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nce and Grit

While much of this chapter will cover very specific aspects about the act of learning, in this section, we will present different
information that may at first seem unrelated. Some people would consider it more of a personal outlook than a learning practice,
and yet it has a significant influence on the ability to learn.

What we are talking about here is called grit or resilience. Grit can be defined as personal perseverance toward a task or goal. In
learning, it can be thought of as a trait that drives a person to keep trying until they succeed. It is not tied {
simply a tendency to not give up until something is finished or accomplished.

Figure 2.3 U.S. Army veteran and captain of the U.S. Invictus team, Will Reynolds, races to
the finish line. (Credit: DoD News / Flickr / Attribution 2.0 Generic (CC-BY 2.0))

The study showed that grit and perseverance were better predictors of academic success and achievement than
talent or IQ.
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Preface

Preface

Welcome to Elementary Algebra 2e, an OpenStax resource. This textbook was written to increase student access to high-
quality learning materials, maintaining highest standards of academic rigor at little to no cost.

About OpenStax

OpenStax is a nonprofit based at Rice University, and it's our mission to improve student access to education. Our first
openly licensed college textbook was published in 2012, and our library has since scaled to over 35 books for college and
AP courses used by hundreds of thousands of students. OpenStax Tutor, our low-cost personalized learning tool, is being
piloted in college courses throughout the country. Through our partnerships with philanthropic foundations and our
alliance with other educational resource organizations, OpenStax is breaking down the most common barriers to
learning and empowering students and instructors to succeed.

About OpenStax Resources

Customization

Elementary Algebra 2e is licensed under a Creative Commons Attribution 4.0 International (CC BY) license, which means
that you can distribute, remix, and build upon the content, as long as you provide attribution to OpenStax and its
content contributors.

Because our books are openly licensed, you are free to use the entire book or pick and choose the sections that are most
relevant to the needs of your course. Feel free to remix the content by assigning your students certain chapters and
sections in your syllabus, in the order that you prefer. You can even provide a direct link in your syllabus to the sections in
the web view of your book.

Instructors also have the option of creating a customized version of their OpenStax book. The custom version can be
made available to students in low-cost print or digital form through their campus bookstore. Visit your book page on
openstax.org for more information.

Art attribution in Elementary Algebra 2e

In Elementary Algebra 2e, most art contains attribution to its title, creator or rights holder, host platform, and license
within the caption. For art that is openly licensed, anyone may reuse the art as long as they provide the same attribution
to its original source. Some art has been provided through permissions and should only be used with the attribution or
limitations provided in the credit.

Errata

All OpenStax textbooks undergo a rigorous review process. However, like any professional-grade textbook, errors
sometimes occur. Since our books are web based, we can make updates periodically when deemed pedagogically
necessary. If you have a correction to suggest, submit it through the link on your book page on openstax.org. Subject
matter experts review all errata suggestions. OpenStax is committed to remaining transparent about all updates, so you
will also find a list of past errata changes on your book page on openstax.org.

Format
You can access this textbook for free in web view or PDF through openstax.org, and for a low cost in print.

About Elementary Algebra

Elementary Algebra 2e is designed to meet the scope and sequence requirements of a one-semester elementary algebra
course. The book’s organization makes it easy to adapt to a variety of course syllabi. The text expands on the
fundamental concepts of algebra while addressing the needs of students with diverse backgrounds and learning styles.
Each topic builds upon previously developed material to demonstrate the cohesiveness and structure of mathematics.

Coverage and Scope

Elementary Algebra 2e follows a nontraditional approach in its presentation of content. Building on the content in
Prealgebra, the material is presented as a sequence of small steps so that students gain confidence in their ability to
succeed in the course. The order of topics was carefully planned to emphasize the logical progression through the
course and to facilitate a thorough understanding of each concept. As new ideas are presented, they are explicitly
related to previous topics.

Chapter 1: Foundations

Chapter 1 reviews arithmetic operations with whole numbers, integers, fractions, and decimals, to give the student
a solid base that will support their study of algebra.

Chapter 2: Solving Linear Equations and Inequalities
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In Chapter 2, students learn to verify a solution of an equation, solve equations using the Subtraction and Addition
Properties of Equality, solve equations using the Multiplication and Division Properties of Equality, solve equations
with variables and constants on both sides, use a general strategy to solve linear equations, solve equations with
fractions or decimals, solve a formula for a specific variable, and solve linear inequalities.

Chapter 3: Math Models

Once students have learned the skills needed to solve equations, they apply these skills in Chapter 3 to solve word
and number problems.

Chapter 4: Graphs

Chapter 4 covers the rectangular coordinate system, which is the basis for most consumer graphs. Students learn to
plot points on a rectangular coordinate system, graph linear equations in two variables, graph with intercepts,
understand slope of a line, use the slope-intercept form of an equation of a line, find the equation of a line, and
create graphs of linear inequalities.

Chapter 5: Systems of Linear Equations

Chapter 5 covers solving systems of equations by graphing, substitution, and elimination; solving applications with
systems of equations, solving mixture applications with systems of equations, and graphing systems of linear
inequalities.

Chapter 6: Polynomials

In Chapter 6, students learn how to add and subtract polynomials, use multiplication properties of exponents,
multiply polynomials, use special products, divide monomials and polynomials, and understand integer exponents
and scientific notation.

Chapter 7: Factoring

In Chapter 7, students explore the process of factoring expressions and see how factoring is used to solve certain
types of equations.

Chapter 8: Rational Expressions and Equations

In Chapter 8, students work with rational expressions, solve rational equations, and use them to solve problems in a
variety of applications.

Chapter 9: Roots and Radical

In Chapter 9, students are introduced to and learn to apply the properties of square roots, and extend these
concepts to higher order roots and rational exponents.

Chapter 10: Quadratic Equations

In Chapter 10, students study the properties of quadratic equations, solve and graph them. They also learn how to
apply them as models of various situations.

All chapters are broken down into multiple sections, the titles of which can be viewed in the Table of Contents.

Changes to the Second Edition

The Elementary Algebra 2e revision focused on mathematical clarity and accuracy. Every Example, Try-It, Section
Exercise, Review Exercise, and Practice Test item was reviewed by multiple faculty experts, and then verified by authors.
This intensive effort resulted in hundreds of changes to the text, problem language, answers, instructor solutions, and
graphics.

However, OpenStax and our authors are aware of the difficulties posed by shifting problem and exercise numbers when
textbooks are revised. In an effort to make the transition to the 2nd edition as seamless as possible, we have minimized
any shifting of exercise numbers. For example, instead of deleting or adding problems where necessary, we replaced
problems in order to keep the numbering intact. As a result, in nearly all chapters, there will be no shifting of exercise
numbers; in the chapters where shifting does occur, it will be minor. Faculty and course coordinators should be able to
use the new edition in a straightforward manner.

Also, to increase convenience, answers to the Be Prepared Exercises will now appear in the regular solutions manuals,
rather than as a separate resource.

A detailed transition guide is available as an instructor resource at openstax.org.

Key Features and Boxes

Examples

Each learning objective is supported by one or more worked examples that demonstrate the problem-solving
approaches that students must master. Typically, we include multiple Examples for each learning objective to model
different approaches to the same type of problem, or to introduce similar problems of increasing complexity.

All Examples follow a simple two- or three-part format. First, we pose a problem or question. Next, we demonstrate the
solution, spelling out the steps along the way. Finally (for select Examples), we show students how to check the solution.

Access for free at openstax.org
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Most Examples are written in a two-column format, with explanation on the left and math on the right to mimic the way
that instructors “talk through” examples as they write on the board in class.

Be Prepared!

Each section, beginning with Section 2.1, starts with a few “Be Prepared!” exercises so that students can determine if they
have mastered the prerequisite skills for the section. Reference is made to specific Examples from previous sections so
students who need further review can easily find explanations. Answers to these exercises can be found in the
supplemental resources that accompany this title.

Try It

A “Try It" exercise immediately follows an Example, providing the student with an immediate opportunity to solve a
similar problem. In the PDF and the Web View version of the text, answers to the Try It exercises are located in the
Answer Key.

How To

B

a
How To feature typically follows the Try It exercises and outlines the series of steps for how to solve the problem in the
preceding Example.

Media

]

The “Media” icon appears at the conclusion of each section, just prior to the Section Exercises. This icon marks a list of
links to online video tutorials that reinforce the concepts and skills introduced in the section.

Disclaimer: While we have selected tutorials that closely align to our learning objectives, we did not produce these
tutorials, nor were they specifically produced or tailored to accompany Prealgebra 2e.

Self Check The Self Check includes the learning objectives for the section so that students can self-assess their mastery
and make concrete plans to improve.

Art Program
Elementary Algebra 2e contains many figures and illustrations. Art throughout the text adheres to a clear, understated
style, drawing the eye to the most important information in each figure while minimizing visual distractions.

L}

N oA

Intersecting Parallel Coincident

Section Exercises

Each section of every chapter concludes with a well-rounded set of exercises that can be assigned as homework or used
selectively for guided practice. Exercise sets are named Practice Makes Perfect to encourage completion of homework
assignments.

+ Exercises correlate to the learning objectives. This facilitates assignment of personalized study plans based on
individual student needs.

+ Exercises are carefully sequenced to promote building of skills.

+ Values for constants and coefficients were chosen to practice and reinforce arithmetic facts.

+ Even and odd-numbered exercises are paired.

+ Exercises parallel and extend the text examples and use the same instructions as the examples to help students
easily recognize the connection.

+ Applications are drawn from many everyday experiences, as well as those traditionally found in college math texts.
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+ Everyday Math highlights practical situations using the concepts from that particular section
+ Writing Exercises are included in every exercise set to encourage conceptual understanding, critical thinking, and
literacy.

Chapter Review Features
Each chapter concludes with a review of the most important takeaways, as well as additional practice problems that
students can use to prepare for exams.

+ Key Terms provide a formal definition for each bold-faced term in the chapter.

+ Key Concepts summarize the most important ideas introduced in each section, linking back to the relevant
Example(s) in case students need to review.

+ Chapter Review Exercises include practice problems that recall the most important concepts from each section.

+ Practice Test includes additional problems assessing the most important learning objectives from the chapter.

+ Answer Key includes the answers to all Try It exercises and every other exercise from the Section Exercises, Chapter
Review Exercises, and Practice Test.

Answers to Questions in the Book

Answers to Examples are provided just below the question in the book. All Try It answers are provided in the Answer Key.
Odd-numbered Section Exercises, Chapter Review Exercises, and Practice Test questions are provided to students in the
Answer Key. Even-numbered answers are provided only to instructors in the Instructor Answer Guide via the Instructor
Resources page.

Additional Resources

Student and Instructor Resources

We've compiled additional resources for both students and instructors, including Getting Started Guides, manipulative
mathematics worksheets, and an answer key to Be Prepared Exercises. Instructor resources require a verified instructor
account, which can be requested on your openstax.org log-in. Take advantage of these resources to supplement your
OpenStax book.

Partner Resources

OpenStax Partners are our allies in the mission to make high-quality learning materials affordable and accessible to
students and instructors everywhere. Their tools integrate seamlessly with our OpenStax titles at a low cost. To access
the partner resources for your text, visit your book page on openstax.org.

About the Authors

Senior Contributing Authors

Lynn Marecek and MaryAnne Anthony-Smith have been teaching mathematics at Santa Ana College for many years and
have worked together on several projects aimed at improving student learning in developmental math courses. They are
the authors of Strategies for Success: Study Skills for the College Math Student, published by Pearson HigherEd.

Lynn Marecek, Santa Ana College
MaryAnne Anthony-Smith, Santa Ana College
Andrea Honeycutt Mathis, Northeast Mississippi Community College

Reviewers

Jay Abramson, Arizona State University

Bryan Blount, Kentucky Wesleyan College

Gale Burtch, Ivy Tech Community College

Tamara Carter, Texas A&M University

Danny Clarke, Truckee Meadows Community College
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1+ Introduction

FOUNDATIONS ! |

Figure 1.1 In order to be structurally sound, the foundation of a building must be carefully constructed.

Chapter Outline

1.1 Introduction to Whole Numbers
1.2 Use the Language of Algebra
1.3 Add and Subtract Integers

1.4 Multiply and Divide Integers

1.5 Visualize Fractions

1.6 Add and Subtract Fractions

1.7 Decimals

1.8 The Real Numbers

1.9 Properties of Real Numbers
1.10 Systems of Measurement

-/ Introduction

Just like a building needs a firm foundation to support it, your study of algebra needs to have a firm foundation. To
ensure this, we begin this book with a review of arithmetic operations with whole numbers, integers, fractions, and
decimals, so that you have a solid base that will support your study of algebra.

1.1 Introduction to Whole Numbers

Learning Objectives
By the end of this section, you will be able to:
Use place value with whole numbers
Identify multiples and apply divisibility tests
Find prime factorizations and least common multiples

BE PREPARED 11 A more thorough introduction to the topics covered in this section can be found in
Prealgebrain the chapters Whole Numbers and The Language of Algebra.

As we begin our study of elementary algebra, we need to refresh some of our skills and vocabulary. This chapter will
focus on whole numbers, integers, fractions, decimals, and real numbers. We will also begin our use of algebraic
notation and vocabulary.
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Use Place Value with Whole Numbers

The most basic numbers used in algebra are the numbers we use to count objects in our world: 1, 2, 3, 4, and so on.
These are called the counting numbers. Counting numbers are also called natural numbers. If we add zero to the
counting numbers, we get the set of whole numbers.

Counting Numbers: 1, 2, 3, ...
Whole Numbers: 0, 1, 2, 3, ...

The notation “..." is called ellipsis and means “and so on,” or that the pattern continues endlessly.

We can visualize counting numbers and whole numbers on a number line (see Figure 1.2).

larger

smaller

! 1 l L} 1 1 1
——-— ——

0 1 2 3 4 5 6

Figure 1.2 The numbers on the number line get larger as they go from left to right, and smaller as they go from right to
left. While this number line shows only the whole numbers 0 through 6, the numbers keep going without end.

@ MANIPULATIVE MATHEMATICS

Doing the Manipulative Mathematics activity “Number Line-Part 1” will help you develop a better understanding of
the counting numbers and the whole numbers.

Our number system is called a place value system, because the value of a digit depends on its position in a number.
Figure 1.3 shows the place values. The place values are separated into groups of three, which are called periods. The
periods are ones, thousands, millions, billions, trillions, and so on. In a written number, commas separate the periods.

Place Value

Trillions | Billions | Millions | Thousands | Ones

v

2
v wi
2 o = SU
=lwn — =|w c
slc -92 Elc Eﬁgm
o |8 T|S o |2 s|S|E|o
DiE|lv[D|S|lw|0|=|lv|d|o| s |
=IT|lEl=l=lc|= [ = I I A
T|S|c|c|a|5|B|Ele|B|S |5 |C|luln
= =|€ 2l =| e 3lc ]

cl|E cl|= cl|E c c
2la|c|2|a|=E|2|e|S|2|e|c|2|a|E
I|-|(F|T|(F|@|T|—|Z|T |- |F |T|F|O
5 718(1|9]4

Figure 1.3 The number 5,278,194 is shown in the chart. The digit 5 is in the millions place. The digit 2 is in the hundred-
thousands place. The digit 7 is in the ten-thousands place. The digit 8 is in the thousands place. The digit 1 is in the
hundreds place. The digit 9 is in the tens place. The digit 4 is in the ones place.

EXAMPLE 1.1

In the number 63,407,218, find the place value of each digit:

@7 ®0 ©1 @6 @3
) Solution
Place the number in the place value chart:

Access for free at openstax.org



1.1 « Introduction to Whole Numbers

Trillions | Billions | Millions | Thousands | Ones

v
2
wi
Z Z c o
o Vil
£ 2 = 2=
=lwn —] =Elwn c
5lc ofg Elg E1818|w
- |2 o|o o |.= o3|l
viIE|v|d|=E|wn|0|=E|v|d|0|m |
=lTlEl=l=lc]|= = I I I
T|s|e|T|a c|E|le|lT |5 |8 |T 0
c =|c 2| =|€ clela
SISIEISISIEISISIEISISI2IS|S]E
@ |'T @ |= 7] o | £ ]
I|+-|(F|T|(F|@|T|—|Z2|T |+ |F |T|F|O
6|3 0|1712]1|8

The 7 is in the thousands place.
The 0 is in the ten thousands place.
The 1 is in the tens place.

The 6 is in the ten-millions place.
The 3 is in the millions place.

@eOE®

TRYIT 11 For the number 27,493,615, find the place value of each digit:

@2®1TO©4@7 05

TRYIT 12  Forthe number 519,711,641,328, find the place value of each digit:

®@2® 40020607

When you write a check, you write out the number in words as well as in digits. To write a number in words, write the
number in each period, followed by the name of the period, without the s at the end. Start at the left, where the periods
have the largest value. The ones period is not named. The commas separate the periods, so wherever there is a comma
in the number, put a comma between the words (see Figure 1.4). The number 74,218,369 is written as seventy-four
million, two hundred eighteen thousand, three hundred sixty-nine.

74 , 218 , 369

millions thousands ones

74 Seventy-four million,
218 two hundred eighteen thousand,
369 three hundred sixty-nine

Figure 1.4

(Y HowTo
abk

Name a Whole Number in Words.
Step 1. Start at the left and name the number in each period, followed by the period name.

Step 2. Put commas in the number to separate the periods.
Step 3. Do not name the ones period.

EXAMPLE 1.2

Name the number 8,165,432,098,710 using words.

) Solution
Name the number in each period, followed by the period name.

9



10 1-Foundations

8 , 165 , 432 , 098 , 710
8 Eight trillion,
165 One hundred sixty-five billion,
432 Four hundred thirty-two million,
098 Ninety-eight thousand,
710 Seven hundred ten

Put the commas in to separate the periods.

So, 8, 165,432,098, 710 is named as eight trillion, one hundred sixty-five billion, four hundred thirty-two million, ninety-
eight thousand, seven hundred ten.

TRYIT 13 Name the number 9,258, 137,904,061 using words.
TRYIT 14 Name the number 17, 864,325, 619, 004 using words.

We are now going to reverse the process by writing the digits from the name of the number. To write the number in
digits, we first look for the clue words that indicate the periods. It is helpful to draw three blanks for the needed periods
and then fill in the blanks with the numbers, separating the periods with commas.

(Y HowTo
ab
Write a Whole Number Using Digits.

Step 1. Identify the words that indicate periods. (Remember, the ones period is never named.)
Step 2. Draw three blanks to indicate the number of places needed in each period. Separate the periods by commas.
Step 3. Name the number in each period and place the digits in the correct place value position.

EXAMPLE 1.3

Write nine billion, two hundred forty-six million, seventy-three thousand, one hundred eighty-nine as a whole number
using digits.

) Solution

Identify the words that indicate periods.

Except for the first period, all other periods must have three places. Draw three blanks to indicate the number of places
needed in each period. Separate the periods by commas.

Then write the digits in each period.

billions millions thousands ones
nine billion , two hundred forty-six million , seventy-three thousand , one hundred eighty-nine
9 246 073 189

The number is 9,246,073,189.

TRYIT 15 Write the number two billion, four hundred sixty-six million, seven hundred fourteen thousand,
fifty-one as a whole number using digits.

Access for free at openstax.org
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TRYIT 16 Write the number eleven billion, nine hundred twenty-one million, eight hundred thirty thousand,
one hundred six as a whole number using digits.

In 2013, the U.S. Census Bureau estimated the population of the state of New York as 19,651,127. We could say the
population of New York was approximately 20 million. In many cases, you don't need the exact value; an approximate
number is good enough.

The process of approximating a number is called rounding. Numbers are rounded to a specific place value, depending
on how much accuracy is needed. Saying that the population of New York is approximately 20 million means that we
rounded to the millions place.

How to Round Whole Numbers
Round 23,658 to the nearest hundred.

© Solution

Locate the hundreds place in  hundredihs place

23,658. *

23,658
Underline the 5, which is to hundredths place
the right of the hundreds
place. 23,658
Add 1 to the 6 in the 23,658
hundreds place, since 5 is S
greater than or equal to 5.
Replace all digits to the right 23,700

of the hundreds place with V4
add 1 AN - :
zeros. replace with Os

So, 23,700 is rounded to the
nearest hundred.

TRYIT 17 Round to the nearest hundred: 17,852.

TRYIT 18 Round to the nearest hundred: 468,751.

(Y HowTo
abk

Round Whole Numbers.

Step 1. Locate the given place value and mark it with an arrow. All digits to the left of the arrow do not change.
Step 2. Underline the digit to the right of the given place value.
Step 3. Is this digit greater than or equal to 5?

° Yes-add 1 to the digit in the given place value.

o No-do not change the digit in the given place value.

Step 4. Replace all digits to the right of the given place value with zeros.
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EXAMPLE 1.5

Round 103,978 to the nearest:

@ hundred @ thousand @ ten thousand
) Solution

®

Locate the hundreds place in 103,978.

Underline the digit to the right of the hundreds place.

Since 7 is greater than or equal to 5, add 1 to the 9. Replace all digits to the
right of the hundreds place with zeros.

¥
103,978

add 1 9+1=10/ \

replace 9 with 0
and carry the 1 replace with Os

104,000

So, 104,000 is 103,978 rounded to the
nearest hundred.

Locate the thousands place and underline the digit to the right of the | o
thousands place. 103,978
. . L 103,978
Since 9 is greater than or equal to 5, add 1 to the 3. Replace all digits to the ;
right of the hundreds place with zeros. add1 3+1=4
replace 3 with 4 replace with Os
104,000

So, 104,000 is 103,978 rounded to the
nearest thousand.

Access for free at openstax.org
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ten thousands place
Locate the ten thousands place and underline the digit to the right

of the ten thousands place. 103,978

Since 3 is less than 5, we leave the 0 as is, and then replace the
digits to the right with zeros.

100,000

So, 100,000 is 103,978 rounded to the
nearest ten thousand.

TRYIT 19 Round 206,981 to the nearest: (@) hundred () thousand(c) ten thousand.
TRYIT 110 Round 784,951 to the nearest: @) hundred () thousand(c) ten thousand.

In algebra, we use a letter of the alphabet to represent a number whose value may change or is unknown. Commonly
used symbols are a, b, ¢, m, n, x, and y. Further discussion of constants and variables appears later in this section.

Identify Multiples and Apply Divisibility Tests

The numbers 2, 4, 6, 8, 10, and 12 are called multiples of 2. A multiple of 2 can be written as the product of 2 and a
counting number.

2, 4, 6, 8, 10, 125

223 2«2 243 244, 2:=5; 26

Similarly, a multiple of 3 would be the product of a counting number and 3.
3, 6, 9, 12, 15; 18, ..

C jk 32, 3343, 3+4, 3:+.5, 3+6
We could find the multiples of any number by continuing this process.

@ MANIPULATIVE MATHEMATICS

Doing the Manipulative Mathematics activity “Multiples” will help you develop a better understanding of multiples.

Table 1.1 shows the multiples of 2 through 9 for the first 12 counting numbers.

Counting Number

Multiples of 2 2 4 6 8 10 | 12 | 14 | 16 | 18 | 20 22 24
Multiples of 3 3 6 9 12 | 15 | 18 | 21 | 24 | 27 | 30 33 36
Multiples of 4 4 8 12 116 | 20 | 24 | 28 | 32 | 36 | 40 44 48
Multiples of 5 5 10 | 15| 20 | 25 | 30 | 35 | 40 | 45 | 50 55 60
Multiples of 6 6 12 | 18 | 24 | 30 | 36 | 42 | 48 | 54 | 60 66 72
Multiples of 7 7 14 | 21 | 28 | 35| 42 | 49 | 56 | 63 | 70 77 84
Multiples of 8 8 16 | 24 | 32 | 40 | 48 | 56 | 64 | 72 | 80 88 96

Table 1.1

13
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Counting Number

Multiples of 9

45

54

63

72

81

90

99

108

Multiples of 10

10 | 20 | 30 | 40

50

60

70

80

90

100

110

120

Table 1.1

Multiple of a Number

A number is a multiple of nifitis the product of a counting number and n.

Another way to say that 15 is a multiple of 3 is to say that 15 is divisible by 3. That means that when we divide 15 by 3,

we get a counting number. In fact, 15+ 3is 5,s0 15is 5 - 3.

Divisible by a Number

If a number mis a multiple of n, then mis divisible by n.

Look at the multiples of 5 in Table 1.1. They all end in 5 or 0. Numbers with last digit of 5 or 0 are divisible by 5. Looking
for other patterns in Table 1.1 that shows multiples of the numbers 2 through 9, we can discover the following divisibility

tests:
Divisibility Tests

A number is divisible by:

+ 2ifthelastdigitis 0, 2, 4, 6, or 8.
+ 3if the sum of the digits is divisible by 3.

+ 5ifthe last digitis 5 or 0.

+ 6ifitis divisible by both 2 and 3.

* 10if it ends with 0.

EXAMPLE 1.6

Is 5,625 divisible by 2? By 3? By 5? By 6? By 10?

) Solution

Is 5,625 divisible by 2?

Doesitendin 0,2,4,6, or 8?

No.

5,625 is not divisible by 2.

Is 5,625 divisible by 3?

What is the sum of the digits?

5+46+2+5=18

Is the sum divisible by 3?

Yes. 5,625 is divisble by 3.

Is 5,625 divisible by 5 or 10?
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What is the last digit? It is 5. 5,625 is divisble by 5 but not by 10.

Is 5,625 divisible by 6?

Is it divisible by both 2 and 3?7  No, 5,625 is not divisible by 2, so 5,625 is not divisible by 6.

TRYIT 111 Determine whether 4,962 is divisible by 2, by 3, by 5, by 6, and by 10.
TRYIT 112 Determine whether 3,765 is divisible by 2, by 3, by 5, by 6, and by 10.

Find Prime Factorizations and Least Common Multiples

In mathematics, there are often several ways to talk about the same ideas. So far, we've seen that if mis a multiple of n,
we can say that mis divisible by n. For example, since 72 is a multiple of 8, we say 72 is divisible by 8. Since 72 is a
multiple of 9, we say 72 is divisible by 9. We can express this still another way.

Since 8 - 9 = 72, we say that 8 and 9 are factors of 72. When we write 72 = 8 - 9, we say we have factored 72.
8:9 = 72

Other ways to factor 72 are 1 - 72,2 - 36,3 - 24,4 - 18, and 6 - 12. Seventy-two has many factors: 1, 2, 3,4, 6, 8,9, 12, 18,
36, and 72.

Factors

In the expression a - b, both a and b are called factors. If a - b = m and both a and b are integers, then aand b are
factors of m.

Some numbers, like 72, have many factors. Other numbers have only two factors.

@ MANIPULATIVE MATHEMATICS

Doing the Manipulative Mathematics activity “Model Multiplication and Factoring” will help you develop a better
understanding of multiplication and factoring.

Prime Number and Composite Number

A prime number is a counting number greater than 1, whose only factors are 1 and itself.

A composite number is a counting number that is not prime. A composite number has factors other than 1 and itself.

@ MANIPULATIVE MATHEMATICS

Doing the Manipulative Mathematics activity “Prime Numbers” will help you develop a better understanding of prime
numbers.

The counting numbers from 2 to 19 are listed in Figure 1.5, with their factors. Make sure to agree with the “prime” or
“composite” label for each!

15
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2 1.2 Prime 11 111 Prime

2 1.3 Prime 12 1,2,34,6,12 Composite

4 1,24 Composite 13 113 Prime

5 k5 Prime 14 1,2,7,14 Composite

6 1.2,3,6 Composite 15 1,3,5,15 Composite

i 152 Prime 16 1,24,8,16 Composite

8 1.24,8 Composite 17 107 Prime

9 1,39 Composite 18 1,2,3,6,9,18 Composite
10 1,2,5,10 Composite 19 1,19 Prime

Figure 1.5

The prime numbers less than 20 are 2, 3,5, 7, 11, 13, 17, and 19. Notice that the only even prime number is 2.
A composite number can be written as a unique product of primes. This is called the prime factorization of the number.

Finding the prime factorization of a composite number will be useful later in this course.

Prime Factorization

The prime factorization of a number is the product of prime numbers that equals the number. These prime numbers
are called the prime factors.

To find the prime factorization of a composite number, find any two factors of the number and use them to create two
branches. If a factor is prime, that branch is complete. Circle that prime!

If the factor is not prime, find two factors of the number and continue the process. Once all the branches have circled
primes at the end, the factorization is complete. The composite number can now be written as a product of prime
numbers.

How to Find the Prime Factorization of a Composite Number

Factor 48.
) Solution
48=2+24 48
2 is prime. 48
Circle the prime.
(2/\24
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24 is not prime. Break it into

2 more factors. /\

(2) 24

&

~
o

&

4 and 6 are not prime. Break

them each into two factors. /\

2) /24\
4 6
2% I
N (“\_ If:\J 3

7

&

2 and 3 are prime, so circle 2
them.

48=2+2+2+2+3

Wesay?2-2-2-2-3is the prime factorization of 48. We generally write the primes in ascending order. Be sure to
multiply the factors to verify your answer!

If we first factored 48 in a different way, for example as 6 - 8, the result would still be the same. Finish the prime
factorization and verify this for yourself.

TRYIT 113 Find the prime factorization of 80.

TRYIT 114 Find the prime factorization of 60.

(d HowTo
ah

Find the Prime Factorization of a Composite Number.

Step 1. Find two factors whose product is the given number, and use these numbers to create two branches.
Step 2. If a factor is prime, that branch is complete. Circle the prime, like a bud on the tree.

Step 3. If a factor is not prime, write it as the product of two factors and continue the process.

Step 4. Write the composite number as the product of all the circled primes.

Find the prime factorization of 252.

17
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() Solution

252

12/\
"\

Break 12 and 21 into two more factors. Continue until all primes are factored. @ 6 @ '@

PN,

Step 1. Find two factors whose product is 252. 12 and 21 are not prime.

>g

Step 2. Write 252 as the product of all the circled primes. 252=2-2-3-3.7

TRYIT 115 Find the prime factorization of 126.
TRYIT 116 Find the prime factorization of 294.

One of the reasons we look at multiples and primes is to use these techniques to find the least common multiple of
two numbers. This will be useful when we add and subtract fractions with different denominators. Two methods are
used most often to find the least common multiple and we will look at both of them.

The first method is the Listing Multiples Method. To find the least common multiple of 12 and 18, we list the first few
multiples of 12 and 18:

12: 12, 24, 36, 48, 60, 72, 84, 96, 108...
18: 18, 36, 54, 72, 90, 108...

Common Multiples: 36, 72, 108...
Least Common Multiple:

Notice that some numbers appear in both lists. They are the common multiples of 12 and 18.

We see that the first few common multiples of 12 and 18 are 36, 72, and 108. Since 36 is the smallest of the common
multiples, we call it the least common multiple. We often use the abbreviation LCM.

Least Common Multiple

The least common multiple (LCM) of two numbers is the smallest number that is a multiple of both numbers.

The procedure box lists the steps to take to find the LCM using the prime factors method we used above for 12 and 18.

(Y HowTo
abk
Find the Least Common Multiple by Listing Multiples.

Step 1. List several multiples of each number.
Step 2. Look for the smallest number that appears on both lists.
Step 3. This number is the LCM.

EXAMPLE 1.9

Find the least common multiple of 15 and 20 by listing multiples.
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© Solution

, 60, 75, 90, 105, 120
, 80, 100, 120, 140, 160

Make lists of the first few multiples of 15 and of 20, and 15: 15, 30,
use them to find the least common multiple. 20: 20, 40,

[
ouwum

The first number to appear on both lists is 60, so 60 is

Look for the smallest number that appears in both lists. .
" PP I ! the least common multiple of 15 and 20.

Notice that 120 is in both lists, too. It is a common multiple, but it is not the least common multiple.

TRYIT 117 Find the least common multiple by listing multiples: 9 and 12.
TRYIT 118 Find the least common multiple by listing multiples: 18 and 24.

Our second method to find the least common multiple of two numbers is to use The Prime Factors Method. Let's find the
LCM of 12 and 18 again, this time using their prime factors.

How to Find the Least Common Multiple Using the Prime Factors Method
Find the Least Common Multiple (LCM) of 12 and 18 using the prime factors method.

) Solution
18 12
A "
3 3 4
N\ /\
@ @ @ @
List the primes of 12. 12=2-2+3

List the primes of 18. Line 16=32+ 3-3

up with the primes of 12
when possible. If not create
a new column.

12=}l!-2-?
18=2+| 3.3

LCM=2:2+3:3

LCM = 36

Notice that the prime factors of 12 (2 - 2 - 3) and the prime factors of 18 (2 - 3 - 3) are included inthe LCM (2-2 - 3 - 3).
So 36 is the least common multiple of 12 and 18.

By matching up the common primes, each common prime factor is used only once. This way you are sure that 36 is the
least common multiple.

TRYIT 119 Find the LCM using the prime factors method: 9 and 12.

TRYIT 120 Find the LCM using the prime factors method: 18 and 24.
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(Y HowTo
ab
Find the Least Common Multiple Using the Prime Factors Method.
Step 1. Write each number as a product of primes.
Step 2. List the primes of each number. Match primes vertically when possible.

Step 3. Bring down the columns.
Step 4. Multiply the factors.

EXAMPLE 1.11

Find the Least Common Multiple (LCM) of 24 and 36 using the prime factors method.

) Solution
Find the primes of 24 and 36. 24=2+222+3
Match primes vertically when possible. F= 2| F=z
Bring down all columns. LCM=2+2+2+3-3
Multiply the factors. LCM =72

The LCM of 24 and 36 is 72.

TRYIT 121 Find the LCM using the prime factors method: 21 and 28.

TRYIT 122 Find the LCM using the prime factors method: 24 and 32.

[»] MEDIA

Access this online resource for additional instruction and practice with using whole numbers. You will need to
enable Java in your web browser to use the application.

Sieve of Eratosthenes (https://openstax.org/l/01sieveoferato)

@ SECTION 1.1 EXERCISES
Practice Makes Perfect

Use Place Value with Whole Numbers

In the following exercises, find the place value of each digit in the given numbers.

1. 51493@ 1,® 4.0 9 287210 2(®) 80 0@ 3. 164285@) 5 () 6.0 1,

@ 5@ 3 7@ 1 @ 8@ 2
4. 395076 (@) 5@®) 3@ 7 5. 932851702 9(®) 8() 7 6. 36,084215@) 8(H) 6(©) 5
ORIOR @35@ 3 @ 4@ 3

Access for free at openstax.org
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7. 7,284,915,860,132 (a) 7 (b 8. 2,850,361,159,433

4 5@ 3@ O @ 9
® 8
© 6
@ 4
®© 2
In the following exercises, name each number using words.
9. 1,078 10. 5,902
12. 146,023 13. 5,846,103

15. 37,889,005 16. 62,008,465

1.1 « Introduction to Whole Numbers

11. 364,510

1,458,398

In the following exercises, write each number as a whole number using digits.

17. four hundred twelve 18. two hundred fifty-three

20. sixty-one thousand, four 21. eleven million, forty-four

hundred fifteen thousand, one hundred
sixty-seven
23. three billion, two hundred 24. eleven billion, four

twenty-six million, five
hundred twelve thousand,
seventeen

hundred seventy-one
million, thirty-six thousand,
one hundred six

In the following, round to the indicated place value.

26. Round to the nearest ten.

@ 792(p) 5.647

25. Round to the nearest ten.

@ 386 (H) 2,931

29. Round to the nearest ten.

@ 1492(p) 1,497

28. Round to the nearest
hundred.
@ 28,166 @ 481,628

32. Round to the nearest
hundred.
(@) 49,584 (1) 49,548

31. Round to the nearest
hundred.
@) 63,994 (5) 63,940

. thirty-five thousand, nine

hundred seventy-five

. eighteen million, one

hundred two thousand,
seven hundred eighty-
three

. Round to the nearest

hundred.
(@) 13,748 () 391,794

. Round to the nearest ten.

@ 2791 () 2795

In the following exercises, round each number to the nearest @ hundred, ® thousand, ® ten thousand.

33. 392,546 34. 619,348

36. 4,287,965

Identify Multiples and Factors

35. 2,586,991

In the following exercises, use the divisibility tests to determine whether each number is divisible by 2, 3, 5, 6, and 10.

37. 84 38. 9,696
40. 78 41. 900
43. 986 44. 942

46. 550 47. 22,335

. 75

. 800

. 350

. 39,075

21
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Find Prime Factorizations and Least Common Multiples

In the following exercises, find the prime factorization.

49.
52.
55.
58.

86 50. 78
455 53. 693
432 56. 627
2,520

51. 132
54. 400
57. 2,160

In the following exercises, find the least common multiple of the each pair of numbers using the multiples method.

59.
62.

8,12 60. 4,3

30, 40 63. 20,30

61. 12,16
64. 44,55

In the following exercises, find the least common multiple of each pair of numbers using the prime factors method.

65.
68.

8,12 66. 12,16

84,90 69. 55,88

Everyday Math

71.

73.

75.

77.

Writing a Check Jorge bought a car for $24,493.
He paid for the car with a check. Write the
purchase price in words.

Buying a Car Jorge bought a car for $24,493.
Round the price to the nearest (@) ten (p)

hundred @ thousand; and@ ten-thousand.

Population The population of China was
1,339,724,852 on November 1, 2010. Round the
population to the nearest (@) billion (5) hundred-
million; and (c) million.

Grocery Shopping Hot dogs are sold in packages
of 10, but hot dog buns come in packs of eight.
What is the smallest number that makes the hot
dogs and buns come out even?

Writing Exercises

79.

81.

Give an everyday example where it helps to round
numbers.

What is the difference between prime numbers
and composite numbers?

Access for free at openstax.org

72.

74.

76.

78.

80.

82.

67. 28,40
70. 60,72

Writing a Check Marissa’s kitchen remodeling
cost $18,549. She wrote a check to the contractor.
Write the amount paid in words.

Remodeling a Kitchen Marissa’s kitchen
remodeling cost $18,549, Round the cost to the
nearest (a) ten () hundred (c) thousand and

@ ten-thousand.

Astronomy The average distance between Earth
and the sun is 149,597,888 kilometers. Round the
distance to the nearest (a) hundred-million (p)

ten-million; and@ million.

Grocery Shopping Paper plates are sold in
packages of 12 and party cups come in packs of
eight. What is the smallest number that makes the
plates and cups come out even?

If a number is divisible by 2 and by 3 why is it also
divisible by 6?

Explain in your own words how to find the prime
factorization of a composite number, using any
method you prefer.
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Self Check

@ After completing the exercises, use this checklist to evaluate your mastery of the objectives of this section.

Mt!": some No-I don't

Ican... Confidently elp get it!

use place value with whole numbers.

identify multiples and apply divisibility
tests.

find prime factorizations and least
common multiples.

® If most of your checks were:

...confidently. Congratulations! You have achieved the objectives in this section. Reflect on the study skills you used so
that you can continue to use them. What did you do to become confident of your ability to do these things? Be specific.

...with some help. This must be addressed quickly because topics you do not master become potholes in your road to
success. In math, every topic builds upon previous work. It is important to make sure you have a strong foundation
before you move on. Whom can you ask for help? Your fellow classmates and instructor are good resources. Is there a
place on campus where math tutors are available? Can your study skills be improved?

...no—I don't get it! This is a warning sign and you must not ignore it. You should get help right away or you will quickly
be overwhelmed. See your instructor as soon as you can to discuss your situation. Together you can come up with a plan
to get you the help you need.

1.2 Use the Language of Algebra

Learning Objectives
By the end of this section, you will be able to:
Use variables and algebraic symbols
Simplify expressions using the order of operations
Evaluate an expression
Identify and combine like terms
Translate an English phrase to an algebraic expression

BE PREPARED 12 A more thorough introduction to the topics covered in this section can be found in the
Prealgebra chapter, The Language of Algebra.

Use Variables and Algebraic Symbols

Suppose this year Greg is 20 years old and Alex is 23. You know that Alex is 3 years older than Greg. When Greg was 12,
Alex was 15. When Greg is 35, Alex will be 38. No matter what Greg's age is, Alex's age will always be 3 years more, right?
In the language of algebra, we say that Greg's age and Alex’s age are variables and the 3 is a constant. The ages change
("vary”) but the 3 years between them always stays the same (“constant”). Since Greg's age and Alex’s age will always
differ by 3 years, 3 is the constant.

In algebra, we use letters of the alphabet to represent variables. So if we call Greg's age g, then we could use g + 3 to

represent Alex’s age. See Table 1.2.
Greg's age Alex’s age

12 15

20 23

Table 1.2

23
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Greg's age Alex’s age

g g+3

Table 1.2

The letters used to represent these changing ages are called variables. The letters most commonly used for variables are
X, y,a b, andc

Variable

Avariable is a letter that represents a number whose value may change.

Constant

A constant is a number whose value always stays the same.

To write algebraically, we need some operation symbols as well as numbers and variables. There are several types of
symbols we will be using.

There are four basic arithmetic operations: addition, subtraction, multiplication, and division. We'll list the symbols used
to indicate these operations in the table below. You'll probably recognize some of them.

Operation Notation : The result is...
Addition a+b aplus b thesumofaand b
Subtraction a—>b aminus b the difference of aand b
Multiplication | a- b, ab, (a) (b), atimes b the product of aand b
(@) b,a(b)
Division a-=b,alb, %, b)a adivided the quotient of aand b, ais called the dividend, and b is
by b called the divisor

We perform these operations on two numbers. When translating from symbolic form to English, or from English to
symbolic form, pay attention to the words “of” and “and.”

« The difference of 9 and 2 means subtract 9 and 2, in other words, 9 minus 2, which we write symbolically as 9 — 2.
+ The product of 4 and 8 means multiply 4 and 8, in other words 4 times 8, which we write symbolically as 4 - 8.

In algebra, the cross symbol, X, is not used to show multiplication because that symbol may cause confusion. Does 3xy
mean 3 X y (‘three times y)or 3 - x - y (three times x times ))? To make it clear, use - or parentheses for multiplication.

When two quantities have the same value, we say they are equal and connect them with an equal sign.
Equality Symbol

a = bisread“ais equal to b"

The symbol “=""is called the equal sign.
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On the number line, the numbers get larger as they go from left to right. The number line can be used to explain the

symbols “<" and “>."

a < bisread “ais less than b”

a is to the left of b on the number line

a > bisread “ais greater than b”

ais to the right of b on the number line

Inequality

S | | P

- - >
a b

S | | .

-] } >
b a

The expressions a< b or a > b can be read from left to right or right to left, though in English we usually read from left to
right (Table 1.3). In general, a<b is equivalent to b > a. For example 7 < 11 is equivalent to 11 > 7. And a > b is equivalent

to b <a. For example 17 > 4 is equivalent to 4 < 17.

Inequality Symbols Words

a#b

ais not equal to b

a<b

ais less than b

ais less than or equal to b

ais greater than b

ais greater than or equal to b

Table 1.3

EXAMPLE 1.12

Translate from algebra into English:

@ 17<26@) 8#17-3@© 12>27:3@ y+7<19

() Solution
@ 1726
17 is less than or equal to 26

® 8#17-3

8 is not equal to 17 minus 3

© 12>27=+3
12 is greater than 27 divided by 3

@ y+7<19
yplus 7is less than 19

TRYIT 123 Translate from algebra into English:

25
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@ 14<27@® 19-2#8@ 12>4:2@ x-7<1

TRYIT 124 Translate from algebra into English:

@ 19215@ 7=12-5@ 15:3<8@ y+3>6

Grouping symbols in algebra are much like the commas, colons, and other punctuation marks in English. They help to
make clear which expressions are to be kept together and separate from other expressions. We will introduce three

types now.
Grouping Symbols
Parentheses 0O
Brackets [1
Braces {}

Here are some examples of expressions that include grouping symbols. We will simplify expressions like these later in
this section.

8(14 — 8) 21 = 3[2 +4(9 — 8)] 24+ {13 = 2[1(6 = 5) + 41}

What is the difference in English between a phrase and a sentence? A phrase expresses a s