots. The two 

roots will be rational only if the discriminant is a per- 
fect square. If the discriminant is zero, there is only one 

rational root. If the discritninant is negative, there are two 
complex roots. 

Distance between two points (10.1) The distance 
between point (x;,y,;) and point (x2, y2) is given by the 

formula d = V (x9 a x1) haya = yi)’. 

Distributive property (1.6) For all real numbers a, b, and 

c,a(b +c) = ab + ac. 

Dividend (0.4) The number that is to be divided by 

another. In the problem 30 + 5 = 6, the three parts are 

as follows: 

5 is the divisor 6 
30 is the seen 50 
6 is the quotient 

Divisor (0.4) The number you divide into another. 

Domain of a relation (3.6) In any relation, the set of val- 

ues that can be used for the independent variable is called 
its domain. This is the set of all the first coordinates of the 
ordered pairs that define the relation. 

e (12.1) An irrational number that can be approximated 

by the value 2.7183. 

Ellipse (10.3) The set of points in a plane such that for 

each point in the set, the sum of its distances to two fixed 
points is constant. Each of the fixed points is called a focus. 
Each of the following graphs is an ellipse. 

BD; «on 



G-4 _ Beginning and Intermediate Algebra Glossary 

Equilateral hyperbola (10.4) A hyperbola for which 
a = bin the equation of the hyperbola. 

Equilateral triangle (1.8) A triangle with three sides 
equal in length and three angles that measure 60°. Triangle 
ABC is an equilateral triangle. 

Even integers (1.3) Integers that are exactly divisible by 
PGW E Rs 5 ag et, = 2 0, 24, Oy oo ae 

Exponent (1.4) The number that indicates the power of 
a base. If the number is a positive integer, it indicates how 
many times the base is multiplied. In the expression 2°, the 
exponent is 6. 

Exponential function (12.1) f(x) = b*, where b > 0, 
b © 1,and x is any real number. 

Expression (5.3) A mathematic expression is any quanti- 
ty using numbers and variables. Therefore, 2x, 7x + 3, and 
5x? + 6x are all mathematical expressions. 

Extraneous solution (7.5) and (8.5) An obtained solution 

to an equation that, when substituted back into the original 

equation, does not yield an identity. x = 2 is an extraneous 

solution to the equation 

x 2 
= 4 = 

nes eh Ma 2 

An extraneous solution is also called an extraneous root. 

Factor (0.1) and (6.1) When two or more numbers, vari- 

ables, or algebraic expressions are multiplied, each is called 
a factor. If we write 3-5-2, the factors are 3, 5, and 2. If 

we write 2xy, the factors are 2, x, and y. In the expression 
(x = 6) (y 3-2) sthemactorsare (x ~ 6) and (4 2): 

Focus point of a parabola (10.2) The focus point of a pa- 
rabola has many properties. For example, the focus point of 
a parabolic mirror is the point to which all incoming light 
rays that are parallel to the axis of symmetry will collect. A 
parabola is a set of points that is the same distance from a 
fixed line called the directrix and a fixed point. This fixed 
point is the focus. 

Ce’ 

___ Axis of symmetry 

< 

Fractions 

Algebraic fractions (7.1) The indicated quotient of two 
algebraic expressions. 

x? +3x +2 

pas 

= 6 
and Jites 

Vices 

are algebraic fractions. In these fractions the value of the 
denominator cannot be zero. 

Numerical fractions (0.1) A set of numbers used to 

describe parts of whole quantities. A numerical frac- 
tion can be represented by the quotient of two integers 
for which the denominator is not zero. The numbers 

1 Zoe ae 8 A 12 il sealenen 
5° 3°2? 31° 1 an 7 are all numerical fractions. 

The set of rational numbers can be represented by 
numerical fractions. 

Function (3.6) A relation in which no two different 

ordered pairs have the same first coordinate. 

Graph of a function (11.2) A graph in which a vertical 

line will never cross in more than one place. The following 
sketches represent the graphs of functions. 

S aie 
Graph of a one-to-one function (11.4) A graph of a 

function with the additional property that a horizontal 
line will never cross the graph in more than one place. 
The following sketches represent the graphs of one-to-one 
functions. 

Higher-order equations (9.3) Equations of degree 3 or 
higher. Examples of higher-order equations are 

x4 — 29x? +100 =0 and x3 +3x?- 4x -12=0. 
Higher-order roots (8.2) Cube roots, fourth roots, and all 
other roots with an index greater than 2. 

ee ee 



Horizontal parabolas (10.2) Parabolas that open to the 
right or to the left. The following graphs represent horizon- 
tal parabolas. 

<= 

Hyperbola (10.4) The set of points in a plane such that 
for each point in the set, the absolute value of the differ- 
ence of its distances to two fixed points is constant. Each of 
these fixed points is called a focus. The following sketches 
represent graphs of hyperbolas. 

Hypotenuse of a right triangle (9.4) The side opposite the 
right angle in any right triangle. The hypotenuse is always 
the longest side of a right triangle. In the following sketch 
the hypotenuse is side c. 

a 

Imaginary number (8.6) i, defined as i = V—1 and 
2 i” =-1. 

Improper fraction (0.1) A numerical fraction whose 
numerator is larger than or equal to its denominator. 

ae 
ees 

Inconsistent system of equations (4.1) A system of equa- 
tions that does not have a solution. 

L : 
and 7 are improper fractions. 

Independent equations (4.1) Two equations that are not 
dependent are said to be independent. 

Index of a radical (8.2) Indicates what type of a root is 

being taken. The index of a cube root is Wx; the 3 is the 

index of the radical. In Wy, the index is 4. The index of a 
square root is 2, but the index is not written in the square 
root symbol, as shown: Vx. 

Inequality (2.8) and (3.5) A mathematical relationship 

between quantities that are not equal. x < —3,w > 5, 

and x < 2y + 1 are inequalities. 

Integers (1.1) The set of numbers ...,—5, —4, —3, —2, 

ae 1, 2, 3, 4,550. 

Intercepts of an equation (3.2) Thepoint or points where 
the graph of the equation crosses the x-axis or the y-axis or 
both. (See x-intercept or y-intercept.) 
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Inverse function of a one-to-one function (11.4) That 

function obtained by interchanging the first and second co- 
ordinates in each ordered pair of the function. 

Inverse variation (8.7) When a variable y varies in- 

‘ : k ; 
versely with x, written y = ae where k is the constant of 

variation. 

Irrational number (1.1) A real number that cannot be 

j a ‘ 
expressed in the form where a and b are integers and 

b # 0. <0. 7,5 + SN2, and ANT are irrational 

numbers. 

Isosceles triangle (1.8) A triangle with two equal sides 

and two equal angles. Triangle ABC is an isosceles trian- 
gle. Angle BAC is equal to angle ACB. Side AB is equal in 
length to side BC. 

A G 

Joint variation (8.7) Variation that depends on two or 

more variables. An example would be when a variable y 
varies jointly with x and z, written y = kxz, where k is the 

constant of variation. 

Least common denominator of numerical fractions 

(0.2) The smallest whole number that is exactly divisi- 

ble by all denominators of a group of fractions. The least 
/ 2 : 

common denominator (LCD) of 63° and 518 30. The least 

common denominator is also called the lowest common 
denominator. 

Leg of a right triangle (9.4) One of the two shorter sides 

of a right triangle. In the following sketch, sides a and b are 
the legs of the right triangle. 

Like terms (1.7) Terms that have identical variables and 

exponents. In the expression 5x° + 2xy? + 6x? — 3xy*,the 
term 2xy? and the term —3xy” are like terms. 

Linear equation in two variables (3.1) An equation of 
the form Ax + By = C, where A, B, and C are real num- 

bers. The graph of a linear equation in two variables is a 
straight line. 
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Logarithm (12.2) For a positive number x, the power 
to which the base b must be raised to produce x. That is, 
y = log,x is the same as x = b’, where b > Oandb # 1. 

A logarithm is an exponent. 

Logarithmic equation (12.2) An equation that contains 

at least one logarithm. 

Magnitude of an earthquake (12.5) The magnitude of 
I 

an earthquake is measured by the formula M = ioa( 4), 
0 

where J is the intensity of the earthquake and Jy is the min- 
imum measurable intensity. 

Matrix (Appendix B) A rectangular array of numbers 

arranged in rows and columns. We use the symbol [ | to 

678 has two rows and 

three columns and is called a2 X 3 matrix. 

indicate a matrix. The matrix 

Minor of an element of a third-order determinant 

(Appendix B) Thesecond-order determinant that remains 
after we delete the row and column in which the element 

appears. The minor of the element 6 in the determinant 
I as 8 

7 6. 8| is the second-order determinant 3 i 

=3. 5) 9) 

Mixed number (0.1) A number that consists of an integer 

LF 56 3 
written next to a proper fraction. 27 47 and 35 are all 

mixed numbers. Mixed numbers are sometimes called 

mixed fractions or mixed numerals. 

Natural logarithm (12.4) For a number x, Inx = log,x 
for all x > 0. A natural logarithm is a logarithm using 
base e. 

Natural numbers (0.1) The set of numbers 1,2,3,4,5,.... 

This set is also called the set of counting numbers. 

Nonlinear system of equations (10.5) A system of 

equations in which at least one equation is not a linear 
equation. 

Numeral (0.1) The symbol used to describe a number. 

Numerator (0.1) The top number or algebraic expression 
in a fraction. The numerator of 

Rae Ss 

Se SD 

is x + 3. The numerator of Q Sule 

Numerical coefficient (5.1) The number that is multi- 

plied by a variable or a group of variables. The numerical 
coefficient in 5x*y? is 5. The numerical coefficient in —6abc 

is —6. The numerical coefficient in x’y is 1. A numerical 
coefficient of 1 is not usually written. 

Odd integers (1.3) Integers that are not exactly divisible 
by 2) suchas say ent ie oo, 79,0... 

One-to-one function (11.4) A function in which no two 

different ordered pairs have the same second coordinate. 

Opposite of a number (1.1) Two numbers that are the 

same distance from zero on the number line but lie on dif- 
ferent sides of it are considered opposites. The opposite of 

: : Ze oe 
—6 is 6. The opposite of 7 is—— 

Ordered pair (3.1) A pair of numbers presented in a 
specified order. An ordered pair is often used to specify a 
location on a graph. Every point in a rectangular coordi- 
nate system can be represented by an ordered pair (x, y). 

Origin (3.1) The point (0, 0) in a rectangular coordinate 
system. 

Parabola (10.2) The set of points that is the same dis- 
tance from some fixed line (called the directrix) and some 
fixed point (called the focus) that is not on the line. The 
graph of any equation of the form y = ax? + bx + ¢ or 
x = ay’ + by +c, where a, b, and c are real numbers 
and a # 0, is a parabola. Some examples of the graphs of 
parabolas are shown. 

oS 
Parallel lines (3.4) and (4.1) Two straight lines that nev- 

er intersect. The graph of an inconsistent system of two 
linear equations in two variables will result in parallel 
lines. 

Parallelogram (1.8) A four-sided figure with opposite 
sides parallel. Figure ABCD is a parallelogram. 

B Cc 

is 
A D 

Percent (0.5) Hundredths or “per one hundred”; 
indicated by the % symbol. Thirty-seven hundredths 

37 
100 

Perfect square number (6.5) A number that is the square 
of an integer. The numbers 1, 4, 9, 16, 25, 36, 49, 64, 81, 100, 

121, 144,... are perfect square numbers. 

= 37% (thirty-seven percent). 

Perfect-square trinomial (6.5) A polynomial of the form 
a? + 2ab + b? or a” — 2ab + b? that may be factored us- 
ing one of the following formulas: 

a’ + 2ab + b? = (a +b)? 

or 

a 2ab + be = (aap) 

as 

POR pe 



Perimeter (1.8) The distance around any plane figure. 

The perimeter of this triangle is 13. The perimeter of this 
rectangle is 20. 

BON 
6 

pH of a solution (12.2) Defined by the equation 
pH = —logiy (H*), where H™ is the concentration of the 
hydrogen ion in the solution. The solution is an acid when 
the pH is less than 7 and a base when the pH is greater 
than 7. 

Pi (1.8) An irrational number, denoted by the symbol 

a, that is approximately equal to 3.141592654. In most 
cases 3.14 can be used as a sufficiently accurate approxi- 
mation for 7. 

Point-slope form of the equation of a straight line 

(Midterm Review T.5) For a straight line passing through 
the point (x, y, ) and having slope m, y — yy = m(x — xj). 

Polynomial (5.3) An expression that only contains 
terms with nonnegative integer exponents. The expres- 
sions Sab + 6, x° + 6x? + 3, -12, and x + 3y — 2 are all 

polynomials. The expressions x-* + 2x7!, 2Vx + 6, and 

5 J 
a + 2x? are not polynomials. 

Prime number (0.1) Any natural number greater than 1 
whose only natural number factors are 1 and itself. The first 
eight prime numbers are 2,3, 5, 7,11, 13, 17, and 19. 

Prime polynomial (6.6) A prime polynomial is a polyno- 
mial that cannot be factored by the methods of elementary 
algebra. x? + x + 1 is a prime polynomial. 

Principal square root (8.2) The positive square root of a 
number. The symbol indicating the principal square root 

is V_. Thus, V4 means to find the principal square root 
of 4, which is 2. 

Proper fraction (0.1) A numerical fraction whose numer- 

: , : o 2 8 
ator is less than its denominator; 75" and g ate proper 

fractions. 

Proportion (7.6) A proportion is an equation stating that 
two ratios are equal. 

a te 
Raat where b,d # 0 

is a proportion. 
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Pythagorean Theorem (9.4) In any right triangle, if c is 
the length of the hypotenuse and a and b are the lengths 
of the two legs, then c? = a? + b’. 

a 

Quadratic equation in standard form (5.8) and (9.1) An 

equation of the form ax” + bx + c = 0, where a, b, and c 
are real numbers and a # 0. A quadratic equation is clas- 
sified as a second-degree equation. 

Quadratic formula (9.2) If ax? + bx + c = Oanda # 0, 
then the roots to the equation are found by the formula 

3b + Vb? = 4ac 
7 2a 

Quadratic inequality (10.5) An inequality written in the 
form ax? + bx + c > 0, where a ¥ 0 and a, b, and c are 
real numbers. The > symbol may be replaced by a <, =, 

or = symbol. 

Quotient (0.4) The result of dividing one number or 

expression by another. In the problem 12 + 4 = 3, the 
quotient is 3. 

Radical equation (8.5) An equation that contains one 

or more radicals. The following are examples of radical 
equations. 

V9x —20 =x) and 4= Vx-3+Vx+5 

Radical sign (8.2) The symbol V_, which is used to indi- 
cate the root of a number. 

Radicand (8.2) The expression beneath the radical sign. 
The radicand of V 7x is 7x. 

Range of a relation (3.6) In any relation, the set of values 

that represents the dependent variable is called its range. 
This is the set of all the second coordinates of the ordered 

pairs that define the relation. 

Ratio (7.6) The ratio of one number a to another number 

: a 
b is the quotient a + b or ro 

Rational numbers (1.1) and (8.1) A number that can be 

. a : 
expressed in the form e where a and b are integers and 

7 Dee. 5 : 
b #¥ 0. a) ee ge 1.62, and 2.7156 are rational 

numbers. 

Rationalizing the denominator (8.4) The process of 
transforming a fraction that contains one or more rad- 
icals in the denominator to an equivalent fraction that 
does not contain any radicals in the denominator. When 

' : ; 5 ARS 
we rationalize the denominator of Le , we obtain 3 

3 
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—2 
When we rationalize the denominator of ————=, 

phe aa 
Wit Pay er 

Rationalizing the numerator (8.4) The process of trans- 
forming a fraction that contains one or more radicals in 
the numerator to an equivalent fraction that does not con- 
tain any radicals in the numerator. When we rationalize the 

5 

eGo) 

Real number (1.1) Any number that is rational or irra- 

tional. 2, 7, V5, =. (Why = z. and aN 5 are all real numbers. 

we obtain — 

5 é 
numerator of ee we obtain 

Rectangle (1.8) A four-sided figure with opposite sides 
parallel and all interior angles measuring 90°. The opposite 
sides of a rectangle are equal. 

Reduced row echelon form (Appendix C) In the reduced 
row echelon form of an augmented matrix, all the numbers 

to the left of the vertical line are 1s along the diagonal from 

the top left to the bottom right. If there are elements below 
or above the 1s, these elements are Os. Two examples of 
matrices in reduced row echelon form are 

OF OS 

F el and 0. a Oc Zon 

ONO al |e 

Relation (3.6) A relation is any set of ordered pairs. 

Rhombus (1.8) A parallelogram with four equal sides. 

Figure ABCD is a rhombus. 

B (G 

A D 

Right triangle (1.8) and (9.4) A triangle that contains 

one right angle (an angle that measures exactly 90 de- 
grees). It is indicated by a small square at the corner of 
the angle. 

A— B 

Root of an equation (2.1) and (6.7) A value of the vari- 
able that makes an equation into a true statement. The root 

of an equation is also called the solution of an equation. 

Scientific notation (5.2) A positive number is written 

in scientific notation if it is in the form a X 10”, where 

1 <a < 10 and nis an integer. 

Similar radicals (8.3) Two radicals that are simplified and 

have the same radicand and the same index. 2 Txy* and 

—5W/7xy? are similar radicals. Usually similar radicals are 

referred to as like radicals. 

Simplifying a radical (8.3) To simplify a radical when the 

root cannot:be found exactly, we use the product rule for 

radicals, Vab = V/a\/b for a = 0 and b = O. To simplify 

V20, we have = V4 V5 = 2V5. To simplify VW 16x*, we 

have = W/8x3 W/2x = 2xW/2x. 

Simplifying imaginary (8.6) Using the 

property that states for all positive real numbers 

a, V-a = V-1Va = iVa. Thus, simplifying ie we 

have V—7 = V=1V7 = iV7. 

Slope-intercept form (3.3) The equation of a line 
that has slope m and the y-intercept at (0, b) is given by 

y=mx +t b. 

numbers 

Slope of a line (3.3) The ratio of change in y over the 
change in x for any two different points on a nonvertical 
line. The slope m is determined by 

ll 

2 — Ky’ 

where x2 # x, for any two points (x;,y,) and (x, y2) on 
a nonvertical line. 

Solution of an equation (2.1) A number that, when 

substituted into a given equation, yields an identity. 
The solution of an equation is also called the root of an 
equation. 

Solution of an inequality in two variables (3.5) The set of 

all possible ordered pairs that, when substituted into the 
inequality, will yield a true statement. 

Solution of a linear inequality (2.8) The possible values 

that make a linear inequality true. 

Square (1.8) A rectangle with four equal sides. 

Square root (8.2) If x is a real number and a is a positive 

real number such that a = x’, then x is a square root of a. 
One square root of 16 is 4 since 47 = 16. Another square 
root of 16 is —4 since (—4)* = 16. 

Standard form of the equation of a circle (10.1) For a 

circle with center at (h, k) and a radius of r, 

Ch)? Gy haar 
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Standard form of the equation of an ellipse (10.3) Foran Standard form of the equation of a hyperbola with center 
ellipse with center at the origin, at point (Ah, k) (10.4) For a horizontal hyperbola with 

ve y? center at (h, k), 

et where a and b > 0. 5 , 
eb (xh)? (yk) 

This ellipse has intercepts at (a,0),(—a,0), (0,5), and (0, —b). az b? rip eee ea 

The vertices are at (h — a,k) and (h + a,k). 

For an ellipse with center at (h, k), 

sch)? — k)? For a vertical hyperbola with center at (h, k), 
& ; husky ; ) =a where a and b > 0. ; : : 

. Pe. Kee ee: 
;, 3 = 5 = 1, where a and b > 0. 
: b a 

en The vertices are at (h,k + b) and (h,k — b). 

y 

(h, k + b) 
\ 

Standard form of the equation of a hyperbola with center 

at the origin (10.4) For a horizontal hyperbola with cen- 

ter at the origin, 

pais = where a and b > 0. 
a 

The vertices are at (—a, 0) and (a, 0). Standard form of the equation of a parabola (10.2) Fora 

vertical parabola with vertex at (h, k), 
y 

=a(x-—h)*+k,  wherea # 0. 

For a horizontal parabola with vertex at (h, k), 

a0) x=a(y—k)?+h,  wherea # 0. 
(~a, 0) 

y 
4 y 

For a vertical hyperbola with center at the origin, T (h, k) 
2 2 tT (4) ; 2 ig 
- t= 1, whereaandb > 0. a : x 
b a PSs ie uae puma ae 

The vertices are at (0, b) and (0, —b). iy! 
Vertical Parabola Horizontal Parabola 

y 
Standard form of a quadratic equation (6.7) A quadratic 

Pts equation that is in the form ax* + bx + c = 0. 

i System of equations (4.1) A set of two or more equa- 
‘ tions that must be considered together. The solution is 

the value for each variable of the system that satisfies 
(0,—b) each equation. 

mova 4X Sy 
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is a system of two equations in two unknowns. The solution 

is (2, —3), or the values x = 2,y = —3. 

System of inequalities (4.4) Two or more inequalities in 
two variables that are considered at one time. The solution 
is the region that satisfies every inequality at one time. An 
example of a system of inequalities is 

1 
Yaa t,* ye 20 1 

yeS 20 oe 

y<gxt+2 J 

Term (1.7) A number, a variable, or a product of num- 

bers and variables. For example, in the expression 

a® — 3a°b + 4ab* + 6b° + 8, there are five terms. They 
are a*, —3a7b, 4ab’, 6b?, and 8. The terms of a polynomial 
are separated by plus and minus signs. 

Trapezoid (1.8) A four-sided figure with two sides paral- 

lel. The parallel sides are called the bases of the trapezoid. 
Figure ABCD is a trapezoid. 

B C 

A D 

Trinomial (5.3) A polynomial of three terms. The expres- 
sions x” + 6x — 8 anda + 2b — 3c are trinomials. 

Value of a second-order determinant (Appendix B) For 
; cae Yo} 

a second-order determinant — ,ad — cb. 

Value of a third-order determinant (Appendix B) For 
ay b, Cy 

third-order determinant |a, b c], 

a b3 C3 

ayb2c3 =e b4C243 ar C1a2b3 =3 a3b 2c} = b3c2a, ia C3054. 

Variable (1.4) A letter that is used to represent a number 
or a set of numbers. 

Variation (8.7) An equation relating values of one vari- 
able to those of other variables. An equation of the form 
y = kx, where k is a constant, indicates direct variation. 

4 k 
An equation of the form y = a where k is a constant, 

indicates inverse variation. In both cases, k is called the 

constant of variation. 

Vertex of a parabola (10.2) In a vertical parabola, the 
lowest point on a parabola opening upward or the highest 
point on a parabola opening downward. 

Vertex 

Vertex 

In a horizontal parabola, the leftmost point on a parabola 
opening to the right or the rightmost point on a parabola’ 
opening to the left. 

Vertex Vertex 

Vertical line test (3.6) If a vertical line can intersect the 

graph of a relation more than once, the relation is not a 
function. 

Vertical parabolas (10.2) Parabolas that open upward 
or downward. The following graphs represent vertical pa- 
rabolas. 

Whole numbers (0.1) The set of numbers 0, 1, 2, 3, 

4.5. 

x-intercept (3.2) The ordered pair (a, 0) is the x-intercept 
of a line if the line crosses the x-axis at (a,0). The x-intercept 

of line / on the following graph is (4, 0). 

(4,0) 

~ 

y-intercept (3.2) The ordered pair (0, b) is the y-intercept 
of a line if the line crosses the y-axis at (0, b). The y-inter- 
cept of line p on the following graph is (0, 3). 

(0,3) 
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Subject Index 
A 
Absolute value, 67, 689 

Absolute value equations 
of form jax + b| = c,599-600 
of form jax + b| + c = d,600 
of form |ax + b| = |ex + d|,601 
summary of, 605 

Absolute value functions, 689 

Absolute value inequalities 

of form jax + b| > c, 603-605 
of form jax + b| < c, 602-603 
summary of, 605 

Absolute zero, 249 

Addition 

associative property of, 71, 72 

commutative property of, 71,72 

of complex numbers, 519 

of decimals, 31-32 

English phrases for, 158 

of fractions, 10, 12-14 

of mixed numbers, 15-16 

of polynomials, 343-344 
of radicals, 495-496 

of rational exponents, 481 

of rational expressions, 441-445, 450-452 

of real numbers, 65-72 

of signed numbers, 67-70, 86 

Addition method 

explanation of, 278 

to solve system of linear equations in two 

variables, 278-279, 281-282 
Addition principle of equality 

explanation of, 131 

to solve equations of form x + b = cc, 

131-134 
used with multiplication principle, 143-146 

Addition properties for real numbers, 71-72 

Addition rule 

for two numbers with different signs, 70 

for two numbers with same sign, 69 

Additive inverse 
explanation of, 66, 77-78, 132 

method to find, 67 

Algebraic expressions 

to compare two or more quantities, 160-161 

distributive property to simplify, 101-103 

evaluation of, 111-112 

explanation of, 101 

fractional, 430 

translating English phrases into, 158-161 

Altitude, 112 

Analytic geometry, 626 

Angles, right, 112 

Antilogarithm 

explanation of, 748-749 

of natural logarithm, 750 

Applied problems. See also Index of 

Applications 

coin, 177-178 
distance, 464, 626 

equations to solve, 164-169 

exponential functions to solve, 727-728 

function notation to solve, 682-683 
interest, 727-728 

logarithmic or exponential equations to 
solve, 759-761 

1-2 

Mathematics Blueprint to solve, 

48-50, 167-169 
number problems as, 164-167 

percent, 174-175 

periodic rate charges, 173-174 
proportion, 461-462 
Pythagorean Theorem to solve, 570-571 
quadratic equations to solve, 413-415, | 

572-574 

ratio, 461 

similar triangle, 462-464 

simple interest, 175-176 

steps to solve, 164 
system of three linear equations to solve, 

300-301 

system of two linear equations to solve, 

296-299 
variation, 527-528 

work, 465 

Area, 112 

Associative properties 

of addition, 71,72 

of multiplication, 83 

Asymptotes 

of exponential function, 724 

of hyperbola, 655, 656 

Axis, of hyperbola, 654 

Axis of symmetry, of parabola, 634 

B 
Base 

of function, 724 

of logarithms, 749 

Bases, of exponents, 91, 325 

Base 10 system. See Decimals 

Basic rule of fractions, 430 

Binomials. See also Polynomials 

dividing polynomials by, 362-365 

explanation of, 343 

of form (a + b)(a — b), 356 
of form (a + b)? and (a — b)?, 356-358 
multiplication of, 350-353 

Boundary points, 591 

C 
Calculators 

absolute value function on, 689 

circles on, 627 

common logarithms on, 748-749 

complex numbers on, 518, 521 

decimals on, 41 

ellipse on, 647 

exponential equations on, 758 
exponential functions on, 726, 728 

exponents on, 92 

functions on, 580, 689, 699, 708 

graphing lines on, 230, 233, 234 

hyperbola on, 656, 657 

interest on, 175 

inverse functions on, 708 

lines on, 233 

logarithmic equations on, 756 

logarithmic functions on, 752 

natural logarithms on, 750 
negative numbers on, 70, 77 

nonlinear equations on, 252 

order of operations on, 97 

parabolas on, 639 
percent on, 41,44 
quadratic equations on, 629 

quadratic formula on, 629 

quadratic functions on, 580 

quadratic inequalities on, 593 

radical equations on, 511 

rational exponents on, 490 

reciprocals on, 437, 465 

scientific notation on, 338 

system of linear equations on, 276, 280, 299 

system of linear inequalities on, 309 
Center, of circle, 627-629 

Circles, 113 

area of, 572 

on calculator, 627 

center of, 627-629 

equation of, 627-628 

explanation of, 627 
graphs of, 627-629 

illustration of, 626 

radius of, 572, 627-629 

Circumference, 113 

Coefficients 

explanation of, 139 

numerical, 326, 344 

Coin problems, 177-178 

Combined variation, 527-528 

Common denominators, 10-12 

Common factors 

dividing out, 21 

explanation of, 377, 406 

factoring out, 403 

factoring polynomials with, 377-379, 390-391 
Common logarithms 

antilogarithm of, 748-749 

change of base formula with, 751-752 
explanation of, 748 

on scientific calculators, 749 

Commutative properties 
of addition, 71, 72 

of multiplication, 83 

Completing the square 

explanation of, 545 
to solve quadratic equations, 545-547, 551 

Complex fractions, 23-24, 450, 452-453 

Complex numbers 
addition and subtraction of, 519 

on calculator, 518, 521 

division of two, 521 

evaluation of form 7”, 520 

explanation of, 518 

multiplication of, 519-520 

simplifying expressions involving, 517-519 

Complex rational expressions 
explanation of, 450 

methods to simplify, 450-453 
Composition, of functions, 697-699 

Compound inequalities 
explanation of, 588 

graphs of, 588-590 

method to solve, 589-590 

Compound interest, 175, 727-728 

Conic sections, 626. See also Circles; Ellipses; 

Hyperbolas; Parabolas 



Conjugates, 504-505, 521 
Consistent system of linear equations, 280 

Coordinates 

explanation of, 204 

of plotted points, 206-208 

Cross multiplying, 461 

Cubed, 91 

Cube roots 

explanation of, 486 

rationalizing denominator with, 503-504 

D 
Decimal places, 28, 33, 34 

Decimal point, 28, 34, 35 

Decimals 

addition and subtraction of, 31-32 
on calculator, 41 

changed to fractions, 30-31 
changed to percent, 40 

changing fractions to, 29-30 
changing percent to, 41 
division of, 33-36 

explanation of, 28-29 

multiplication of, 32-33, 35-36 

place value of, 28 

terminating, 139 

Degree of polynomial, 343 

Degree of term, 343 

Denominators 

adding and subtracting fractions with 

different, 12-14 

changing fraction to equivalent fraction 
with given, 7 

common, 10 

explanation of, 2 
least common, 10-14, 108 

of rational expressions, 430, 441-445 

rationalizing the, 502-505 

Dependent equations, 275, 280, 281 

Dependent variables, 248 

Difference of two squares, 401-402, 406 

Directrix, 634 
Direct variation, 525 
Discriminant, 555 
Distance, 626 

Distance formula, 627 

Distance problems, 464 
Distributive property 

to combine like terms, 106-107 

explanation of, 101 

to multiply complex numbers, 520 
to multiply polynomials, 358-359 
to simplify algebraic expressions, 

101-103 
Dividend, 33, 34 
Division 

of complex numbers, 521 

of decimals, 33-36 

English phrases for, 159 
of exponential expressions, 326-329 
of fractions, 22—25 

of mixed numbers, 24-25 

of polynomials, 362-365 
of radical expressions, 501-502 

of rational expressions, 437-438 
of real numbers, 84-87 
of signed numbers, 84-86 

by zero, 86 
Division principle of equality, 138 

Divisor, 33, 34 

Domain 

of function, 488 

of relation, 248 

E 
Elimination method. See Addition method 
Ellipses 

on calculator, 647 

explanation of, 645 

graphs of, 645-647 

illustration of, 626 

standard form of equation of, 645 

English expressions, 158-161, 184 

Equality 

addition principle of, 131-134 
division principle of, 138 

multiplication principle of, 137-140 

Equations, See also Linear equations; 

Quadratic equations; System of linear 
equations in three variables; System of 

linear equations in two variables 

absolute value, 599-601 

of circle, 627-629 
consistent system of, 280 

dependent, 275, 280, 281 

of ellipse, 645 
explanation of, 131 

exponential, 726-728, 758-761 
of form ax = b, 138-140 

of form ax + b = c, 143 

fractional exponents in, 560-562 

with fractions, 150-153 

of hyperbola, 654-657 

independent, 280 

of lines, 239-240 

logarithmic, 734-735, 742-743, 756-757 

nonlinear, 251-252, 254 

with no solution, 153, 280 

of parabolas, 634-639 
with parentheses, 145-146 
procedure to solve, 151 

proportion, 461 

quadratic, 410-415 

quadratic in form, 560-562 

radical, 511-513 

with rational expressions, 456-458 

in slope-intercept form, 229-230 
solutions of, 131 

used to solve applied problems, 164-169 

with variables on both sides of equation, 

143-145 
Equilateral triangles, 166 

Equivalent fractions, 7 
Estimation, 44-45 

Exponential equations 

applied problems with, 727-728 
on calculator, 758 

method to solve, 726-727, 758-759 
property of, 726 

Exponential expressions 

multiplication of, 325-326 

raised to power, 330-332 
Exponential form, logarithmic equations in, 734 

Exponential functions 

applied problems with, 727-728 

on calculator, 726, 728 

explanation of, 724 
graphs of, 724-726 

Subject Index 1-3 

inverse of, 735 

method to solve, 726-727 

Exponents 

on calculators, 92 

evaluation of, 92-93 

explanation of, 91 

fractional, 560-562 

negative, 336-337 

power rules for, 330-331, 336 

product rule for, 325-326, 336 

quotient rule for, 326-329, 336 

rational, 479-482 

rules for, 479 

sign rule for, 92 

Expressions. See Algebraic expressions 
Extraneous solutions, 457 

F 

Factors/factoring, See also Polynomials 

difference of two squares, 401-402, 406 

explanation of, 2, 101 

expressions with rational exponents, 481-482 

greatest common, 377-379 

by grouping, 382-384, 396-397 

perfect-square trinomials, 402-403, 406 

polynomials with common, 377-379, 

390-391, 403 
prime, 10-12 

review of, 406-407 

simplifying rational expressions by, 

430-433, 436 

to solve quadratic equations, 410-415 

trinomials of form x* + bx + c,387-390, 406 
First-degree equations. See Linear equations 

Focus 

of ellipse, 645 

of hyperbola, 654 

of parabola, 634 

FOIL method 

explanation of, 351-352 

horizontal format, 358-359 

use of, 356, 394, 395, 500, 501, 519 
Formulas 

evaluation of, 112-114 

for two-dimensional figures, 113 

Fourth root, 486 

Fractional algebraic expressions, 430 

Fractions 
addition of, 10 

basic rule of, 430 

changed to decimals, 29-30 

complex, 23-24, 450 

decimals changed to, 30-31 

division of, 22-25 

equivalent, 7 

explanation of, 2 

improper, 5-7 

in inequalities, 186 

least common denominator of, 502-505 

in lowest terms, 3-4 

multiplication of, 20-22 

proper, 4 

simplification of, 2-4 
solving equations containing, 150-153 

Function notation 
to evaluate expressions, 680-682 

to evaluate functions, 736 

explanation of, 253-254 

to solve applied problems, 682-683 



I-4 Subject Index 

Functions 

on calculator, 580, 689, 699 

composition of two, 697-699 

domain of, 488 

explanation of, 249 

exponential, 724-728 

of form f(x + h) + k, 688-691 

graphs of, 252-253, 687-691, 708 

inverse, 703-708 

logarithmic, 733-736 

one-to-one, 704-706 

ordered pairs of, 488 

quadratic, 579-582 

square root, 487 

sum, difference, product, and quotient of 

two, 696-697 

as type of relation, 249-250 

Fundamental rectangles, 655 

G 
Graphing calculators. See Calculators 

Graphs/graphing 
of absolute value inequalities, 602-605 
on calculators, 230, 233, 234 

of circle, 627-629 

of compound inequalities, 588-590 
of ellipse, 645-647 

explanation of, 182 
of exponential functions, 724-726 

of functions, 252-253, 687-691, 708 
of hyperbola, 654-657 

of inequalities, 184-187 
of linear equations, 216-221, 254 

of linear inequalities, 243-244 

of logarithmic functions, 735-736 

of nonlinear equations, 251-252, 254 
of ordered pairs, 216-218 
of parabolas, 579-582, 634-639 

plotting points on, 206-208 
of quadratic functions, 579, 581-582 

slope-intercept form on, 229-230 
to solve system of linear equations, 274-275 

of system of linear inequalities in two 

variables, 307-309 

Greatest common factor 
checking for, 437 

explanation of, 377-379 

factoring out, 403 
Grouping, factoring by, 382-384, 396-397 

Grouping symbols, 118-119 

H 
Higher-order roots 

explanation of, 486-487 

rationalizing denominator with, 503-504 

Horizontal hyperbola, 654 
Horizontal lines, 219-221 

Horizontal line test, 704 

Horizontal parabolas, 636-638 

Horizontal shifts, 690-691 

Hyperbolas 

asymptotes of, 655, 656 

on calculator, 656, 657 

equation of, 654-656 

explanation of, 654 

graphs of, 654-657 

horizontal, 654 

illustration of, 626 

vertical, 654 

Hypotenuse, 570 

| 
Identities, 281 

explanation of, 132 

multiplicative, 4 

Imaginary numbers, 517 

Improper fractions 

conversions between mixed numbers and, 

5-7, 15 

explanation of, 5 . 

Inconsistent system of linear equations, 
275, 280 

Independent equations, 280 

Independent variables, 248 
Index, of radical, 486 

Inequalities 

absolute value, 602-605 

compound, 588-590 

explanation of, 182 

graphs of, 184-187 

linear in two variables, 243-244 

on number line, 182, 183 

in one variable, 182-188 

procedure to solve, 185 

quadratic, 591-594 

solution of, 182 

solution set of, 182 

system of linear, 307-309 

Inequality symbols, 182, 186, 187 

Integers, 65 

Intercepts 

explanation of, 218 

graphing straight line by plotting, 

218-219 

Interest, 175-176 

Interest problems, compound, 727-728 

Inverse functions 

on calculator, 708 

explanation of, 703-704 

finding for given function, 706-708 

graphs of, 708 

one-to-one functions and, 704-706 

Inverse variation, 525-527 

Invert and multiply method, 24 

Investment problems, 175-176 
Irrational numbers, 65 

“is greater than” symbol, 182 

“is less than” symbol, 182 

Isosceles triangles, 166, 167 

K 
Kepler, Johannes, 733 

L 
Least common denominator (LCD) 

explanation of, 10 

prime factors to find, 11-12 

of rational expressions, 442, 451-453 

use of, 12-14, 108, 134, 150 
Legs, of triangles, 570 

Like terms 

explanation of, 106 

method to combine, 106-108 
Linear equations. See also Equations; System of 

linear equations in three variables; System 

of linear equations in two variables 

graphs of, 216-221, 254 
in one variable, 208 

ordered pairs for given, 208-210 

in two variables, 208 

Linear inequalities, system of, 307-309 

Linear inequalities in two variables, 243-244 

Lines 
equations of, 239-240 

horizontal, 219-221 

parallel, 233-234 

perpendicular, 233-234 
slope-intercept form of, 229-230 

slope of, 226-234 

vertical, 219-221 
Logarithmic equations 

on calculator, 756 

in exponential form, 734 
method to solve, 734-735, 742-743, 756-757 

Logarithmic form, exponential equations in, 

733-734 
Logarithmic functions 

on calculator, 752 

graphs of, 735-736 

Logarithms 

common, 748-749 

explanation of, 733 

of number raised to power, 741-742 

of product, 740 

properties of, 740-743 

of quotient, 740-741 

Lowest terms, fractions in, 3-4 

M 
Mathematics Blueprint, 48-50, 167-169 

Mixed numbers 

addition and subtraction of, 15-16 

converting between improper fractions 

and, 5-7, 15 

division of, 24-25 

explanation of, 5 

multiplication of, 21-22 

Monomials. See also Polynomials 

divided by polynomial, 362 

explanation of, 343 

multiplied by polynomial, 362-365 

Multiples of 10, multiplying and dividing 

decimals by, 35-36 

Multiplication. See also Product 
associative property of, 83 

commutative property of, 83 

of complex numbers, 519-520 

of decimals, 32-33, 35-36 

English phrases for, 158 

of exponential expressions with like bases, 325-326 
of fractions, whole numbers, and mixed 

numbers, 20-22 

of polynomials, 350-353, 356-359 

of radical expressions, 500-501 

of rational expressions, 436-437 
of real numbers, 81-83 

of signed numbers, 82, 86 

Multiplication principle of equality, 137-140 

Multiplicative identity, 4 

Multiplicative inverse, 140 

Multivariable polynomials, 343 

N 
Napier, John, 733 

Natural logarithms 

antilogarithm of, 750 

change of base formula with, 751 

explanation of, 749-750 

on scientific calculators, 750 



Natural numbers, 2,3 

Negative exponents, 336-337 
Negative numbers 

on calculators, 70,77 

explanation of, 65 

Negative slope, 227,229 
Newton, Isaac, 733 

Nonlinear equations 

on calculators, 252 

graphs of, 251-252, 254 
Notation/symbols 

fraction bars, 118 

function, 253-254, 680-683 

grouping, 118-119 

inequality, 182, 186, 187 
pi (7), 113 

radical, 486 

scientific, 337-340 

Number line 

boundary points on, 591 
explanation of, 65 

inequalities on, 182, 183 
real numbers on, 67,204 

Number problems, 164-167 
Numbers. See also Negative numbers; 

Positive numbers; Real numbers; 

Whole numbers 

complex, 517-521 
English phrases for, 158-161 

imaginary, 517 

irrational, 65 

mixed, 5-7, 15-16, 21-22 

natural, 2,3 

negative, 65 
opposite, 66 

positive, 65 
prime, 2-3 

rational, 65, 482 

Numerals, 2 

Numerators, 2 

Numerical coefficients 

explanation of, 326 

of polynomials, 344 

oO 
One-to-one functions 

explanation of, 704-706 

inverse of, 707-708 

Ordered pairs 
determining values for, 217-218 
explanation of, 204 

of functions, 488 
for given linear equation, 208-210 
graphing linear equations by plotting, 

216-218 
methods to find, 232 
in one-to-one function, 704 

as solution to linear equation in two 

variables, 208-209 
as solution to system of linear equations 

in two variables, 274 
Order of operations, 96-97 

Origin, 204 

P 

Parabolas 

on calculator, 639 

equation of, 634-639 

explanation of, 579, 634 
focus of, 634 

graphs of, 579-582, 634-639 

horizontal, 636-638 

illustration of, 626 

vertex of, 579, 634-635 

vertical, 634-636 

Parallel lines, 233-234 

Parallelograms, 113 

Parentheses 

in inequalities, 186 

solving equations with, 145-146 
Percent 

applied problems involving, 174-175 
on calculators, 41, 44 

changed to decimals, 41 

changing decimals to, 40 

explanation of, 40 

method to find, 41-44 

Perfect-square trinomials, 402-403, 406 

Perimeter 

of circle, 572 

explanation of, 112 

of triangle, 571 

Periodic rate charges, 173-174 

Perpendicular lines, 233-234 
Pi (7), 113 

Plotting points, 206-208 

Polynomials. See also Binomials; Factors/ 

factoring; Monomials; Trinomials 

addition of, 343-344 

degree of, 343 

division of, 362-365 

evaluation of, 346 

explanation of, 343 
of form ax? + bx + c, 387-390, 394-397, 406 
of form x? + bx + c, 390-391, 406 
multiplication of, 350-353, 356-359 

multivariable, 343 

prime, 407 

subtraction of, 345 

whose terms contain common factor, 

377-379 

Positive numbers, 65 

Positive slope, 227, 229 

Power 

logarithm of number raised to, 741-742 

raising each side of equation to, 511 

Power rules, for exponents, 330-331, 336 

Prime factors, to find least common 

denominator, 10-12 

Prime numbers, 2-3 

Prime polynomials, 407 
Principal square roots, 486 
Problem solving, 48-50 

Product. See also Multiplication 
of functions, 694-697 

logarithm of, 740 

Product rule 

for exponents, 325-326, 336 

for radicals, 494-495 

Proper fractions, 4 

Proportion equations, 461 
Proportions, 461-462 

Pythagorean Theorem 
explanation of, 570 
solving problems using, 570-571, 626 

Q 
Quadratic equations 

applied problems involving, 572-574 

Subject Index 1-5 

applied problems with, 413-415 
on calculator, 629 

completing the square to solve, 545-547, 551 
containing several variables, 568-569 

explanation of, 410, 544 
factoring to solve, 410-415 

of form ax? + bx + c = 0,410-411 
method to write given solutions of, 556 

quadratic formula to solve, 552-554, 
568-569, 571 

square root property to solve, 544-545 

standard form of, 410,544,551 

use of discriminant to determine nature 

of roots of, 554-555 

Quadratic formula 

on calculator, 629 

explanation of, 551 

to solve quadratic equations, 552-554, 

568-569, 571 

Quadratic functions 

on calculator, 580 

explanation of, 579 

graphs of, 579, 581-582 

vertex and intercepts of, 579-582 

Quadratic inequalities 

on calculator, 593 

explanation of, 591 

method to solve, 591-593 

nonfactorable, 594 

Quadratic in form, equations that 

are, 560-562 

Quotient 

of functions, 696-697 

logarithm of, 740-741 

Quotient rule 

for exponents, 326-329, 336 

for radicals, 501-502 

Quotients 

explanation of, 33, 34 

raised to power, 331-332 

R 
Radical equations 

on calculator, 511 

explanation of, 511 

method to solve, 511-513 

Radical expressions 
changed to expressions with rational 

exponents, 488-489 

changing expressions with rational 

exponents to, 490 

evaluation of, 486-488 

explanation of, 486 

Radicals 

addition and subtraction, 495-496 
division of, 501-502 

higher-order, 491 

index of, 486 

isolation of, 511-512 

like, 495-496 
method to simplify, 494-495, 502-505 

multiplication of, 500-501 

product rule to simplify, 494-495 

quotient rule for, 501-502 

Radical sign, 486 

Radicand 
explanation of, 486 

fractions in, 503 
Radius, 572, 627-629 

Range, of relations, 248 



1-6 Subject Index 

Rational exponents 

adding expressions with, 481 

on calculator, 490 

changed to radical expressions, 490 

changing radical expressions to 

expressions with, 488-489 

factoring expressions with, 482 

simplifying expressions with, 479-481 

Rational expressions 
addition and subtraction of, 441-445 

with common denominator, 441 

complex, 450-453 

division of, 437-438 

explanation of, 430 

factoring to simplify, 430-433 

least common denominator of, 442 

methods to simplify, 450-453 

multiplication of, 436-437 

solving equations involving, 456-458 

Rationalizing the denominator, 502-505 

Rational numbers, 65, 482 

Ratios, 461 

Real number line. See Number line 

Real numbers 

addition of, 65-72 

addition properties for, 71-72 

applications with, 66-67 

division of, 84-87 

explanation of, 65 

multiplication of, 81-83 

subtraction of, 76-78 

Real roots, 410 

Reciprocals, 437, 465 

Rectangles, 113, 655 

Rectangular coordinate system 

determining coordinates of plotted points 

on, 206-208 

explanation of, 204 

finding ordered pairs for linear equations 
and, 208-210 

plotting points on, 204-205 

Relation 

domain of, 248 

explanation of, 248-249 

functions as type of, 249-250 

range of, 248 

Right angles, 112 

Right triangles, 166, 570-571 

Roots. See also Square roots 

cube, 486, 503-504 

fourth, 486 

higher-order, 486-487 

real, 410 

Rounding, 44-45, 339, 340 

S 
Scientific calculators. See also Calculators 

common logarithms on, 748-749 

natural logarithms on, 750 

Scientific notation 

on calculators, 338 

explanation of, 337-338 

use of, 337-340 

Signed numbers 
addition of, 67-70, 86 

division of, 84-86 

multiplication of, 82, 83 

subtraction of, 77, 86 

Significant digits, 339 

Sign rule for exponents, 92 

Similar triangles, 462-464 

Simple interest problems, 175-176 

Simplest form, 2 

Simplification 

of algebraic expressions, 101-103 

of expressions involving complex numbers, 
517-519 

of fractions, 2-4 

of radicals, 494-495, 502-505 
of rational exponents, 479-481 

of rational expressions, 430-433, 450-453 

Slope 

explanation of, 226 

graphing line using y-intercept and, 

230-231 
methods to find, 226-230 

of parallel lines, 233 

of perpendicular lines, 233 
positive and negative, 227, 229 

Slope-intercept form 

equations in, 229-230, 232 

explanation of, 229 

Solutions 

of equations, 131, 132 

equations with no, 457-458 

extraneous, 457 

of inequalities, 182, 184 

infinite number of, 153 

method to check, 132 

ordered pairs as, 208-209 

to system of three linear equations in 

three variables, 288 

to system of two linear equations in 

two variables, 274 

Solution set, of inequalities, 182 

Squared, 91 

Square root function, 487 

Square root property, 544-545 

Square roots, 486 

Squares 

difference of two, 401—402, 406 

explanation of, 113 

Standard form 

of equation of circle, 628, 629 

of equation of ellipse, 645-646 

of equation of hyperbola, 656-657 

of equation of parabola, 635-636 

of quadratic equations, 410, 544, 551 

Substitution method 

explanation of, 275 

to solve system of linear equations, 

275-278, 281, 282 

Subtraction 

of complex numbers, 519 

of decimals, 31-32 

English phrases for, 158 

of fractions, 10, 12-14 

of mixed numbers, 15-16 

of polynomials, 345 

of rational expressions, 441-445, 450-452 

of real numbers, 76-78 

of signed numbers, 77, 86 

Symbols. See Notation/symbols 
System of linear equations in three variables 

applications of, 300-301 

explanation of, 288 

method to solve, 290 

where none of coefficients is zero, 288-289 

where some of coefficients are zero, 290-291 

System of linear equations in two variables 
addition method to solve, 278-279, 

281, 282 

applications of, 296-299 
on calculator, 276, 280, 299 

choosing appropriate method to solve, 

281-283 

dependent equations in, 275, 280 

explanation of, 274 

graphing method to solve, 274-275 

inconsistent, 275, 280 

independent equations in, 280 

with no solution, 280 

solution to, 274, 283 

substitution method to solve, 275-278, 281, 282 

that do not have unique solution, 280-281 

System of linear inequalities in two variables 
on calculator, 309 

explanation of, 307 

graphs of, 307-309 

T 
Temperature, 249 

Terminating decimals, 139 

Terms, 101 

th power, 91 

Trapezoids, 111 

Trial-and-error method, 394-395 

Triangles 

in applied problems, 166 

equilateral, 166 

explanation of, 113 

isosceles, 166, 167 

perimeter of, 571 

right, 166, 570-571 

similar, 462-464 

Trinomials, See also Polynomials 

explanation of, 343 

factoring, 394-397 

of form ax? + bx + c,387-390, 

394-397, 406 

of form x? + bx + c,390-391, 406 
perfect-square, 402-403, 406 

trial-and-error method to factor, 394-395 

Two-dimensional figures, geometric formulas 

for, 113 

U 
Undefined, 86 

V 
Variables 

on both sides of equation, 143-145 
dependent, 248 

explanation of, 91 

independent, 248 
Variation 

combined, 527-528 

direct, 525 

inverse, 525-527 

Vertex 

of hyperbola, 654, 656 

of parabola, 579, 634, 635 

of quadratic functions, 579-582 

Vertical hyperbola, 654 
Vertical lines, 219-221 

Vertical line test, 253, 687-688 

Vertical parabolas, 635-636 

Vertical shifts, 688-689 



Ww 
Whole numbers 

dividing fractions by, 22-23 

explanation of, 65 

multiplying fractions 

by, 21 

Work problems, 465 

X 
x-axis, 204, 220, 654 

x-coordinates, 204 

x-intercepts 

explanation of, 218 

methods to find, 232 

of quadratic functions, 579-582 

Y 
y-axis, 204 

y-coordinates, 204 

y-intercepts 

explanation of, 218 

graphing line using slope and, 230-231 

Subject Index 

methods to find, 229-230, 232 

of parallel lines, 233-234 

of quadratic functions, 579-582 

Z 
Zero 

addition of any number 

with, 71 

in decimals, 32 

division by, 86 

Zero factor property, 410 



Index of Applications 
A 
Agriculture/Farming/Forestry 

acreage for each of two crops, 302 

area of field, 22,27, 103, 105 
ash tree population, 765 
bushels of apples, numbers picked, 12 
corn and soybean plantings, 12 
farmland division and acreage of each 

lot, 435 
fertilizer, number of each type to use, 302 

field plowing, time to complete together 
vs. alone, 474 

orange tree planting to achieve maximum 

yield, 643 
Air Trayel/Ayiation 

airline’s on-time arrivals, 475 

airport runway, area of, 105 

airport searchlight and depth of, 674 

baggage weight for air travel, 466 
flight data recorder, volume of steel 

container, 515 

flight speeds of plane and helicopter, in 
relation to each other, 467 

helicopter distance from object below 

sea level, 78, 80 
jet’s atmospheric pressure, 731 
plane’s distance and radar detection, 631 

plane’s maximum travel distance, based on 
gas mileage, 60 

plane’s speed in still air and jet stream/ 
wind’s speed, 298-299, 303, 318, 321 

planes’ speeds, in relation to each other, 464 
Animals/Fish/Wildlife Management 

aquarium, gallons water in, 19 

black bear population, growth of and food 
shortage, 761 

cricket chirps and temperature, in 
Fahrenheit, 172 

dog body temperature, Celsius to Fahrenheit 

conversion, 126 

dog pen, fencing footage needed, 16 
dog’s exercise area and elliptical path of, 651 
dog weight, pounds to kilograms 

conversion, 121 

elephant weight gain, 192 
gray whales’ food consumption, 372 
humpback whale weight, 142 
iguana diet, based on weight and fruit/ 

veggie requirements, 405 
moose population and growth rate, 771 
number cats and dogs examined, based on 

total vet costs, 516 

number of shelter dogs and cats taken in, 181 

peregrine falcons, female weight range, 156 
pet ownership, increase in, 258 
trout population, 765 

Arts 

floral arrangement’s height, based on 
designer’s ratio, 467 

painting’s perimeter, 110 

sculpture’s height, based on shadow’s 

length, 467 

Astronomy/Space Travel 
comet’s hyperbolic orbit, 659 
distance of light-year/parsec, in scientific 

notation, 339 

1-8 

meteor path and point to strike Earth, 667 
moon surface temperatures, Celsius to 

Fahrenheit, 117 

Neptune’s distance from sun, 341 
planets’ volumes compared, 686 
Pluto mission, annual/weekly miles traveled 

by spacecraft, 342, 373 

Pluto mission cost, based on miles 

traveled, 371 

rocket’s path, 660 

satellite’s orbit speed, 530 
time for space probe to travel from 

Earth to distant stars, 340 

Venus and distance across elliptical orbit, 649 

Boats/Marine 

boaters and income levels of, 585 

boat’s speed in still water and current’s 
speed, 303 

boat storage covers, dimensions of, 419 

canoe trip, paddling speed during different 

parts of, 620 
cost for making sail, based on square 

footage, 116 

divers’ depth and sunlight, 731 
pressure on submarine, 529 
racing boat’s mainsail, dimensions of, 419 
river current, speed of, 516 

stream and speed of current, 427 

tourism cruise, costs and numbers in 

family, 598 
triangular warning sign measurements, 573 

Business 

advertising investments and software sales, 

739 
advertising printing costs, 303 

cars sold, types and number, based on 

commission paid, 305 

cell phone accessories sales, growth in, 236 
chair production, number of each size 

made, 298 
college store baseball T-shirt inventory, 170 

compact disc player unit price and maxi- 

mum revenue, 618 

computer rental charges, 200 

computer training, number of employees to 
attend, 302 

daily profit and numbers products/services 
sold, 598 

department store’s sale prices, 171 

driving range receipts, sunny vs, rainy 
days, 314 

expenses and revenues audit, software 

company, 315 
factory items produced, time and cost, 702 

fruit gift boxes, number and type 
prepared, 305 

furniture factory’s profit, 125 
holiday gift returns, 46 

hospital operating costs and number of 

nurses on duty, 188 

hospital staffing levels, 313 
kayak rentals, by age and gender, 163 
machines made and sold to meet financial 

goals, 188 

maximum monthly profit and needed 
production for, 643 

new business failures, 46 

number of employees, 427 
number of trips to move book stock, 47 

numbers of various products made daily to 

produce zero profit, 553, 559 

office supplies order, 180, 304 
online college book purchases, 213 

picnic table company’s production and 
profits, 586 

prescription and over-the-counter 
medication sales, costs and profits, 610 

profit and loss, 74, 75 
satellite communication parts, sales of, 247 

software company sales volume and 
personnel, 50-51 

solar energy, growth in use, 237 

supermarket sales per hour, 47 
tablet case, order of red vs. black, 170 

temporary hires, based on payroll, 

302, 319 
trucks, number of each type for hauling 

gravel, 300-301 

visitors to restaurant chain, 212-213 

C 
Cars/Vehicles 

acceleration rate and speed on 
interstate, 467 

car horsepower and top speed, 525 
car loan and interest paid on, 60 

car loan, monthly payments, 192 
car prices, 175 

cars sold, types and number, based 

on commission paid, 305 
drivers’ average speeds, 467 
gas mileage, 25, 38, 45, 47, 250, 346 

gas prices, 157,530 
highway department’s car and truck 
purchase costs, 304 

miles per hour to kilometer 
conversion, 114, 127 

motor vehicle accidents/deaths, 207-208 

parking lot, dimensions of, 576 
rental truck costs, 174, 321 

road maps and city locations, 212 

road salt, costs per pound to buy 
and apply, 287 

tush-hour cars in Boston, based on parking 
spaces, 287 

speed during rain and after, 577, 617 
speed on two different types roads, 171, 

574, 577 
trucks, number of each type for hauling 

gravel, 300-301 

truck’s speed after deceleration, 467 
vehicle types and number to transport 

certain number of youths, 319 

Charity/Fundraising 
computer donations, 524 

ticket donation, number of adult vs. children 
tickets, 180 

Construction/Carpentry 

area of step’s trapezoidal support, 116 
barn wall measurements, 577 



Construction/Carpentry (Continued) 
blacktop sealer cost/amount needed, based 

on shape, square footage of lot/ 

driveway, 125, 127 

chair production, number of each size 

made, 298 
concrete pavers, cost for parking area, 52 
construction costs, percent increase/de- 

crease, 342 

decking costs, estimated, 52 

Empire State Building, time to complete 
framing, 652 

energy-efficient window coating costs, 116 

fencing costs comparison, 52 

gallons paint needed, 473 

painting cost for roof beam support, 127 

painting cost of circular sign, 125 

parking lot project, volume of earth 

excavated, 532 

roadbed pipe, radius of, 572 

roof repair, area of region, 116 

seawall repairs and shoreline 
measurements, 532 

sheet metal costs, based on triangle’s 

area, 271 

spice cabinet measurements, 19 

support beam length and maximum 

weight supported, 530 

temporary construction hires, based 

on payroll, 302 

Consumer Spending 

camera sale and original cost, 179 

car loans, 60, 89, 192 

car prices, 175 

cell phone costs and minutes used, 242 

college meal plans, cost comparisons of, 567 

department store sale purchases, 171 

egg price comparison, 53 

firewood costs, 475 

food and beverage sales at amusement 

park, 224 

food budget, as percentage of total budget, 46 

food shopping, equal contributions to, 89 

fuel costs, 45 

furniture sale, percentage off and 

purchase price, 42 
gas prices, 157 
grocery shopping savings, 349, 747 

home equity line of credit/loans, 74, 242 

household budget, 100 

kilowatt-hours electricity used and electric 

bills, 197, 266 
lunch bill, split among four, 34 

milk prices, 367 

monthly rental costs, 46 

party catering costs, 179 

printer paper, cost per box, 34 

rental car miles driven, based on costs, 197 
rental truck costs, 174, 321 

resort costs, split among families, 60 

restaurant tips, 46 
sale purchases and original price, 197 

sales tax, 531 
sneaker sale and discounts, 242 

sofa prices, 174 

student loans, 89 

subway fare and commuter costs, 448 

thermostat adjustments and home 

heating savings, 695 

total spent on lunches, 31 

uniforms layaway costs, 179 

university debit card usage, 213 

D 
Demographics/Statistics 

crime statistics analysis, 712 

incarcerated adults in U.S., in past and in 

future, 578 

median age, increase in, 754 

population growth and years to reach 

certain level, 765, 771 

spelling bee and students’ ages, 766 

Ukraine, declining population in, 711 

world population growth over time, 732, 

760, 764 

E 
Education/Schools 

bookstore purchase, breakdown of 

items bought, 304 

cell phone use by students, 60 

chemistry lab grade needed, 172 

class size, 197 

college enrollment, by gender, 9 

college logo items, cost of each type, 321 

college meal plans, cost comparisons of, 567 

college store baseball T-shirt inventory, 170 

college tuition and increase over 
time, 731, 739 

exam score needed for certain average, 

169, 171, 191, 197,272 

financial aid account, withdrawals and 

balance, 74 

foreign student enrollment in U.S. 

colleges, 224 

lecture ticket sales, advance vs. at door, 296 

math class and group work, 417 

math deficiency in freshmen class, 60 

online college book purchases, 213 

semester credits for full-time status, 190 

spelling bee and students’ ages, 766 

student loan options, finding best deal, 653 

student loans, 89 

students on campus, fall vs. spring, 161 

test scores, 4, 46, 169, 319 

tuition costs before percentage increase, 200 

university debit card usage, 213 

weekly salary, by gender and degrees 

held, 566 

Employment/Jobs 
budgeting for office luncheon, 271 

Canadian forests and related labor 

force, 711 

commission, as percent of total income, 61 

commission earnings, 47,60, 181, 191 

data security analysts and growth of field, 767 

earnings at previous job, 409 

employee discounts, 149 

hours worked per week, comparisons, 160 

hours worked to earn certain amount, 38 

job applicants who found jobs, 9 
job losses in manufacturing industry, 266 
maximum hours to be worked, 198 

number of tables served to earn certain 

amount, 179 

overtime hours needed to earn certain 

amount, 179 

paycheck deductions, as percentage 

of gross pay, 54 

pay raise and new salary amount, 42 

Index of Applications 1-9 

pharmacist vs. pharmacy technician, 

salaries of, 386 

physical therapy assistants, growth of 

field, 764 

previous salary, based on percentage 

increase, 174-175, 455 

real hourly wage, 295 

salary increase, 179 

sales clerk bonus, 171 

state’s workforce growth and years to reach 

certain level, 765 

time available for window washing, 19 

time to complete job together vs. alone, 465 

total earnings with commission, 47, 393 

traffic control and emergency response 

staffing, 313 

travel expenses, based on mileage, 47 

value of products sold, based on commission 

earned, 174, 179 

weekly earnings, 60 

weekly salary, by gender and degrees held, 

566 

work force makeup, 179, 197 

Entertainment/Recreation 

card game points, 98 

concert ticket prices compared, 163 

concert tickets, types and numbers sold, 304 

digital album sales, 697-698 

DVD movie shipments, 2008-2015, 212 

Ferris wheels and equation of the circle, 632 

food and beverage sales at amusement 

park, 224 

holiday concert attendance, 304 

kayak rentals, by age and gender, 163 

minimum height to ride roller coast, 190 

model rocket’s maximum height and time to 

hit ground, 618 

quiz show score, 126 

rope swing and period of pendulum, 499 

satellite dish and measurements of, 

642-643, 674 

seats in trapezoidal-shaped auditorium, 156 

theater attendance, monthly 

comparisons, 161 

theater tickets, types of seating 

sold, 302, 319 

top ten movies, weekend box office 

gross, 661 

tourism cruise, costs and numbers in 

family, 598 

triangular playground, base and altitude 

of, 577 

Environment/Outdoors 

Amazon rainforest, Brazil portion 

of, 335 

Atlantic hurricane patterns over years, 367 

bamboo growth rate, 341 

beach cleanup volunteers and time to finish, 

530 

butterfly population, 74 

Canadian forests and related labor force, 

711 

canyon’s peak height, based on shadows’ 

lengths, 474 

lead levels in air, decrease in, 685 

oil slick area, 702 

rectangular tract of land, dimensions 

of, 424 

rope bridge length, 475 

safe drinking water standards, 38 
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snow-covered miles during hike, 80 

solar energy, growth in use, 237 

triangular section of park, area of, 116 

volcanic eruptions, 633 

wind generator and force on blade, 531 

wind generator and power produced, 685 

F 

Finance/Money 

ATM withdrawal total in hour 

(estimated), 47 

banking, deposits and debits, 68, 69-70, 80 

boaters and income levels of, 585 

budgeting for office luncheon, 271 

checkbook balancing, 510 

coin denominations, 177-178, 180, 198, 200 

companies’ stock values compared, 162 

compounded interest and investment 

growth, 727-728, 730, 759-760, 763-764, 
NS 

consumer price index, 259 

credit card debt, 746 

currency denominations, 181, 355 

debt, paying off, 39 
debt-to-credit ratio and credit score, 400 

exchange rates, 466, 596 

expenses and revenues audit, software 

company, 315 

federal taxes, 9 

financial aid account, withdrawals and 

balance, 74 

household budget, 53 

incomes of U.S. households in 2013, 509 

investment earnings, 95 

national debt per person, 342 

original investment amounts, 176, 179-180, 

197,200 

retirement savings, 55, 238 

simple interest, 125, 175-176, 179-180, 197, 

200, 250 
stock market investments, 149 

stock market trading, profit/loss, 89 

stock original price, 179 

store credit cards and credit score, 449 

student loan options, finding best deal, 653 

veterans benefits, total value of checks sent 

in certain years, 355 

Food/Cooking 

bushels of apples, numbers picked, 12 

coffee production, 381 

cookies made with certain amount 

of sugar, 473 

cost of individual food items, based on total 

cost, 303, 314, 319 

dozen eggs, weight of, 53 

fruit gift boxes, number and type 

prepared, 305 
green tea costs per gram, 468 

lobster pot measurements, 170 

marshmallow fluff cost per ounce, based on 

container size and cost, 468 

milk prices, 367 

party preparation, working together vs. 

alone, 468 

pizzas, numbers and sizes delivered, 305 

roast beef sandwiches, numbers and sizes 

sold, 305 
salad dressing’s pH, 738 

saturated fat intake, 538 

tomato pH, 738 

trail mix blends, 9 

turkey roasting time, 435 
visitors to restaurant chain, 212-213 

G 
Gardening/Landscaping 

area covered by circular irrigation system, 

121 

fertilizer costs for triangular lawns, 508 

fountain’s circular platform, area of, 116 

mower blade height and grass height, 19 

rectangular garden measurements, 27, 417 

rose bushes’ yield and rainfall/drought, 644 

soil’s pH and hydrogen ions 

concentration, 738 

trapezoidal field, area of, 127 

triangular lawn/garden, measurements of, 571 

walkway, width of, 617 

H 
Health/Human Body 

basic metabolic rate (BMR), 193 

body-mass index, 190 

cost of campaign for healthy eating, 372 

CPR training, numbers attended, 304 

drug sensitivity, 643 

hospital staffing levels, 313 

ideal body weight (IBW), 193 
medication storage temperature, Celsius to 

Fahrenheit conversion, 125 

pacemaker control panel, area of, 508 

phosphorus, daily intake of, 499 

physical therapy assistants, growth of field, 

764 
skin grafts and cell growth, 765 

virus strains and antiviral drug, 409 

vitamin mixture, 303 

Home Maintenance/Improvements 

appliances and electric current drawn 

by, 498 

bathroom tile, cost comparisons, 286 

carpet costs, converting square footage 

to square yardage, 48-49, 60 

carpet square footage needed, 45 

fencing needed for pool area, 52, 110 

gallons paint needed, 44 

kitchen tiles needed, 61 

pool chlorinator needed each day, 52 
public sewer system and homeowner 

conversion to, 731 

raking leaves, time working together 

vs. alone, 468 

rectangular walkway’s dimensions, 413 

time to fill whirlpool tub, 531 

window cleaning, time to complete 

together vs, alone, 474 

M 
Manufacturing 

assembly line, percentage units defective, 46 

candy bar production, 53 
cell phone cases, allowable dimensions, 608 

daily profit and numbers products/services 
sold, 598 

helicopter blade, allowable thickness 

of, 608 
job losses in manufacturing industry, 266 

juice production and container types, 524 

maximum monthly profit and needed 

production for, 643 

to produce zero profit, 553, 559 
radar detector production, number of 

each type produced, 302 

switching devices, number of each type 

produced, 297-298 

numbers of various products made daily | 

treadmill production costs, 469 | 

Measurements/Geometry 

angle measurements, comparisons, 161, 162, 

167, 197, 200 
angles of triangle, 170 

area of circular pool, 215 

area of field, 22,27, 103, 105 

area of triangle, 271 

building/flagpole’s heights, based on 

shadows’ lengths, 463-464, 474 

circle area/circumference, 381, 685, 745 

. 
4 

i 

circle area/radius, 250, 271, 379 
circular tablecloth’s area, 116 

cone, radius and volume of, 485 

cylinder, surface area of, 683 

cylinder and capacity of, 538 

cylinder volume, based on radius and 

height, 745 

elliptical window design, 649 

“golden rectangle” and length of 

picture, 467 

map scale, 462, 466, 474 

mirror’s area, 651 

painting’s perimeter, 110 

parallelogram area, 115 

period of pendulum, 499 

rectangle area and/or perimeters, 

110, 348, 393 

rectangle dimensions, 162, 197, 423, 617 

rectangle measurements, 573 

rectangular computer chip’s 
measurements, 576 

rectangular room’s dimensions, 361 

rectangular walkway’s dimensions, 413 
room’s area, in square feet, 353 

sphere, radius and volume of, 485 

spring and distance it stretches, 529 

tent, length of sides, 576 

trapezoidal field, area of, 127 

triangle, altitude and base of, 414, 417, 423, 

577,617 

triangle perimeter, 110 
triangles and various measurements 

of, 576 
Miscellaneous 

book’s page numbers to read, 367 

cookie sales, comparisons among 
sellers, 162 

countries’ export values compared, 162 

electric generator, output power of, 423 

Empire State Building, time to complete 

framing, 652 

FBI listening device, area of rectangular 

base, 508 

Finnish languages, percentage comparisons, 

448 
Golden Gate Bridge resurfacing 

costs, 440 

handshake numbers, 418 

North American oil production, 386 
oil consumption, 661 

Saudi Arabian oil production, 373 
time differences between cities, 74 
watch-hand tip, speed of movement, 342 

a ae 
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S trains’ speeds, in relation to each other, 464 T 

Science/Chemistry train’s speed vs. car’s speed, 473 Technology/Electronics 
acid vs. base, determining pH, 738 
atmospheric pressure, 731 
atomic clock, cycles of radiation, 371 

Celsius to Kelvin temperature 
conversion, 701 

culture and bacteria/viral cells growth over 
time, 731, 739 

data measurements, pints to liters 

conversion, 38 

dry ice solid-to-gas temperature, in 

Celsius, 116 

earthquake magnitude and shock waves 
of, 755 

earthquakes, magnitude-7 predictions, 142 

earthquakes’ intensity compared, 761, 765, 771 

electron mass, 372 

Fahrenheit/Celsius temperature 
conversions, 595, 707-708 

falling time in gravity, 529, 538 
genetic makeup of offspring, possibilities, 368 
light amount and distance from source, 

526-527, 532 
mass of neutron, 342 

melting points, 121 
molecules per mole, 342 

radioactive decay of various elements, 

728,731 
test tubes/jars, numbers filled by solution, 

24-25 
transformation efficiency value and bacterial 

cells, 368 
virus strains and antiviral drug, 409 

volume of atom of gold, 341 
weight and distance from Earth’s center, 530 

Speed/Distance/Time 
acceleration rate and speed on 

interstate, 467 

average speed on two trips, 169 

bicycling speed on each of two days, 574 

commuter’s distance from job, based on 
speed and time, 577 

cruise ship’s speed for two parts of trip, 617 

distance between towns, based on train and 
car speeds, 393 

drivers’ average speeds, 467 

falling objects, 417 
flight speeds of plane and helicopter, in 

relation to each other, 467 

highway travel time for each driver at 
different speeds, 168 

miles per hour to kilometer conversion, 

114, 127 
model rocket and time to reach ground, 423 

plane’s speed in still air and jet stream/ 
wind’s speed, 298-299, 303, 318, 321 

planes’ speeds, in relation to each other, 
464 

projectile’s velocity and time at certain 
height, 598 

speed during rain and after, 577, 617 
speed limit, kilometers to miles 

conversion, 466 

speed on two different types roads, 

171, 574, 577 
stream’s current speed, 427 

thrown ball and time to strike ground, 415 

time to drive certain distance, 461 

travel time variations, based on speed, 171, 

197, 200 
trucker’s distance to delivery point, 577 

truckers on same route but different speeds, 

distance apart, 171 

truck’s speed after deceleration, 467 

Sports/Exercise 
athletic field, area of, 105 
average length of each stage of Tour 

de France, kilometer to miles 

conversion, 117 

balls’ maximum height and time to reach 
ground, 586 

baseball team equipment purchases, 
297, 319 

basketball players’ “hang time,” 550 
basketball points, types of each shot made, 

303, 304 
basketball scores vs. attempts, 44 
bicycling speed on each of two days, 574 

cliff diver, time to hit water’s surface, 415 
cross-country skiing and calories burned, 

224 

driving range receipts, sunny vs. rainy 

days, 314 

field hockey goals, as percentage of total 

shots, 43 
football points, touchdowns vs. field 

goals, 318 

football yards gained/lost, 74, 87, 89-90 

golf scores, 99 
inline skating, distance apart/total mileage, 

18, 171 
jogging and calories burned, 224 

Kentucky Derby, horses competed to 

horses nominated, 8 

maximum weight for featherweight 

boxing, 190 

miles jogged and walked, 52-53 

number of baseball games won to number 

played, 4 

paint needed to paint tennis courts, 531 

professional baseball salary increases, 731 

runners’ mileage over four days, 18 

snow-covered miles during hike, 80 

tennis court, length and width of, 577 

thrown ball and time to strike ground, 415 

track star’s 100-meter running time, 171 

winter jogging coat, temperature rating 

in degrees Celsius, 116 

women’s basketball, points averaged per 
game, 8 

Statistics/Demographics 

coffee production, countries and pounds 

produced, 381 

cost, per person, of campaign for healthy 
eating, 372 

life expectancy in various countries, 172 

motor vehicle accidents, 2000-2012, 207 

motor vehicle deaths, 1980-2010, 207-208 

national debt per person, 342 

population, total of two continents, 372 

population growth, 66, 242, 258 
prisons population, since 1990, 348 
students with foreign-born grandparent, 46 

veterans benefits, total value of checks sent 

in certain years, 355 

amplifier cost before sales tax, 531 

cable TV antenna, triangular 

measurements, 170 

cell phone accessories sales, growth 

in, 236 

cell phone costs and minutes used, 242 

cell phone use by students, 60 
compact disc player unit price and maxi- 

mum revenue, 618 

computer chip measurements, 576 

computer chips, various measurements, 

61, 116 

computer donations and costs of new 

computers, 524 

computer monitor’s dimensions, 460 

computer speed, 371 

internal phone calls, number of calls and 

employees, 418 

radio transmission tower and length of 

wire line, 467 

satellite communication parts, sales 

of, 247 

software company sales volume and 

personnel, 50-51 

switching devices, number of each type 

produced, 297-298 

tablet case, order of red vs. black, 170 

tech convention, attendance 

comparisons, 163 

text messages, numbers compared, 162 
text messages sent, types and number of, 

303 
triangular reflectors on cable TV tower, 

altitude and base of, 414 

TV part, increased area of, 116 

Textiles/Sewing 

cost for making sail, based on square 

footage, 116 

garments made from particular material 

yardage, 27 

Travel/Transportation 

average speed on two trips, 169 

business miles traveled, 47 

commuter’s distance from job, based 

on speed and time, 577 

distance between towns, based on train 

and car speeds, 393 
gas mileage, 25, 38, 45, 47,250, 346 

gas prices, 530 

highway exits and distance between, 755 

highway travel time for each driver at 

different speeds, 168 

London subway and expansion costs, 766 

miles/kilometers conversions, 703 

observer, car and plane, distance 

between, 616 

rental car miles driven, based on costs, 197 

river bridge and tunnel design, 668 

road maps and city locations, 212 

road salt, costs per pound to buy and 

apply, 287 
rush-hour cars in Boston, based on parking 

spaces, 287 

skid mark length, based on car’s 

speed, 515 

speed limit, kilometers to miles conversion, 

466 
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vehicle types and number to transport WwW 

certain number of youths, 319 Weather 

Atlantic hurricane patterns over years, 367 
average monthly precipitation, city 

comparisons, 162 

stopping distance, 515, 529, 540 

subway fare and commuter costs, 448 

subway riders, numbers of each ticket 
type, 304 V 

time to drive certain distance, 461 Volume 

top U.S. states visited by overseas 
travelers, 399 

trains’ speeds, in relation to each other, 464 

train’s speed vs. car’s speed, 473 

train tickets sold, coach vs. sleeper car, 302 

travel time variations, based on speed, 

171, 197,200 
triangular warning sign measurements, 573 

trucker’s distance to delivery point, 577 

truckers on same route but different speeds, 

distance apart, 171 

aquarium, gallons water in, 19 

box volume, 550 

cone, radius and volume of, 485 

cylinder volume, 745 

gas volume, 771 

parking lot project, volume of earth 
excavated, 532 

pyramid’s volume, 361 

sphere, radius and volume of, 485 

volume of atom of gold, 341 

water needed to fill pool, 52 

average monthly rainfall, 47 
average monthly temperatures on island, 393 

cricket chirps and temperature, in 
Fahrenheit, 172 

Fahrenheit/Celsius temperature conversions, 

707-708 
temperature, Fahrenheit/Celsius 

conversions, 114, 116 

temperature fluctuations, 74, 80 

temperature ranges, 596 

wind-chill factor, 66 
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PROPERTIES OF THE REAL NUMBERS 

If a, b, and c are real numbers: 

Closure a + bis areal number. 

Properties ab is a real number. 

Commutative a+b=b+a 

Properties ab = ba 

Associative a (b 4c) =(a Dp) 

Properties a(bc) = (ab)c 

Identity a+0=0+a=a 

Properties av-l=1l:+:a=a 

Inverse a+ (-a) =-a+a=0 

le rti 1 1 
us bat st a7) = | — Ja = 1 (wherea # 0) 

a a 

Distributive a(b + c) = ab + ac 

Property 

QUADRATIC FORMULA 

If ax? + bx + c = 0, wherea = 0, 

_ ob SVB = Age 
x 2a 

PYTHAGOREAN THEOREM 

In a right triangle if c is the 

length of the hypotenuse and a 

and b are the lengths of the legs, 

then c? = a + b’. 

PROPERTIES OF INEQUALITIES 

Ifa < b,thena+c<b+canda—c<b-ce. 

Ifa < b and cis a positive real number, 

a b 
then de — pe mnG <=) 

Cle IG 

Ifa < b and cis a negative real number, 

Ga 
then ac > bc and fa = es 

If |x| < a, then -a <x <a. 

If |x| > a, thenx > aorx < —a. 

ABSOLUTE VALUE 

ee ahi ge] 
lx| = =22 ‘ling =O) 

EQUATIONS OF STRAIGHT LINES 

Standard Form Ax + By=C 

A, B, and C are real numbers. 

Slope-Intercept Form y=mxt+b 

m = slope (0,b) = y-intercept 

y= yi = mie =) 
(x;, y;) is a point on the line, and 

m = slope 

Point-Slope Form 

PROPERTIES ABOUT POINTS 
AND STRAIGHT LINES 

The distance between two points (x,, y,) and 
ees 2 2 

(%2, Va), 78 V 2 — 1) + O2 — yi) 

The slope of a line, 77, passing through (x,, y,;) and 

Vor Yt 

x2 — xX 
(X2, y2) is , where x7 ¥ Xj. 

Parallel lines have the same slope: m, = m 

Nonvertical perpendicular lines have slopes whose 

product is —1. This may be written m, = — —. 

Horizontal lines have a slope of 0. 

Vertical lines have no slope. (The slope is not 

defined for a vertical line.) 

FACTORING AND MULTIPLYING FORMULAS 

a’ — 2ab + b? = (a — by Perfect Square 
Trinomial 

a> + 2ab + b? = (a + by’ Perfect Square 

Trinomial 

a’ — b? = (a + b)(a — b) Difference of 
Two Squares 

a” + b* cannot be factored. 

a> — b> = (a — b)(a* + ab + b?) Difference of 
Two Cubes 

a> + b? = (a+ b)(a’? — ab + b?) Sum of 

Two Cubes 

—— — 



PROPERTIES OF EXPONENTS 

The following properties are true if x and y ¥ 0, 
and m and n are rational numbers. 

x as xmtn 

= Se ay — gee 

m,yN 

m 
Xx 

n 
x 

PROPERTIES OF RADICALS 
AND RATIONAL EXPONENTS 

If x is any real number for which x!/” is defined 
and m and are positive integers, 

xin/n = (Wx Vina Wy and xi/n = V/x. 

If x can be any positive or negative real number, 
nh . oy . 

Vx" = |x| when 7 is an even positive integer 

and Wx” = x when nis an odd positive integer. 

PROPERTIES OF RADICALS 

Wa Wb = Wab 

a 4), where b # 0 

PROPERTIES OF LOGARITHMS 

The following properties are true if M and 

N>0O,b > 0O,andb # 1. 

y = log, x if and only if x = b” 

log, MN = log,M + log,N 

M 
toss( = log,M — log,N 

log, M? = plog,M 

log,b = 1, log,1 = 0 

_ log,x 

Bes. log,b 

PROPERTIES OF IMAGINARY NUMBERS 

Ifa > 0, then V—a = V-1Va = iVa. 

STANDARD FORM OF EQUATIONS OF CONIC SECTIONS 

A circle with center at (h, k) and radius r: 

Cn a el 
A vertical parabola with vertex at (h, k): 

Parabola opens upward if a > 0, 
downward if a < 0. 

=a(x—-—hyY +k 

A horizontal parabola with vertex at (h, k): 

Parabola opens right if a > 0, left ifa < 0. 

x=a(ly-—kyPt+h 

An ellipse with center at (0, 0): 

75 — 1 (wherea = b,a and b > 0) 

An ellipse with center at (h, k): 
— hy — ky et ob 

= 1 (where a #b, a and b>0) 

A horizontal hyperbola with vertices at (a, 0) 
and (—a, 0) and center at (0, 0): 

erg (a and b > 0) 

A vertical hyperbola with vertices at (0, b) and 
(0, —b) and center at (0,0): 

pest (a and b > 0) 
a 

A horizontal hyperbola with center at (h, k): 

(er hy wk? 
ae b? 

A vertical hyperbola with center at (h, k): 

ee @ hy 
b? a? 

=1 (aandb > 0) 

=1 (aandb > 0) 
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