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ACCESSIBILITY STATEMENT

Accessibility Statement

St. Clair College believes in and promotes the rights of all persons with disabilities as enshrined in the
Canadian Charter of Rights and Freedoms, the Ontario Human Rights Code, the Accessibility for Ontarians
with Disabilities Act (2005), and its related Accessibility Standards Regulations. The College is committed to
fostering a rich working and learning environment that affirms the rights of all persons, including those with
disabilities, to have access to equal opportunity in employment, education, accommodation, or business

dealings with the College. (Preamble to Accessibility Policy 2.2)

Conformance Status:

The Web Content Accessibility Guidelines (WCAG) define requirements for designers and developers to
improve accessibility for people with disabilities. It defines three levels of conformance: Level A, Level AA, and
Level AAA. The web version of Medical Mathematics is conformant with WCAG 2.1 level AA.

Feedback:

We welcome your feedback on the accessibility of Medical Mathematics. Please let us know if you encounter

accessibility barriers:

* Phone: 519-972-2727 Ext. 4059

* E-mail: mlepine@stclaircollege.ca
* Postal address: 2000 Talbot Rd. W. Windsor, ON N9A 654

We try to respond to feedback within 5 business days.


https://intranet.stclaircollege.ca/pandp/docs/scc_policy_2-2.pdf
mailto:istewart@stclaircollege.ca
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Steps That St. Clair College Takes to Ensure Digital
Accessibility:

The web version of the Guide has been designed with accessibility in mind and incorporates the following

features:

* It has been optimized for people who use screen-reader technology

¢ All content can be navigated using a keyboard

* Links, headings, and tables are formatted to work with screen readers
* Images have alt tags

* Information is not conveyed by colour alone

* The option to increase font size (see tab on top right of screen)

¢ All videos have captions and transcripts are included.

Other File Formats Available:

In addition to the web version, this book is available in several file formats, including PDF, and EPUB (for
eReaders).

This resource links to several external websites. If you are accessing this book in a print format, words that are

linked will be underlined in the text, and you can find the full web address in the back matter of the book.

List of Known Accessibility Issues:

While we strive to ensure that this resource is as accessible and usable as possible, we might not always get it

right. Any issues we identify will be listed below:

1. Hypertext links inside the text won’t be accessible if you decide to use the printed version of this book.

Workaround: At the end of the book you can find the unformatted links from each chapter.

Guidelines That St. Clair College Follows When Creating
Accessible Digital Materials:

Organizing Content:

* Content is organized under headings and subheadings.


https://ecampusontario.pressbooks.pub/sccmedicalmath/
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* Headings and subheadings are used sequentially (e.g., Heading 1, Heading 2).

Images:

* Images that convey information include alternative text (alt text) descriptions of the image’s content or
function.

* Graphs, charts, and maps also include contextual or supporting details in the text surrounding the
image.

* Images do not rely on color to convey information.

* Purely decorative images do not have alt-tag descriptions. (Descriptive text is unnecessary if the image

doesn’t convey contextual content information).

Links:

* The link is meaningful in context and does not use generic text such as “click here” or “read more.”
* Links do not open in new windows or tabs.

* Ifalink must open in a new window or tab, a textual reference is included in the link information (e.g.,

[NewTab]).

Tables:

* Tables include row and column headers.

* Row and column headers have the correct scope assigned.
* Tables include a caption.

* Tables avoid merged or split cells.

* Tables have adequate cell padding.
Multimedia (A transcript that includes):

* Speaker’s name

* All speech content

* Relevant descriptions of speech

* Descriptions of relevant non-speech audio

* Headings and subheadings for long transcripts

* Captions of all speech content and relevant non-speech content are included in the multimedia resource;
this includes the audio synchronized with a video presentation.

* Audio descriptions of contextual visuals (e.g., graphs, charts) are included in the multimedia resource for
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college-created videos.
Formulas:

* Formulas are created using WP QuickLaTeX.

* Formulas are images with alternative text descriptions if WP QuickLaTeX is not an option.

Font Size;

* Fontsize is 12 point or higher for body text.
* Fontsize is 9 point for footnotes or endnotes.

* Font size can be zoomed to 200%.

References:

Adapted from BC Open Textbook Accessibility Toolkit. Authored by Amanda Coolidge, Sue Doner, and

Tara Robertson. Provided by BCCampus. Located at https://opentextbc.ca/accessibilitytoolkit/. Licensed
under CC BY: Attribution


https://opentextbc.ca/accessibilitytoolkit/
https://opentextbc.ca/accessibilitytoolkit/
https://creativecommons.org/licenses/by/4.0/
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FOR STUDENTS: HOW TO ACCESS AND
USE THIS TEXTBOOK

This textbook is available in the following formats:

* Online webbook. You can read this textbook online on a computer or mobile device in one of the

following browsers: Chrome, Firefox, Edge, and Safari.

* PDF. You can download this book as a PDF to read on a computer (Digital PDF) or print it out (Print

PDF).

* Mobile. If you want to read this textbook on your phone or tablet, you can use the EPUB (eReader) file.

* HTML. An HTML file can be opened in a browser. It has very little style so it doesn’t look very nice,

but some people might find it useful.

For more information about the accessibility of this textbook, see the Accessibility Statement.

You can access the online webbook and download any of the formats for free here: Medical Mathematics.

To download the book in a different format, look for the “Download this book” drop-down menu and select

the file type you want.

How can I use the different formats?

Internet
Format .
required?
Online
webbook Yes
PDF No
EPUB No
HTML No

Device

Computer,
tablet,
phone

Computer,

print copy

Computer,
tablet,
phone

Computer,
tablet,
phone

Required apps

An Internet browser
(Chrome, Firefox,

Edge, or Safari)
Adobe Reader (for

reading on a
computer) or a
printer

An eReader app

An Internet browser
(Chrome, Firefox,
Edge, or Safari)

Accessibility Features

WCAG 2.0 AA compliant, option to
enlarge text, and compatible with
browser text-to-speech tools

Ability to highlight and annotate the text.

If reading on the computer, you can
zoom in.

Option to enlarge text, change font style,
size, and colour.

WCAG 2.0 AA compliant and
compatible with browser text-to-speech
tools.

Screen
reader
compatible

Yes

Unsure

Unsure

Yes



https://ecampusontario.pressbooks.pub/sccmedicalmath
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Tips for Using This Textbook

* Search the textbook.

o If using the online webbook, you can use the search bar in the top right corner to search the entire
book for a key word or phrase. To search a specific chapter, open that chapter and use your
browser’s search feature by hitting [Cntr] + [f] on your keyboard if using a Windows computer
or [Command] + [f] if using a Mac computer.

° The [Cntr] + [f] and [Command] + [f] keys will also allow you to search a PDF, HTML, and
EPUB files if you are reading them on a computer.

° If using an eBook app to read this textbook, the app should have a built-in search tool.

* Navigate the textbook.

° This textbook has a table of contents to help you navigate through the book easier. If using the
online webbook, you can find the full table of contents on the book’s homepage or by selecting
“Contents” from the top menu when you are in a chapter.

¢ Annotate the textbook.

> If you like to highlight or write on your textbooks, you can do that by getting a print copy, using

the Digital PDF in Adobe Reader, or using the highlighting tools in eReader apps.

Webbook vs. All Other Formats

The webbook includes interactive HSP activities. If you are not using the webbook to access this textbook, this
content will not be included. Instead, your copy of the text will provided a link to where you can access that
content online.

Even if you decide to use a PDF, EPUB, or a print copy to access the textbook, you can access the webbook

and download any other formats at any time.
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TEXTBOOK LAYOUT

Textbook Layout

This workbook is divided into multiple parts, with each part containing chapters related to a particular theme.
Several box types have been used to organize information within the chapters. Some chapters may be broken

into multiple sections, visible in the online format when the heading title is clicked. Generally, these sections

are the lesson, followed by one or more sets of practice questions.

Learning Objectives

Learning objectives will be included at the beginning of the chapter, within a green shaded box.

Sample Exercises

Sample exercises will be included within a purple shaded box.

Exercises and Try It
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Exercises and Try It will be included within a teal shaded box.

Key Concepts

Key Concepts will be included within an orange shaded box.

Critical Thinking Questions

Critical thinking questions will be included within a red shaded box.

References and copyright information for open source components adapted for this book will
be included in a grey shaded box.

Tips for Working Towards Correct Answers

When completing practice questions you should focus on reading each question carefully and reducing any
distractions around you. Check your work after completing questions and try to determine where your
mistakes are coming from if you get the wrong answer. Answers to sample exercises and practice questions have
steps in solving shown to help you identify where you are making mistakes. You can compare your work to the
work shown in the answers. Ask yourself the following questions to help you to understand why you are not

getting the right answer:
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* Did I understand what the question was asking?

* Did I set up the equation correctly?

* Did I make a mistake when using the calculator or doing mental math?

* Is there a difference between my answer and the provided answer because of the method I used when

rounding?

Always check in with your instructor or tutor if you continue to make mistakes.
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WELCOME TO MATH FOUNDATIONS FOR
HEALTH CARE

Welcome to Math Foundations for Health Care, and in particular, to MTH-63

In this course, we will cover the following topics.

* Unit 1: The Real Numbers and Introduction to Algebra
* Unit 2: Measurement and Rounding Rules

* Unit 4: Systems of Linear Equations
e UnitS: Medical Measurment
e Unit 6: Math for Medical Administration

Through our coverage of these topics, we will have the main goal of developing resilience, critical thinking
skills, and self-directed learning skills. In addition to these transferable skills, we will aim to develop your
attention to detail, determination, time management skills, as well as your mental mathematics skills.

In health care, making a small calculation error can be life-threatening, and therefore, we must develop our
intuition with numbers and mathematics throughout the PHS math program. To do this, we will often work
without a calculator to improve our mathematical abilities.

Mathematics can be challenging, and students must keep an open mind and remain positive. Remember
that it takes a lot of practice to develop these foundational skills, so if you do not succeed right away, stay

patient, ask for help, and keep working hard!
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ACKNOWLEDGEMENTS AND LICENSING

Licensing Information

©0Ele

AW ['his textbook has been licensed by St. Clair College under a Creative Commons Attribution

Non-Commercial Sharealike license unless otherwise noted.

Attribution Statement

If you adapt or remix all or part of this work, please provide the following attribution statement:
LePine M. & Tomanelli K. (2024) license by St. Clair College under a Creative Commons Attribution Non-

Commercial Sharealike license.

Mike LePine and Katrina Tomanelli have compiled and adapted this open textbook.

Attribution

The first 4 units in this book are an adaptation of the following resources:
* Fanshawe Pre-Health Sciences Mathematics 1 by Sav Spilotro, MSc is licensed under a Creative
Commons Attribution 4.0 International License.
* Introduction to Business Math by Margaret Dancy is licensed under a Creative Commons
Attribution 4.0 International License.

Unit 5 and Unit 6 in this book are an adaptation of the following resource:

* A Guide to Numeracy in Nursing by Julia Langham is licensed under a Creative Commons


https://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://ecampusontario.pressbooks.pub/introbusinessmath/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://opentextbc.ca/nursingnumeracy/
https://creativecommons.org/licenses/by/4.0/
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Attribution 4.0 International License.

Below is a complete list of the adaptations for this course.

Unit 1: The Real Numbers and Introduction to Algebra

1.1 “Introduction to Whole Numbers” is adapted from chapter 1.1 in Fanshawe Pre-Health

Sciences Mathematics 1 by Sav Spilotro, MSc is licensed under a Creative Commons
Attribution 4.0 International License.

= 1.2 “Introduction to the Language of Algebra” is adapted from chapter 1.2 in Fanshawe Pre-
Health Sciences Mathematics 1 by Sav Spilotro, MSc is licensed under a Creative Commons
Attribution 4.0 International License.

= 1.3 “Integers” is adapted from chapter 1.3 in Fanshawe Pre-Health Sciences Mathematics 1 by

Sav Spilotro, MSc is licensed under a Creative Commons Attribution 4.0 International

License.

* 1.4 “Fractions” is adapted from chapter 1.4 in Fanshawe Pre-Health Sciences Mathematics
1 by Sav Spilotro, MSc is licensed under a Creative Commons Attribution 4.0 International
License.

= 1.5 “Decimals” is adapted from chapter 1.5 in Fanshawe Pre-Health Sciences Mathematics
1 by Sav Spilotro, MSc is licensed under a Creative Commons Attribution 4.0 International
License.

* 1.6 “The Real Numbers” is adapted from chapter 1.6 in Fanshawe Pre-Health Sciences
Mathematics 1 by Sav Spilotro, MSc is licensed under a Creative Commons Attribution 4.0

International License.

= 1.7 “Properties of Real Numbers” is adapted from chapter 1.7 in Fanshawe Pre-Health
Sciences Mathematics 1 by Sav Spilotro, MSc is licensed under a Creative Commons
Attribution 4.0 International License.

= 1.8 “Percentages” is adapted from chapter 3.1 in Introduction to Business Math by Margaret
Dancy and is licensed under a Creative Commons Attribution 4.0 International License.

= 1.9 “Percent Change” is adapted from chapter 3.2 in Introduction to Business Math by

Margaret Dancy and is licensed under a Creative Commons Attribution 4.0 International

License.
Unit 2: Measuring and Rounding Rules
= 2.1 “Systems of Measurement” is adapted from chapter 2.1 in Fanshawe Pre-Health Sciences

Mathematics 1 by Sav Spilotro, MSc is licensed under a Creative Commons Attribution 4.0

International License.


https://creativecommons.org/licenses/by/4.0/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/chapter/1-1-introduction-to-whole-numbers-2/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/chapter/1-2-intro-the-language-of-algebra/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/chapter/1-3-integers/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/chapter/1-4-fractions/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/chapter/1-5-decimals-2/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/chapter/1-6-the-real-numbers-2/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/chapter/1-7-properties-of-real-numbers/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://ecampusontario.pressbooks.pub/introbusinessmath/chapter/3-1-percentages/
https://ecampusontario.pressbooks.pub/introbusinessmath/
https://creativecommons.org/licenses/by/4.0/
https://ecampusontario.pressbooks.pub/introbusinessmath/chapter/3-2-percent-change/
https://ecampusontario.pressbooks.pub/introbusinessmath/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/chapter/2-1-measurement/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

ACKNOWLEDGEMENTS AND LICENSING | 7

2.2 “Accuracy, Precision and Rounding Rules” is adapted from chapter 2.2 in Fanshawe Pre-
Health Sciences Mathematics 1 by Sav Spilotro, MSc is licensed under a Creative Commons

Attribution 4.0 International License.

2.3 “Scientific Notation” is adapted from chapter 2.3 in Fanshawe Pre-Health Sciences
Mathematics 1 by Sav Spilotro, MSc is licensed under a Creative Commons Attribution 4.0
International License.

2.4 “More Unit Conversions and Rounding Rules” is adapted from chapter 2.4 in Fanshawe
Pre-Health Sciences Mathematics 1 by Sav Spilotro, MSc is licensed under a Creative

Commons Attribution 4.0 International License.

Unit 3: Solving Linear Equations, Graphs of Linear Equations, and Applications of Linear

Functions

3.1 “Solve Equations Using the Subtraction and Addition Properties of Equality” is adapted
from chapter 3.1 in Fanshawe Pre-Health Sciences Mathematics 1 by Sav Spilotro, MSc is
licensed under a Creative Commons Attribution 4.0 International License.

3.2 “Solve Equations using the Division and Multiplication Properties of Equality” is adapted
from chapter 3.2 in Fanshawe Pre-Health Sciences Mathematics 1 by Sav Spilotro, MSc is
licensed under a Creative Commons Attribution 4.0 International License.

3.3 “Solve Equations with Variables and Constants on Both Sides” is adapted from chapter
3.3 in Fanshawe Pre-Health Sciences Mathematics 1 by Sav Spilotro, MSc is licensed under a
Creative Commons Attribution 4.0 International License.

3.4 “Use a General Strategy to Solve Linear Equations” is adapted from chapter 3.4 in
Fanshawe Pre-Health Sciences Mathematics 1 by Sav Spilotro, MSc is licensed under a
Creative Commons Attribution 4.0 International License.

3.5 “Solve Equations with Fractions or Decimals” is adapted from chapter 3.5 in Fanshawe
Pre-Health Sciences Mathematics 1 by Sav Spilotro, MSc is licensed under a Creative

Commons Attribution 4.0 International License.

3.6 “Solve a Formula for a Specific Variable” is adapted from chapter 3.6 in Fanshawe Pre-
Health Sciences Mathematics 1 by Sav Spilotro, MSc is licensed under a Creative Commons
Attribution 4.0 International License

3.7 “Use a Problem-Solving Strategy and Applications” is adapted from chapter 3.7 in
Fanshawe Pre-Health Sciences Mathematics 1 by Sav Spilotro, MSc is licensed under a
Creative Commons Attribution 4.0 International License.

3.8 “Solve Mixture and Uniform Motion Applications” is adapted from chapter 3.8 in
Fanshawe Pre-Health Sciences Mathematics 1 by Sav Spilotro, MSc is licensed under a

Creative Commons Attribution 4.0 International License.


https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/chapter/2-2-accuracy-precision-and-rounding-rules/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/chapter/2-3-scientific-notation-2/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/chapter/2-4-unit-conversions-and-rounding-rules/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/chapter/3-1-solve-equations-using-the-subtraction-and-addition-properties-of-equality-2/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/
https://creativecommons.org/licenses/by/4.0/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/chapter/3-2-solve-equations-using-the-division-and-multiplication-properties-of-equality-2/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/
https://creativecommons.org/licenses/by/4.0/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/chapter/3-3-solve-equations-with-variables-and-constants-on-both-sides-2/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/chapter/3-3-solve-equations-with-variables-and-constants-on-both-sides-2/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/
https://creativecommons.org/licenses/by/4.0/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/chapter/3-4-use-a-general-strategy-to-solve-linear-equations-2/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/
https://creativecommons.org/licenses/by/4.0/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/chapter/3-5-solve-equations-with-fractions-or-decimals-2/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/chapter/3-6-solve-a-formula-for-a-specific-variable-2/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/chapter/3-7-use-a-problem-solving-strategy/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/
https://creativecommons.org/licenses/by/4.0/
http://3.8 Solve Mixture and Uniform Motion Applications
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/chapter/3-8-solve-mixture-applications/
https://ecampusontario.pressbooks.pub/prehealthsciencesmath1/
https://creativecommons.org/licenses/by/4.0/

8 | ACKNOWLEDGEMENTS AND LICENSING

= 3.9 “Graph Linear Equations in Two Variables” is adapted from chapter 3.9 in Fanshawe Pre-

Health Sciences Mathematics 1 by Sav Spilotro, MSc is licensed under a Creative Commons
Attribution 4.0 International License.

= 3.10 “Slope of'a Line” is adapted from chapter 3.10 in Fanshawe Pre-Health Sciences
Mathematics 1 by Sav Spilotro, MSc is licensed under a Creative Commons Attribution 4.0
International License.

= 3.11 “Find the Equation of'a Line” is adapted from chapter 3.11 in Fanshawe Pre-Health
Sciences Mathematics 1 by Sav Spilotro, MSc is licensed under a Creative Commons
Attribution 4.0 International License.

= 3.12 “Linear Functions and Applications of Linear Functions” is adapted from chapter 3.12
in Fanshawe Pre-Health Sciences Mathematics 1 by Sav Spilotro, MSc is licensed under a

Creative Commons Attribution 4.0 International License.

Unit 4: Systems of Linear Equations

4.1 “Solve Systems of Equations by Graphing” is adapted from chapter 4.1 in Fanshawe Pre-

Health Sciences Mathematics 1 by Sav Spilotro, MSc is licensed under a Creative Commons
Attribution 4.0 International License.

= 4.2 “Solve Systems of Equations by Substitution” is adapted from chapter 4.2 in Fanshawe
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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
- |dentify multiples and apply divisibility tests
« Find prime factorizations and least common multiples

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.

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.

Our number system is called a place value system, because the value of a digit depends on its position in a
number. Figure 1.1 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.
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Place Value

Trillions | Billions | Millions | Thousands | Ones

W
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Figure 1.1

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

™ a n O o
w oo — o

Solution
Place the number in the place value chart:
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Trillions | Billions | Millions | Thousands | Ones
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The 7 is in the thousands place.

The 0 is in the ten-thousands place.
The Tis in the tens place.

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

m a n T o

1) For the number 27,493,615, find the place value of each digit:

a. 2
b. 1
C 4
d 7
e. 5

Solution
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ten millions

tens

hundred thousands
millions

™ a n O o

ones

2) For the number 519,711,641,328, find the place value of each digit:

™ a0 O W
~ o0 N N O

Solution

billions

ten thousands
tens

hundred thousands

™ Qo O o

hundred millions

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 below). The number

74,218,369 is written as seventy-four million, two hundred eighteen thousand, three hundred sixty-nine.
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Name a Whole Number in Words

1. Start at the left and name the number in each period, followed by the period name.
2. Put commas in the number to separate the periods.
3. Do not name the ones period

Example 2

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

Solution
Step 1: Name the number in each period, followed by the period name.

cezas

Step 2: 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.
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Try It

3) Name the number 9,258137,904,061 using words.

Solution
Nine trillion, two hundred fifty-eight billion, one hundred thirty-seven million, nine hundred four
thousand, sixty-one.

4) Name the number 17,864,325,619,004 using words.

Solution
Seventeen trillion, eight hundred sixty-four billion, three hundred twenty-five million, six hundred
nineteen thousand four.

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.

Write a Whole Number Using Digits

1. Identify the words that indicate periods. (Remember, the ones period is never named.)

2. Draw three blanks to indicate the number of places needed in each period. Separate
the periods by commas.

3. Name the number in each period and place the digits in the correct place value
position.
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Example 3

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

Solution
Step 1: 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.

Step 2: Separate the periods by commas.
Then write the digits in each period.

The number is 9,246,073189.

5) Write the number two billion, four hundred sixty-six million, seven hundred fourteen thousand,

fifty-one as a whole number using digits.

Solution

2,466,714,051

6) Write the number eleven billion, nine hundred twenty-one million, eight hundred thirty

thousand, one hundred six as a whole number using digits.

Solution
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11,921,830,106

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.

Example 4

Round 23,658 to the nearest hundred.

Solution
Step 1: Locate the given place value with an arrow. All digits to the left do not change.

Locate the hundreds place 23,658.

Step 2: Underline the digit to the right of the given place value.
Underline the 5, which is to the right of the hundreds place.

Step 3:1s this digit greater than or equal to 5?
Yes — add 1to the digit in the given place value.
Add 1to the 6 in the hundred place, since 5 is greater than or equal to 5.

Add 1. 23,658

Step 4: Replace all digits to the right of the given place with zeros.

Replace all digits to the right of the hundreds place with zeros.
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7) Round to the nearest hundred: 17,852.

Solution
17,900

8) Round to the nearest hundred: 468,751.

Solution
468,800

Round Whole Numbers.

1. Locate the given place value and mark it with an arrow. All digits to the left of the arrow do
not change.

2. Underline the digit to the right of the given place value.

3. Is this digit greater than or equal to 5?

> Yes-add 1 to the digit in the given place value.
> No-do not change the digit in the given place value.
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4. Replace all digits to the right of the given place value with zeros.

Example 5

Round 103,978 to the nearest:

3. hundred
b. thousand
c. tenthousand

Solution
a.

Step 1: Locate the hundreds place in 103,978.

Handreds place: 108,

Step 2: Underline the digit to the right of the hundreds place.

108 [Trs

Step 3: 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.

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

b.
Step 1: Locate the thousands place and underline the digit to the right of the thousands place.

s

Step 2: 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.
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So, 104,000 is 103,978 rounded to the nearest thousand.

(@

Step 1: Locate the ten thousands place and underline the digit to the right of the ten thousands
place.

e thonsands e 1T 478

Step 2: 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.

9) Round 206,981 to the nearest:

3. hundred
b. thousand
c. ten thousand.

Solution

a. 207,000
b. 207,000
c. 210,000

10) Round 784,951 to the nearest:

3. hundred
b. thousand
¢. ten thousand.

Solution
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a. /85000
b. 785,000
c. /80,000

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 a

counting number and 2.

2 2-1
4 2.2
6 2-3
8 2-4
10 2-5
12 2.6

Similarly, a multiple of 3 would be the product of a counting number and 3.

3 3-1
6 3.2
9 3.3
12 3.4
15 3.5
18 3.6

We could find the multiples of any number by continuing this process.

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

Counting Number 1 2 3 4 5 6 7 8 9 10 11 12

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 16 20 24 28 32 36 40 44 48
Multiples of 5 S 10 1S 20 25 30 35 40 45 SO 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 S6 64 72 80 88 96
Multiples of 9 9 18 27 36 45 54 63 72 81 90 99 108
Multiples of 10 10 20 30 40 S0 60 70 80 90 100 110 120
Multiple of a Number

A number is a multiple of n if it is 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

3 into 15, we get a counting number. In fact, 15 +3is , SO 1 5 is 15 x 3.
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Divisible by a Number

If a number m is a multiple of n then m is divisible by n

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

the following divisibility tests:

Divisibility Tests

A number is divisible by:

2 if the last digit is 0, 2, 4, 6, or 8.

3 if the sum of the digits is divisible by 3.
4 if the last two digits are divisible by 4.
5if the last digit is 5 or O.

6 if it is divisible by both 2 and 3.

8 if itis divisible by 2 and 4.

9 if the sum of the digits is divisible by 9.
10 if it ends with O.

Example 6

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



11 INTRODUCTION TO WHOLE NUMBERS | 27

Solution
Step 1:Is 5,625 divisible by 2?

No.
Step 2: Does it end in 0,2,4,6, or 8?
5,625 is not divisible by 2.

Step 3:Is 5,625 divisible by 3?
Yes. 5,625 is divisible by 3.
Step 4: What is the sum of the digits?
Step 5:Is the sum divisible by 3?
Yes, 18 is divisible by 3.
Step 6:Is 5,625 divisible by 5 or 10?
5,625 is divisible by 5 but not by 10.
Step 7: What is the last digit?
Itis 5.
Step 8:1s 5,625 divisible by 6?
No, it is not.
Step 9:1s it divisible by both 2 and 32
No, 5,625 is not divisible by 2, but it is divisible by 3.

11) Determine whether 4,962 is divisible by 2, by 3, by 5, by 6, and by 10.

Solution
By 2, 3,and 6.

12) Determine whether 3,765 is divisible by 2, by 3, by 5, by 6, and by 10.
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Solution
By 3and 5.

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 m isa

multiple of n, we can say that m is 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§x9= T2
—  ~~

factors  product
Other ways to factor 72 are 1.72, 236, 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

If a-b=mthen a and are factors ofm.

Some numbers, like 72, have many factors. Other numbers have only two factors.
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.
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The counting numbers from 2 to 19 are listed in the below table, with their factors. Make sure to agree
with the “prime” or “composite” label for each!

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.

Example 7

Factor 48.

Solution
4 and 8 are not prime. Break them each into two factors.
2 and 3 are prime, so circle them.

Step 1: Find two factors whose product is the given number. Use these numbers to create two
branches.

RN I

Step 2: If a factor is prime, that branch is complete. Circle the prime.

2 is prime. Circle the prime.



30 | 11 INTRODUCTION TO WHOLE NUMBERS

48
—

2] 24
Step 3: If a factor is not prime, write it as the product of two factors and continue the process.

24 is not prime break it into 2 more factors.4 and 6 are not prime. Break them each into two factors.

g

2 and 3 are prime, so circle them.

0FE g8

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

48=2x2x2x2x3

We say 2-2223 is 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.

13) Find the prime factorization of 80.

Solution
22225
14) Find the prime factorization of 60.

Solution
2235



11 INTRODUCTION TO WHOLE NUMBERS | 31

Find the Prime Factorization of a Composite Number.

1. Find two factors whose product is the given number, and use these numbers to create two
branches.

2. If afactoris prime, that branch is complete. Circle the prime, like a bud on the tree.

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

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

Example 8

Find the prime factorization of 252.

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

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

3
12 6{2
2

21{:
Step 2: Wrrite 252 as the product of all the circled primes.

252

252=2.2:3.3.7
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Try It

15) Find the prime factorization of 126.

Solution
2337

16) Find the prime factorization of 294.

Solution
2377

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: 36
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 which is a multiple of
both numbers.
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The procedure box lists the steps to take to find the LCM using the prime factors method we used above for
12 and 18.

Find the Least Common Multiple by Listing Multiples.

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

Example 9

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

Solution
Step 1: Make lists of the first few multiples of 15 and of 20, and use them to find the least common
multiple.

15:15, 30, 45, 60, 75, 90, 105, 120
20: 20, 40, 60, 80, 100, 120, 140, 160

Step 2: Look for the smallest number that appears in both lists.

The first number to appear on both lists is 60, so 60 is 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 /east common multiple.
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Try It

17) Find the least common muiltiple by listing multiples: 9 and 12.
Solution

36

18) Find the least common multiple by listing multiples: 18 and 24.

Solution
72

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.

Example 10

Find the Least Common Multiple (LCM) of 12 and 18 using the prime factors method.

Solution
Step 1: Write each number as a product of primes.

18
—
5

B & O

1
—_

o
Step 2: List the primes of each number. Match primes vertically when possible.
List the primes of 12.

12=2x2x3

List the primes of 18. Line up with the primes of 12 when possible. If not create a new column.

18=2x3x3
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Step 3: Bring down the number from each column.

Step 4: Multiply the factors.

LCM = 36

Notice that the prime factors of 12 (2-2-3) and the prime factors of 18 (2:3-3) are included in the 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 Jeast common multiple.

Find the Least Common Multiple Using the Prime Factors Method.

Write each number as a product of primes.

List the primes of each number. Match primes vertically when possible.
Bring down the columns.

Multiply the factors.

> w N -

19) Find the LCM using the prime factors method: 9 and 12.
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Solution
36

20) Find the LCM using the prime factors method: 18 and 24.

Solution
72

Example 11

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

Solution
Step 1: Find the primes of 24 and 36.

Match primes vertically when possible.

Step 2: Bring down all columns.

2=2x2x2x3

Step 3: Multiply the factors.

The LCM of 24 and 36 is 72.

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

Solution
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84

22) Find the LCM using the prime factors method: 24 and 32.

Solution
96

Key Concepts

. Place Value
« Name a Whole Number in Words

1. Start at the left and name the number in each period, followed by the period name.
2. Put commas in the number to separate the periods.
3. Do not name the ones period.

« Write a Whole Number Using Digits

1. Identify the words that indicate periods. (Remember the ones period is never named.)

2. Draw 3 blanks to indicate the number of places needed in each period. Separate the
periods by commas.

3. Name the number in each period and place the digits in the correct place value
position.

+ Round Whole Numbers

1. Locate the given place value and mark it with an arrow. All digits to the left of the
arrow do not change.

2. Underline the digit to the right of the given place value.

3. Is this digit greater than or equal to 5?

» Yes—add 1to the digit in the given place value.
» No—do not change the digit in the given place value.
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Glossary

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

counting numbers
The counting numbers are the numbers1, 2, 3, ...

divisible by a number

If a number m is a multiple of n then m is divisible by n (If 6is a multiple

of 3, then 6 is divisible by 3.)
factors

[faxb=m then (a, and ) are factors of m Since 3x4=12 then 3and 4 are

factors of 12.

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

multiple of a number

A number is a multiple of n if it is the product of a counting number and n

number line
A number line is used to visualize numbers. The numbers on the number line get larger as they
go from left to right, and smaller as they go from right to left.
origin
The origin is the point labelled 0 on a number line.
prime factorization
The prime factorization of a number is the product of prime numbers that equals the number.
prime number
A prime number is a counting number greater than 1, whose only factors are 1and itself.
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whole numbers
The whole numbers are the numbers 0, 1,2, 3, ....

Exercises: Place Value With Whole Numbers

Instructions: For questions 1-8, find the place value of each digit in the given numbers.

1) 51,493

1
4
9
5
3
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e)

MO OO0

4) 395,076
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O
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7) 7,284,915,860,132

Y
~—

O Lo U =]

=)
~

(=9
~

L

8) 2,850,361,159,433

a)

S 0 O
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e)

4
2

Odd Answers

1a) thousands

1b) hundreds

1c) tens

1d) ten thousands
1e) ones

3a) ones

3b) ten thousands

3c) hundred thousands
3d) tens

3e) hundreds

5a) ten millions
5b) ten thousands
5¢c) tens

5d) thousands
5e) millions

73) trillions
7b) billions
7c) millions
7d) tens

7e) thousands
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Exercises: Name Numbers Using Words

Instructions: For questions 9-16, name each number using words.
9) 1,078

10) 95,902

11) 364,510

12) 146,023

13) 5,846,103

14) 1,458,398

15) 37850005

16) 62,008,465

Odd Answers

9) one thousand, seventy-eight
1) three hundred sixty-four thousand, five hundred ten
13) five million, eight hundred forty-six thousand, one hundred three

15) thirty-seven million, eight hundred eighty-nine thousand, five
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Exercises: Whole Numbers Using Digits

Instructions: For questions 17-24, write each number as a whole number using digits.
17) four hundred twelve

18) two hundred fifty-three

19) thirty-five thousand, nine hundred seventy-five

20) sixty-one thousand, four hundred fifteen

21) eleven million, forty-four thousand, one hundred sixty-seven

22) eighteen million, one hundred two thousand, seven hundred eighty-three

23) three billion, two hundred twenty-six million, five hundred twelve
thousand, seventeen

24) eleven billion, four hundred seventy-one million, thirty-six thousand, one
hundred six

Odd Answers

17) 412
19) 35,975

21) 11,044,167

23) 3,226,512,017
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Exercises: Round to Indicated Place Value

Instructions: For questions 25-32, round to the indicated place value.

25) Round to the nearest ten.

a) 386

b) 2,931

26) Round to the nearest ten.

a) 792

b) 5,647

27) Round to the nearest hundred.
a) 13,748
b) 391,794
28) Round to the nearest hundred.
a) 28,166
b) 481,628
29) Round to the nearest ten.
a) 1,492
b) 1,497
30) Round to the nearest ten.
a) 2,791
b) 2,795
31) Round to the nearest hundred.

a) 63,994
b) 63,940

32) Round to the nearest hundred.
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a) 49,584
b) 49,548

Odd Answers

252) 390

25b) 2,930
27a) 13,700
27b) 391,800
29a) 1,490
29b) 1,500

31a) 64,000
31b) 63,900

Exercises: Round Numbers to Nearest Hundred, Thousand, and Ten

Thousand

Instructions: For questions 33-36, round each number to the nearest:

a) hundred
b) thousand
c) ten thousand

33) 392,546

34) 619,348

35) 2,586,991
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36) 4,287,965

Odd Answers

33a) 392,500

33b) 393,000
33¢) 390,000

35a) 2,587,000
35b) 2,587,000
35¢) 2,590,000

Exercises: Identify Multiples and Factors

Instructions: For questions 37-48, use the divisibility tests to determine whether each

T 2 3 5 6d 10.

m 84

38) 9,696

9 (D

78
) 900
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42) 800
43) 986
at) 942
45) 350
46) 55()

47) 22,335
48) 39,075

0Odd Answers

37) divisible by 2 3,and 6

39) divisible by 3 and 5

41) divisible by 2 3 5 6,and ]_O
43) divisible by 2

45) divisible by 2 5,and ]_O
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47) divisible by 3 and E ;
Exercises: Find Prime Factorizations

Instructions: For questions 49-59, find the prime factorization.

o 86
50) 78

51) 132
52) 243
53) 693
s4) 455
s5) 432
se) 400
57) 2,160

s8) 027

59) 2,560
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Odd Answers
49) 2,43

51) 2.2,3,11
53) 3,3,7,11
55) 2222333
57) saaassss

Exercises: Find Least Common Multiples Using Multiples Method

Instructions: For questions 60-64, find the least common multiple of each pair of numbers
using the multiples method.

60) 44, 558, 12

&4, 3
62) 12,16
63) 30,40
64) 20,30

Odd Answers

12
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63) 120

Exercises: Find Least Common Multiples using Prime Factors

Method

Instructions: For questions 65-70, find the least common multiple of each pair of numbers
using the prime factors method.

65) 8,12
66) 12,16
67) 28,40
68) 84,90
69) 55, 88
70) 60,72

Odd Answers

24
67) 280
69) 440
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Exercises: Everyday Math

Instructions: For questions 71-78, answer the everyday math word problems.

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

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

73) Buying a Car: Jorge bought a car for $24,493, Round the price to the nearest

a) ten

b) hundred

c) thousand

d) ten-thousand

74) Remodeling a Kitchen.Marissa’s kitchen remodeling cost $18,549, Round the
cost to the nearest

a) ten

b) hundred

c) thousand
d) ten-thousand

75) Population.The population of China was **”:%2 on November 1, 2010. Round
the population to the nearest

a) billion

b) hundred-million

c) million
76) Astronomy.The average distance between Earth and the sun is 14959783
kilometers. Round the distance to the nearest

a) hundred-million

b) ten-million

c) million

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

78) Grocery Shopping.Paper plates are sold in packages of 1 2 and party cups

come in packs of eight. What is the smallest number that makes the plates and
cups come out even?

Odd Answers
71) twenty-four thousand, four hundred ninety-three dollars

73a) $24,490
73b) $24,500
73¢) $24,000
73d) $20,000

753) 1,000,000,000
75b) 1,300,000,000
75¢) 130,000,000

m 40

Exercises: Writing Exercises

Instructions: For questions 79-82, answer the given writing exercises.

79) Give an everyday example where it helps to round numbers.
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80) If a number is divisible by and by why is it also divisible by

81) What is the difference between prime numbers and composite numbers?

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

Odd Answers
79) Answers may vary.

81) Answers may vary.
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1.2 INTRODUCTION TO 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

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 difter 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 , then we

coulduse g + 3 to represent Alex’s age.
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Greg’s age Alex’s age

12 15
20 23
30 38

g+ 3

Variable

A variable 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 below table. You’ll probably recognize some of them.
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Operation  Notation Say: The result is...

the sum of a and b
the difference of a’ and b
the product of a and b

a divided the quotient of a and b, a is called the dividend,

Division a - b
by
and is called the divisor

We perform these operations on two numbers. When translating from symbolic form to English, or from

S

plus

Addition a + b

S+

Subtraction a—b

S

times

Q

Multiplication @ X b

S

English to symbolic form, pay attention to the words “of” and “and.”
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* Thedifference 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 x 8.

In algebra, the cross symbol, >< , is not used to show multiplication because that symbol may cause

confusion. Does 3:13y mean 9 X Y (‘three times ’) or (3% 2 *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”

w_mn

The symbol “=" is called the equal sign.

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 “>”.

Inequality Symbols

a < bisread “ais less than b”.

This means a is to the left of b on the number line.

a > bisreadais greater than b.

This means a is to the right of b on the number line.
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The expressions @ < b or @ > b can be read from left to right or right to left, though in English we
usually read from left to right (Figure 1.2). In general, @ < bis equivalentto @ > b. For example 7 < 11is
equivalent to 11 > 7. And @ > bis equivalent to @ < b. For example 17 > 4 is equivalent to 4 < 17,

Figure 1.2

is not equal to b
is less than b

is less than or equal to

Inequality Symbols Words

a#b

a<b

a>b

is greater than

e

is greater than or equal to
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Translate from algebra into English:

17 < 26
8 £ 17
12 > (27 +3)

y+7<19

o o O o

Solution
3. 17 <26

17 is less than 26
b 8 # 17

8 is not equal to 17

C 12> (27 +3)

12 is greater than 27 divided by 3

d y+7<19

plus 7 is less than or equal to 19

1) Translate from algebra into English:
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14 <27
19-2+#8

12>4-+2

a n O W

r—7<1

Solution

e

14 is less than or equal to 27

=

19 minus 2 is not equal to 8
12 is greater than 4 divided by 2

d. m minus 7 is less than 1

2) Translate from algebra into English:

N

2. 19>15
b 7=12-5
C. 15+3<8
d

. y+3>6
Solution

a. 19is greater than or equal to 15
b. 7isequal to 12 minus 5
c. 15divided by 3is less than 8

d. plus 3is greater than 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.
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Grouping Symbols

Parentheses ()
Brackets []
Braces {}

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

later in this section.
8(14 — 8)

What is the difference in English between a phrase and a sentence? A phrase expresses a single thought that
is incomplete by itself, but a sentence makes a complete statement. “Running very fast” is a phrase, but “The
football player was running very fast” is a sentence. A sentence has a subject and a verb. In algebra, we have

expressions and equations.

Expression

An expression is a number, a variable, or a combination of numbers and variables using
operation symbols.

An expression is like an English phrase. Here are some examples of expressions:



66 | 12 INTRODUCTION TO THE LANGUAGE OF ALGEBRA

Expression Words

3+5 3pluss

n—1 n minus one

6 x7 6 times 7

w divided by

English Phrase

the sum of three and five

the difference of n and one

the product of six and seven

the quotient of : 1 : and

Notice that the English phrases do not form a complete sentence because the phrase does not have a verb.

An equation is two expressions linked with an equal sign. When you read the words the symbols represent

in an equation, you have a complete sentence in English. The equal sign gives the verb.

Equation

An equation is two expressions connected by an equal sign.

Here are some examples of equations.
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Equation English Sentence

345—8 The sum of three and five is equal to

L8
3@:

-

o

n-1=14 minus one equals fourteen.

6x 7 42 The product of six and seven is equal
to forty-two.

=53

is equal to fifty-three.

plus nine is equal to two

y+9=2y-3

minus three.

e s

1) Determine if each is an expression or an equation:

a 2(z+3)=10
b. 4(y—-1)+1
c. =25

d. y+8=40

Solution
a.2+9=10 This is an equation—two expressions are connected with an equal sign.
b. *w-1+1 This is an expression—no equal sign.
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C. ¢ + 25. This is an expression—no equal sign.
d.¥+8=40 This is an equation—two expressions are connected with an equal sign.

3) Determine if each is an expression or an equation:

a 3(x—T7)=27

b. 5(4y—2)—7
Solution

a. equation
b. expression

4) Determine if each is an expression or an equation:

a. y¥+14

b_ 4 —6=22
Solution

a. expression

b. equation
Suppose we need to multiply 2 nine times. We could write this as . This is tedious and it can be hard
to keep track of all those 2s, so we use exponents. We write 2% 2 X 2 as 2 3 and " as 2 9 .In

expressions such as 2 3 the 2 is called the base and the 3 is called the exponent. The exponent tells us how

many times we need to multiply the base.

base « 93~ exponent
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means multiply 2 by itself, three times, as in 2 < 2 x 2

We read : ! 3 as “two to the third power” or “two cubed.”

We say 2 3 is in exponential notation and 2 X 2 X 2 is in expanded notation.

Exponential Notation

n means multiply by itself, times.
a

The expression an is read a to the nth power.

While we read an as a to the nth power,” we usually read:

. az a squared”
. a3 a cubed”

WEe'll see later why a2 and a3 have special names.

The table below shows how we read some expressions with exponents.
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Expression In Words
72 7 to the second power or 7 squared
5 3 5 to the third power or 5 cubed

9 4 9 to the fourth power

]_ 2 D 12 to the fifth power

Example 3

Simplify: 34

Solution
Step 1: Expand the expression.

Step 2: Multiply left to right.

9x3x3
Step 3: Multiply.

27 x 3

31

Step 4: Multiply.
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Solution

a. 125
b. 1

6) Simplify:
. 172
b. 05

Solution

a. 49
b. 0

Simplify Expressions Using the Order of Operations

To simplify an expression means to do all the math possible. For example, to simplify 4% 2+1 we'd first

multiply 4 % 20 get 8 and then add the 1 to get 9. A good habit to develop is to work down the page,

writing each step of the process below the previous step. The example just described would look like this:
B
=9
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By not using an equal sign when you simplify an expression, you may avoid confusing expressions with

equation.

Simplify an Expression
To simplify an expression, do all operations in the expression.

We’ve introduced most of the symbols and notation used in algebra, but now we need to clarify the order of
operations. Otherwise, expressions may have different meanings, and they may result in different values. For

example, consider the expression:
44+3x7

If you simplify this expression, what do you get?

Some students say 49,

44+3x7

sinced + 3 gives LT X7

T X Tis49 49

Others say 25,

44+3x7

Since 3 X T is 21. 4+21

And 21 + 4 makes 25. 25

Imagine the confusion in our banking system if every problem had several different correct answers!
The same expression should give the same result. So mathematicians early on established some guidelines

that are called the Order of Operations.
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Perform the Order of Operations.
1. Parentheses and Other Grouping Symbols

o Simplify all expressions inside the parentheses or other grouping symbols, working on
the innermost parentheses first.

2. Exponents

o Simplify all expressions with exponents.

3. Multiplication and Division

o Perform all multiplication and division in order from left to right. These operations
have equal priority.

4. Addition and Subtraction

o Perform all addition and subtraction in order from left to right. These operations have
equal priority.

Doing the Manipulative Mathematics activity “Game of 24” gives you practice using the order of
operations.
Students often ask, “How will I remember the order?” Here is a way to help you remember: Take the first

letter of each keyword and substitute the silly phrase: “Please Excuse My Dear Aunt Sally.”


https://assets.openstax.org/oscms-prodcms/media/documents/Prealgebra2e-MMS.pdf
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Keyword Mnemonic
Parentheses Please
Exponents Excuse

Multiplication Division My Dear
Addition Subtraction ~ Aunt Sally

It’s good that “My Dear” goes together, as this reminds us that multiplication and division have equal priority.
We do not always do multiplication before division or always do division before multiplication. We do them in
order from left to right.

Similarly, “Aunt Sally” goes together and so reminds us that addition and subtraction also have equal
priority and we do them in order from left to right.

Let’s try an example.

Example 4

Simplify:
3. 4+3x7

b (4+3)x7

Solution
a.
Step 1: Are there any parentheses?

No.

Step 2: Are there any exponents?
No.

Step 3:Is there any multiplication or division?
Yes.

Step 4: Multiply first.

4+3x7

Step 5: Add.
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44+21=25

b.
Step 1: Are there any parentheses?
Yes.
(4+3)x7
Step 2: Simplify inside the parentheses.
(7) x 7

Step 3: Are there any exponents?
No.

Step 4: Is there any multiplication or division?
Yes.

Step 5: Multiply.

49

7) Simplify:

3. 12-5x2

b. (12-5)x2

Solution

b. 14

8) Simplify:
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3 8+3x9
b, (+3)x9
Solution
a. 35
b. 99

Slmpllfy 18:6+4(5-2)

Solution
Step 1: Parentheses?

Yes, subtract first.

18+6+4(5-2)
18+ 6+4(3)

Step 2: Exponents?
No.
Step 3: Multiplication or division?
Yes.
Step 4: Divide first because we multiply and divide left to right.
1856+4()
Step 5: Any other multiplication or division?
Yes.
Step 6: Multiply.
3+4(3)
Step 7: Any other multiplication or division?
No.
Step 8: Any addition or subtraction?
Yes, add.

3+12=15
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9) Simplify: ©+e-me-

Solution
16

10) Simplify: memse-2

Solution
23

When there are multiple grouping symbols, we simplify the innermost parentheses first and work outward.

Example 6

Slmpllfy 54243634 -2)

Solution
Step 1: Are there any parentheses (or other grouping symbol)?

Yes.
Step 2: Focus on the parentheses that are inside the brackets.

5+2°+36-3(4-2)

Step 3: Subtract.

5+2° +3[6 - 3(2)]

Step 4: Continue inside the brackets and multiply.
5+2° +3[6-6]
Step 5: Continue inside the brackets and subtract.

The expression inside the brackets requires no further simplification.
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5+2° + 3(0]
Step 6: Are there any exponents?
Yes.
Step 7: Simplify exponents.
5+ (8) +3[0]
Step 8: Is there any multiplication or division?
Yes, multiply.
8+ x0=0
Step 9: Is there any addition or subtraction?

Yes, add.

5+8+0=13

'I'I) S|mp|lfy 9+5 —[4(9+3)]

Solution
86
12) Slmpllfy 7 -204(5+1)]

Solution
1

Evaluate an Expression

In the last few examples, we simplified expressions using the order of operations. Now we’ll evaluate some
expressions—again following the order of operations. To evaluate an expression means to find the value of

the expression when the variable is replaced by a given number.
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To evaluate an expression means to find the value of the expression when the variable is replaced
by a given number.
To evaluate an expression, substitute that number for the variable in the expression and then

simplify the expression.

Example 7

Evaluate 7z — 4, when

a. £ = 5and
b =1

Solution
a.

Step 1: Substitute 5 for w in the expression.

Simplify the expression.

Tx5—4
Step 2: Multiply.

35—4
Step 3: Subtract.
b.

Step 1: Substitute 1 for z in the expression.

Simplify the expression.

Tx1—-4

Step 2: Multiply.
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7T—4

3

Step 3: Subtract.

13) Evaluate 8z — 3, when

b =1
Solution

a. 13
b. 5

14) Evaluate 4y — 4, when

a y=3

b. y=25
Solution

a. 8
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Example 8

Evaluate z = 4, when

s 2

b, 3:3

Solution
a.

Step 1: Replace m with 4

Step 2: Use definition of exponent.

4 x4

16

Step 3: Simplify.

Step 1: Replace x with

Step 2: Use definition of exponent.

3x3x3x3
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Step 3: Simplify.

81

15) Evaluate

.

o. 4%

whenz = 3

Solution

a. 9

. 64
16) Evaluate

. 3

o. YT

whenx = 6

Solution

a 216
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» 04

Example 9

Evaluate 2 +3=+s when & = 4

Solution
Step 1: Substitute z = 4.

2(4)° +3(4) +8

Step 2: Follow the order of operations.

2(16)+12+8
32+12+8=52

17) Evaluate 3* +«=+1when £ = 3

Solution

40

18) Evaluate &* —+-7when £ = 2

Solution
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Identify and Combine Like Terms

Term

Algebraic expressions are made up of terms. A term is a constant or the product of a constant
and one or more variables.

Examples of terms are , y, 5:62 ) 9 a,, b5

The constant that multiplies the variable is called the coefficient.

Coefficient

The coefficient of a term is the constant that multiplies the variable in a term.

Think of the coefficient as the number in front of the variable. The coefficient of the term 3 a;' is 3. When

we write m , the coefficient is 1, since T = 1z,
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Example 10

Identify the coefficient of each term:

a. 14y
b. 1522

-a

Solution

1. The coefficient of 14y is 1 4

2. The coefficient of 15;1;2 is 1 5

3. The coefficient of a is I sincea = la

19) Identify the coefficient of each term:

a 17x
b. 410>
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¥

Solution

a. 17
b. 41
c. 1

20) Identify the coefficient of each term:

Some terms share common traits. Look at the following 6 terms. Which ones seem to have traits in common?

5% n? 4 3x o9n

The i and the 4 are both constant terms.
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The 5 w and the 3 a:‘ are both terms with m .
2 2

The n and the 9n2 are both terms with n

When two terms are constants or have the same variable and exponent, we say they are like terms.

i 4 are like terms.

:I: and 3 :I: are like terms.

. w and 9 T 2 are like terms.

Like Terms

Terms that are either constants or have the same variables raised to the same powers are called
like terms.

Example 11

Identify the like terms: y3 : 7w2, ]_4 23 4y3 9:13 5$2



88 | 1.2 INTRODUCTION TO THE LANGUAGE OF ALGEBRA

Solution

3

y and 4y3 are like terms because both have y3 the variable and the exponent match.

2

7%2 and 51;2 are like terms because both have a«: the variable and the exponent match.

1 4 and 2 3 are like terms because both are constants.

There is no other term like 933

21) Identify the like terms: 9 : 2;1;3 , y2 ,8333, ]_ 5 gy 11y2

Solution

9 and 15y2 and llyz, 23;3 and 8;33

22) Identify the like terms: 41;3 : 81;2 : ]_ 9 3;32 , 24 6153

Solution

19:¢ 24 822 ¢ 322 423 ¢ 62°
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Adding or subtracting terms forms an expression. In the expression 2 +32+8 when L — 4 from Example

1.2.9, the three terms are 2:1;2 , 3 :I;, and

Example 12

Identify the terms in each expression.

Q. % +Tzt12

b. 8z +3y

Solution

3. Theterms of * +7=+12 gre 9:32, 7x,and 12
b. The terms of 8z + 3y are 8"]; and Sy

23) Identify the terms in the expression 4 +s:+17

Solution

4:1:2’5513’].7

24) Identify the terms in the expression 5z + 2y

Solution
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5.2y

If there are like terms in an expression, you can simplify the expression by combining the like terms. What do

you think 4 + 7+ would simplify to? If you thought 12, you would be right!

de+Tx+z

T+ttt batrbziabzeets _I_ w

Add the coefficients and keep the same variable. It doesn’t matter what m is—if you have 4 of something

and add 7 more of the same thing and then add 1 more, the result is 12 of them. For example, 4 oranges plus 7
oranges plus 1 orange is 12 oranges. We will discuss the mathematical properties behind this later.

Slmpllfy 4z + Tz + T
Add the coefficients. ]_ 2 €T

Example 13

How To Combine Like Terms:

Slmpllfy PERTI P

Solution
Step . Identify the like terms

+++++++++++++

Step 2: Rearrange the expression so the like terms are together.

B+ [+ Bl el eres
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Step 3: Combine like terms.

32% + Tz +12

25) Sim p“f\/:

Solution
26) Slmphfy PR, o

Solution

120 + 9y + 7

Combine Like Terms.

1. ldentify like terms.
2. Rearrange the expression so like terms are together.
3. Add or subtract the coefficients and keep the same variable for each group of like terms.

Translate an English Phrase to an Algebraic
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Expression

In the last section, we listed many operation symbols that are used in algebra, then we translated expressions
and equations into English phrases and sentences. Now we’ll reverse the process. We’ll translate English
phrases into algebraic expressions. The symbols and variables we’ve talked about will help us do that. Below

table summarizes them.



12 INTRODUCTION TO THE LANGUAGE OF ALGEBRA | 93

Operation Phrase Expression

Q-

the sum of a and b

a increased by

Addition a+b

more than a

the total of a and b
b added to a
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Operation Phrase Expression

a’ minus
the difference of a and

Subtraction

decreased by a—>b

less than a
subtracted from a

times

K OO &L

Multiplication b a X b, alb’ a(b), (a’) (b)> 2 a
the product of a and
twice a
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Operation Phrase Expression

a’ divided by
the quotient of a and al
Division a b, > b) a

the ratio of a and
divided into a

Look closely at these phrases using the four operations:

the sum of’ a and
the difference of a and
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the quotient of a’ and b

Each phrase tells us to operate on two numbers. Look for the words of; and to find the numbers.

Example 14

Translate each English phrase into an algebraic expression:

a. the difference of ]_ 7x and

b. the quotient of 10;132 and

Solution
a.

Step 1: The key word is “difference”, which tells us the operation is subtraction.

The difference of ]_7{U and

Step 2: Look for the words of and and find the numbers to subtract.

The difference of]_7$ and
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Step 3: Find the difference of ]_ 7{13 and

17z — 5

b.

Step 1: The key word is “quotient,” which tells us the operation is division.

The quotient of 10;32 and

Step 2: Divide 12 by

10z% = 7

1022
This can also be written 10z /7 or —

27) Translate the English phrase into an algebraic expression:

a. the difference of 14;132 and ]_ 3
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b. the quotient of 12x and

Solution
Q. l4z° - 13
b 12z +2

28) Translate the English phrase into an algebraic expression:

a. the sum of 17y2 and 1 9

b. the product of ; andy

Solution

a. 17*+19

b. 7y

How old will you be in eight years? What age is eight more years than your age now? Did you add 8 to your
present age? Eight “more than” means 8 added to your present age. How old were you seven years ago? This
is 7 years less than your age now. You subtract 7 from your present age. Seven “less than” means 7 subtracted

from your pI‘CSCl’lt age.
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Translate the English phrase into an algebraic expression:

3. Seventeen more than

b. Nine less than 9132

Solution
a.

Step 1: The key words are more than.

They tell us the operation is addition. More than means “added to."

Step 2: Seventeen more than

Step 3: Seventeen added to

y+ 17

b.
Step 1: The key words are less than.

They tell us to subtract. Less than means “subtracted from.”

Step 2: Nine less than m2
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Step 3: Nine subtracted from ( 332

922 — 9

29) Translate the English phrase into an algebraic expression:

3. Eleven more than x

b. Fourteen less than ]_ ]_a,

Solution

2. ¢+ 11
b 1la—14

30) Translate the English phrase into an algebraic expression:

a. ]_ 3 more than Z

b. ]_ 8 less than 8;8

Solution

a. z+13
b, 8z 18
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Example 16

Translate the English phrase into an algebraic expression:

Solution
a.

Step 1: There are two operation words—times tells us to multiply and sum tells us to add.

Step 2: Because we are multiplying 5 times the sum we need parentheses around the sum
of TP ana TP, .

This forces us to determine the sum first. (Remember the order of operations.)

Step 3: Five times the sum of m and n

5(m + n)

b.

Step 1: To take a sum, we look for the words “of” and “and” to see what is being added.

Here we are taking the sum of five times m and n
Step 2: The sum of five times m and n
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5m +n

31) Translate the English phrase into an algebraic expression:

a. four times the sum ofp and
b. the sum of four times p and

Solution

a. 4p+aq
b. 4p+¢q

32) Translate the English phrase into an algebraic expression:

3. the difference of two times m and 8

b. two times the difference of w and 8

Solution

a. 2¢ — 8
b. 2(z-38)
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Later in this course, we’ll apply our skills in algebra to solving applications. The first step will be to translate an

English phrase to an algebraic expression. We’ll see how to do this in the next two examples.

Example 17

The length of a rectangle is 6 less than the width. Let w represent the width of the rectangle.

Write an expression for the length of the rectangle.

Solution
Step 1: Write a phrase about the length of the rectangle.

6 less than the width

Step 2: Substitute w for “the width.”

6 less than w

Step 3: Rewrite “less than” as “subtracted from.”

6 subtracted from w

Step 4: Translate the phrase into algebra.

w—06
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Try It

33) The length of a rectangle is less than the width. Let w represent the width of the

rectangle. Write an expression for the length of the rectangle.

Solution
w—17

34) The width of a rectangle is less than the length. Let represent the length of the

rectangle. Write an expression for the width of the rectangle.

Solution

[—6

Example 18

June has dimes and quarters in her purse. The number of dimes is three less than four times the
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Try It

35) Geoffrey has dimes and quarters in his pocket. The number of dimes is eight less than four

times the number of quarters. Let represent the number of quarters. Write an expression

for the number of dimes.

Solution
4q — 8

36) Lauren has dimes and nickels in her purse. The number of dimes is three more than seven times
the number of nickels. Let n represent the number of nickels. Write an expression for the

number of dimes.

Solution
'+ 3

Key Concepts

- Notation
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. Order of Operations: \When simplifying mathematical expressions perform the operations
in the following order:

1. Parentheses and other Grouping Symbols: Simplify all expressions inside the
parentheses or other grouping symbols, working on the innermost parentheses first.

2. Exponents: Simplify all expressions with exponents.

3. Multiplication and Division: Perform all multiplication and division in order from left to
right. These operations have equal priority.

4. Addition and Subtraction: Perform all addition and subtraction in order from left to
right. These operations have equal priority.

- Combine Like Terms

1. Identify like terms.

2. Rearrange the expression so like terms are together.

3. Add or subtract the coefficients and keep the same variable for each group of like
terms

Glossary

coefficient

The coefficient of a term is the constant that multiplies the variable in a term.
constant

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

w_n

The symbol “="is called the equal sign. We read @ = b as “ais equal to b.”
equation
An equation is two expressions connected by an equal sign.
evaluate an expression
To evaluate an expression means to find the value of the expression when the variable is
replaced by a given number.
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expression
An expression is a number, a variable, or a combination of numbers and variables using
operation symbols.
like terms
Terms that are either constants or have the same variables raised to the same powers are
called like terms.
simplify an expression
To simplify an expression, do all operations in the expression.
term
A term is a constant or the product of a constant and one or more variables.
variable
A variable is a letter that represents a number whose value may change.

Exercises: Use Variables and Algebraic Symbols

Instructions: For questions 1-14, translate from algebra to English.
1) 16 — 9
23-9
3) 28 +4
4) z+ 11
5) (2)(7)
6) (4)(8)
7) 14 <21
8) 17< 35
9) 36> 19

10) 67 = 36
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M) v-1>6
12) v—4>8
13) 2<18+6
14) a#1-12

Odd Answers

1) ]_ 6 minus , the difference of sixteen and nine

3) 2 8 divided by , the quotient of twenty-eight and four

5) 3 times ; , the product of two and seven

7) fourteen is less than twenty-one

9) thirty-six is greater than or equal to nineteen

1) y minus I is greater than , the difference of y and one is greater

than six

13) is less than or equal to ]_ 8 divided by ; two is less than or equal to

the quotient of eighteen and six
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Exercises: Expression or Equation

Instructions: For questions 15-20, determine if each is an expression or an equation.
15) 9-6=54
16) 7-9=163
17) 5-4+3
18) T + 7
19) ¢+ 9

20) v-5=2

Odd Answers
15) equation
17) expression

19) expression

Exercises: Simplify Expressions Using the Order of Operations

Instructions: For questions 21-24, simplify each expression.

21) 53
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Odd Answers

21) 125
23) 256

Exercises: Simplify Using Order of Operations

Instructions: For questions 25-46, simplify using the order of operations.
25) 3+8:5
26) 2+6-3
27) (3+8):5
28) (2+6)-3
29) 7 w9
30) e
31) 3-8+5-2
32) 47435
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"4

9 3D
@ HE

43) 149

« 9()

Exercises: Evaluate an Expression

Instructions: For questions 47-60, evaluate the expressions.

47) 7z +8whenx = 2

48) 8¢ —6whenz =7

2

when z = 12

49) w

50) wg whenz =5
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51) (be5 when z = 2

52) 4:E whenz = 2

53) +*+3-7whenz = 4
54)6e+3-9 ywhen = =6v-9
55) (¢ —y)° when ==1v=7
56) (= +y)’ when ==6v=9
57) o +b* when =33
58) r* — s when r=12+->
59) 2/ + 2w when -+~ »

60) 2l aF 2w when 1=18,w=14

Odd Answers

7 22
49) 144

32
221

7 (3
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= 94

Exercises: Identifying the Coefficient

Instructions: For questions 61-64, identify the coefficient of each term.

o 8a,
62 13m

63) 5

64) 6;1;3

Odd Answers
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Exercises: Identify Like Terms

Instructions: For questions 65-68, identify the like terms.
65) »esses
66) s
67) neemw
68) *=mmrs

odd An swers
65) 2 and 8%, 14 and 5
67) 16 and 4, 1657 and 95°

Exercises: Identify Terms in an Expression

Instructions: For questions 69-72, identify the terms in each expression
69) 157 +6a+2

70) 17 +sa+s

71) 10° +y+ 2

72) 9° +y+5
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Odd Answers
69) 152°,6z,2

71) 104°,,2

Exercises: Simplify by Combining Like Terms

Instructions: For questions 73-82, simplify the expressions by combining like terms.
73) 10z + 3z

74) 152+ 4o

75) 4c+2c+ec

76) Svtivty

77) werene

78) siorais

7)) Do

80) Tetd+be—3+9c-1

g) -nnvonn

Odd Answers
) 132

™

77) 10u+3
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79) 22a+1

81) 172" + 20z + 16

Exercises: Translate an English Phrase to an Algebraic Expression

Instructions: For questions 83-94, translate the phrases into algebraic expressions.

83) the difference of 1 4 and

84) the difference of ]_ 9 and

85) the product of 9 and ;
86) the product of 8 and ;

87) the quotient of 3 6 and
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88) the quotient of 4 2 and

89) the sum of 8:3 and 3(1}
90) the sum of ]_333 and 3m

91) the quotient of d

92) the quotient of y and 8

93) eight times the difference of and nine

94) seven times the difference of y and one

Odd Answers
83) 14 -9
85)9-7
87) 36 -9
89) 8z + 3z
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Y

91) —

3

93) 8(y—9)

Exercises: Word Problems

Instructions: For questions 95-98, write an expression for the given word problems.

95) Eric has rock and classical CDs in his car. The number of rock CDs is 3 more

than the number of classical CDs. Let ‘ represent the number of classical

CDs. Write an expression for the number of rock CDs.

96) The number of girls in a second-grade class is 4 less than the number of

boys. Let represent the number of boys. Write an expression for the

number of girls.

97) Greg has nickels and pennies in his pocket. The number of pennies is seven

less than twice the number of nickels. Let n represent the number of

nickels. Write an expression for the number of pennies.
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98) Jeannette has $ 5 and $ 1 () bills in her wallet. The number of fives is

three more than six times the number of tens. Let represent the number

of tens. Write an expression for the number of fives.

Odd Answers
95)c + 3

97) 2n — 7

Exercises: Everyday Math

Instructions: For questions 99-100, answer the given everyday math word problems.
99) Car insurance: Justin’s car insurance has a $750 deductible per incident.
This means that he pays $750 and his insurance company will pay all costs
beyond $750 . If Justin files a claim for $2, 100;

a) how much will he pay?

b) how much will his insurance company pay?

100) Home insurance: Armando’s home insurance has a $2, 500 deductible per
incident. This means that he pays $2, 500 and the insurance company will pay all
costs beyond $2, 500, If Armando files a claim for $19,400;

a) how much will he pay?
b) how much will the insurance company pay?
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Odd Answers

99a) $750
99b) $1, 350

Exercises: Writing Exercises

Instructions: For questions 101-104, answer the given writing exercises.
101) Explain the difference between an expression and an equation.

102) Why is it important to use the order of operations to simplify an
expression?

103) Explain how you identify the like terms in the expression =+,

104) Explain the difference between the phrases “4 times the sum of x and

” and “the sum of 4 times x and y.”

Odd Answers
101) Answers may vary

103) Answers may vary
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1.3 INTEGERS

Learning Objectives

By the end of this section, you will be able to:

« Use negatives and opposites

- Simplify: expressions with absolute value

- Add integers

« Subtract integers

- Multiply integers

- Divide integers

- Simplify expressions with integers

- Evaluate variable expressions with integers

- Translate English phrases to algebraic expressions
- Use integers in applications

Use Negatives and Opposites

Our work so far has only included counting numbers and the whole numbers. But if you have ever experienced
a temperature below zero or accidentally overdrawn your checking account, you are already familiar with
negative numbers. Negative numbers are numbers less than 0. The negative numbers are to the left of zero on
the number line.

The number line shows the location of positive and negative numbers.

The arrows on the ends of the number line indicate that the numbers keep going forever. There is no biggest
positive number, and there is no smallest negative number.
Is zero a positive or a negative number? Numbers larger than zero are positive, and numbers smaller than

ZEro are negative. Zero is neither positive nor negative.
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Consider how numbers are ordered on the number line. Going from left to right, the numbers increase in
value. Going from right to left, the numbers decrease in value.
The numbers on a number line increase in value going from left to right and decrease in value going from

right to left.

Remember that we use the notation:

a < b (read “ais less than b”) when a is to the left of on the number line.

a>b (read “a is greater than b”) when a is to the right of on the number line.

Now we need to extend the number line which shows the whole numbers to include negative numbers,
too. The numbers marked by points in Figure 1.3.1 are called the integers. The integers are the numbers
{.}-3,-2,-1,0,1,2,3{...}

All the marked numbers are called 7ntegers.

4

-4 -3 -2 - 0 1

Figure 1.31

Order each of the following pairs of numbers, using < or >:


https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2019/07/page1.3.jpeg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2019/07/page1.3.jpeg
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Figure 1.3.2

Solution
It may be helpful to refer to the number line shown.

a. 14 is to the right of 6 on the number line.
14 6 14>6

b. -1is to the left of 9 on the number line.
-1 9 -1<9

c. -1is to the right of -4 on the number line.
=l =4 —1> -4

d. 2 is to the right of 20 on the number line.

2 -2 2> -20

1) Order each of the following pairs of numbers, using < or >:

a 157
h —2_5

-8 =
d 5__-17


https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2019/07/2.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2019/07/2.jpg
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d.
b. <
C
d

2) Order each of the following pairs of numbers, using < or >:

5 8 13
b 3 —4
c. o2
d 9_-21

Solution
a. <
b. >
c <
d. >

You may have noticed that, on the number line, the negative numbers are a mirror image of the positive
numbers, with zero in the middle. Because the numbers 2 and —2 are the same distance from zero, they are

called opposites. The opposite of 2 is —2 and the opposite of =2 is 2.

Opposite

The opposite of a number is the number that is the same distance from zero on the number line
but on the opposite side of zero.

Figure 1.3.3 illustrates the definition.

The opposite of 3 is —3.
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e
>

Figure1.3.3

Sometimes in algebra, the same symbol has different meanings. Just like some words in English, the specific

meaning becomes clear by looking at how it is used. You have seen the symbol “~” used in three different ways.

10 — 4 Between two numbers, it indicates the operation of subtraction. We read
10 — 4 25” 10 minus 4.”

8 In front of a number, it indicates a negative number. We read —8 as “negative

eight.”

In front of a variable, it indicates the opposite. We read = L as “the

—I
opposite of w J

Here there are two “~” signs. The one is the parentheses tells us the number is
—(—2) negative 2. and the one outside the parentheses tells us to take the opposite of

~2. We read —(—2) as “the opposite of negative two.”

Opposite Notation

— ( means the opposite of the number a

The notation — @, is read as “the opposite of al
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Find:
a. the opposite of
b. the opposite of — 10
C. the opposite of — 6
Solution
a. — 7 is the same distance from as , but on the opposite side of
The opposite of is — 7
b. ]_ O is the same distance from as — 10, but on the opposite side of

The opposite of — 10is ]_ O
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c. —(—6)

=

The opposite of —(—6) is — 6

3) Find:

a. the opposite of 4

b. the opposite of — 3
c —(=1)

Solution

3
1

C.

4) Find:
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a. the opposite of

b. the opposite of — 5
c —(-5)

Solution

2 —8&

Our work with opposites gives us a way to define the integers. The whole numbers and their opposites are

called the integers. The integers are the numbers -3,-2,-1,0,1,2,3

Integers

The whole numbers and their opposites are called the integers.

The integers are the numbers —-3,-2,-1,0,1,2,3

When evaluating the opposite of a variable, we must be very careful. Without knowing whether the variable
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represents a positive or negative number, we don’t know whether x is positive or negative. We can see

this in the below figure.

Example 3

Evaluate

a. — L, whenx =8

b. — 2, whenz = -8,

Solution
a.

To evaluate when £ = 8 means to substitute for x :

Step 1: Substitute 8 for aj .

Step 2: Write the opposite of
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b.

To evaluate when # = —8 means to substitute — 8 for x :

Step 1: Substitute — 8 for m .

Step 2: Write the opposite of — 8

5) Evaluate — 71 when

an=4
b. n=-4
Solution

2 —4
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6) Evaluate — 77 when

a. m=11
b m=-11
Solution

a —11

. 11

Simplify: Expressions with Absolute Value

We saw that numbers such as 2 and —2 are opposites because they are the same distance from 0 on the number
line. They are both two units from 0. The distance between 0 and any number on the number line is called the

absolute value of that number.

Absolute Value

The absolute value of a number is its distance from O on the number line.

The absolute value of a number n is written as | 70, ‘ .

For example,

. —5 is ! i units away from O,so |=5| =5,

* 5is 5 units away from 0, so 5] =5,
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The figure below illustrates this idea. The integers S and =5 are S units away from 0.

The absolute value of a number is never negative (because distance cannot be negative). The only number
with absolute value equal to zero is the number zero itself, because the distance from 0 to 0 on the number line

1S zero units.

Property of Absolute Value

In| > 0 for all numbers

Absolute values are always greater than or equal to zero!

Mathematicians say it more precisely, “absolute values are always non-negative.” Non-negative means greater

than or equal to zero.

Example 4

7) Simplify:

Solution
The absolute value of a number is the distance between the number and zero. Distance is never
negative, so the absolute value is never negative.

a.l3=3
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b, |-44/ =44

c.[0[=0

Solution

a. 4
b. 28
c. O

8) Simplify:
a. |—13]
. |47
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C.

0]

Solution

In the next example, we’ll order expressions with absolute values. Remember, positive numbers are always

greater than negative numbers!

Example 5

Fill in < , > or for each of the following pairs of numbers:

’]. [=5]__—1[-5|
2. & -I8
3, -t
4. —(-16) __|-16|
Solution
a.
Step 1: Simplify.
—5__—-5
Step 2: Order.
5> —5

5> —1-35|



13 INTEGERS | 139




140 | 13 INTEGERS

Try It

9) Fill'in < , > ,or for each of the following pairs of numbers:

[=9l__—1[-9l

d.

b Pl_-I-2
c. =8l I8l
d_ -(-9)_-|-9|

Solution

d. >

b. >

C =

d >

10) Fill'in < , > ,or for each of the following pairs of numbers:

q. M——1I-7

b. ~(-10)__~|-10]

C. -4l __—1-4]

d. i
Solution

a. >

b. >

c. >

d. =

We now add absolute value bars to our list of grouping symbols. When we use the order of operations, first
we simplify inside the absolute value bars as much as possible, then we take the absolute value of the resulting

number.
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Grouping Symbols

Parentheses () Braces {}
Brackets [] Absolute value ||

In the next example, we simplify the expressions inside absolute value bars first, just like we do with

parentheses.

Example 6

Slmpllfy 24— [19-3(6-2)

Solution
Step 1: Work inside parentheses first: subtract 2 from 6.

24— 19 - 3(4)

Step 2: Multiply 3(4).

24|19 — 12

Step 3: Subtract inside the absolute value bars.

24— |7]

Step 4: Take the absolute value.
24 — 7

17

Step 5: Subtract
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Try It

11) Slmp||fy 19— 11— 43 - 1)|

Solution

16

12) Slmpllfy 9—[8—4(7-5)|

Solution

Example 7

Evaluate:

a.

£ ‘ when z = —35

b. |_y| when ¥ = —20

¢ — |u| whenu=12
d — |p| whenp=-14
Solution

a.
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—12
d.
Step 1: Substitute — 14 for p

—|-14
Step 2: Take the absolute value

—14

13) Evaluate:

a. |a'," when z = -17

b. ]—y\ wheny = 39

c — |m\ when m = 22

d — |p| whenp=—11,
Solution

an o w
w
©
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14) Evaluate:

y| wheny =23

b. | —y| when y = —21

d.

c — |n\ whenn = 37

d — |q| when ¢ = —49
Solution

a. 23

b. 21

c. -37

d. -49

Add Integers

Most students are comfortable with the addition and subtraction facts for positive numbers. However doing
addition or subtraction with both positive and negative numbers may be more challenging.

We will use two colour counters to model the addition and subtraction of negatives so that you can visualize
the procedures instead of memorizing the rules.

We let one colour (blue) represent positivity. The other colour (red) will represent the negatives. If we have
one positive counter and one negative counter, the value of the pair is zero. They form a neutral pair. The value

of this neutral pair is zero.
1+-1=0

Figure1.3.4

We will use the counters to show how to add the four addition facts using the numbers 5S,—5 and 3,-3.

5+3 5+ —5+3 5+ (—3)


https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2019/07/4.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2019/07/4.jpg
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Toadd ® + 3, we realize that D + 3 means the sum of S and 3.

olelolele

We start with S positives.

Figure 1.3.5

And then we add 3 positives. 5 3
Figure 1.3.6

We now have 8 positives. The sum of 5 and 3 8 positives

is 8.

" Figure 1.3.7

Now we will add =%+ (=3). Watch for similarities to the last example 5 +3 =8,

To add —° + (=3), we realize this means the sum of =5 and —3.


https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/5.1.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/5.1.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/5.2.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/5.2.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/5.3.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/5.3.jpg
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elelolele

We start with S negatives.

Figure 1.3.8
And then we add 3 negatives. ~ -3
Figure13.9
We now have 8 negatives. The sum of -5 and 8 negatives
-3is-8.
* Figure 1.310

In what ways were these first two examples similar?

* The first example adds 5 positives and 3 positives—both positives.

* The second example adds 5 negatives and 3 negatives—both negatives.

In each case we got 8—either 8 positives or 8 negatives.

When the signs were the same, the counters were all the same colour, and so we added them.

OO000000 0000000

8 positives 8 negatives
5+3=28 5+(3)=-8

Figure 1.3.11


https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/CNX_ElemAlg_Figure_01_03_018a_img_new.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/CNX_ElemAlg_Figure_01_03_018a_img_new.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/CNX_ElemAlg_Figure_01_03_018b_img_new.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/CNX_ElemAlg_Figure_01_03_018b_img_new.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/CNX_ElemAlg_Figure_01_03_018c_img_new.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/CNX_ElemAlg_Figure_01_03_018c_img_new.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/7.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/7.jpg

148 | 1.3 INTEGERS

Example 8

Add:

a 1+4
b, —1+(9)

Solution
a.

® 0000 '~

5
Figure 1.312

1 positive plus 4 positives is 5 positives.

O OOOO -1+ (-4)

-5

Figure 1.313

1negative plus 4 negatives is 5 negatives.


https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/21.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/21.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/CNX_ElemAlg_Figure_01_03_023_img_new.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/CNX_ElemAlg_Figure_01_03_023_img_new.jpg
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15) Add:

a. 244

b. 2+(-9
Solution

a. 6

b. -6
16) Add:

a. 245

b. —2+(-5)
Solution

a. 7/

b. -7

So what happens when the signs are different? Let’s add —5+3. We realize this means the sum of =5 and 3.
When the counters were the same colour, we put them in a row. When the counters are a different colour, we

line them up under each other.
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—S + 3 means the sum of =5 and 3.

S—_— 0000

negatives. Figure 1.314

OOO0O0O
ndihen e OO0

Figure 1.315
We remove any
neutral pairs.

Figure 1.316
We have 2 2 negatives
negatives left. ,

Figure 1.317

The sum of -5
and 3is 2.

—54+3=-2

Notice that there were more negatives than positives, so the result was negative.

Let’s now add the last combination, 5 + (—3).


https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/CNX_ElemAlg_Figure_01_03_024a_img_new.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/CNX_ElemAlg_Figure_01_03_024a_img_new.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/8.2.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/8.2.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/8.3.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/8.3.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/CNX_ElemAlg_Figure_01_03_024d_img_new.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/CNX_ElemAlg_Figure_01_03_024d_img_new.jpg
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S 4+ (—3) means the sum of 5 and —3.

N Q0000

positives. Figure 1.318

9000@
pond e e @06

Figure 1.319
We remove any
neutral pairs.

Figure 1.3.20
We have 2 2 positives
positives left. )

Figure 1.3.21

Thesumof5and 5, 4 _,
—3is2.

When we use counters to model addition of positive and negative integers, it is easy to see whether there are

more positive or more negative counters. So we know whether the sum will be positive or negative.


https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/9.1.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/9.1.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/9.2.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/9.2.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/9.3.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/9.3.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/9.4.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/9.4.jpg
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-5+3 5+-3
More negatives — the sum is negative. More positives — the sum is positive.

Figure 1.3.22

Example 9

Add:

a. —1+5
b. 1+(=9)

Solution
a.

‘oooo

Figure 1.3.23

There are more positives, so the sum is positive.

—-1+5=4



https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/10.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/10.jpg
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.oooo

Figure 1.3.24

There are more negatives, so the sum is negative.

1+ (-5)=—4

17) Add:

a. —2+4
b. 2+ (-9

Solution

b — 9

18) Add:

a. —2+5
b. 2+(-5)

Solution


https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/CNX_ElemAlg_Figure_01_03_028_img_new.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/CNX_ElemAlg_Figure_01_03_028_img_new.jpg
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-3

=

Now that we have added small positive and negative integers with a model, we can visualize the model in our
minds to simplify problems with any numbers.
When you need to add numbers such as 37 (-53), you really don’t want to have to count out 37 blue counters
and 53 red counters. With the model in your mind, can you visualize what you would do to solve the problem?
Picture 37 blue counters with 53 red counters lined up underneath. Since there would be more red
(negative) counters than blue (positive) counters, the sum would be zegative. How many more red counters
would there be? Because * ~37=16, there are 16 more red counters.

Therefore, the sum of 37+ (-53) is —16.

374 (~53) = ~16

Let’s try another one. We’ll add ~™* (2", Again, imagine 74 red counters and 27 more red counters, so we'd

have 101 red counters. This means the sum is —101.

74+ (-27) = 101

Let’s look again at the results of adding the different combinations of 5,—5 and 3,-3.

Addition of Positive and Negative Integers

54+3 —5+4(-3)

—8

both positive, sum positive both negative, sum negative

When the signs are the same, the counters would be all the same colour, so add them.



1.3 INTEGERS | 155

-5+3 5+ (-3)

—2

different signs, more negatives,

. different signs, more positives, sum positive
sum negative

When the signs are different, some of the counters would make neutral pairs, so subtract to see how many are
left.

Visualize the model as you simplify the expressions in the following examples.

Example 10

Simplify
3. 19+(-47)

b' —14 + (—36)

Solution

a. Since the signs are different, we subtract 19 from 47. The answer will be negative because there
are more negatives than positives.

Step 1: Subtract

19 + (—47)

—28

b. Since the signs are the same, we add. The answer will be negative because there are only
negatives.

Step 1: Add
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—14 + (—36)

—50

19) Simplify:

q. —8t+(-19)

b. 15+ (—32)
Solution

a. —H0
bh. —17

20) Simplify:

Q. —2+(-2)

b, 25+ (-61)

Solution

a. —70
b. —36

The techniques used up to now extend to more complicated problems, like the ones we’ve seen before.

Remember to follow the order of operations!



Slmp||fy —5+3(—2+7)

Solution
Step 1: Simplify inside the parentheses.

—5+3(5)

Step 2: Multiply.

—-5+15

10

Step 3: Add left to right.

21) Simplify: 2510

Solution
13
22) Simplify; #2349

Solution
0
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Subtract Integers

We will continue to use counters to model subtraction. Remember, the blue counters represent positive
numbers and the red counters represent negative numbers.

Perhaps when you were younger, you read “5—3” as “S take away 3”. When you use counters, you can think
of subtraction the same way!

We will model the four subtraction facts using the numbers 5 and 3.

5—3 5-(3% —5—-3 5-(-3)

To subtract 5-3, we restate the problem as “S takes away 3”.

S 0006

positives. Figure 1.3.25

We ‘take away’ 3
positives.

Figure 1.3.26

We have 2 positives

The difference of S and 3 is 2.
left.

Now we will subtract = — (-3), Watch for similarities to the last example ® —3 =2,

To subtract ~%~ (-3), we restate this as “—S take away —3”.


https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/11.1.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/11.1.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/11.2.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/11.2.jpg
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20000

We start with S

negatives. Figure 1.3.27
We ‘take away’ 3 .
negatives.
Figure 1.3.28
gﬁ have 2 negatives The difference of =5 and =3 is —2.

Notice that these two examples are much alike: The first example, we subtract 3 positives from 5 positives and
end up with 2 positives.
In the second example, we subtract 3 negatives from S negatives and end up with 2 negatives.

Each example used counters of only one colour, and the “take away” model of subtraction was easy to apply.

5. 3= k| P

) 0@ ) @@

Figure 1.3.29

Subtract:


https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/CNX_ElemAlg_Figure_01_03_030a_img_new.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/CNX_ElemAlg_Figure_01_03_030a_img_new.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/CNX_ElemAlg_Figure_01_03_030b_img_new.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/CNX_ElemAlg_Figure_01_03_030b_img_new.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/13.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/13.jpg
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a. 7—5
b. -7-(-5)
Solution
a.

Step 1: Take 5 positive from 7 positives and get 2 positives.

7T—-5=2

b.

Step 1: Take 5 negatives from 7 negatives and get 2 negatives.

—7—(-5)=-2

23) Subtract:

a. 6 —4
b, o4

Solution

b — 9

24) Subtract:
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a. 71—4

b. —7-(-4
Solution

a.

-3

=

What happens when we have to subtract one positive and one negative number? We’ll need to use both white
and red counters as well as some neutral pairs. Adding a neutral pair does not change the value. It is like

changing quarters to nickels—the value is the same, but it looks different.
 To subtract =9 — 3, we restate it as —5 take away 3.
We start with S negatives. We need to take away 3 positives, but we do not have any positives to take away.

Remember, a neutral pair has value zero. If we add 0 to S its value is still 5. We add neutral pairs to the 5

negatives until we get 3 positives to take away.
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00000

Figure 1.3.30

We start with 5 negatives.

We now add the neutrals needed QO O
to get 3 positives.

Figure 1.3.31

OO000 OO0

We remove the 3 positives.

Figure 1.3.32

We are left with 8 negatives. 8 negatives
Figure 1.3.33

The difference of =5 and 3 is —8. ~5-3=-8

And now, the fourth case,  — (—3). We start with 5 positives. We need to take away 3 negatives, but there are

no negatives to take away. So we add neutral pairs until we have 3 negatives to take away.


https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/CNX_ElemAlg_Figure_01_03_032a_img_new.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/CNX_ElemAlg_Figure_01_03_032a_img_new.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/15.2.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/15.2.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/15.3.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/15.3.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/CNX_ElemAlg_Figure_01_03_032d_img_new.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/CNX_ElemAlg_Figure_01_03_032d_img_new.jpg
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S OO0

positives. Figure13.34

OOO0O0O OO0
Wit OO0

Figure 1.3.35

OO000 OO0

We remove the 3

negatives.

Figure 1.3.36
We are left with 8 8 positives
positives.

Figure 1.3.37
The difference of 5 5 (-3)=8
and -3 is 8.

Subtract:


https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/16.1.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/16.1.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/16.2.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/16.2.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/16.3.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/16.3.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/16.4.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/16.4.jpg



https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/CNX_ElemAlg_Figure_01_03_034a_img_new.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/CNX_ElemAlg_Figure_01_03_034a_img_new.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/CNX_ElemAlg_Figure_01_03_034d_img_new.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/CNX_ElemAlg_Figure_01_03_034d_img_new.jpg
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25) Subtract:

a. —6-4
b. 6-(-4)

Solution

a —10

o 10

26) Subtract:

a. —7-4
b. 7-(-4)

Solution
a. -1
. 11

Have you noticed that subtraction of signed numbers can be done by adding the opposite? In example 1.3.13

(above), —3 — 1 s the same as 3+ (-1 and 3 — (=1) is the same as & + 1. You will often see this idea, the

subtraction property, written as follows:
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Subtraction Property

a—b=a+(-b)

Subtracting a number is the same as adding its opposite.

Look at these two examples.

Figure 1.3.42

6 —4 gives the same answer as 6+ (—4),

Of course, when you have a subtraction problem that has only positive numbers, like 6 — 4, you just do the
subtraction. You already knew how to subtract 6—4 long ago. But knowing that 6—4 gives the same

answer as 6+ (—4) helps when you are subtracting negative numbers. Make sure that you understand how

6 — 4and6+(-4) give the same results!


https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/17.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/17.jpg
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Example 14

Simplify:

a. 13 —8and13+(-9)
b. —17-93and -7+ (9

Solution
a.

Step 1: Subtract.

13-8=5
13+ (-8)=5

b.
Step 1: Subtract.

~17-9=-26
—17+(-9) = -26

27) Simplify:

2. 21—13and2i+(-13)
b. —11-73and -1+7,

Solution
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Look at what happens when we subtract a negative.
8-(-5) 8+5

13 13

Figure1.3.43
8 —(-5) gives he same answer as 8+5
Subtracting a negative number is like adding a positive!

You will often see this written as ¢~ 0=a+?,

Does that work for other numbers, too? Let’s do the following example and see.


https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/18.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/18.jpg
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Simplify:

3. 9-(-153nd 9 + 15
b. -7-(9%and —7+4

Solution
a.

Step 1: Subtract.

9 (~15) =24
9+15=24

b.
Step 1: Subtract.

—7—(—4)=-3
—74+4=-3

29) Simplify

3. 6-(-13)gnd6 + 13
b. 5-(Dand —5+1

Solution
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2 19
b, —4

30) Simplify:

a. 4-(-19and4+19
b. 4-(7and —4+7

Solution
2 23
b.

Let’s look again at the results of subtracting the different combinations of 5,-5 and 3,-3.

Subtraction of Integers

5—3

5 (-3)

S negatives take away 3 negatives

.. .. 2 negatives
S positives take 3 positives 8

2 positives

When there would be enough counters of the colour to take away, subtract.
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5-(=3)
—-5—-3

—8

S negatives, want to take away 3 positives

need neutral pairs . .
p S positives, want to take away 3 negatives

need neutral pairs

When there would be not enough counters of the colour to take away, add.

What happens when there are more than three integers? We just use the order of operations as usual.

Example 16

Simplify; 7o
Solution
Step 1: Simplify inside the parentheses first.

T (=) =0

Step 2: Subtract left to right
14-9

Step 3: Subtract
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Try It

31) Simplify: * s v

Solution

32) Slmpllfy 12— (-9-6)—14

Solution

13

Multiply Integers

Since multiplication is mathematical shorthand for repeated addition, our model can easily be applied to show
multiplication of integers. Let’s look at this concrete model to see what patterns we notice. We will use the same
examples that we used for addition and subtraction. Here, we will use the model just to help us discover the

pattern.

We remember that @ X b means add a, b times. Here, we are using the model just to help us

discover the pattern.



5+3
add 5, 3 times

90000
QOO0
OO000

15 positives
B*3.=15
Figure 1.3.44

=5(3)
add -5, 3 times

00000
QOO00
00/00®

15 negatives

-5(3)=-15
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The next two examples are more interesting.
What does it mean to multiply 5 by —3? It means subtract S, 3 times. Looking at subtraction as “taking
away,” it means to take away S, 3 times. But there is nothing to take away, so we start by adding neutral pairs on

the workspace. Then we take away 5 three times.


https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2019/07/20.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2019/07/20.jpg
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In summary:

503
take away 5, 3 times

00000
QOO0

¢

00000

-5)-3)
take away -5, 3 times

lelelels)

00000

O0000O
(A 111

¢
¢

What's left?

00000
00000
00000

15 negatives
5(3)=-15

Figure 1.3.45

00000
0000

Q0000
0000
C0000

15 positives
(5)-3)=15

Notice that for multiplication of two signed numbers, when the:

* signs are the same, the product is positive.


https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/19.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/19.jpg

* signs are different, the product is negative.

We’ll put this all together in the chart below.

Multiplication of Signed Numbers

For multiplication of two signed numbers:
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Same signs Product Example
Two positives Positive 7x4=28
Two negatives Positive ~8x —6=48

If the signs are the same, the result is positive.

Different signs Product Example
Positive and negative ~ Negative Tr9= 08
Negative and positive  Negative

—5x10=-50

If the signs are different, the result is negative.

Example 17

a. —9x3
b. —2(-5)
c. 4(-8)
d 7xX6
Solution

a.

Step 1: Multiply, noting that the signs are different so the product is negative.

—9x3=-27
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b.
Step 1: Multiply, noting that the signs are the same so the product is positive.

—2(~5) = 10

C.

Step 1: Multiply, with different signs.

4(—8) = —32

d.
Step 1: Multiply, with same signs.

7Tx6=42

33) Multiply:

2 —6x8
b. —4(=7)
C
d

. b x12

Solution
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When we multiply a number by 1, the result is the same number. What happens when we multiply a number
by —1. Let’s multiply a positive number and then a negative number by —1 to see what we get.
Each time we multiply a number by —1, we get its opposite!

Multiplication by —1

—la=—a

Multiplying a number by —1 gives its opposite.
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Example 18

Multiply:
a —1x7

b, —1(-11)

Solution
a.

Step 1: Multiply, noting that the signs are different so the product is negative.

—1x7=-7

— 7 is the opposite of

b.
Step 1: Multiply, noting that the signs are the same so the product is positive.

—1(-11) =11

1 1 is the opposite of — 11.
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35) Multiply:

2 —1x9
b. —1(-17)

Solution
2 —9
17

36) Multiply:

2 —1x8
b, ~1(-16)

Solution
2 —8
. 16

Divide Integers

What about division? The division is the inverse operation of multiplication. So, 15+ 3 =5 because % * 3= 15 In
words, this expression says that 15 can be divided into three groups of five each because adding five three times
gives 15. Look at some examples of multiplying integers, to figure out the rules for dividing integers.

Division follows the same rules as multiplication!
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For the division of two signed numbers, when the:

« signs are the same, and the quotient is positive.
- signs are different, the quotient is negative.

And remember that we can always check the answer to a division problem by multiplying.

Multiplication and Division of Sighed Numbers

For multiplication and division of two signed numbers:

* If the signs are the same, the result is positive.

* If the signs are different, the result is negative.

Same signs Result
Two positives Positive
Two negatives Positive

If the signs are the same, the result is positive.

Different signs Result
Positive and negative Negative
Negative and positive Negative

If the signs are different, the result is negative.

Example 19

Divide:
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a. (=27)=+3
b' —100 =+ (—4)
Solution

a.

Step 1: Divide. With different signs, the quotient is negative.

—27+3=-9

b.
Step 1: Divide. With signs that are the same, the quotient is positive.

~100+ (—4) = 25

37) Divide:
a. 426
b_ =ilily < =3
Solution

—
. 39

38) Divide:

a. 637
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b. —115+ -5

Solution
2 —9
0. 23

Simplify Expressions with Integers

What happens when there are more than two numbers in an expression? The order of operations still applies
when negatives are included. Remember My Dear Aunt Sally?
Let’s try some examples. We’ll simplify expressions that use all four operations with integers—addition,

subtraction, multiplication, and division. Remember to follow the order of operations.

Example 20

Simplify; 2+ n-e,

Solution
Step 1: Multiply first.

14+ (-28) - 6

Step 2: Add.

—42 -6
Step 3: Subtract.

—48
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39) Slmphfy 8(-3) +5(-7) —4
Solution

—63

40) Slmp||fy 9-3)+7(-8)—1

Solution

—84

Example 21

Simplify:

Solution
a.

Step 1: Write in expanded from.

(-2)(-2)(-2)(-2)

Step 2: Multiply.

Step 3: Multiply.
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Step 4: Multiply.

16

b.

Step 1: Write in expanded form. We are asked to find the opposite of 2 4 .

—(2x2x2x2)

Step 2: Multiply.

—(4x2x2)

Step 3: Multiply.

—~(8x2)=-16

Notice the difference in parts a and b. In part a, the exponent means to raise what is in the
parentheses, the (-2) to the 4 power. In part b, the exponent means to raise just the 2 to the Al
power and then take the opposite.

41) Simplify:

a. (—3)*
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b —34
Solution

a. 81
b. -81

42) Simplify:
a. (=7)?
b, —'72

Solution

a. 49
b. -49

The next example reminds us to simplify inside parentheses first.

Example 22

Slmpllfy 12 - 3(9 - 12)

Solution
Step 1: Subtract in parentheses first.

12 — 3(-3)
Step 2: Multiply.

12— (-9)

Step 3: Subtract.
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21

43) Simplify: 17-4¢-w

Solution

29

44) Simplify: 106019

Solution

52

Simplify: 89+

Solution
Step 1: Exponents first.

8(-9) + (-8)

Step 2: Multiply
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—72+ -8

Step 3: Divide.

45) Sim pl Ify 12(-9) = (-3)*

Solution

46) Sim p | I]cy 18(~4) + (-2)°

Solution
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Example 24

Sl m pllfy 30+ +2+ (-3)(-7)

Solution
Step 1: Multiply and divide left to right, so divide first.

—15+(=3)(-7)

Step 2: Add.

—15+21=6

47) Sl m pllfy —27+ 3+ (~5)(-6)

Solution

21

48) Slm p|lf\/ —32+4+(-2)(-7)

Solution
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Evaluate Variable Expressions with Integers

Remember that to evaluate an expression means to substitute a number for the variable in the expression. Now

we can use negative numbers as well as positive numbers.

Example 25

When n = =5, evaluate:

an+1
b —n+1

Solution
a.

Step 1: Substitute — 5 for n

—5+1

Step 2: Simplify.

b.

Step 1: Substitute — 5 for n

Step 2: Simplify.
5+1
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Step 3: Add.

49) When n = =8 evaluate

a n+2
b —mn+2

Solution
2 —0
. 10

50) When ¥ = —9, evaluate

a y+8
b. —y+8.

Solution
2 —1
17
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Example 26

Evaluate (z +v)* whenz=-18 and y = 24,

Solution

Step 1: Substitute — 18 for m and 24 for y

(—18 + 24)%

Step 2: Add inside parentheses.

(6)°

36

Step 3: Simplify.

51) Evaluate (¢ +v)* when z=-15and y = 29

Solution

196

52) Evaluate (z +)* whenz = -8 and y = 10

Solution
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Example 27

Evaluate 20 — 2 when

a. z=12
b z=-12
Solution

a.

Step 1: Substitute 1 2 for 2 :

20 — 12

Step 2: Subtract.

b.

Step 1: Substitute — 12 for 2 :
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20 — (—12)

Step 2: Subtract.

32

53) Evaluate: 17 — k when

a. k=19
b, k=-19
Solution

2 —2
. 36

54) Evaluate: =5 — b when

2. b=14

b, b=—14
Solution

a —19
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Example 28

Evaluate: 2= +3+s when & = 4.

Solution

Substitute 4 for aj . Use parentheses to show multiplication.

Step 1: Substitute.

2(4)* +3(4) +8

Step 2: Evaluate exponents.

2(16) +3(4) + 8

Step 3: Multiply.

3241248

52

Step 4: Add.

55) Evaluate: 3* -2:+6 when € = —3,

Solution

39
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56) Evaluate: #* -z -5 when ¢ = =2,

Solution

13

Translate English Phrases to Algebraic Expressions
with Integers

Our earlier work translating English to algebra also applies to phrases that include both positive and negative

numbers.

Example 29

Translate and simplify: the sum of and — 12, increased by
Solution
Step 1: Translate.

8+ (~12)] +3

Step 2: Simplify. Be careful not to confuse the brackets with an absolute value sign.

(—4)+3

Step 3: Add.

—1
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Try It

57) Translate and simplify the sum of and — 16, increased by

Solution

(9-16)+4=-3

58) Translate and simplify the sum of — 8 and — 12, increased by

Solution

(-8-12)+7=-13

When we first introduced the operation symbols, we saw that the expression may be read in several ways. They

are listed below.

ca—2>b

* the difference of a and b
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subtracted from a,
less than a

b
b

Be careful to get a’ and in the right order!

Example 30

Translate and then simplify
a. The difference of ]_ 3 and —21
b. Subtract 24 from —19

Solution
a.

Step 1: Translate.

13 — (—21)

Step 2: Simplify.

34
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b.

Step 1: Translate. Remember, “subtract from al” means @ — b.
—19-24

Step 2: Simplify.
—43

59) Translate and simplify

a. the difference of 1 4 and —23
b. subtract 2 1 from —17

Solution

Q. MW=

b ~17-21--38

60) Translate and simplify

a. the difference of 1 1 and —19
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b. subtract ]_ 8 from —11.

Solution
Q. u-(m=3
b. —11-18=-29

Once again, our prior work translating English to algebra transfers to phrases that include both multiplying
and dividing integers. Remember that the keyword for multiplication is “product” and for division is

“quotient.”

Example 31

Translate to an algebraic expression and simplify if possible: the product of — 2 and 1 4

Solution
Step 1: Translate.

(-2)(14)
Step 2: Simplify.
—28
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Try It

61) Translate to an algebraic expression and simplify if possible: the product of — 5 and 1 2

Solution

—5(12) = —60

62) Translate to an algebraic expression and simplify if possible: the product of and —13.

Solution

8(—13) = —104

Example 32

Translate to an algebraic expression and simplify if possible: the quotient of —56 and — 7

Solution
Step 1: Translate.

—56 + -7

Step 2: Simplify.
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63) Translate to an algebraic expression and simplify if possible: the quotient of —63 and — 9

Solution

—63+-9=7

64) Translate to an algebraic expression and simplify if possible: the quotient of — 72 and — 9

Solution

72+ -9=8

Use Integers in Applications

We’ll outline a plan to solve applications. It’s hard to find something if we don’t know what we’re looking for
or what to call it! So when we solve an application, we first need to determine what the problem is asking us to
find. Then we’ll write a phrase that gives the information to find it. We’ll translate the phrase into an expression
and then simplify the expression to get the answer. Finally, we summarize the answer in a sentence to make sure

it makes sense.
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How to Apply a Strategy to Solve Applications with
Integers

The temperature in Urbana, lllinois one morning was 1 1 degrees. By mid-afternoon, the

temperature had dropped to — 9 degrees. What was the difference of the morning and

afternoon temperatures?

Solution
Step 1: Read the problem. Make sure all the words and ideas are understood.
Step 2: Identify what we are asked to find.

The difference of the morning and afternoon temperatures.

Step 3: Write a phrase that gives the information to find it.

The difference of 1 1 and —9

Step 4: Translate the phrase to an expression.

11— (-9)

Step 5: Simplify the expression.

20

Step 6: Write a complete sentence that answers the question.

The difference in temperatures was 20 degrees.
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65) The temperature in Anchorage, Alaska one morning was ]_ 5 degrees. By mid-afternoon the

temperature had dropped to 3 O degrees below zero. What was the difference in the morning

and afternoon temperatures?

Solution

The difference in temperatures was 4 5 degrees.

66) The temperature in Denver was — 6 degrees at lunchtime. By sunset the temperature had
dropped to — 15 degrees. What was the difference in the lunchtime and sunset temperatures?

Solution

The difference in temperatures was degrees.

Apply a Strategy to Solve Applications with Integers.

1. Read the problem. Make sure all the words and ideas are understood
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Identify what we are asked to find.

Write a phrase that gives the information to find it.
Translate the phrase into an expression.

Simplify the expression.

o vk w N

Answer the question with a complete sentence.

Example 34

The Mustangs football team received three penalties in the third quarter. Each penalty gave them a
loss of fifteen yards. What is the number of yards lost?

Solution
Step 1: Read the problem. Make sure all the words and ideas are understood.
Step 2: Identify what we are asked to find.

The number of yards lost.

Step 3: Write a phrase that gives the information to find it.

Three times a ]_ 5—yard penalty.

Step 4: Translate the phrase to an expression.

3(—15)

Step 5: Simplify the expression.
—45

Step 6: Answer the question with a complete sentence.

The team lost 4 5 yards.
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67) The Bears played poorly and had seven penalties in the game. Each penalty resulted in a loss of

]_ 5 yards. What is the number of yards lost due to penalties?

Solution
The Bears lost 105 yards.

68) Bill uses the ATM on campus because it is convenient. However, each time he uses it he is
charged a $2 fee. Last month he used the ATM eight times. How much was his total fee for using
the ATM?

Solution
A $16 fee was deducted from his checking account.

Key Concepts

- Multiplication and Division of Two Signed Numbers

> Same signs—Product is positive
o Different signs—Product is negative

- Strategy for Applications

o |dentify what you are asked to find.

o Write a phrase that gives the information to find it.
o Translate the phrase to an expression.

o Simplify the expression.
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Glossary

absolute value
The absolute value of a number is its distance from 0 on the number line. The absolute value

of a number n is writtenas [T |.

integers
The whole numbers and their opposites are called the integers: ...-3, -2, -1, 0,1, 2, 3...

opposite
The opposite of a number is the number that is the same distance from zero on the number

line but on the opposite side of zero: — (@, means the opposite of the number a The

notation — (@ is read as “the opposite of a

Exercises: Multiply Integers

Instructions: For questions 1-8, multiply.
1) —4-8
2) —3-9
3) 9(-7)
4) 13(-5)

5) —1-6
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6) —1-3
7) —1(-19)
8) —1(-19)

0Odd Answers
1) —32
3) —63

5 —0
n14

Exercises: Divide Integers

Instructions: For questions 9-14, divide.
9) 246

10) 35+ (-7)

M) 529

12) 84+ (-6)

13) —180 =15

14) —192 =12
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Odd Answers

9 —4
m 13

13) —12

Exercises: Simplify Expressions with Integers

Instructions: For questions 15-32, simplify each expression.

15) 5(-6) +7(-2) - 3
16) 8(~4)+5(—4) =6
17) (—2)°
18) (—3)°
19) —42
20) — 62

21) 350
22) —4-6)(3)
23) ¢-we-m
24) (6-11)(8 - 13)
25) »-se-7
26) =-26-9)
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Exercises: Evaluate Variable Expressions with Integers

Instructions: For questions 33-50, evaluate each expression.
33) v+ (-14) when

a) y=-33
b) y=30

34) «+(-21) when

a) x=—-27
b) z =44

353a) @ + 3 whena= -7
35b) —a+3 whena= -7

36a) ¢+ (-9 when d = -8
36b) ¢+ (-9 whend= -8

37) m + n when - -
38) P + qwhen: v
39) ” + Swhen - 7
40) t + U when o+
41) (z +y)°’ when -~ -+v-4
42) (v+2)° whenv #:-»
43) —2z+17 when

a) z =38

b) z= -8
44) 5 +14 when

a)y=19

b) y=-9
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45) 10— 3m when
a) m =23
b) m =5
46) 18 —4n when
ayn=3
b) n=-3
47) »*-s+7whenw = -2
48) s -w+swhenu = -3
49) 9%a-2-8 when «-o0-

50) Tm — 4n — 2 when m=—4,n=-9

Odd Answers

33a) —47
1) |0
35a) —4
3sb) ] ()
M) — &
39) —16
@ 121

433) 1

sb) 33
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45a) — 5

ssb) D5
»21

49) —H06

Exercises: Translate English Phrases to Algebraic Expressions

Instructions: For questions 51-64, translate to an algebraic expression and simplify if
possible.

51) the sum of 3 and — 15, increased by

52) the sum of — 8 and — 9, increased by 2 3

53) the difference of ]_ O and —18

54) subtract 1 1 from —2D
55) the difference of — 5 and —30

56) subtract — 6 from —13



214 | 13 INTEGERS

57) the product of — 3 and ]_ 5
58) the product of — 4 and ]_ 6

59) the quotient of —6(0 and —20

60) the quotient of —40 and —20

61) the quotient of — 6 and the sum of a and

62) the quotient of — 7 and the sum of m and n

63) the product of — 10 and the difference of p and

64) the product of — 13 and the difference of ‘ and d

Odd Answers
51) (3+(-15)) +7

B+ (-15)+7=-5

53) 10 — (—18)

10— (~18) =28

55) —5— (—30)

—5—(-30)=25
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57) —3-15

—3-15=—45
59) —60 < (—20)
—60 + (—20) =3

&1) a+b

63) ~100-9)

Exercises: Use Integers in Applications

Instructions: For questions 65-72, solve the given word problems.

65) Temperature: On January ]_ 5, the high temperature in Anaheim,

California, was 840 . That same day, the high temperature in Embarrass,

Minnesota was —12°. What was the difference between the temperature in

Anaheim and the temperature in Embarrass?

66) Temperature: On January 2 1, the high temperature in Palm Springs,

California, was 890 , and the high temperature in Whitefield, New Hampshire

was —31°. What was the difference between the temperature in Palm Springs

and the temperature in Whitefield

67) Football: At the first down, the Chargers had the ball on their 2 5 yard
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line. On the next three downs, they lost yards, gained ]_ O yards, and

lost yards. What was the yard line at the end of the fourth down?

68) Football: At the first down, the Steelers had the ball on their 3 O yard

line. On the next three downs, they gained yards, lost 1 4 yards, and

lost 3 yards. What was the yard line at the end of the fourth down?

69) Checking Account: Mayra has $124 in her checking account. She writes a

check for $152. What is the new balance in her checking account?

70) Checking Account: Selina has $165 in her checking account. She writes a
check for $207. What is the new balance in her checking account?

71) Checking Account: Diontre has a balance of —$38 in his checking account.
He deposits $225 to the account. What is the new balance?

72) Checking Account: Reymonte has a balance of —$49 in his checking

account. He deposits $281 to the account. What is the new balance?

Odd Answers

65 96°
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@21

69) —$28
71) $187

Exercises: Everyday Math

Instructions: For questions 73-74, solve the given everyday math word problems.

73) Stock market: Javier owns 300 shares of stock in one company. On

Tuesday, the stock price dropped $ ]_ 2 per share. What was the total effect on
Javier’s portfolio?

74) Weight loss: In the first week of a diet program, eight women lost an

average of pounds each. What was the total weight change for the eight

women?

Odd Answers
73) —$3600
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Exercises: Writing Exercises

Instructions: For questions 75-78, answer the given writing exercises.
75) In your own words, state the rules for multiplying integers.
76) In your own words, state the rules for dividing integers.
77) Whyis 2 #(-2?

78) Why is =42

Odd Answers
75) Answers may vary

77) Answers may vary
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1.4 FRACTIONS

Learning Objectives

By the end of this section, you will be able to:

- Find equivalent fractions

- Simplify fractions

- Multiply fractions

« Divide fractions

- Simplify expressions written with a fraction bar

. Translate phrases to expressions with fractions

« Add or subtract fractions with a common denominator

« Add or subtract fractions with different denominators

. Use the order of operations to simplify complex fractions
- Evaluate variable expressions with fractions

Find Equivalent Fractions

1

Fractions are a way to represent parts of a whole. The fraction mem= means that one whole has been

3
2

3

divided into 3 equal parts and each part is one of the three equal parts. See (Figure 1.4.1). The fraction
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2
3

represents two of three equal parts. In the fraction the 2 is called the numerator and the 3 is called the

denominator.

1
3

The circle on the left has been divided into 3 equal parts. Each part is

2

circle on the right, = of the circle is shaded (2 of the 3 equal parts).

3

of the 3 equal parts. In the

Figure 14.1. The circle on the left has
been divided into 3 equal parts. Each
partis 1/3 of the 3 equal parts. In the
circle on the right, 2/3 of the circle is

shaded (2 of the 3 equal parts).


https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2019/07/1.4.1.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2019/07/1.4.1.jpg

1.4 FRACTIONS | 221

Fraction

a

A fraction is written = where b # 0 and

a, is the numerator and is the denominator

A fraction represents parts of a whole. The denominator is the number of equal parts the whole has

been divided into, and the numerator a indicates how many parts are included.

6

If a whole pie has been cut into 6 pieces and we eat all 6 pieces, we ate === pieces, or, in other words, one

6

whole pie.
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Figure1.4.2

So — = 1. This leads us to the property of one that tells us that any number, except zero, divided by itself is 1.

6

Property of One

i1« Any number, except zero, divided by itself is one.

If a pie was cut into 6 pieces and we ate all 6, we ate = picces, or, in other words, one whole pie. If the pie
was cut into 8 pieces and we ate all 8, we ate = pieces, or one whole pie. We ate the same amount—one

8

whole pie.

6 3

The fractions mmmmms and me= have the same value, 1, and so they are called equivalent fractions.

6 3

Equivalent fractions are fractions that have the same value.


https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/1.4.2.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/1.4.2.jpg
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Let’s think of pizzas this time. Figure 1.4.2 shows two images: a single pizza on the left, cut into two equal

1

pieces, and a second pizza of the same size, cut into eight pieces on the right. This is a way to show that s

is equivalent to

. In other words, they are equivalent fractions.

1 4

Since the same amount of each pizza is shaded, we see that e is equivalent t0 s . They are

2 3

equivalent fractions.

Figure 1.4.3. Since the same amount is of each pizza is
shaded, we see that [latex]\frac{1}{2}[/latex] is
equivalent to [latex]\frac{4}{8}[/latex]. They are
equivalent fractions.


https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/CNX_ElemAlg_Figure_01_05_003_img_new.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/CNX_ElemAlg_Figure_01_05_003_img_new.jpg
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Equivalent Fractions

Equivalent fractions are fractions that have the same value.

1 4

How can we use mathematics to change into ? How could we take a pizza that is cut into 2

2 8

pieces and cut it into 8 pieces? We could cut each of the 2 larger pieces into 4 smaller pieces! The whole pizza

would then be cut into 8 pieces instead of just 2. Mathematically, what we’ve described could be written like

this as % = %. See Figure. 1.4.3.

. . . . . . . . 1 X 4 4
Cutting each half of the pizza into pieces, gives us pizza cut into 8 pieces: 357 ~ 3.

1.4.4. Cutting each half of the
pizza into 4 pieces, gives us
pizza cut into 8 pieces.

This model leads to the following property:


https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/CNX_ElemAlg_Figure_01_05_004_new.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/CNX_ElemAlg_Figure_01_05_004_new.jpg
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Equivalent Fractions Property

If a, b, C are numbers where ¢#0.¢#0 then

a ac ac a

b peand T3

If we had cut the pizza differently, we could get

1.2 2 1 2
2.2 4 850 977y
1-3 3 1 3
23 6 5 97§
rwo_w0 1 _ 10
2-10 20 SO 5~ 9q

123 le . .
So, we say 775 **m are equivalent fractions.

Example 1

2

Find three fractions equivalent t0 s

D
2

To find a fraction equivalent to ===, we multiply the numerator and denominator by the same

D

number. We can choose any number, except for zero. Let's multiply them by 2, 3, and then 5.

Solution
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S0, 1033 are equivalent t0 .

D

3

1) Find three fractions equivalent t0

D

Solution

6 9 12
10’ 15’ 20, ANSWers may vary

4

2) Find three fractions equivalent t0

D

Solution

8 12 16
10’ 15’ 20, ANSWeErs may vary
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Simplify Fractions

A fraction is considered simplified if there are no common factors, other than 1, in its numerator
and denominator.

For example,

2

* w5 simplified because there are no common factors of 2 and 3.

3
10
15

is not simplified because 5 is a common factor of 10 and 15.

Simplify Fraction

A fraction is considered simplified if there are no common factors in its numerator and denominator.

The phrase reduces a fraction means to simplify the fraction. We simplify, or reduce, a fraction by removing the
common factors of the numerator and denominator. A fraction is not simplified until all common factors have
been removed. If an expression has fractions, it is not completely simplified until the fractions are simplified.
In Example 1.4.2, we used the equivalent fractions property to find equivalent fractions. Now we’ll use the
equivalent fractions property in reverse to simplify fractions. We can rewrite the property to show both forms

together.
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Equivalent Fractions Property

a ac ac a
If @, b, € are numbers where 8#0<#0 then 7 = 3- and 3, = 3

Simplify: — %

Solution
Step 1: Rewrite the numerator and denominator showing the common factors.

_4><8
7x8

Step 2: Simplify using the equivalent fractions property.

4

7
4

Notice that the fraction — — is simplified because there are no more common factors.
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3) Simplify: 42
) Simplify: 4
Solution
7
9
4) Simplify: D
implify: 31
Solution

Sometimes it may not be easy to find common factors of the numerator and denominator. When this happens,

agood idea is to factor the numerator and the denominator into prime numbers. Then divide out the common

factors using the equivalent fractions property.

210

Simpli ' 7385

Solution
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Step 1: Rewrite the numerator and denominator to show the common factors. If needed,
factor the numerator and denominator into prime numbers first.

Rewrite 210 and 385 as the product of the primes.

xxxxxxxxx
1111111

Step 2: Simplify using the equivalent fractions property by dividing out common factors.

Mark the common factors 5 and 7. Divide out the common factors.

_ 2xsx gx X
T ¥x Zxu
—-228

Step 3: Multiply the remaining factors, if necessary.

O
11

69
5) Simplify: ~120

Solution

23

40
DG 120
) Simplify: 192
Solution

5

8

We now summarize the steps you should follow to simplify fractions.
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Simplify a Fraction.

1. Rewrite the numerator and denominator to show the common factors.

If needed, factor the numerator and denominator into prime numbers first.
2. Simplify using the equivalent fractions property by dividing out common factors.
3. Multiply any remaining factors, if needed.

Example 4

5% 5

Simplify: ——.

Solution

Step 1: Rewrite showing the common factors, then divide out the common factors.
5% w
¥ xy

Step 2: Simplify.



232 | 1.4 FRACTIONS

Tx

7) Simplify: —

Ty

Solution

L

Y
3a

8)Simplify: ——

Solution

a

b

Multiply Fractions
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Many people find multiplying and dividing fractions easier than adding and subtracting fractions. So we will
start with fraction multiplication.

We’ll use a model to show you how to multiply two fractions and to help you remember the procedure. Let’s

3

Start With e

4

Figure 1.4.5

1 3

Now we’ll take

2of4.

Figure 1.4.6

. .. . . 1.3 _3
Notice that now, the whole is divided into 8 equal parts. So 5 %7 =3

To multiply fractions, we multiply the numerators and multiply the denominators.

Fraction Multiplication

® ac

|f a.beandd 3re nuMbers where *#°=4#0 then %4 =34


https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/1.4.6.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/1.4.6.jpg
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To multiply fractions, multiply the numerators and multiply the denominators.

When multiplying fractions, the properties of positive and negative numbers still apply, of course. It is a good
idea to determine the sign of the product as the first step. In Example 1.4.5, we will multiply negative and

positive, so the product will be negative.

Example 5

Multiply: —% X %
Solution
The first step is to find the sign of the product. Since the signs are different, the product is negative.

Step 1: Determine the sign of the product; multiply.

11 x 5
12 x 7

Step 2: Are there any common factors in the numerator and the denominator? No.
55
84

9) Multiply: *% x %

Solution
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4
21

10) Multiply: 25 *

Solution

)
16

When multiplying a fraction by an integer, it may be helpful to write the integer as a fraction. Any integer,

a

3
a, can be writtenas = . So, for example, 3= T

Example 6

Multiply: —% 20

Solution
Determine the sign of the product. The signs are the same, so the product is positive.

Step 1: Write 202’5 as a fraction.
(%)
Step 2: Multiply.

Step 3: Rewrite 20 to show the common factor 5 and divide it out.

12 x 4 x g

B x1

Step 4: Simplify.
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48x

11) Multiply: 5-(-9)

Solution

—33a

12) Multiply: =(-140

Solution

—26b

Divide Fractions

Now that we know how to multiply fractions, we are almost ready to divide. Before we can do that, we need
some vocabulary.

The reciprocal of a fraction is found by inverting the fraction and placing the numerator in the

2 3
3i820'

: g =1, A number and its reciprocal multiplied will equal 1.

denominator and the denominator in the numerator. The reciprocal of

2
Notice that 3

To get a product of positive 1 when multiplying two numbers, the numbers must have the same sign. So

reciprocals must have the same sign.



10 7 o
The reciprocal of — — is — ——, since 7(w) -,

7

Reciprocal

a b

The reciprocal of = IS e .

a

A number and its reciprocal multiply to one 3 * .

=1

To divide fractions, we multiply the first fraction by the reciprocal of the second.

Fraction Division

|f @b.candd re numbers where =", then

To divide fractions, we multiply the first fraction by the reciprocal of the second.

e need to say """ "' to be sure we don’t divide by zero!
W dt b#0,c#0andd ut b d )td d_ b |

1.4 FRACTIONS | 237



238 | 1.4 FRACTIONS

Example 7

.. 2 n
Divide: =3 + 7.

Solution
Step 1: To divide, multiply the first fraction by the reciprocal of the second.
2 5
3%%
Step 2: Multiply.
10
3n

13) Divide: ~5 +

P
7

Solution

21
op

14) Divide: 5 + 4

Solution

15
8q
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Example 8

Find the quotient: &+ ().

Solution
Step 1: To divide, multiply the first fraction by the reciprocal of the second.

Step 2: Determine the sign of the product, and then multiply.

7T x 27
18 x 14

Step 3: Rewrite showing common factors.

Step 4: Remove common factors.

Step 5: Simplify.

15) Find the quotient; =+ (%)
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Solution

4
15
16) Find the quotient: i+ ()

Solution

2

3

There are several ways to remember which steps to take to multiply or divide fractions. One way is to repeat

the call outs to yourself. If you do this each time you do an exercise, you will have the steps memorized.

* “To multiply fractions, multiply the numerators and multiply the denominators.”

* “To divide fractions, multiply the first fraction by the reciprocal of the second.”

Another way is to keep two examples in mind:
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One fourth of two pizzas is one half of a pizza. There are eight quarters in $2.00.

1 . 4
Zingy 2+
21 2.1
1°2 174
2 2.4
4 11
1
3 8

Figure1.4.7

The numerators or denominators of some fractions contain fractions themselves. A fraction in which the

numerator or the denominator is a fraction is called a complex fraction.

Complex Fraction

A complex fraction is a fraction in which the numerator or the denominator contains a fraction.

Some examples of complex fractions are:

w|le
cofen|mles
a>|m|m|a


https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/CNX_ElemAlg_Figure_01_05_016_img_new.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/CNX_ElemAlg_Figure_01_05_016_img_new.jpg
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To simplify a complex fraction, we remember that the fraction bar means division. For example, the complex

3

4

means = ~

4

oo | ot

fraction

S
8

Example 9

3
4
]
8

Simplify:

Solution
Step 1: Rewrite as division.

Ny I
o
oo | ot

Step 2: Multiply the first fraction by the reciprocal of the second.

3 8

—_— X —_—

4 5
Step 3: Multiply.

3 x 8

4 x5
Step 4: Look for common factors.

3 x / x 2

/4/>< 5

Step 5: Divide out common factors and simplify.



2

3

17) Simplify: =
)

§

Solution

3

18) Simplify !
implify: —
6

11

Solution
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11
14

Example 10

“
2
Simplify: x_y
6
Solution

Step 1: Rewrite as division.
LTy
T 6

N8

Step 2: Multiply the first fraction by the reciprocal of the second.

T 6

— >< —

2 xy
Step 3: Multiply.

z X 6

2 X xy
Step 4: Look for common factors.

' x3x 2

2'x & xy

Step 5: Divide out common factors and simplify.
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S| W

19) Simplify:

a

8
ab

6

Solution

3
4b
p
2

20) Simplify: ——

8

Solution

4

q
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Simplify Expressions with a Fraction Bar

The line that separates the numerator from the denominator in a fraction is called a fraction bar. A fraction
bar acts as a grouping symbol. The order of operations then tells us to simplify the numerator and then the

denominator. Then we divide.

5—3
To simplify the expression 7110 first simplify the numerator and the denominator separately. Then
we divide.
53
B EN
2
~8
1
T

Simplify an Expression with a Fraction Bar.

1. Simplify the expression in the numerator.
2. Simplify the expression in the denominator.
3. Simplify the fraction.

4-2(3)

Simplify: =3 "

Solution
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Step 1: Use the order of operations to simplify the numerator and the denominator.
4—6
442

Step 2: Simplify the numerator and the denominator.
—2
6

Step 3: Simplify. A negative divided by a positive is negative.

1

3

6 —

3(5)
2R

21) Simplify:

Solution

3

4

4-4(6)

—4
3243

22) Simplify:

Solution

5

3

Where does the negative sign go in a fraction? Usually, the negative sign is in front of the fraction, but you will

sometimes see a fraction with a negative numerator, or sometimes with a negative denominator. Remember



248 | 1.4 FRACTIONS

that fractions represent division. When the numerator and denominator have different signs, the quotient is

negative.

Placement of Negative Sign in a Fraction

For any positive numbers a and

4(=3)+6(-2)

Simplify: ~=@-7
Solution
Step 1: Multiply.
—12+ (-12)
Step 2: Simplify.
—24
—8

Step 3: Divide.
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8(—2) +4(-3)

23) Simplify: ~=@s

Solution
4

24) Simplify: “Sa-5

Solution
2

Translate Phrases to Expressions with Fractions

Now that we have done some work with fractions, we are ready to translate phrases that would result in

expressions with fractions.

The English words quotient and ratio are often used to describe fractions. Remember that “quotient”

means division. The quotient of a and b is the result we get from dividing a’ by , or

a

-
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Translate the English phrase into an algebraic expression: the quotient of the difference of m

and n and p

Solution

We are looking for the quotient of the difference of m and n and p This means

we want to divide the difference of m and n by p

25) Translate the English phrase into an algebraic expression: the quotient of the difference of

a and , and Cd

Solution
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cd

26) Translate the English phrase into an algebraic expression: the quotient of the sum ofp

and , and '

Solution
pP+q
r

Add or Subtract Fractions with a Common
Denominator

When we multiplied fractions, we just multiplied the numerators and multiplied the denominators right

straight across. To add or subtract fractions, they must have a common denominator.

Fraction Addition and Subtraction

If a.b, and e gre numbers where ¢ 7 0, then

To add or subtract fractions, add or subtract the numerators and place the result over the
common denominator.
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Example 14

2
Find the sum: = + 3

w| 8

Solution
Step 1: Add the numerators and place the sum over the common denominator.

T+ 2
3

. 2,8
27) Find the sum: 171

Solution
z+3
4

: SIS
28) Find the sum: 3 + 5

Solution
y+5
8
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Find the difference: —% =i

Solution
Step 1: Subtract the numerators and place the difference over the common denominator.
—23-13
24
Step 2: Simplify.
—36
24

Step 3: Simplify. Remember, 5 = 5.

29) Find the difference: *% - 2—78

Solution

13
14

1

30) Find the difference: ~35 - 3

Solution
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Example 16

Simplify: —% - %
Solution
Step 1: Subtract the numerators and place the difference over the common denominator.
—14
Wi

Step 2: Rewrite with the sign in front of the fraction.
14
Hi

31) Find the difference: —% -1

z

Solution

16

X
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5

a

32) Find the difference: *1(1—7 -

Solution

22

a

Now we will do an example that has both addition and subtraction.

Example 17

Simplify: s+ (%) -
Solution
Step 1: Add and subtract fractions—do they have a common denominator? Yes.

3o(.5) L
8 8) 8.

Step 2: Add and subtract the numerators and place the difference over the common
denominator.

3+(-5)—1

Step 3: Simplify left to right.
—9 1l

Step 4: Simplify.
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Try It

33) Simplify: +(4) 3

Solution

13

9

34) Simplify: 5+(5) -5

Solution

2

3

Add or Subtract Fractions with Different
Denominators

As we have seen, to add or subtract fractions, their denominators must be the same. The least common
denominator (LCD) of two fractions is the smallest number that can be used as a common denominator of

the fractions. The LCD of the two fractions is the least common multiple (LCM) of their denominators.

Least Common Denominator

The least common denominator (LCD) of two fractions is the least common multiple (LCM) of
their denominators.

After we find the least common denominator of two fractions, we convert the fractions to equivalent fractions
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with the LCD. Putting these steps together allows us to add and subtract fractions because their denominators

will be the same!

Example 18

Add:%Jrli8

Solution
Step 1: Do they have a common denominator?

Step 2: Add or subtract the fractions.
Add.

31
36
Step 3: Simplify, if possible.

Because 31is a prime number, it has no factors in common with 36. The answer is simplified.

11

35) Add: 15+ 1
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Solution

79
60
36) Add: T3 + 5

Solution

103
60

Add or Subtract Fractions.

1. Do they have a common denominator?

> Yes—qgo to step 2.
> No—rewrite each fraction with the LCD (least common denominator). Find the LCD.
Change each fraction into an equivalent fraction with the LCD as its denominator.

2. Add or subtract the fractions.
3. Simplify, if possible.

When finding the equivalent fractions needed to create the common denominators, there is a quick way to
find the number we need to multiply both the numerator and denominator. This method works if we find the
LCD by factoring into primes.

Look at the factors of the LCD and then at each column above those factors. The “missing” factors of each

denominator are the numbers we need.
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missing
factors
12=2-2;/}‘
1B=2+" 33
LCD=2+2+3+3
LCD = 36
Figure 1.4.8

In the above figure the LCD, 36, has two factors of 2 and two factors of 3.

The numerator 12 has two factors of 2 but only one of 3—so it is “missing” one 3—we multiply the
numerator and denominator by 3.

The numerator 18 is missing one factor of 2—so we multiply the numerator and denominator by 2.

We will apply this method as we subtract the fractions in Example 1.4.19

Example 19

Subtract: 1—75 - g

Solution
Step 1: Find the LCD.

Do the fractions have a common denominator? No, so we need to find the LCD.

Notice, 15 is “missing” three factors of 2 and 24 is “missing” the 5 from the factors of the LCD.
So we multiply 8 in the first fraction and 5 in the second fraction to get the LCD.

sssssssss
xxxxxxxx

Step 2: Rewrite as equivalent fractions with the LCD.

6%
120 120

Step 3: Subtract.


https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/CNX_ElemAlg_Figure_01_06_002_img_new.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/CNX_ElemAlg_Figure_01_06_002_img_new.jpg
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_ 39
120

Step 4: Check to see if the answer can be simplified.

13 x3
40 x 3

Step 5: Simplify.
Both 39 and 120 have a factor of 3.
13
40

Do not simplify the equivalent fractions! If you do, you'll get back to the original fractions and
lose the common denominator!

17

37) Subtract: 5 %

Solution

1
96
38) Subtract: % - %

Solution

75
224

In the next example, one of the fractions has a variable in its numerator. Notice that we do the same steps as

when both numerators are numbers.
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Example 20

T

3
Add: g-l— 3

Solution
The fractions have different denominators.
Step 1: Find the LCD.

§2 pnfjroaooo

Step 2: Rewrite as equivalent fractions with the LCD.

Step 3: Simplify.
24 bz
FORT
Step 4: Add.
24 + 5z
40

Remember, we can only add like terms: 24 and 5:8 are not like terms.

Y

7
39) Add: 5 + 9

Solution
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9y + 42
54

a3 7
40) Add: § + 7

Solution
152 + 42
90

We now have all four operations for fractions. The table below summarizes fraction operations.

Fraction Multiplication Fraction Division
a c _ ac a e a d
3 4" W PTaTr %
Multiply the numerators and multiply the Multiply the first fraction by the reciprocal of the
denominators second.
Fraction Addition Fraction Subtraction
Add the numerators and place the sum over the Subtract the numerators and place the difference
common denominator. over the common denominator.

To multiply or divide fractions, an LCD is NOT needed.
To add or subtract fractions, an LCD is needed.

Simplify:
5z 3
d % 10
5z 3
b. T >
Solution

First ask, “What is the operation?” Once we identify the operation that will determine whether we
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Try It

41) Simplify:
3a _ 8
4 9
3a 8

Solution
27a — 32

Solution
24k — 5
a. —3p

2k
15

Use the Order of Operations to Simplify Complex
Fractions

We have seen that a complex fraction is a fraction in which the numerator or denominator contains a fraction.
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3 O
4 8

Now we’ll look at complex fractions where the numerator or denominator contains an expression that can

| o

The fraction bar indicates division. We simplified the complex fraction

by dividing

oo | o

be simplified. So we first must completely simplify the numerator and denominator separately using the order

of operations. Then we divide the numerator by the denominator.

Example 22

(3)°

4432

Simplify:

Solution
Step 1: Simplify the numerator.

2

N | =

1\? 1
*Remember, | = meansE-

Step 2: Simplify the denominator.

1
_ 4
13
Step 3: Divide the numerator by the denominator. Simplify if possible.

13
*Remember, 13 = -
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I
| =
|-
—
w

fun

|>—~.¢-|>—-"‘
-
&

o
[

—_

43) Simplify: (5)

2% +2
Solution
1
90
1+ 42

44) Simplify: (1)2

4

Solution

272
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Simplify Complex Fractions

1. Simplify the numerator.
2. Simplify the denominator.
3. Divide the numerator by the denominator. Simplify if possible.

Example 23

1 2

= _|_ =
Simplify: ; i

46
Solution

It may help to put parentheses around the numerator and the denominator.
Step 1: Simplify the numerator (LCD = 6) and simplify the denominator (LCD = 12).

(1+4)
(53

Step 2: Simplify.

N
BN
——

—
S~
~
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Step 3: Divide the numerator by the denominator.

7 12
6 7
Step 4: Simplify.
Step 5: Divide out common factors.
7Tx6x2
6x7

Step 6: Simplify.

1.1
. 37
45) Simplify: 35—
43
Solution
2
2_1
46) Simplify: =—
173
Solution

2

7
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Evaluate Variable Expressions with Fractions

We have evaluated expressions before, but now we can evaluate expressions with fractions. Remember, to

evaluate an expression, we substitute the value of the variable into the expression and then simplify.

Example 24

1
Evaluate £ + — when

3
1
a.z= 3
bo=-3
Solution

1 1 ]-
a. To evaluate = + 3 when z = —2 substitute — — for x in the expression.

1
Step 1: Substitute — — for m .
3
11
373

Step 2: Simplify.

1 3
b. To evaluate  + 3 when z = —%, we substitute — — for m in the expression.
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3
Step 1: Substitute — Z for x .

Step 3:Simplify.

Step 4:Add.

3
47) Evaluate * + — when

4
T
a.T= 1
bo=-2
Solution
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1
48) Evaluate y + — when

2
2
QY= 3
3
b. y= _Z
Solution

Example 25

5 2
Evaluate —5 Y when y = ~3

Solution

2
Step 1: Substitute — § for .
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Step 2: Rewrite as equivalent fractions with the LCD,

Step 3: Subtract.

Step 4: Simplify.

1 1
49) Evaluate —3 7Y wheny = ~1

Solution

1

4

3 5
50) Evaluate 5 Y when z = -5

Solution

17
8
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Example 26

1 2
Evaluate szy when z = 7 andy =3

Solution
Substitute the values into the expression.

1 )
Step 1: Substitute —— for m and — g for .

Step 2: Simplify exponents first.

Step 3: Multiply. Divide out the common factors. Notice we write ]_ 6 as2-2-4to

make it easy to remove common factors.

Step 4: Simplify.
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Try It

2 1
51) Evaluate 3qb? whena=—3 andb= -3
Solution

1

2

1 4
52) Evaluate 4C3d whene= -3 andd=—3

Solution

2

3

The next example will have only variables, no constants.

Example 27

q
When #--e e

_|_
Evaluate 2

Solution

To evaluate P4 when == we substitute the values into the expression.
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Step 1: Substitute —4 for p, — 2 for q, and 8 for ' .

-4+ (-2)
8

Step 2: Add in the numerator first.

—6

Step 3: Simplify.

When a=-8b=Tande=0

a+b
53) Evaluate i

T+
54) EValuate y When o= 9,y ~18,ands = 6

Solution



276 | 14 FRACTIONS

Key Concepts

- Equivalent Fractions Property: If @, b, C are numbers where #0.¢#0 then

a axc axc a

b bxe and bxc b-

a d

« Fraction Division: If @t:candd gre numbers where = then i+i-5. To divide fractions,
multiply the first fraction by the reciprocal of the second.

- Fraction Multiplication: If «:%caxd gre numbers where *#* =i#*0 then 5 * 3~ 7. To multiply
fractions, multiply the numerators and multiply the denominators.

- Placement of Negative Sign in a Fraction: For any positive numbers a and b, -5 3,

a
- Property of One: P 1. Any number, except zero, divided by itself is one.
- Simplify a Fraction

1. Rewrite the numerator and denominator to show the common factors. If needed,
factor the numerator and denominator into prime numbers first.

2. Simplify using the equivalent fractions property by dividing out common factors.

3. Multiply any remaining factors.

- Simplify an Expression with a Fraction Bar

1. Simplify the expression in the numerator. Simplify the expression in the denominator.
2. Simplify the fraction.

b _a+b

+ Fraction Addition and Subtraction: If ¢4 andc gre numbers where C 75 0, then 2+2-2

a—b

and :-2-=-.
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To add or subtract fractions, add or subtract the numerators and place the result over the
common denominator.
. Strategy for Adding or Subtracting Fractions

1. Do they have a common denominator?
Yes—qo to step 2.
No—Rewrite each fraction with the LCD (Least Common Denominator). Find the LCD.
Change each fraction into an equivalent fraction with the LCD as its denominator.

2. Add or subtract the fractions.

3. Simplify, if possible. To multiply or divide fractions, an LCD IS NOT needed. To add or
subtract fractions, an LCD IS needed.

- Simplify Complex Fractions

1. Simplify the numerator.
2. Simplify the denominator.
3. Divide the numerator by the denominator. Simplify if possible

Glossary

complex fraction
A complex fraction is a fraction in which the numerator or the denominator contains a fraction.
denominator
The denominator is the value on the bottom part of the fraction that indicates the number of
equal parts into which the whole has been divided.
equivalent fractions
Equivalent fractions are fractions that have the same value.
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fraction
A fraction is written ™, where b # 0 a is the numerator and is the
denominator. A fraction represents parts of a whole. The denominator is the number of

equal parts the whole has been divided into, and the numerator a, indicates how many

parts are included.

numerator
The numerator is the value on the top part of the fraction that indicates how many parts of
the whole are included.

a b

The reciprocal of ™ is —— . A number and its reciprocal multiply to one: 7 -

a

reciprocal

b
Z =1
@ .

simplified fraction
A fraction is considered simplified if there are no common factors in its numerator and
denominator.

least common denominator
The least common denominator (LCD) of two fractions is the Least common multiple (LCM) of
their denominators.



1.4 FRACTIONS | 279

Exercises: Find Equivalent Fractions

Instructions: For questions 1-4, find three fractions equivalent to the given fraction.
Show your work, using figures or algebra.

3

'8
5
'8
5
9
1
'8

1) %313 (Answers may vary)
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10 15 20
3) 133 (Answers may vary)

Exercises: Simplify Fractions

Instructions: For questions 5-14, simplify.

40
5) —g
o 93
) " 99
108
7) ~ %3
104
48
120
9) —
252
182
10) —
294
3z
1" _Ey
4x
12 _3_2y
1422

13)
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24a
14
) gop?
Odd Answers
5 2
) 11
y 12
7
10
9) —
21
_*
1) 4y
212
13) ——
3y

Exercises: Multiply Fractions

Instructions: For questions 15-30, multiply.

3 9
B 1w
1642
)57

2 3

17) 5(-5)
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Exercises: Divide Fractions

Instructions: For questions 31-44, divide.

3 2

3

2) ;g

33) 5+ (5)

34) 5+ (-3)
3

3) 171
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Exercises: Simplify by Dividing

Instructions: For questions 45-50, simplify.

_ 8
21
45) T
35
9
46) —33
20
_4
47) __ 5
2
48) 3
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pi
3
4 —
9) E
2
_3
8
50) B
12
Odd Answers
45) — =
) 9
2
47) — —
2m
49) ——
3n

Exercises: Simplify Expressions Written with a Fraction Bar

Instructions: For questions 51-70, simplify.
2243

10
19 -4

6

51)

52)
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11

67) ——

69) ———

Exercises: Translate Phrases to Expressions with Fractions

Instructions: For questions 71-74, translate each English phrase into an algebraic
expression.

M) the quotient of ' and the sum of S and ]_ O
72) the quotient of A and the difference of 3 and B
73) the quotient of the difference of x and y, and — 3

74) the quotient of the sum of m and n, and 4q
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Odd Answers

M sT10

x_
7 —*

Exercises: Everyday Math

Instructions: For questions 75-78, answer the given everyday math word problems.

3

75) Baking:A recipe for chocolate chip cookies calls for == cup brown sugar.

4

a) How much brown sugar will Imelda need? Show your calculation.
b) Measuring cups usually come in sets of sz =! cup. Draw a diagram to show two

different ways that Imelda could measure the brown sugar needed to double the
cookie recipe.

Imelda wants to double the recipe.
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76) Baking: Nina is making 4 pans of fudge to serve after a music recital. For each

2

pan, she needs —— cup of condensed milk.

3

a) How much condensed milk will Nina need? Show your calculation.
b) Measuring cups usually come in sets of i3>~ cup. Draw a diagram to show two

different ways that Nina could measure the condensed milk needed for 4 pans

of fudge.

77) Portions: Don purchased a bulk package of candy that weighs

1

pounds. He wants to sell the candy in little bags that hold —— pound. How

4

many little bags of candy can he fill from the bulk package?

3

78) Portions:Kristen has —= vyards of ribbon that she wants to cut into

4
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equal parts to make hair ribbons for her daughter’s dolls. How long will

each doll’s hair ribbon be?

Odd Answers

1

75a) ]_ — cups

75b) Answers will vary

77) 2 O bags

Exercises: Writing Exercises

Instructions: For questions 79-82, answer the given writing exercises.

79) Rafael wanted to order half a medium pizza at a restaurant. The waiter told

him that a medium pizza could be cut into 6 or 8 slices. Would he
prefer 3 out of 6 slices or 4 out of 8 slices? Rafael replied
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that since he wasn’t very hungry, he would prefer out of slices.

Explain what is wrong with Rafael’s reasoning.

1
80) Give an example from everyday life that demonstrates how — 53 IS .

81) Explain how you find the reciprocal of a fraction.

82) Explain how you find the reciprocal of a negative number.

0Odd answers
79) Answers may vary

81) Answers may vary

Exercises: Add Fractions with a Common Denominator

Instructions: For questions 83-92, add.
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Odd Answers

11

83) ——
13

z+3
4

5

87) — —

7

89) ——

17

o1 16
: 13

85)

Exercises: Subtract Fractions with a Common Denominator
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1

95) ——

2
D

97) —

7

Exercises: Mixed Practice

Instructions: For questions 107-114, simplify.

5 9
107) EETRET)
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Exercises: Add or Subtract Fractions with Different Denominators

Instructions: For questions 115-138, add or subtract.

1 1
115) 5 + [

1
1e) 3 +

123)

124)

125) 5+
126) 5% " 30

127) 5 &

23 5
128) 3 15

22

129) *% =

18

33
130) 5 3
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7

123) —

24

37
125) ——
120

17
127) —
105

129 —g
) 10

1

131) —

12
15

133) —

4+ 3
12

5y — 12
20

135)

137)

Exercises: Mixed Practice

Instructions: For questions 139-152, simplify.

. 2 n 1
39a) 3%

2 1
139b) 5 + ¢
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D

139a) ——

6

139b) 4

141a)

16

25n — 16

141b) =

D

143) —

4

1

145) ——

24
13

147) ——
18

—28 — 15y

149) —4

33

151) ——

Exercises: Use the Order of Operations to Simplify Complex
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Fractions

Instructions: For questions 153-174, simplify.
2% + 42
153) 2 ) 2

[ BN
|
(SN

N | =
_|_
oo |w

N J0)
|
o] w

N
_|_
|

-
(o))
=y

(=]

N

+
|
Slen

—-—
g
'
| =
+
(SN
N9



304 | 1.4 FRACTIONS




1.4 FRACTIONS | 305




306 | 1.4 FRACTIONS

Exercises: Evaluate Variable Expressions with Fractions

Instructions: For questions 175-184, evaluate.

175) =+ (—%) when

| —=

a) z =

o= W

b) = — -
176) -+ (-3;) when

a) z=

NG L) r—l|ﬁ

b) z =

2
177) © — v when

a) T =

o] o U‘Iw

b) o= -

1
178) T — 3 when
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1

179a) ——

179b) ——
1
181) — —
5
183) — —
11

Exercises: Everyday Math

Instructions: For questions 185-186, answer the given everyday math word problems.

185) Decorating: Laronda is making covers for the throw pillows on her sofa.

1 3

For each pillow cover, she needs == vyard of print fabricand == yard of

2 3

solid fabric. What is the total amount of fabric Laronda needs for each pillow
cover?

186) Baking: Vanessa is baking chocolate chip cookies and oatmeal cookies. She
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1 1

needs —— cup of sugar for the chocolate chip cookies and —— of sugar for

2 4

the oatmeal cookies. How much sugar does she need altogether?

Odd Answer

7

185) === vyard

8

Exercises: Writing Exercises

Instructions: For questions 187-188, answer the given writing exercises.

187) Why do you need a common denominator to add or subtract fractions?
Explain.

188) How do you find the LCD of fractions?
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1.5 DECIMALS

Learning Objectives

By the end of this section, you will be able to:

- Name and write decimals

- Round decimals

« Add and subtract decimals

- Multiply and divide decimals

- Convert decimals, fractions, and percents

Name and Write Decimals

Decimals are another way of writing fractions whose denominators are powers of 10.

1
01=15 O . ]_ is “one tenth”

1 .
001 = 3o 0 . 0 ]_ is “one hundredth”
1 .
0-001 = 7555 0.001 is “one thousandth”
. .
0.0001 = 7505 0.0001 is “one ten-thousandth”

Notice that “ten thousand” is a number larger than one, but “one ten-thousandth” is a number smaller than
one. The “th” at the end of the name tells you that the number is smaller than one.
When we name a whole number, the name corresponds to the place value based on the powers of ten. We

read 10,000 as “ten thousand” and 10,000,000 as “ten million.” Likewise, the names of the decimal places
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correspond to their fraction values. (Figure 1.5.1) shows the names of the place values to the left and right of
the decimal point.

Place value of decimal numbers are shown to the left and right of the decimal point.

Place Value

L4}

=
L1 !
- =
c
m E o
LA v ] LFy]
21 i =0 =
2lc wle S|
L lm|w l=]|m@ E
lwvwl|lolw = k=0 BN
olslclo clela|o
d|lo|m|d lmlel|d
— | = v [ L e w = el
TI=|3|P|lwnlwn SOl |2
SlclolE]|c|2 clclele]c
2lals|2|T|E il = =8 R
IT|=|=|T|=|O F|IZ|F|—|T

[ ]

Figure 1.5

Example 1

Name the decimal 4.3.

Solution
Step 1: Name the number to the left of the decimal point.

4 is to the left of the decimal point.

4.3

Step 2: Write ‘and’ for the decimal point.

fourand

Step 3: Name the ‘number’ part to the right of the decimal point as if it were a whole
number.

3is to the right of the decimal point.


https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2019/07/CNX_ElemAlg_Figure_01_07_001_new.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2019/07/CNX_ElemAlg_Figure_01_07_001_new.jpg

15 DECIMALS | 313

Step 4: Name the decimal place.

Four and three tenths.

1) Name the decimal: 6.7

Solution
Six and seven tenths.
2) Name the decimal: 5.8

Solution
Five and eight tenths.

We summarize the steps needed to name a decimal below.

Name a Decimal.

1. Name the number to the left of the decimal point.
2. Write “and” for the decimal point.
3. Name the “number” part to the right of the decimal point as if it were a whole number.
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4. Name the decimal place of the last digit.

Name the decimal: -15.571

Solution
Step 1: Name the number to the left of the decimal point.

negative Bfteen

Step 2: Write “and” for the decimal point.

egative iteen nd

Step 3: Name the number to the right of the decimal point.

Step 4:The 1is in the thousandths place.

Negative fifteen and five hundred seventy-one thousandths.

3) Name the decimal: -13.461

Solution
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Negative thirteen and four hundred sixty-one thousandths.

4) Name the decimal: -2.053.

Solution
Negative two and fifty-three thousandths.

When we write a check we write both the numerals and the name of the number. Let’s see how to write the

decimal from the name.

Example 3

Write “fourteen and twenty-four thousandths” as a decimal.

Solution
Step 1: Look for the word ‘and’; it locates the decimal point. Place a decimal point under
the word ‘and’.
Translate the words before ‘and’ into the whole number and place to the left of the decimal
point.

fourteen and twenty-four thousandths
fourteen and twenty-four thousandths

14.
Figure 1.5.2

Step 2: Mark the number of decimal places needed to the right of the decimal point by
noting the place value indicated by the last word.


https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/CNX_ElemAlg_Figure_01_07_003a_new-e1669916010830.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/CNX_ElemAlg_Figure_01_07_003a_new-e1669916010830.jpg
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14.

tenths hundredths thousandths

Figure 1.5.3

Step 3: Translate the words after ‘and’ into the number to the right of the decimal point.

Write the number in the spaces — putting the final digit in the last place.

14, 2 4

Figure 1.5.4

Step 4: Fill in zeros for empty place holders as needed.

Zeros are needed in the tenths place.

14._0 ? 4

Fourteen and twenty-four thousandths
is written 14.024.

Figure 1.5.5

5) Write as a decimal: thirteen and sixty-eight thousandths.

Solution
13.068


https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2019/07/22-1-1-e1669916342313.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2019/07/22-1-1-e1669916342313.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/CNX_ElemAlg_Figure_01_07_003c_new-e1669917084647.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/CNX_ElemAlg_Figure_01_07_003c_new-e1669917084647.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/CNX_ElemAlg_Figure_01_07_003d_new-e1669917304779.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/CNX_ElemAlg_Figure_01_07_003d_new-e1669917304779.jpg
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6) Write as a decimal: five and ninety-four thousandths.

Solution
5094

We summarize the steps to writing a decimal.

Write a decimal.
1. Look for the word “and"—it locates the decimal point.

o Place a decimal point under the word “and.” Translate the words before “and” into the
whole number and place it to the left of the decimal point.
o If there is no “and,” write a “0” with a decimal point to its right.

2. Mark the number of decimal places needed to the right of the decimal point by noting the
place value indicated by the last word.

3. Translate the words after “and” into the number to the right of the decimal point. Write the
number in the spaces—putting the final digit in the last place.

4. Fill'in zeros for placeholders as needed.

Round Decimals

Rounding decimals is very much like rounding whole numbers. We will round decimals with a method based

on the one we used to round whole numbers.
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Example 4

Round 18.379 to the nearest hundredth.

Solution
Step 1: Locate the given place value and mark it with an arrow.

hundredths place

y

18.379

Figure 1.5.6

Step 2: Underline the digit to the right of the given place value.

hundredths place

.

18.379

Figure 1.5.7

Step 3:Is this digit greater than or equal to 5?

Yes: Add 1to the digit in the given place value.
No: Do not change the digit in the given place value.

18.379
/delete
add 1

Figure 1.5.8

Step 4: Rewrite the number, removing all digits to the right of the rounding digit.


https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/1-e1669919083685.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/1-e1669919083685.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2019/07/Example-1.5.4_Step-2-e1669919562440.png
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2019/07/Example-1.5.4_Step-2-e1669919562440.png
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/6.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/6.jpg
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18.38

18.38 is 18.379
rounded to the
nearest hundredth.

Figure 1.5.9

7) Round to the nearest hundredth: 1.047

Solution
1.05

8) Round to the nearest hundredth: 9173

Solution
917

We summarize the steps for rounding a decimal here.


https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/CNX_ElemAlg_Figure_01_07_004d_new-e1669919985450.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/CNX_ElemAlg_Figure_01_07_004d_new-e1669919985450.jpg
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Round Decimals.

1. Locate the given place value and mark it with an arrow.
2. Underline the digit to the right of the place value.
3. Is this digit greater than or equal to 5?

> Yes—add 1to the digit in the given place value.
> No—do not change the digit in the given place value.

4. Rewrite the number, deleting all digits to the right of the rounding digit.

Round 18.379 to the nearest

a. tenth
b. whole number.

Solution
Round 18.379

a. to the nearest tenth

Step 1: Locate the tenths place with an arrow.
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1 3.32:.%
/ delete
add 1

ones place

,

18.379



https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/4.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/4.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/CNX_ElemAlg_Figure_01_07_005a_img_new-2.jpg
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Step 2: Underline the digit to the right of the given place value.
ones place

18.379
Figure 1.514

Step 3: Since 3 is not greater than or equal to 5, do not add 1 to the 8.
18.379

S
/delete
do not add 1
Figure 1.515

Step 4: Rewrite the number, deleting all digits to the right of the rounding digit.

So, 18.379 rounded to the nearest whole number is 18.

9) Round 6.582 to the nearest

a. hundredth
b. tenth
¢. whole number.

Solution
a.6.58

b. 6.6
c7

10) Round 15.2175 to the nearest
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a. thousandth
b. hundredth
c. tenth.

Solution
a.15.218
b.15.22
c.15.2

Add and Subtract Decimals

To add or subtract decimals, we line up the decimal points. By lining up the decimal points this way, we can

add or subtract the corresponding place values. We then add or subtract the numbers as if they were whole

numbers and then place the decimal point in the sum.

Add or Subtract Decimals.

1. Write the numbers so the decimal points line up vertically.

2. Use zeros as placeholders, as needed.

3. Add or subtract the numbers as if they were whole numbers. Then place the decimal point in
the answer under the decimal points in the given numbers.



324 | 1.5 DECIMALS

Example 6

Add: 235 +41.38

Solution
Step 1: Write the numbers so the decimal points line up vertically.
23.50
+41.38

Step 2: Put 0 as a placeholder after the 5 in 23.5. Remember, 15—0 = % S0, 05 =050,

23.50
+41.38

Step 3: Add the numbers as if they were whole numbers. Then place the decimal point in the sum.

23.50
+41.38
64.88

1) Add: 48+11.69

Solution
16.49
12) Add: 5128+ 1847

Solution
23.593
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Example 7

Subtract; 20 - 14.65

Solution
Step 1: Write the numbers so the decimal points line up vertically.
20.
—14.65

Step 2: Put in zeros to the right as placeholders.

Remember, 20 is a whole number, so place the decimal point after the O.

20.00
—14.65

Step 3: Subtract and place the decimal point in the answer.

20.00
—14.65
5.35

13) Subtract 10 - 958,

Solution
042
14) Subtract: 50 - 3742,

Solution
12.58
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Multiply and Divide Decimals

Multiplying decimals is very much like multiplying whole numbers—wre just have to determine where to place
the decimal point. The procedure for multiplying decimals will make sense if we first convert them to fractions
and then multiply.

So let’s see what we would get as the product of decimals by converting them to fractions first. We will do

two examples side-by-side. Look for a pattern!

Convert to fractions. 10 10 10 100

21 92

Multiply. -~
ultiply. 100 1000
(0. 21) (0. 096)
Convert to decimals. 2\pla/ces 3\pla/ces

Notice, in the first example, we multiplied two numbers that each had one digit after the decimal point and the
product had two decimal places. In the second example, we multiplied a number with one decimal place by a
number with two decimal places and the product had three decimal places.

We multiply the numbers just as we do whole numbers, temporarily ignoring the decimal point. We then
count the number of decimal points in the factors and that sum tells us the number of decimal places in the
product.

The rules for multiplying positive and negative numbers apply to decimals, too, of course!

When multiplying two numbers,

« if their signs are the same the product is positive.
- if their signs are different the product is negative.

When we multiply signed decimals, first we determine the sign of the product and then multiply as if the

numbers were both positive. Finally, we write the product with the appropriate sign.
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Multiply Decimals

1. Determine the sign of the product.

2. Write in vertical format, lining up the numbers on the right. Multiply the numbers as if they
were whole numbers, temporarily ignoring the decimal points.

3. Place the decimal point. The number of decimal places in the product is the sum of the
number of decimal places in the factors.

4. \Write the product with the appropriate sign.

Example 8

MU|t|p|y (~3.9)(4.075)

Solution
Step 1: The signs are different. The product will be negative.
Step 2: Wrrite in vertical format, lining up the numbers on the right.

4.075
x 3.9

Step 3: Multiply.

4.075
x 3.9
158925

Step 4: Add the number of decimal places in the factors (1 + 3).
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(8.9 (4 075)

1 place 3 places
Step 5: Place the decimal point 4 places from the right.
4.075

x 3.9
15.8925
~—

4 places

Step 6: The signs are different, so the product is negative.

(-39)(4.075) = 15,5025

15) Multiply: ~5(6-107)

Solution
-27.4815

16) MU|t|p|y —10.79(8.12)

Solution
-87.6148

In many of your other classes, especially in the sciences, you will multiply decimals by powers of 10 (10, 100,
1000, etc.). If you multiply a few products on paper, you may notice a pattern relating the number of zeros in

the power of 10 to number of decimal places we move the decimal point to the right to get the product.
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Multiply a Decimal by a Power of Ten

1. Move the decimal point to the right in the same number of places as the number of zeros in
the power of 10.
2. Add zeros at the end of the number as needed.

Example 9

Multiply 5.63

a.by10
b. by 100
c. by 1,000

Solution
By looking at the number of zeros in the multiple of ten, we see the number of places we need to
move the decimal to the right.

a.

Step 1: There is 1 zero in 10, so move the decimal point 1 place to the right.

5.63(10)
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ere are 2 zeros in 100, so move the
decimal point 2 places to the right.
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17) Multiply 2.58

a.by 10
b. by 100
c. by 1,000

Solution
a.258

b. 258

c. 2,580

18) Multiply 14.2
a.by 10

b. by 100

c. by 1,000

Solution
a. 142

b. 1420
€. 14,200

Just as with multiplication, dividing decimals is like dividing whole numbers. We just have to figure out where
the decimal point must be placed.

To divide decimals, determine what power of 10 to multiply the denominator by to make it a whole number.

Then multiply the numerator by that same power of 1 O Because of the equivalent fractions property,

we haven’t changed the value of the fraction! The effect is to move the decimal points in the numerator and

denominator the same number of places to the right. For example:

0.8
0.4
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We use the rules for dividing positive and negative numbers with decimals, too. When dividing signed

decimals, first determine the sign of the quotient and then divide as if the numbers were both positive. Finally,

write the quotient with the appropriate sign.

We review the notation and vocabulary for division:

i
guatienl
a + b = ¢ b
dirveliend thvisar guolicnl thvisor |
dividensl

Figure 1.519

We’ll write the steps to take when dividing decimals, for easy reference.

HOW TO

Divide Decimals.

Determine the sign of the quotient.
Make the divisor a whole number by “moving” the decimal point all the way to the right.

“Move” the decimal point in the dividend to the same number of places—adding zeros as

needed.
Divide. Place the decimal point in the quotient above the decimal point in the dividend.

4. \Write the quotient with the appropriate sign.
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Example 10

DlVlde —25.65 + (~0.06)
Solution

Remember, you can “move” the decimals in the divisor and dividend because of the Equivalent
Fractions Property.

Step 1: The signs are the same.
The quotient is positive.

Step 2: Make the divisor a whole number by “moving” the decimal point all the way to
the right.
Step 3: “Move” the decimal point in the dividend the same number of places.

0.06)25.65

Figure 1.5.20

Step 4: Divide.

Place the decimal point in the quotient above the decimal point in the dividend.

427.5
006.)2565.0
224

16
=12
45
—42
30
30

Figure 1.5.21

Step 5: Write the quotient with the appropriate sign.

2565+ (~006) = 4275
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Try It

19) DlVlde —23.492 + (—0.04)

Solution
5873

20) Divide; -1+ o

Solution
3425

A common application of dividing whole numbers into decimals is when we want to find the price of one item
that is sold as part of a multi-pack. For example, suppose a case of 24 water bottles costs $3.99. To find the price
of one water bottle, we would divide $3.99 by 24. We show this division in Example 1.5.13. In calculations

with money, we will round the answer to the nearest cent (hundredth).

Example 11

Divide: $3.99 + 24

Solution
Step 1: Place the decimal point in the quotient above the decimal point in the dividend.
Step 2: Divide as usual.

When do we stop? Since this division involves money, we round it to the nearest cent
(hundredth.) To do this, we must carry the division to the thousandths place.



Step 3: Round to the nearest cent.

0.166

24)3.990

24
159
144

150
144

Figure

1.5.22

0.166 ~ 0.17
$3.99 + 24 ~ $0.17
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21) Divide: $6.99 + 36

Solution
019
22) Divide: $4.99 =12

Solution
0.42

Convert Decimals, Fractions, and Percents

We convert decimals into fractions by identifying the place value of the last (farthest right) digit. In the decimal

0.03, the 3 is in the hundredth place, so 100 is the denominator of the fraction equivalent to 0.03.

3
0.03 = 100
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Notice, that when the number to the left of the decimal is zero, we get a fraction whose numerator is less than

its denominator. Fractions like this are called proper fractions.

The steps to take to convert a decimal to a fraction are summarized in the procedure box.

Convert a Decimal to a Proper Fraction.

1. Determine the place value of the final digit.
2. Write the fraction.

> numerator—the “numbers” to the right of the decimal point
o denominator—the place value corresponding to the final digit

Example 12

Write 0.374 as a fraction.

Solution
Step 1: Determine the place value of the final digit.
0.3 y 3 4
tenths hundredths
Figure 1.5.23

Step 2: Write the fraction for 0.374:
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« The numerator is 374.
« The denominator is 1,000.

374
1000

Step 3: Simplify the fraction.

2 x 187
2 x 500

Step 4: Divide out the common factors.

187
500

187
374 — 187
S0, 037 = 5.

374
Did you notice that the number of zeros in the denominator of 7 000 'S the same as the number of

decimal places in 0.374?

23) Write 0.234 as a fraction.

Solution

117
500

24)Write 0.024 as a fraction.

Solution
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125

We’ve learned to convert decimals to fractions. Now we will do the reverse—convert fractions to decimals.

4 _

can be written 4 — Dors ) 4 . This leads to

Remember that the fraction bar means division. So

D

the following method for converting a fraction to a decimal.

Convert a Fraction to a Decimal.

To convert a fraction to a decimal, divide the numerator of the fraction by the denominator of the
fraction.
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5

Write — — as a decimal.

Solution

5 _

Step 1: Since a fraction bar means division, we begin by writing — — as —8) 5

Step 2: Now divide.
0.625

§)5.000
48
20
16
40
40

5 e
50, 8= 0.625

Figure 1.5.24

—7

25) Write as a decimal.

Solution
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—0.875

-3

26) Write as a decimal.

Solution
—0.375

When we divide, we will not always get a zero remainder. Sometimes the quotient ends up with a decimal that
repeats. A repeating decimal is a decimal in which the last digit or group of digits repeats endlessly. A bar is

placed over the repeating block of digits to indicate it repeats.

Repeating Decimal

A repeating decimal is a decimal in which the last digit or group of digits repeats endlessly.

A bar is placed over the repeating block of digits to indicate it repeats.

Example 14

43
22

Solution

Write as a decimal.
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43
22

Divide 43 by 22. 1.95454
22)43.00000
22
210
198
E = 120 repeats

100

/ ?_gu Y S The pattern repeats, so the

110 numbers in the quotient will

100 repeats ___ 100 - repeat as well.

88
43 _ EA
S0, 55 = 1.954

Figure 1.5.25

27

as a decimal.

27) Write

11

Solution

2.45
511
22

28) Write as a decimal.
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Solution

2.318

Sometimes we may have to simplify expressions with fractions and decimals together.

Example 15

7
Simplify: g +6-4

Solution
First we must change one number so both numbers are in the same form. We can change the
fraction to a decimal, or change the decimal to a fraction. Usually it is easier to change the fraction

to a decimal.

Step 1: Change —— to a decimal.

8

0.875
§7.000
64
60
56

40
40

Figure
1.5.26

Step 2: Add.

0.875 + 6.4 = 7.275
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7
- +64="7275
So, s

3
29) Simplify: 5 +4.9

Solution

5.275

30) Simplify: 5.7+ %

Solution

6.35

A percent is a ratio whose denominator is 100. Percent means per hundred. We use the percent symbol, %, to

show percent.

Percent

A percent is a ratio whose denominator is 100.

Since a percent is a ratio, it can easily be expressed as a fraction. Percent means per 100, so the denominator of

the fraction is 100. We then change the fraction to a decimal by dividing the numerator by the denominator.
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6% 78% 135%

6 78 135

Write as a ratio with a denominator of 100. — - —
100 100 100

Change the fraction to a decimal by dividing the 0.06 0.78 1.35

numerator by the denominator.

Do you see the pattern? 7o convert a percent number to a decimal number, we move the decimal point two places

to the left.
6% 78% 2.7% 135%

0.06 078 0.027 1.35

Figure 1.5.27

Example 16

Convert each percent to a decimal:

2.62%
b.135%
¢ 5.7%

Solution
a.

Step 1: Move the decimal point two places to the left.
62%

A

Figure
1.5.28
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0.62

b.

Step 1: Move the decimal point two places to the left.
135%

W

Figure
1529

1.35

C.

Step 1: Move the decimal point two places to the left.
5.7%

Figure
1.5.30

0.057

31) Convert each percent to a decimal:

9%
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b.87%
¢ 3.9%
Solution
2.0.09

b.0.87
¢ 0.039

32) Convert each percent to a decimal:

23%

b.91%
¢ 8.3%
Solution
a.0.03
b.0.91
c.0.083

Converting a decimal to a percent makes sense if we remember the definition of percent and keep place value

in mind.

To convert a decimal to a percent, remember that percent means per hundred. If we change the decimal to a

fraction whose denominator is 100, it is easy to change that fraction to a percent.

0.83 1.05 0.075

83 5 75
100 100 1000

105 75
100 100

Write the ratio as a percent. 83% 105% 75%

Write as a fraction.

The denominator is 100.
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Recognize the pattern? 7o convert a decimal to a percent, we move the decimal point two places to the right and

then add the percent sign.
0.05 0.83 1.05 0.075 0.3

W W W W W

5% 83% 105% 7.5% 30%

Figure 1.5.31

Example 17

Convert each decimal to a percent:

a.0.51
b.1.25
c.0.093

Solution
a.

Step 1: Move the decimal point two places to the right.
0.51

W

Figure
1.5.32

51%

b.
Step 1: Move the decimal point two places to the right.
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125

Figure
1533

125%

C.

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

33) Convert each decimal to a percent:
a.0.17

b.1.75

c. 0.0825

Solution

a.17%
b.175%
c.8.25%

0.093

W

Figure
1.5.34

9.3%


https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/14.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/14.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/21-2.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/21-2.jpg

1.5 DECIMALS | 349

34) Convert each decimal to a percent:
a. 041

b.2.25

c.0.0925

Solution
2.41%
b. 225%
c.9.25%

Key Concepts

+ Name a Decimal

1. Name the number to the left of the decimal point.

2. Write "and” for the decimal point.

3. Name the “number” part to the right of the decimal point as if it were a whole
number.

4. Name the decimal place of the last digit.

+ Write a Decimal

1. Look for the word ‘and’—it locates the decimal point. Place a decimal point under the
word ‘and.’ Translate the words before ‘and’ into the whole number and place it to the
left of the decimal point. If there is no “and,” write a “0” with a decimal point to its
right.

2. Mark the number of decimal places needed to the right of the decimal point by noting
the place value indicated by the last word.

3. Translate the words after ‘and’ into the number to the right of the decimal point. Write
the number in the spaces—putting the final digit in the last place.
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4. Fillin zeros for placeholders as needed.

- Round a Decimal

1. Locate the given place value and mark it with an arrow.

2. Underline the digit to the right of the place value.

3. Is this digit greater than or equal to 5? Yes—add 1 to the digit in the given place value.
No—do not change the digit in the given place value.

4. Rewrite the number, deleting all digits to the right of the rounding digit.

- Add or Subtract Decimals

1. Write the numbers so the decimal points line up vertically.

2. Use zeros as place holders, as needed.

3. Add or subtract the numbers as if they were whole numbers. Then place the decimal
in the answer under the decimal points in the given numbers.

+ Multiply Decimals

1. Determine the sign of the product.

2. Write in vertical format, lining up the numbers on the right. Multiply the numbers as if
they were whole numbers, temporarily ignoring the decimal points.

3. Place the decimal point. The number of decimal places in the product is the sum of the
decimal places in the factors.

4. \Write the product with the appropriate sign.

« Multiply a Decimal by a Power of Ten

1. Move the decimal point to the right the same number of places as the number of zeros
in the power of 10.
2. Add zeros at the end of the number as needed.

- Divide Decimals

1. Determine the sign of the quotient.

2. Make the divisor a whole number by “moving” the decimal point all the way to the
right. “Move” the decimal point in the dividend the same number of places — adding
zeros as needed.

3. Divide. Place the decimal point in the quotient above the decimal point in the dividend.

4. \Write the quotient with the appropriate sign.
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- Convert a Decimal to a Proper Fraction

1. Determine the place value of the final digit.
2. Write the fraction: numerator—the ‘numbers’ to the right of the decimal point;
denominator—the place value corresponding to the final digit.

- Convert a Fraction to a Decimal Divide the numerator of the fraction by the denominator

Glossary

decimal

A decimal is another way of writing a fraction whose denominator is a power of ten.
percent

A percent is a ratio whose denominator is 100.
repeating decimal

A repeating decimal is a decimal in which the last digit or group of digits repeats endlessly.

Exercises: Name and Write Decimals

Instructions: For questions 1-8, write as a decimal.

1) Twenty-nine and eighty-one hundredths
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2) Sixty-one and seventy-four hundredths

3) Seven tenths

4) Six tenths

5) Twenty-nine thousandths

6) Thirty-five thousandths

7) Negative eleven and nine ten-thousandths

8) Negative fifty-nine and two ten-thousandths

Odd Answers
1) 29.81

0.7

5) 0.029

7) —11.0009

Exercises: Name and Write Decimals

Instructions: For questions 9-16, name each decimal.
9 9.9
10) 14.02
1) 8.71
1) 2.64
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13) 0.002
14) 0.479
15) —17.9

16) —31.4

Odd Answers

9) five and five tenths

1) eight and seventy-one hundredths
13) two thousandths

15) negative seventeen and nine tenths

Exercises: Round Decimals

Instructions: For questions 17-20, round each number to the nearest tenth.

17) 0.67
18) 0.49
19) 2.84
20) 4.63

Odd Answers
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m (.7
19) 2.8

Exercises: Round Decimals

Instructions: For questions 21-26, round each number to the nearest hundredth.

21) 0.845
22) 0.761
23) 0.299
24) 0.697
25) 4.098
26) 7.096

Odd Answers

21 0.85
23) 0.30
25) 4.10
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Exercises: Round Decimals

Instructions: For questions 27-30, round each number to the nearest

a) hundredth
b) tenth
c) whole number

27) 5.781
28) 1.6381
29) 63.479
30) 84.281

Odd Answers

27a) 5.78
21t) 5.8

27¢) 6

29a) 63.48
29b) 63.5

2963
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Exercises: Add and Subtract Decimals

Instructions: For questions 31-48, add or subtract.
31) 192+ 756
37) 268259120
33) 276309
34) 386+1367
35) oz
36) —19.47 — 32.58
£7) P
38) 29.83 4 19.76
39) 725100

4,0) 6.2 100

41) 15+ 0.73
42) 27+0.87
43) v
44) oo e
45) 55.01-3.7
46) 590846
47) 2.51 — 7.4
48) 384-6.1

Odd Answers
31) 24.48
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33) —9.23
35) —40.91
37) —7.22
39) —27.5
41) 15.73
43) 102.412
45) 51.31
47) —4.89

Exercises: Multiply Decimals

Instructions: For questions 49-62, multiply.
49) (024)(0.6)
50) (081)(0.3)
51) (9)(7.12)
52) (23)(9.41)
53) (-43)27)
54) (-85)(1.69)
55) sz
5G) (oonsn
57) ©o9(Lm)
58) (0.08)(5245)
59) (9:24)(10)
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60) (6:531)(10)

61) (55.2)(1000)
62) (99.4)(1000)

Odd Answers
49) 0.144
51) 42.008
53) -11.653

55) 337.8914
57) 1.305
59) 92.4

61) 55,200

Exercises: Divide Decimals

Instructions: For questions 63-76, divide.
63) 475+ 25
64) 12.04+43
65) si725+48
66) $109.24 + 36
67) 0.6 +0.2
58) 0.8+ 0.4
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Exercises: Convert Decimals and Fractions

Instructions: For questions 77-98, write each decimal as a fraction.

17) 0.04
78) 0.19
79) 0.52

80) 0.78
81 1.25

82) 1.35
83) 0.375
84) 0.464
85) 0.095
86) 0.085

Instructions: For questions 87-98, convert each fraction to a decimal.

17

87) —

20
13

88) ——

20
11

89) ——

4
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13

79) —

25

D

81) ——

85) ——
200

87) 0.85
89)2.75
91) —12.4
93)1.36

95)(.135
97) 3.025

Exercises: Convert Decimals and Percents

Instructions: For questions 99-108, convert each percent to a decimal.



99) 1%

100) 29,
101) 63%

102) 71%
103) 150%
104) 250%
105) 21.4%
106) 39.3%
107) 7.8%
108) 6.4%

Instructions: For questions 109-118, convert each decimal to a percent.

109) 0.01
10) 0.03
1) 1.35
12) 1.56

- 3
14) 4

115) 0.0875
116) 0.0625
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17) 2.254
18) 2.317

0Odd Answers

99) 0.01
101) 0.63

103) ] .5

105) 0.214
107) 0.078

109) 1 %,

M) 135%
13) 300%
15) 8.75%
17) 225.4%

Exercises: Everyday Math

Instructions: For questions 119-124, answer the given everyday math word problems.

119) Salary Increase: Danny got a raise and now makes $58.95.95 3 year. Round this
number to the nearest

a) dollar
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b) thousand dollars
c) ten thousand dollars

120) New Car Purchase: Selena’s new car cost $23.795.95, Round this number to the
nearest

a) dollar
b) thousand dollars
c) ten thousand dollars

121) Sales Tax: Hyo Jin lives in San Diego. She bought a refrigerator for $1,624.99
and when the clerk calculated the sales tax it came out to exactly s14213%25, Round
the sales tax to the nearest

a) penny
b) dollar

122) Sales Tax: Jennifer bought a $1.038.99 dining room set for her home in

Cincinnati. She calculated the sales tax to be exactly $67.53435, Round the sales tax
to the nearest

a) penny
b) dollar

123) Paycheck. Annie has two jobs. She gets paid $14.04 per hour for tutoring at
City College and $8.75 per

hour at a coffee shop. Last week she tutored for 8 hours and worked at the
coffee shop for 15 hours.
a) How much did she earn?
b) If she had worked all 23 hours as a tutor instead of working both jobs, how
much more would she have earned?
124) Paycheck. Jake has two jobs. He gets paid $7.95 per hour at the college
cafeteria and $20.25 at the art gallery. Last week he worked 12 hours at the
cafeteria and 5 hours at the art gallery.
a) How much did he earn?
b) If he had worked all 17 hours at the art gallery instead of working both jobs,
how much more would he have earned?
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Odd Answers
119a) $58,966
119b) $59,000
119¢) $60,000

121a) $142.19

121b) $142

123a) $243.57
123b) $79.35

Exercises: Writing Exercises

Instructions: For questions 125-128, answer the given writing exercises.
125) How does knowing about US money help you learn about decimals?

126) Explain how you write “three and nine hundredths” as a decimal.

127) Without solving the problem “44 is 807 of what number” think
about what the solution might be. Should it be a number that is greater than

44 or less than 447 Explain your reasoning.

128) When the Szetos sold their home, the selling price was 500% of what they
had paid for the house 30 years ago. Explain what 500% means in this context.

Odd Answers

125) Answers may vary
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1.6 THE REAL NUMBERS

Learning Objectives

By the end of this section, you will be able to:

- Simplify expressions with square roots

- l|dentify integers, rational numbers, irrational numbers, and real numbers
« Locate fractions on the number line

« Locate decimals on the number line

Simplify Expressions with Square Roots

Remember that when a number n is multiplied by itself, we write nz and read it “n squared.” The

result is called the square of n For example,

\text

8 2 read {8 squa

red}

6 4 is called the square of

Similarly, 121 is the square of 11, because 1 1 2 is 121.
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Square of a Number

If n* = m, then m is the square of n

Complete the following table to show the squares of the counting numbers 1 through 15.

Number n 1 2 3 4 5 6 7 8 9 10 |11 (12 |13 |14 |15

2

Square n 64 121

The numbers in the second row are called perfect square numbers. It will be helpful to learn to recognize the
perfect square numbers.

The squares of the counting numbers are positive numbers. What about the squares of negative numbers?
We know that when the signs of two numbers are the same, their product is positive. So the square of any

negative number is also positive.
Did you notice that these squares are the same as the squares of the positive numbers?

Sometimes we will need to look at the relationship between numbers and their squares in reverse. Because

10* = 100, we say 100 is the square of 10. We also say that 10 is a square root of 100. A number whose square is

m is called a square root of m

Square Root of a Number

If n* = m, then n is a square root of m



370 | 1.6 THE REAL NUMBERS

Notice (10 =10 3150, s0 — ]. O is also a square root of 100. Therefore, both 1 O and — ]. 0 are square

roots of 100.

So, every positive number has two square roots—one positive and one negative. What if we only wanted

the positive square root of a positive number? The radical sign, 4 / TN, denotes the positive square root.

The positive square root is called the principal square root. When we use the radical sign that always means we
want the principal square root.

We also use the radical sign for the square root of zero. Because 0% = 0,0 = 0. Notice that zero has only

one square root.

Square Root Notation

A/ T is read “the square root of m

dical sign + 5 rdican

If m =n? thenvm=n forn > 0.

The square root of m A/ T, is the positive number whose square is m

Since 10 is the principal square root of 100, we write V190 =10, You may want to complete the following table

to help you recognize square roots.

[table id=9 /]

Simplify:
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)4/25
2) V121

Solution
1) Since 5* = 25
V25 =5

2)Since 11* =121
VI2I =11

Simplify:

3)4/ 36
4) /169

Solution

6

913
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Try It

Simplify:

54/16
6) /106

Solution

5)

914

We know that every positive number has two square roots and the radical sign indicates the positive one. We
write V100 =10, f we want to find the negative square root of a number, we place a negative in front of the

radical sign. For example, ~V -1, We read —v 100 a5 “the opposite of the square root of 10.”

Try It

Simplify:
7)—+/9
8) —v144

Solution
7) The negative is in front of the radical sign. ~vo=-3
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8) The negative is in front of the radical sign. -

Simplify:

9) —/4
10) —v/225

Solution

Simplify:
11) —/81
12) —v/100

Solution

m—9
2)—10
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Identify Integers, Rational Numbers, Irrational
Numbers, and Real Numbers

We have already described numbers as counting numbers, whole numbers, and integers. What is the difference

between these types of numbers?

What type of numbers would we get if we started with all the integers and then included all the fractions?
The numbers we would have form the set of rational numbers. A rational number is 2 number that can be

written as a ratio of two integers.

Rational Number

D

A rational number is a number of the form . where and are integers and

q
qg#0.

A rational number can be written as the ratio of two integers.

4

All signed fractions, such as 13 are rational numbers. Each numerator and each denominator is an
integer.

Are integers rational numbers? To decide if an integer is a rational number, we try to write it as a ratio of
two integers. Each integer can be written as a ratio of integers in many ways. For example, 3 is equivalent to

An easy way to write an integer as a ratio of integers is to write itas a fraction with denominator one.

Since any integer can be written as the ratio of two integers, all integers are rational numbers! Remember
that the counting numbers and the whole numbers are also integers, and so they, too, are rational.
What about decimals? Are they rational? Let’s look at a few to see if we can write each of them as the ratio

of two integers.
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We’ve already seen that integers are rational numbers. The integer — 8 could be written as the decimal

—8.0. So, clearly, some decimals are rational.

3

Think about the decimal 7.3. Can we write it as a ratio of two integers? Because 7.3 means 7 —— , wecan

73
10

In general, any decimal that ends after a number of digits (such as 7 . 3 or —1.2684) i5 a rational number.

write it as an improper fraction, . S0 7.3 is the ratio of the integers 73 and 10. It is a rational number.

We can use the place value of the last digit as the denominator when writing the decimal as a fraction.

Write as the ratio of two integers:

a. -2/
b. 7.31

Solution
a.

Step 1: Write it as a fraction with denominator 1.

27
—2=—

b.
Step 1: Write it as a mixed number.
Remember, 7 is the whole number and the decimal part, 0.31, indicates hundredths.
31

100
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Step 2: Convert to an improper fraction.

731
100

So we see that — 27 and 7.3 1 are both rational numbers, since they can be written as the ratio

of two integers.

Write as the ratio of two integers:
13) —24
14)3.57

Solution

—24
13) ——
1

357
%) ——
100

Write as the ratio of two integers:
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15 —19
16)8.41

Solution
. —-19
1

Let’s look at the decimal form of the numbers we know are rational.

a

We have seen that every integer is a rational number, since @ = 1 for any integer, . We can also

change any integer to a decimal by adding a decimal point and a zero.

We have also seen that every fraction is a rational number. Look at the decimal form of the fractions we

considered above.

What do these examples tell us?

p

Every rational number can be written both as a ratio of integers, , where p and g are

q

integers and ¢ # 0, and as a decimal that either stops or repeats.

Here are the numbers we looked at above expressed as a ratio of integers and as a decimal:

[table id=10 /]
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Rational Number

D

A rational number is a number of the form . where and are integers and

q

g7 0,

Its decimal form stops or repeats.

Are there any decimals that do not stop or repeat? Yes!

The number ; l (the Greek letter pi, pronounced “pie”), which is very important in describing circles,

has a decimal form that does not stop or repeat.

™ = 3.141592654...

We can even create a decimal pattern that does not stop or repeat, such as

2.01001000100001 ... .

Numbers whose decimal form does not stop or repeat cannot be written as a fraction of integers. We call

these numbers irrational.

Irrational Number

An irrational number is a number that cannot be written as the ratio of two integers.

Its decimal form does not stop and does not repeat.

Let’s summarize 2 method we can use to determine whether a number is rational or irrational.
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Rational or Irrational?

If the decimal form of a number

« repeats or stops, the number is rational.
« does not repeat and does not stop, the number is irrational.

Example 2

Given the numbers 0.583, (.47, sossm.. Jist the

3. rational numbers
b. irrational numbers

Solution
a.

Step 1: Look for decimals that repeat or stop.

The repeats in 0.583.

The decimal .47 stops after the

S00.583 and (.47 are rational.
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b.
Step 1: Look for decimals that repeat or stop.

sesssizns. s no repeating block of digits and it does not stop.

So s s jrrational.

For the given numbers list the:

17) rational numbers
18) irrational numbers

O . 2 9, 0.81 6, 2.515115111...

Solution
17) 0.29,0.816

18) 2.515115111...

For the given numbers list the:

19) rational numbers
20) irrational numbers

2_63, 0.125, 0.418302...
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Solution

19)2.63,0.125
20) 0.418302...

For each number given, identify whether it is rational or irrational:

21)4/36
22)4/44

Solution

21) Recognize that 3 6 is a perfect square, since 6% = 36. So v36 = 6, therefore 4/ 30 is rational.

22) Remember that 6% = 36 and 7 = 49, so 44 is not a perfect square. Therefore, the decimal

form of 4/ 44 will never repeat and never stop, so 4/44 is irrational.

For each number given, identify whether it is rational or irrational:
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23) /81
24) /17

Solution
23) rational
24) irrational

For each number given, identify whether it is rational or irrational:

25) /116
26) /121

Solution

25) irrational
26) rational

We have seen that all counting numbers are whole numbers, all whole numbers are integers, and all integers
are rational numbers. The irrational numbers are numbers whose decimal form does not stop and does not
repeat. When we put together the rational numbers and the irrational numbers, we get the set of real

numbers.

Real Number

A real number is a number that is either rational or irrational.
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All the numbers we use in elementary algebra are real numbers. Figure 1.6.1 illustrates how the number sets

we’ve discussed in this section fit together.

Whole Numbers

Figure 1.6.1. This chart shows the number sets that make up the set of real numbers. Does the term “real
numbers” seem strange to you? Are there any numbers that are not “real,” and, if so, what could they be?

This chart shows the number sets that make up the set of real numbers. Does the term “real numbers” seem

strange to you? Are there any numbers that are not “real,” and, if so, what could they be?
Can we simplify \/—_25? Is there a number whose square is — 2 5?
() =-25
None of the numbers that we have dealt with so far has a square thatis — 25. Why? Any positive

number squared is positive. Any negative number squared is positive. So we say there is no real number equal

to v/ —29,

The square root of a negative number is not a real number.


https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/CNX_ElemAlg_Figure_01_08_001_new.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/CNX_ElemAlg_Figure_01_08_001_new.jpg
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Try It

For each number given, identify whether it is a real number or not a real number:

27) vV—169
28) —+/64

Solution
27) There is no real number whose square is —169. Therefore, v =169 is not a real number.

28) Since the negative is in front of the radical, —+/64 is — 8 Since — 8 is a real number,

—4/64 is a real number.

For each number given, identify whether it is a real number or not a real number:

29) v—196
30) —+/81

Solution
29) not a real number
30) real number
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For each number given, identify whether it is a real number or not a real number:

31) —+/49
32) V121
Solution

31) real number
32) not a real number

Example 3

Given the numbers %= list the:

a. whole numbers
b. integers

. rational numbers
d. irrational numbers
e. real numbers

Solution
a. Remember, the whole numbers are 0,1, 2, 3, ... and 8 is the only whole number given.

b. The integers are the whole numbers, their opposites, and 0. So the whole number 8 is an integer,
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and — 7 is the opposite of a whole number so it is an integer, too. Also, notice that 64 is the

square of 8 so ~v#1=-3,So the integers are -7.8. -V,

c. Since all integers are rational, then -7.8-v# are rational. Rational numbers also include fractions
. 14 . . . . "
and decimals that repeat or stop, so 5 2459 are rational. So the list of rational numbers is =&

d. Remember that 5 is not a perfect square, so \/_ is irrational.

e. All the numbers listed are real numbers.

For the given numbers, list the:

33) whole numbers
34) integers

35) rational numbers
36) irrational numbers
37) real numbers

32,03, 2,4V

Solution
33) 4,49

34) 3,4,V
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35) 73,0.3,%,4,\/7@

36) —v/2

For the given numbers, list the:

38) whole numbers
39) integers

40) rational numbers
41) irrational numbers
42) real numbers

-

Solution

38) 6,121
39) -v&-sovm
40) 3w
4’]) 2.041975. ..
2) NERT S

~

Locate Fractions on the Number Line

The last time we looked at the number line, it only had positive and negative integers on it. We now want to

include fractions and decimals on it.

Let’s start with fractions and locate * v #**s on the number line.
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We’ll start with the whole numbers and — 5, because they are the easiest to plot. See Figure

1.6.2

1
D

so would be located between 0 and 1. The denominator is 5, so we divide the unit from 0 to 1 into 5 equal

1
D
4

Similarly, — — is between and — ]_ . After dividing the unit into 5 equal parts we plot

has value less than one and

1 4
The proper fractions listed are 5 22 ~ 5. We know the proper fraction

n

. See Figure 1.6.2.

1234
parts 5°5 57 5. We plot

4

— — . See Figure 1.6.2

7 9 8
Finally, look at the improper fractions 7> ~3 3. These are fractions in which the numerator is greater than
the denominator. Locating these points may be easier if you change each of them to a mixed number. See

Figure. 1.6.2.

Figure 1.6.2 shows the number line with all the points plotted.

9 4 1 4 7 8

™ 5 5 5 74 33
et ———J—j———-—] |
-6 -5 =t -3 -2 -1 0 1 2 3 - 5 6

Figure 1.6.2


https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/06/1.6numberline-blue.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/06/1.6numberline-blue.jpg
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Example 4

Locate and label the following on a number ling: -+t
Solution
Locate and plot the integers, 4, —3

3

Step 1: Locate the proper fraction = first.

4

The fraction = is between O and 1 .

3

Step 2: Divide the distance between 0 and 1into four equal parts then, we plot —— .
1

Similarly plot — —.

Step 3: Now locate the improper fractions 2 —2, §

I

—-
o o
N =

|
w| | oa o

Il
o
| =

It is easier to plot them if we convert them to mixed numbers and then plot them as
described above:
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Figure 1.6.3

16 79

43) Locate and label the following on a number line; +s¢ &2+,

Solution

R 6
3 5

[T

7. 1
4 -1 3 5

< ofo-b—folo oo~

-4 -3 -2 1 0 1 2 3 4 5

Figure 1.6.4

44) Locate and label the following on a number line: =533+,

Solution


https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/06/1.6Solution1-Blue-1.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/06/1.6Solution1-Blue-1.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/06/1.6Solution1.229.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/06/1.6Solution1.229.jpg
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BT T 2 7 i
: B T T E 9%
| |
"‘|_|‘*| |.+.|+.‘|_|"’
4.3 21012 3 45

Figure 1.6.5

In Example 1.6.5, we’ll use the inequality symbols to order fractions. In previous chapters we used the

number line to order numbers.

«a < b« a is less than b” when a is to the left of on the number

line

«a>be a, is greater than ” when a’ is to the right of on the

number line

As we move from left to right on a number line, the values increase.

Order each of the following pairs of numbers, using < or > . It may be helpful to refer

Figure 1.6.6.


https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/06/1.6Solution1.230.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/06/1.6Solution1.230.jpg
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https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/06/1.6Exercise1.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/06/1.6Exercise1.jpg
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8

Step 1: — 2 is to the right of — — on the number line.

Order each of the following pairs of numbers, using < or >:

45) ~5— 1
46) 152
47) 53
48) 5~
Solution

o >
o >
o >
o<
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Try It

Order each of the following pairs of numbers, using < or >:

49) 13
50) 25—
51) —s—3
52) -4 -%
Solution

0 <
0 <
” >
o<

Locate Decimals on the Number Line

Since decimals are forms of fractions, locating decimals on the number line is similar to locating fractions on

the number line.
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Example 6

Locate O .4 on the number line.

Solution
Step 1: A proper fraction has value less than one.

4

The decimal number O . 4 is equivalent to , a proper fraction, so 0 . 4 is located

between O and 1 .

Step 2: On a number line, divide the interval between 0 and 1into 10 equal parts.
Step 3: Now label the parts 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0.

We write as O . O and and ]_ . O so that the numbers are consistently in

tenths.
Step 4: Finally, mark 0.4 on the number line. See Figure 1.6.7.
—_-——
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

1

Y

—_

Figure 1.6.7


https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/06/1.6Solution.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/06/1.6Solution.jpg
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Try It

53) Locate on the number line: O . 6

Solution

00 02 04 06 0.8 1

Figure 1.6.8

54) Locate on the number line: O . 9

Solution

0o 02 04 06 0.8 1

Figure 1.6.9


https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/06/1.6Solution1.233.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/06/1.6Solution1.233.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/06/1.6Solution1.234.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/06/1.6Solution1.234.jpg
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Example 7

Locate —0.74 on the number line.
Solution

. . . 74
Step 1: The decimal —0.74 is equivalent to — ——

100’ so it is located between and

Step 2: On a number line, mark off and label the hundredths in the interval between

and — ]_ See Figure 1.610.

-0.74
Ao
90 -0.80 -0.70 -0.

|
T

;
-1.00 -0

Figure 1.6.10

55) Locate on the number line: —0.6.

Solution


https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/06/1.6Solution1.117-1-blue.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/06/1.6Solution1.117-1-blue.jpg
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-0.6

—T— 1T

-1.00 _0.80 -0.60 -0.40 -0.20 0.00

Figure 1.611

56) Locate on the number line; —0.7.

Solution
0.7

B ER L1 1 1 1 1 1
Il L + | I D I N I B
-1.00 -0.80 -0.60 -0.40 -0.20 0.00

Figure 1.6.12

Which is larger, 0 . 04 or O . 4:0> If you think of this as money, you know that $O40 (forty cents) is

greater than $0.04 (four cents). So, 0-40 > 0.04,

Again, we can use the number line to order numbers.

oa < b« a is less than b” when a is to the left of on the number line


https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/06/1.6Solution1.235.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/06/1.6Solution1.235.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/06/1.6Solution1.236.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/06/1.6Solution1.236.jpg
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oa> b« a is greater than ” when a, is to the right of on the number

line

Where are 0 . 04 and O 40 located on the number line? See Figure 1.6.13.
0.04 0.4

R
0.0 0.1 0.2 03 0.4

Figure 1.613

We see that O . 40 is to the right of O . 04 on the number line. This is another way to demonstrate that

0.40 > 0.04
How does 0 . 3 ]_ compare to 0.308? This doesn’t translate into money to make it easy to compare. But
if we convert 0 . 3 ]_ and 0.308 into fractions, we can tell which is larger.
[table id=11/]
310

308
Because 310 > 308 we know that 10 > 1o00. Therefore, 0.31 > 0.308_

31

Notice what we did in converting O . 3 ]_ to a fraction—we started with the fraction and ended

30 310
1000 onvertlng 1000

equivalent to 0.310. Writing zeros at the end of a decimal does not change its value!

with the equivalent fraction

back to a decimal gives 0.310.5s0 0. 3 ]_ is

e 0

We say O . 3 ]_ and 0.310 are equivalent decimals.

Equivalent Decimals

Two decimals are equivalent if they convert to equivalent fractions.


https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/06/1.6Ordering-blue.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/06/1.6Ordering-blue.jpg
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We use equivalent decimals when we order decimals.

The steps we take to order decimals are summarized here.

Order Decimals

Step 1: \Write the numbers one under the other, lining up the decimal points.

Step 2: Check to see if both numbers have the same number of digits. If not, write zeros at the end
of the one with fewer digits to make them match.

Step 3: Compare the numbers as if they were whole numbers.

Step 4: Order the numbers using the appropriate inequality sign.

Example 8

Order 6496 ysing < or >

Solution
Step 1: Write the numbers one under the other, lining up the decimal points.
0.64
0.6

Step 2: Add a zero to 0.6 to make it a decimal with 2 decimal places.
Now they are both hundredths.
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0.64
0.60

Step 3: 64 is greater than 60.

64 > 60

Step 4: 64 hundredths is greater than 60 hundredths.

0.64 > 0.60

57) Order each of the following pairs of numbers, using ===,

Solution

>

58) Order each of the following pairs of numbers, using <>,

Solution

>
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Example 9

Order *#--08% ys5ing < or >

Solution
Step 1: Write the numbers one under the other, lining up the decimals.
Step 2: They do not have the same number of digits.

0. 83
0. 803

Step 3: Write one zero at the end of (.8 3.

Step 4: Since 830 > 803, 830 thousandths is greater than 803 thousandths.

0.830 > 0.803

0.83 > 0.803

59) Order the following pair of numbers, using ===

Solution

>
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60) Order the following pair of numbers, using ==,

Solution

<

When we order negative decimals, it is important to remember how to order negative integers. Recall that

larger numbers are to the right on the number line. For example, because — 2 lies to the right of — 3

on the number line, we know that =2 > —3. Similarly, smaller numbers lie to the left on the number line. For

example, because — 9 lies to the left of — 6 on the number line, we know that =9 < =6, See Figure
1.6.14.
- ¢ 'r 1' ¢ I | » * I -
-10 -9 -8 -7 -6 -5 —4 -3 -2 -1 0
Figure 1614
If we zoomed in on the interval between and — ]_ , as shown in Figure 1.6.6, we would see in the

same way that ~%2> ~03 and ~09 <06,


https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/06/1.6Negative-blue.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/06/1.6Negative-blue.jpg
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Example 10

Use < or > to order %,

Solution
Step 1: Write the numbers one under the other, lining up the decimal points.

They have the same number of digits. 0'8

Since -1> -8 — ]_ tenth is greater than — 8 tenths. -01>-0s

61) Order the following pair of numbers, using < or >: ~**—-°%,

Solution

>
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62) Order the following pair of numbers, using < or >: -7,

Solution

>

Key Concepts

Square Root Notation

A/ T is read ‘the square root of m If m =n? thenvm=n forn > 0.

Order Decimals

1. Write the numbers one under the other, lining up the decimal points.

2. Check to see if both numbers have the same number of digits. If not, write zeros at the end
of the one with fewer digits to make them match.

3. Compare the numbers as if they were whole numbers.

4. QOrder the numbers using the appropriate inequality sign.
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Glossary

equivalent decimals
Two decimals are equivalent if they convert to equivalent fractions.

irrational number
An irrational number is a number that cannot be written as the ratio of two integers. Its decimal
form does not stop and does not repeat.

rational numberA rational number is a number of the form , where p and are

q

integers and @ ?5 0. A rational number can be written as the ratio of two integers. Its decimal form

stops or repeats.
radical sign

A radical sign is the symbol 4 / 770 that denotes the positive square root.

real number
A real number is a number that is either rational or irrational.

square and square root

If n* = m, then m is the square of n and n is a square root of m
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Exercises: Simplify Expressions with Square Roots

Instructions: For questions 1-12, simplify.

1) /36

2 /2

3) /64
4) /169

5 +/0
6) /16

7) /100
8) /144
9) —v/4
10) —v/100
1) —/1
12) —v121

6
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.8
.3

110
9) —2
m —1]

Exercises: Identify Integers, Rational Numbers, Irrational Numbers,

and Real Numbers

Instructions: For questions 13-16, write as the ratio of two integers.

13a)

13b) 3.19
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14a)

14b) 1.61

15a) — 12

15b) 9.279

16a) — 16

16b) 4.399

Instructions: For questions 17-20, list the

a) rational numbers
b) irrational numbers

17) 0.75,0.223,1.39174,

18) 0.36,0.94729...,2.528
19) 0.45,1.919293...,3.59
20) 0.13,0.42982..., 1.875

Instructions: For questions 21-24, identify whether each number is rational or irrational.

21a) 4/2D
21b) /30

22a) /44
22b) /49

23a) /164
23b) /169

24a) /225
24b) /216
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Instructions: For questions 25-28, identify whether each number is a real number or not a
real number.

25a) —+/81
25b) v-121

26a) —/64
26b) v/—9

27a) v/ —36

27b) —/144
28a) v/ —49
28b) —144

Instructions: For each set of numbers in questions 29-32, list the

a) whole numbers
b) integers

c) rational numbers
d) irrational numbers
e) real numbers

29) 572
—5,0,195286.., 22, /30,0
5
30) 5,38, ~8,0.408, 27
g g
VI, 7,2, 077,81
VIm, 7,8, 105t
32) —6.-3,0,07183%, 21 vid
B 5

Odd Answers



- 9297
) 1000

17a) 0.75, 0.223
17b) 1.39174..

19a) 0.45,3.59
19b) 1.919203...

21a) rational
21b) irrational

23a) irrational
23b) rational

25a) real number
25b) not a real number

27a) not a real number
27b) real number

29a) 0,+/36,9
29b) s0.vs
29¢) nms
29d) 1.95286...
29e) 5,0,1.95286.., 2, 35,9

31a) none
31b) —/100, -7, -1
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31d) none
) i

Exercises: Locate Fractions on the Number Line

Instructions: For questions 33-40, locate the numbers on a number line.

3 7 11
35) vzt

7 5 13
36) 1—0,5,?,3

37) 2,2
)22
3 3
38) Z, _Z
39) 110t
40) i
Odd Answers
3 § 10
4 g T
-+——.+—-. | I [ | !
I |' | | =
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7
10 6 7 4
| | | |
-———0o0— >
35 0 1 2 3 4 5 6
2 2
- 5
O - 1 1 1 | ¥ 3§
A p— # 1 1 ¢ T
-1 4 3 210123 41
37) -E-E-N 3 @ 3 B
D 2 3 3 42 9
- Rl G N S A

|
?

Exercises: Order Pairs of Numbers

Instructions: For questions 41-48, order each of the pairs of numbers, using < or >.

4)

42) 5
43) 5 ¢
4b) 5
45) - w
46) 1 1
47) =+ -3

23

48) -5
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Odd Answers

Exercises: Locate Decimals on the Number Line

Instructions: For questions 49-52, locate the number on the number line.

49 (.8

50) —0.9
51) —1.6

2 3.1
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0.8
" O L L |
e D A q . Bl
) 4 -3 -2-1 01 2 3 4
-1.6
"I 2 N o B I AT
T TTTT"TT1"
sy B O1 2 A &

Exercises: Order Pairs of Numbers

Instructions: For questions 53-60, order each of the pairs of numbers, using < or >.
53) 087063
54) 086069
55) ooroo
5g) (404

57) —05  —03
5g) 01 o4
59) —0.62__ —0.619
60 -731__ -73
Odd Answers

53) <
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Exercises: Everyday Math

Instructions: For questions 61-62, answer the given everyday math word problems.

61) Field Trip: All the 5th graders at Lincoln Elementary School will go on a field trip to
the science museum. Counting all the children, teachers, and chaperones, there will be

]_47 people. Each bus holds 44 people.

a) How many buses will be needed?

b) Why must the answer be a whole number?

c) Why shouldn’t you round the answer the usual way, by choosing the whole
number closest to the exact answer?

62) Child Care: Serena wants to open a licensed childcare center. Her state requires there

be no more than 1 2 children for each teacher. She would like her child care center to

serve 40 children.

a) How many teachers will be needed?

b) Why must the answer be a whole number?

c) Why shouldn’t you round the answer the usual way, by choosing the whole
number closest to the exact answer?
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0Odd Answers

a) buses

b) Answers may vary
c) Answers may vary

Exercises: Writing Exercises

Instructions: For questions 63-64, answer the given writing exercises.

63) In your own words, explain the difference between a rational number and an
irrational number.

64) Explain how the sets of numbers (counting, whole, integer, rational,
irrationals, reals) are related to each other.

Odd Answers

63) Answers may vary
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1.7 PROPERTIES OF REAL NUMBERS

Learning Objectives

By the end of this section, you will be able to:

« Use the commutative and associative properties

« Use the identity and inverse properties of addition and multiplication
« Use the properties of zero

- Simplify expressions using the distributive property

Use the Commutative and Associative Properties

Think about adding two numbers, say ! i and 3 . The order we add them doesn’t affect the result,

does it?

5+3 3+5

5+3 3+5

The results are the same.

As we can see, the order in which we add does not matter!
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What about multiplying and ?
5x 3 3 x5
15 15

5x3=3x5

Again, the results are the same!
The order in which we multiply does not matter!
These examples illustrate the commautative property. When adding or multiplying, changing the order gives

the same result.

Commutative Property

i | h
of Addition if a, are real numbers, then

atb=b+a

of if a, are real numbers, then

Multiplication

axb=bxa

When adding or multiplying, changing the order gives the same result.

The commutative property has to do with order. If you change the order of the numbers when adding or

multiplying, the result is the same.
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What about subtraction? Does order matter when we subtract numbers? Does 7 — 3 give the same result

as3 — 72

444
T-34£-3-7
The results are not the same.
Since changing the order of the subtraction did not give the same result, we know that subtraction is not
commutative.

Let’s see what happens when we divide two numbers. Is division commutative?

12 +4 14 =12

12 4
4 12
1
3

1
3£ =
7é?)

124444212

The results are not the same. Since changing the order of the division did not give the same result, dzvision is

not commutative.
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The commutative properties only apply to addition and multiplication!

- Addition and Multiplication are commutative.
« Subtraction and Division are not commutative.

If you were asked to simplify this expression, how would you do it and what would your answer be?
7T+8+2

Some people would think 7+ 8is 1 5 and then 15 + 2 is 1 7 Others might start with 8+ 2

makes 1 O and then 7 + 10 makes 1 7

Either way gives the same result. Remember, we use parentheses as grouping symbols to indicate which

operation should be done first.

When adding three numbers, changing the grouping of the numbers gives the same result.

This is true for multiplication, too.

When multiplying three numbers, changing the grouping of the numbers gives the same result.

You probably know this, but the terminology may be new to you. These examples illustrate the associative

property.
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Associative Property

of Addition If a’ b» ‘ are real

numbers’ then (a+)+e=a+t(b+e

of If a, b ‘ are real
Multiplication

)

numbers, then “"~ ¢

When adding or multiplying, changing the grouping gives the same result.

1
Let’s think again about multiplying 5% 3 % 3. We got the same result both ways, but which way was easier?

1

Multiplying s and first, as shown above on the right side, eliminates the fraction in the first step.

3

Using the associative property can make the math easier!

The associative property has to do with grouping. If we change how the numbers are grouped, the result will
be the same. Notice it is the same three numbers in the same order—the only difference is the grouping.

We saw that subtraction and division were not commutative. They are not associative either.

When simplifying an expression, it is always a good idea to plan what the steps will be. In order to combine
like terms in the next example, we will use the commutative property of addition to write the like terms

together.
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Slmp||fy 18p -+ 6g+ 15p + 54

Solution
Step 1: Use the commutative property of addition to re-order so that like terms are
together.

Step 2: Add like terms.

33p + 11q

1) Slmp“fy 237+ 14 4 0r 4153

Solution
32r + 29s

2) Simplify: s

Solution
41m + 6n

When we have to simplify algebraic expressions, we can often make the work easier by applying the
commutative or associative property first, instead of automatically following the order of operations. When

adding or subtracting fractions, combine those with a common denominator first.
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g

Simplify: G+ D+

Solution

Step 1: Notice that the last terms have a common denominator, so change the

grouping.

Step 2: Add in parentheses first.

=+
Step 3: Simplify the fraction.
=+
Step 4: Add.
12
13

Step 5: Convert to an improper fraction.
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3) Simplify: G+ +5

Solution

1 L
15

4) Simplify: G+ + 5

Solution

12
9

Example 3

Use the assodiative property to simplify 6(3z).

Solution
Step 1: Change the grouping.

(6 x 3)x

Step 2: Multiply in the parentheses.

18z
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Notice that we can multiply 6 X 3 but we could not multiply 3:6 without having a value for

T

5) Use the assodiative property to simplify 8(4z)

Solution

32x

6) Use the associative property to simplify —9(7y)

Solution

—63y

Use the Identity and Inverse Properties of Addition
and Multiplication

What happens when we add to any number? Adding doesn’t change the value. For this reason,

we call the additive identity.

For example,
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13+0 ~14+0 0+ (-8)

13 14 -8

These examples illustrate the Identity Property of Addition that states that for any real number, a,

a+0=aynd0+ta=aq,

What happens when we multiply any number by one? Multiplying by doesn’t change the value. So

we call the multiplicative identity.

For example,

43 x 1 —27x1 1 x

3
D

ot w

43 7

These examples illustrate the Identity Property of Multiplication that states that for any real number, a,

a-1=ayndl-a=a,

We summarize the Identity Properties below.
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Identity Property

of addition for any real number a :

a+0=a 0O+a=a
is the additive identity
of multiplication for any real number a:
axl=a lxa=a
is the additive identity
What number added to gives the additive identity, ?

5+ =0 We know that 5+ (% =0

What number added to — 6 gives the additive identity, ?

=0 We know (-9 +6=0

Notice that in each case, the missing number was the opposite of the number!

We call — (@, the additive inverse of a The opposite of a number is its additive inverse. A number

and its opposite add to zero, which is the additive identity. This leads to the Jnverse Property of Addition that

states for any real number, a,, e+ (-9 =0 Remember, a number and its opposite add to zero.
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2 2

gives the multiplicative identity, ? In other words,

3 3

What number multiplied by

times what results in ?
2 2 3
37—=1 Weknowy3 3 =1
What number multiplied by gives the multiplicative identity, ? In other words times
what results in ?
2. =1 1
— We know 2+ 5 =1

Notice that in each case, the missing number was the reciprocal of the number!

1

We call === the multiplicative inverse of a The reciprocal of a number is its multiplicative

a

inverse. A number and its reciprocal multiply to one, which is the multiplicative identity. This leads to the

1
Inverse Property of Multiplication that states that for any real number, a,, a 7é O, ax—=1

We’ll formally state the inverse properties here:
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Inverse Property

For any real number a,,

of addition at(-a)=0

— (1 is the additive inverse of a,

A number and its opposite add to zero.

For any real number a’,

1
of multiplication ]. ax—=1

= is the multiplicative inverse of a

a

A number and its reciprocal multiply to one.

Example 4

Find the additive inverse of

D

Q. ——

3
0.6



1.7 PROPERTIES OF REAL NUMBERS | 431




432 | 17 PROPERTIES OF REAL NUMBERS

4 4

4
d. The additive inverse of — — is the opposite of — — . We write this as —(—5) and then
4 , 4
SIMplify t0 = . Thus, the additive inverse of — — IS mm—.

3 >3

7) Find the additive inverse of:

7

d. ———

9

0.1.2
¢ —14

9

d ——

4

Solution
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Find the multiplicative inverse of

1
b, — —

9
0.9

Solution
To find the multiplicative inverse, we find the reciprocal.

1

a. The multiplicative inverse of is the reciprocal of , Which is === . Therefore, the

9
1

multiplicative inverse of IS m—

1 1

b. The multiplicative inverse of — — s the reciprocal of — — which is — 9 Thus, the

1

multiplicative inverse of — — is — 9
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C.

Step 1: To find the multiplicative inverse of O . 9, we first convert O . 9 to a fraction

Step 2: Then we find the reciprocal of the fraction.

9 10

is

10 9

The reciprocal of

10

So the multiplicative inverse of O . 9 is :

9

9) Find the multiplicative inverse of
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Use the Properties of Zero
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The identity property of addition says that when we add to any number, the result is that same
number. What happens when we multiply a number by ? Multiplying by makes the product
equal zero.

Multiplication by Zero

For any real number a

0x a=0 ax0=0

The product of any real number and O is ()

> 3? Think about a real example: If there are no cookies in

What about division involving zero? What is 0

the cookie jar and people are to share them, how many cookies does each person get? There are no

cookies to share, so each person gets cookies. So,0+3=0

We can check division with the related multiplication fact.

12+ 6 =2 hecause 2 X 6 = 12
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So we know 0 +3 =0because 0 x 3 =0,

Division of Zero

For any real number, a except ,

0
— =0ando+a=0
a

Zero is divided by any real number except zero is zero.

Now think about dividing &y zero. What is the result of dividing by ? Think about the related
multiplication fact: 4 = 0 =7 means 7 * 0 =4 Is there a number that multiplied by gives ? Since
any real number multiplied by gives , there is no real number that can be multiplied by

to obtain

We conclude that there is no answer to 4 = 0 and so we say that division by is undefined.
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Division by Zero

For any real number a except ,

a

0

Division by zero is undefined.

and @ = 0 are undefined.

We summarize the properties of zero below.

Properties of Zero

Multiplication by Zero: For any real number a’

The product of any number and O is

ax0=0 Oxa=0
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Division by Zero: For any real number a wherea # 0

Qo

=0 Zero divided by any real number except itself is zero.

is undefined Division by zero is undefined.

a
0

Example 6

Simplify:
a.—8x0

0
b. ——

—2
—32
C.

0
Solution
a.

Step 1: The product of any real number and is .

—8x0
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b.
Step 1: The product of any real number and is
0
—2
0
C
Step 1: Division by is undefined.

—32
0
Undefined

1) Simplify:
a.—14-0
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b, ——
—0
—2

C.

0

Solution

a.

b.

¢. undefined

12) Simplify:

a. 0(—17)

) 0

—10
—5

C.

0

Solution

a.

b.

¢. undefined

We will now practice using the properties of identities, inverses, and zero to simplify expressions.
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Example 7

Simplify:

—5
a. n+5,wheren¢
b, 22 g 3p, where 1030 #0
Solution
a.

Step 1: Zero divided by any real number except itself is

Step 1: Division by is undefined.

10 — 3p
0
Undefined
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Example 8

Si m plify- —84n + (~73n) + 84n

Solution
Step 1: Notice that the first and third terms are opposites; use the commutative property
of addition to re-order the terms.

Step 2: Add left to right.

0+ (~73)

Step 3: Add.
—73n

13) Simplify: et

Solution
—48a
14) Slmpllfy 302+ (~922) + (-392)

Solution
—92x
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Now we will see how recognizing reciprocals is helpful. Before multiplying left to right, look for

reciprocals—their product is

Example 9

Simplify: =<7
Solution

Step 1: Notice that the first and third terms are reciprocals, so use the commutative
property of multiplication to re-order the factors.

Step 2: Multiply left to right.

15) Simplify: %%~ %

Solution
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5)
49
16) Simplify: 7 %%

Solution

11
25

17) Simplify:

a where m # -7

‘m+ T

18— 6
b. —5 c,where 18—6c#0

Solution

b. undefined

18) Simplify:

0
4
a. d_4,whered7'é

15 — 4q
b.

15— 49 #0
1

Solution
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b. undefined

Example 10

Simplify: 356+

Solution
Step 1: There is nothing to do in the parentheses, so multiply the two fractions
first—notice, they are reciprocals.

1(6z + 12)
Step 2: Simplify by recognizing the multiplicative identity.

(6z + 12)

19) Simplify: 3«50

Solution
20y + 50

12z + 16)

el oo

20) Simplify: &



448 | 1.7 PROPERTIES OF REAL NUMBERS

Solution
12z + 16

Simplify Expressions Using the Distributive Property
Suppose that three friends are going to the movies. They each need $9.25_thats dollars and

quarter—to pay for their tickets. How much money do they need all together?

You can think about the dollars separately from the quarters. They need 3 times $ 9 S0 $ 2 7,

and 3 times I quarter, s0 7 5 cents. In total, they need $27.75.1f you think about doing the

math in this way, you are using the distributive property.

Distributive Property

a(b+c)
=ab+a
C
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If a, b ‘ are real

numbers, then

(b+c)a=ba+ca

a(b—c) = ab— ac
Also,

(b-cla=ba—ca

Back to our friends at the movies, we could find the total amount of money they need like this:

3(9.25)

3(9 +0.25)
3(9) + 3(0.25)
2740.75
27.75

In algebra, we use the distributive property to remove parentheses as we simplify expressions.

For example, if we are asked to simplify the expression 3(2 +4) the order of operations says to work in

the parentheses first. But we cannot add x and 4, since they are not like terms. So we use the

distributive property, as shown in Example 1.7.11.
Some students find it helpful to draw arrows to remind them how to use the distributive property. Then the

first step in Example 1.7.11 would look like this:
AN
3x+4)

Figure
1.7


https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/1.74.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/1.74.jpg
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Simplify: 3(z +4)

Solution
Step 1: Distribute

3xz+3x4
Step 2: Multiply.

3x + 12

21) Simplify: 4(z +2)

Solution
4z + 8
22) Simplify: 6(z +7)

Solution
6x + 42
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Simplify: 8G=+ )

Solution
o
8(3x+72)
Figure 1.7.2
Step 1: Distribute.
Step 2: Multiply.
3x + 2

23) Simplify: 6Gy+3)

Solution
oy + 3
24) Simplify; 122G+

Solution
dn + 9


https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/1.73.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/1.73.jpg
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Using the distributive property as shown in Example 1.7.13 will be very useful when we solve money

applications in later chapters.

Example 13

Sl m p | |fy 100(0.3 + 0.25q)

Solution
N 2
100(0.3 + 0.25q)
Figure 1.7.3
Step 1: Distribute.
Step 2: Multiply.
30 + 25¢

25) Simplify; w7+ o

Solution
70 + 15p
26) Slmp||fy 100(0.04 +0.35d)

Solution
4 + 35d


https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/1.72.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/1.72.jpg
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When we distribute a negative number, we need to be extra careful to get the signs correct!

Example 14

Simplify: —2(4v+1)

Solution

Step 1: Distribute.

Step 2: Multiply.

A

3

-2(4y + 1)
Figure 1.7.4

—2-4y+(-2)-1

—8y — 2

27) Simplify: -3(6m+5)

Solution
—18m — 15
28) Simplify: ~6En+1)

Solution

—48n — 66


https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/1.7.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/1.7.jpg
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Simplify: -1 -3
Solution
Step 1: Distribute.
R
-11(4 - 3a)
Figure1.7.5
Step 2: Multiply.
Step 3: Simplify.
—44 + 33a

Notice that you could also write the result as 33a — 44, Do you know why?

29) Simplify: ~5(2~3a)

Solution
—10 + 15a
30) Simplify: -7~ 15)

Solution

—56 + 105y


https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/1.71.jpg
https://ecampusontario.pressbooks.pub/app/uploads/sites/2588/2022/05/1.71.jpg
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Example 1.7.16 will show how to use the distributive property to find the opposite of an expression.

Example 16

Simplify: —(¥+5)
Solution

Step 1: Multiplying by — ]_ results in the opposite.

—1(y +5)
Step 2: Distribute.
Step 3: Simplify.
—y+(=5)
—y-5

31) Simplify: —(=-11)

Solution
—z+11

32) Simplify: =(z —=4)

Solution
—z+4

There will be times when we’ll need to use the distributive property as part of the order of operations. Start by
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looking at the parentheses. If the expression inside the parentheses cannot be simplified, the next step would be
multiply using the distributive property, which removes the parentheses. The next two examples will illustrate

this.

Example 17

Simplify; 8-2@+3)

Be sure to follow the order of operations. Multiplication comes before subtraction, so we will

distribute the first and then subtract.
Solution
Step 1: Distribute.
Step 2: Multiply.

8—2x—6
Step 3: Combine like terms.

—2x+2

33) Simplify;: 0 -3@+2)

Solution
3—3z
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34) Simplify: 7=-s+4

Solution
2z — 20

Example 18

Simplify: w9 -¢

Solution
Step 1: Distribute.

Step 2: Combine like terms.

3z — 35

35) Slmpllfy 6(z —9) — (z +12)

Solution
5z — 66

36) Slmpllfy 8@ —1) - (2 +5)

Solution
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T —13

Key Concepts

- Commutative Property of

o Addition: If a b are real numbers, then e +t=t+a
o Multiplication: If a’ b are real numbers, then a-6=b6-a \When adding or

multiplying, changing the order gives the same result.

- Associative Property of

o Add/tlon: H: a, bY ‘ are real number51 then (a+b)+c=a+(b+c)
o Multiplication: If a b ‘ are real numbers, then @«

When adding or multiplying, changing the grouping gives the same result.
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- Properties of Zero

o For any real number a

a-0=0 0-a=0-The product of any real number and is

Q|o

= 0 for @ 7 0 - Zero divided by any real number except zero is zero.

= s undefined - Division by zero is undefined.

0

o

Glossary

additive identity

The additive identity is the number ;adding to any number does not change its

value.
additive inverse

The opposite of a number is its additive inverse. A number and it additive inverse add to
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multiplicative identity

The multiplicative identity is the number : multiplying 1 by any number does not change

the value of the number.

multiplicative inverse
The reciprocal of a number is its multiplicative inverse. A number and its multiplicative inverse
multiply to one.

Exercises: Use the Commutative and Associative Properties

Instructions: For questions 1-4, use the associative property to simplify.
1) 3(4z)

2) 4(7m)

3) (y+12) + 28

4) (n+17)+33

Odd Answers

1) 12

3) y+40
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Exercises: Use the Commutative and Associative Properties

Instructions: For questions 5-26, simplify.
5) 4+
6) = ()
8) 577"
9) ~24x7x 3
10) x5
1) G)w
12) (5+5)5
13) 17025)(4)
14) 36(0-2)(5)
15) Pasaz)os)
16) P07

17) 7(4a)
18) 9(8w)
19) ~15(5m)
20) ~23(2n)

21) 12(57)
22) (34)
23) 9+ (120) ¢ (16m) + (-0n)
24) —22p 4 17+ (~36p) + (~275)
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Exercises: Use the Identity and Inverse Properties of Addition and Multiplication

Instructions: For questions 29-32, find the additive inverse of each number.

2
5

200) 4.3
299 — &

29a)

29d) — E
3
30) =—

300) 2.1
300 — 3

30d) — —

7

31a) — —

31b) —0.075
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7
6

31a)

31b) 0.075
31c) —23

1
31d) — —

Exercises: Use the Identity and Inverse Properties of Addition and

Multiplication

Instructions: For questions 33-36, find the multiplicative inverse of each number.

33a) 6

3

33b) — —
39().7
343) 1 2
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12

35a)
11
10
35b) ——
11
1
35¢) — —

Exercises: Use the Properties of Zero

Instructions: For questions 37-44, simplify.

0

37) —

6
3

38) —

0

11
39) 0+ 2



6

40) —

0
0

4) —

3

8
42)0><1—5

43) (3190
1L
sy 10

0

Odd Answers

-0
-0
0

41)
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43)

Exercises: Mixed Practice

Instructions: For questions 45-58, simplify.
45) 19a + 44 — 19a
4@) e+ 16-21c
47) 10(0.1d)
48) 100(0.01p)

49) U_ng, where v 7 4.9

0
50) . —¢;1» Wherev # 65.1

1 1
51) o:(--3), where = # 5

L 1
52) o+ (v-;), where = # 5

32 — 5a
53) —;—,where 32570

28 — 9b
0

54) , Where 28 - 9%#0

55) (i+%7):* where g+
56) (i 1) where 7 #°

57) 15 x %(MJr 10)
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58) 18 x %(15h+ 24)

Odd Answers

44

0

49)

51)

53) undefined
55) undefined

57) 36d+90

Exercises: Simplify Expressions Using the Distributive Property

Instructions: For questions 59-94, simplify using the distributive property.
59) 8(4y +9)
60) 9Gw+7)
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91) 6c+ 34

93) 12y+63

Exercises: Everyday Math

Instructions: For questions 95-98, answer the given everyday math word problems.

95) Insurance co-payment: Carrie had to have 5 fillings done. Each filling cost $80
. Her dental insurance required her to pay 20% of the cost as a copay. Calculate Carrie’s
copay:

a) First, by multiplying 0.20 by 8 O to find her copay for each filling

and then multiplying your answer by to find her total copay for

fillings.

b) Next, by multiplying 52010
c) Which of the properties of real numbers says that your answers to parts (a),
where you multiplied () and (b), where you multiplied ¢, should be equal?

96) Cooking time. Helen bought a 2 4-pound turkey for her family’s

Thanksgiving dinner and wants to know what time to put the turkey in to the
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oven. She wants to allow 2 O minutes per pound cooking time. Calculate the

length of time needed to roast the turkey:

a) First, by multiplying 24 x 20 to find the total number of minutes and then

1
60

b) Next, by multiplying > (** ).
c) Which of the properties of real numbers says that your answers to parts (a),
where you multiplied 2 5, and (b), where you multiplied *(** &), should be equal?

to convert minutes into hours.

multiplying the answer by

97) Buying by the case. Trader Joe’s grocery stores sold a bottle of wine they

called “Two Buck Chuck” for $1.99. They sold a case of 1 2 bottles for $23.88

. To find the cost of 12 bottles at $1.99, notice that 1.99 is 2 — 0.01,

a) Multiply 12(1.99) by using the distributive property to multiply 1200,
b) Was it a bargain to buy “Two Buck Chuck” by the case?

98) Multi-pack purch