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Your Learning Strategies

VISUAL      AUDITORY     TACTILE

 

Learning Strategy

Developing a good study system and understanding how you best learn is essential to academic success. Make sure you familiarize your-self with the study system outlined in the To the Student section at the beginning of the text. Also take a moment to complete the Learning Styles Inventory found at the end of that section to discover your per-sonal learning style. In these Learning Strategy boxes, we offer tips and suggestions on how to connect the study system and your learn-ing style to help you be successful in the course.

 

VISUAL      AUDITORY     TACTILE                                                   Definition   Additive inverses: Two numbers whose sum in zero.

 

Learning Strategy                 Examples of additive inverses: 15 and-15   because 15    1   15 2    0

In the To the Student section, we                                        -9 and 9     because   9    9    0 suggest that when taking notes,                                     0 and 0       because 0    0    0

you use a red pen for definitions  Notice that 0 is its own additive inverse and that for numbers other than 0, the 

and a blue pen for rules and pro-     additive inverses have the same absolute value but opposite signs. cedures. Notice that we have 

 

used those colors in the design      Rules

of the text to connect with your 

notes.                                The sum of two additive inverses is zero.

The additive inverse of 0 is 0.

The additive inverse of a nonzero number has the same absolute value but opposite sign.

The Math Study System

 

The Carson Math Study System is designed to help you succeed in your math 

course. You will discover your own learning style, and you will use study strate-

gies that match the way you learn best. You will also learn how to organize your 

course materials, manage your time efficiently, and study and review effectively.

 

Notes

(see pages xvi–xvii)

Your Math Notebook
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Homework

(see pages xvii–xix)

 

Quizzes/Tests                          Study Materials 

(see page xxi)

(see pages xix–xx)
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Preface

 

Prealgebra, Fourth Edition, provides a fresh approach for the  exercises. In addition, Prep Exercises help students focus on 

student who needs a brush-up in arithmetic and basic alge- the terminology, rules, and processes corresponding to the 

bra concepts and for those who are encountering algebra     exercises that immediately follow. for the first time. Written in a relaxed, nonthreatening style,          Chapter Summary and Review The Chapter Summary this text takes great care to ensure that students who have  is now interactive with Review Exercises integrated within 

struggled with math in the past will be comfortable with  the summary to encourage active learning and review. For 

the subject matter. Explanations are carefully developed to  each key topic, the student is prompted to complete the 

provide a sense of why a mathematical process works the  corresponding definitions, rules, and procedures. A key  

way it does, instead of just how to follow the process.  example is provided for reference. Review exercises com-

Problems pulled from science, engineering, account- plete each section of summarized material, so the student can 

ing, health fields, the arts, and everyday life link math- apply the skills and concepts for immediate reinforcement.

ematics to the real world. The link to real-world problem 

solving is further developed through the Project Portfolio     Updates Workbook (see page ix for a complete description of the  • Fresh data: Real-data examples and exercises have 

online  been revised with more current data as needed to keep  Project Portfolio Workbook  ). 

Part of the freshness of                                     the applications relevant and contemporary. Prealgebra ’s approach is the 

sequencing of ideas. For example, students learn the ba- • New examples and exercises: Many new examples and 

sics of polynomials early in this text to give them a patient  over 650 new exercises have been added throughout 

introduction and ample practice of this fundamental al-       the text. gebra topic.

Content Changes

In addition, a complete study system with a Learning 

To improve readability, lengthy explanations were sim-

Styles Inventory and learning strategies integrated through-

plified and, where possible, visuals were added to show 

out the text provides further guidance for students (see pages 

rather than say.

xvi–xxi).

Upon completing the material in this text, a student  • The problem-solving outline is used in the more com-

should be able to proceed successfully to an introductory         plicated application examples as needed. algebra course or a survey of math course. This text is   • Discussion boxes have been turned into discussion 

designed to be versatile enough for use in a standard lecture  suggestions to the instructor that now appear only in 

format, a hybrid course, a self-paced lab, and even an inde- the annotated instructor’s edition. This reduces some 

pendent-study format. A strong ancillary package provides  distractions to the student while still giving the in-

a wealth of supplemental resources for both instructors and        structor ideas for enriching class discussion. students (see pages ix–xi for complete descriptions). In addition, the following specific content changes have 

been made to improve student comprehension and reten-

What’s New in This Edition?                    tion of material:

In addition to revised explanations and a new design, the     Chapter 1 following changes were made to create the fourth edition. In Section 1.1, number lines are now taught before in-

Features equalities and rounding. Also, expanded notation is now 

The  shown with words instead of multiplication to strengthen  Math  Study System  has been expanded with sample 

student notes, homework, and study materials to guide     the connection with place value names. students in developing their own math notebooks to  Square roots and the order of operations agreement were 

complement their personal learning styles. In addition,  moved to Chapter 2, improving the pacing of Chapter 1.

learning strategies written by students and recent col- Mean, median, and mode are now introduced in 

lege graduates have been added throughout the text,    Section 1.5 and revisited throughout the text.

providing helpful tips from successful students. These     Chapter 2 can be identified by the student’s name at the end of  Additive inverse is now taught in Section 2.2 after the ad-

the strategy. dition of integers is introduced. This simplifies the topic 




Chapter Openers now provide a brief topical over- and places it closer to Section 2.3, where it is used to write 

view of the chapter. In the instructor’s edition, each opener     subtractions as equivalent additions. also now includes teaching suggestions for the chapter.

Each section now begins with Warm-up Exercises    Chapter 3

that review previously learned material helpful to under- Section 3.1 now covers translating word phrases to 

standing the concepts in the section.                          mathematical expressions.

Section Exercises are now grouped by objective, to  For clarity, combining like terms was moved from 

make it easier for students to connect examples with related     Section 3.3 to Section 3.2.

vii

viii    Preface

 




Chapter 6 where it comes from, and how it is relevant to students’ 

Estimating was added to make decimal coverage consis- everyday lives. Knowing all of this helps the students re-

tent with fraction coverage.                                   member the concepts. 




Chapter 7                                             A Study System is presented in the To the Student sec-A more visual approach was used to explain how to trans- tion on pages xvi-xxii and is reinforced throughout the 

late application problems to a proportion to help students  text. The system recommends using color codes for tak-

see the correct relationships between the numerators and  ing notes (red for definitions; blue for rules and proce-

denominators. dures; and black for notes and examples) which are re-

inforced throughout the text. In addition, students are 




Chapter 8 encouraged to use the Learning Styles Inventory (see 

Sections 8.2 and 8.3 were combined so that word-for-    p. xiv). word translation to an equation and the proportion meth-

od are now taught side-by-side in one section. Teaching  A Learning Styles Inventory is presented on page xiv to 

both methods for each example is a more efficient use of  help students assess their particular style of learning and 

class time and makes it easier to discuss which method is     use it effectively in the course. 

best for the situation.                                            Learning Strategy boxes appear where appropriate in the Chapter 9 text to offer advice on how to effectively use the study 

Congruent triangles have been added to Section 9.1. system and how to study specific topics based on a stu-

dent’s learning style (see pages 19, 282, 401, 536, and 605). 

Hallmark Features Connection boxes appear where appropriate in the text 

to help students see relationships between topics to de-

Real, relevant, and interesting applications  Nearly 

velop a deeper understanding of the math (see pages 107, 

every application problem is a real situation taken from 

377, and 603).

science, engineering, health, finance, the arts, or everyday 

life. The real-world applications not only illustrate the uses  Problem-solving process  On page 62 of Section 1.6, a 

of basic arithmetic and algebra concepts, but they also ex-     problem-solving process is introduced: pose students to the wonders of the world in which we live.       1. Understand Often the problems follow up with open-ended discussion      2. Plan questions where there is no “correct” answer. These ques-      3. Execute tions help students to think beyond just getting a numeric       4. Answer answer by encouraging them to apply mathematical  results       5. Check

to solve problems (see pages 72, 234, and 547). This process is revisited throughout the text to rein-

The how and the why  This text explains not only how to  force the use of effective problem solving strategies 

do the math but also why the math works the way it does,     (see pages 298, 439, and 513).
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Student Supplements                      Instructor Supplements
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Student’s Solutions Manual                                   Annotated Instructor’s Edition
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ISBN-13: 9780321782915                                          ISBN-13: 9780321782854
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ISBN-10: 0321782917                                            ISBN-10: 0321782852 
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Complete solutions to the odd-numbered section exercises and  • Includes answers to all exercises, including puzzle prob-
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solutions to all of the section-level review exercises, chapter re- lems, printed in blue near the corresponding problem. 
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view exercises, practice tests, and cumulative review exercises.       • Useful instructor notes are printed in the margin.
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MyWorkBook                                      Project Portfolio Workbook
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ISBN-13: 9780321782939  • Activities and problems related to the theme of building a 
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ISBN-10: 0321782933 house are keyed to the relevant sections of the text. As they 
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MyWorkBook can be packaged with the textbook or with the  work through each project over the course of the semester, 
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MyMathLab access kit and includes the following resources for  students apply the skills and concepts they’ve learned in a 
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each section of the text:                                                    realistic and integrated context.
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• Key vocabulary terms and vocabulary practice problems. • Available in MyMathLab and from www.pearsonhighered.
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com/irc, this newly interactive feature is now assignable in 

• Guided examples with stepped-out solutions and similar 

MyMathLab.

practice exercises, keyed to the text by learning objective.

• Note to instructors: The Instructor’s Resource Manual includes 

• References to textbook examples and section lecture videos 

tips and strategies for incorporating the project portfolio 

for additional help.

into your course.

• Additional exercises with ample space for students to show 

their work, keyed to the text by learning objective.                Instructor’s Solutions Manual (Download only)

ISBN-13: 9780321782861




Chapter Test Prep Videos                                    ISBN-10: 0321782860 




Chapter Tests can serve as practice tests to help students 

• Contains complete solutions to all even-numbered section 

study. Watch instructors work through step-by-step solutions 

exercises and puzzle problems.

to all the Chapter Test exercises from the textbook. These vid-

eos are available on YouTube (search CarsonPrealgebra) and  Instructor’s Resource Manual with Printable Test Forms 

in MyMathLab.                                           (Download only)

ISBN-13: 9780321782922

Video Resources

ISBN-10: 0321782925 

• Series of lectures correlated directly to each section of the text.

• A mini-lecture for each section of the text, organized by  

• Video lectures include English captions.

objective, includes key examples and teaching tips.

• Ideal for distance learning or supplemental instruction.

• Designed to help both new and adjunct faculty with course 

• Available in MyMathlab.                                         preparation and classroom management.

• Offers helpful teaching tips correlated to the sections of the text.

• Contains one diagnostic test per chapter; four free-response 

test forms per chapter, one of which contains higher-level 

questions; one multiple-choice test per chapter; one free-

response midterm exam; two free-response final exams; and 

one multiple-choice final exam.

 

Additional Media Supplements

MyMathLab® Online Course (access code required) MyMathLab delivers proven results in helping individual students succeed. It provides engaging experiences that personalize, stimulate, and measure learning for each student. And, it comes from a trusted partner with educational expertise and an eye on the future. 

To learn more about how MyMathLab combines proven learning applications 

with powerful assessment, visit www.mymathlab.com or contact your Pearson representative.
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MyMathLab Standard allows you to build your course your way, offering 

maximum flexibility and complete control over all aspects of assignment creation. 

Starting with a clean slate lets you choose the exact quantity and type of problems 

you want to include for your students. You can also select from pre-built assign-

ments to give you a starting point. 

Ready-to-Go MyMathLab comes with assignments pre-built and pre-assigned, 

reducing start-up time. You can always edit individual assignments as needed 

throughout the semester.

MyMathLab®Plus/MyStatLab™Plus

MyLabsPlus combines proven results and engaging experiences from MyMathLab ®

and MyStatLab™ with convenient management tools and a dedicated services team. 

Designed to support growing math and statistics programs, it includes additional 

features such as:

• Batch Enrollment: Your school can create the login name and password for 

every student and instructor, so everyone can be ready to start class on the first day. Automation of this process is also possible through integration with your school’s Student Information System.

• Login from your campus portal: You and your students can link directly from your 

campus portal into your MyLabsPlus courses. A Pearson service team works with your institution to create a single sign-on experience for instructors and students. 

• Advanced Reporting: MyLabsPlus’s advanced reporting allows instructors 

to review and analyze students’ strengths and weaknesses by tracking their performance on tests, assignments, and tutorials. Administrators can review grades and assignments across all courses on your MyLabsPlus campus for a broad overview of program performance. 

• 24/7 Support: Students and instructors receive 24/7 support, 365 days a year, 

by phone, email, or online chat. 

MyLabsPlus is available to qualified adopters. For more information, visit our 

website at www.mylabsplus.com or contact your Pearson representative.

MathXL® Online Course (access code required)

MathXL® is the homework and assessment engine that runs MyMathLab. 

 (MyMathLab is MathXL plus a learning management system.) With MathXL, 

 instructors  can: 

• Create, edit, and assign online homework and tests using algorithmically gen-

erated exercises correlated at the objective level to the textbook. 

• Create and assign their own online exercises and import TestGen tests for 

added flexibility. 

• Maintain records of all student work tracked in MathXL’s online gradebook. 

With MathXL, students can:

• Take chapter tests in MathXL and receive personalized study plans and/or 

personalized homework assignments based on their test results. 

• Use the study plan and/or the homework to link directly to tutorial exercises 

for the objectives they need to study. 

• Access supplemental animations and video clips directly from selected 

exercises. 

MathXL is available to qualified adopters. For more information, visit our website 

at www.mathxl.com, or contact your Pearson representative.

TestGen®

TestGen® (www.pearsoned.com/testgen) enables instructors to build, edit, print, 

and administer tests using a computerized bank of questions developed to cover 

all the objectives of the text. TestGen is algorithmically based, allowing instruc-

tors to create multiple but equivalent versions of the same question or test with 

the click of a button. Instructors can also modify test bank questions or add new 

questions. The software and test bank are available for download from Pearson 

Education’s online catalog. 
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PowerPoint ® Lecture Slides and Active Learning Questions

• PowerPoint Lecture Slides are written and designed specifically for this text, 

including figures and examples from the text.

• Active Learning Questions for use with classroom response systems include 

multiple choice questions to review lecture material.

• Both are available within MyMathLab® or from the Instructor Resource Center 

at www.pearsonhighered.com/irc.
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To the Student

 

Why Do I Have to Take This Course?

Often, this is one of the first questions students ask when they find out they must take 

an algebra course. What a great question! But why focus on math alone? What about 

English, history, psychology, or science? Does anyone really use every topic of every

course in the curriculum? Most jobs do not require that we write essays on Shake-

speare, discuss the difference between various psychological theories, or analyze the 

cell structure of a frog’s liver. So what’s the point? The issue comes down to recogniz-

ing that general education courses are not job training. The purpose of those courses is 

to stretch and exercise the mind so that the educated person can better communicate, 

analyze situations, and solve problems, which are all valuable skills in life and any job.

Professional athletes offer a good analogy. A professional athlete usually has an 

exercise routine apart from their sport designed to build and improve their body. They 

may seek a trainer to design exercises intended to improve strength, stamina, or bal-

ance and then push them in ways they would not normally push themselves. That 

trainer may have absolutely no experience with their client’s sport, but can still be quite 

effective in designing an exercise program because the trainer is focused on building 

basic skills useful for any athlete in any sport. Education is similar: it is exercise for the 

mind. A teacher’s job is like that of a physical trainer. A teacher develops exercises in-

tended to improve communication skills, critical-thinking skills, and problem-solving 

skills. Different courses are like different types of fitness equipment. Some courses may 

focus more on communication through writing papers, discussion, and debate. Other 

courses, such as mathematics, focus more on critical thinking and problem solving.

Another similarity is that physical exercise must be challenging for your body 

to improve. Similarly, mental exercise must be challenging for the mind to im-

prove. Expect course assignments to challenge you and push you mentally in 

ways you wouldn’t push yourself. That’s the best way to grow. So as you think 

about the courses you are taking and the assignments in those courses, remember 

the bigger picture of what you are developing: your mind. When you are writing 

papers, responding to questions, analyzing data, and solving problems, you are 

developing skills important to life and any career out there.

 

What Do I Need to Do to Succeed?

n Adequate Time ✓ To succeed, you must have adequate time and be willing to use 

that time to perform whatever is necessary. To determine if you have adequate 

time, use the following guide.

Step 1.  Calculate your work hours per week. Step 2.  Calculate the number of hours in class each week. Step 3. Calculate the number of hours required for study by doubling the 

number of hours you spend in class.

Step 4.  Add the number of hours from steps 1–3 together.

Adequate time: If the total number of hours is below 60, then you have ad-

equate time.

Inadequate time: If the total number of hours is 60 or more, then you do not 

have adequate time. You may be able to hang in there for a while, but eventually, 

you will find yourself overwhelmed and unable to fulfill all of your obligations. 

Remember, the above calculations do not consider other likely elements of life 

such as commuting, family, recreation, and so on. The wise thing to do is cut back 

on work hours or drop some courses.

Assuming you have adequate time available, choosing to use that time to perform 

whatever is necessary depends on your attitude, commitment, and self-discipline.

n Positive Attitude ✓ We do not always get to choose our circumstances, but 

we do get to choose our reaction and behavior. A positive attitude is choosing 

to be cheerful, hopeful, and encouraging no matter the situation. A benefit of a 

 positive attitude is that it tends to encourage people around you. As a result, they 
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are more likely to want to help you achieve your goal. A negative attitude, on the other hand, tends to discourage people around you. As a result, they are less likely to want to help you. The best way to maintain a positive attitude is to keep life in perspective, recognizing that difficulties and setbacks are temporary.

n Commitment ✓ Commitment means binding yourself to a course of action. 

Remember, expect difficulties and setbacks, but don’t give up. That’s why a posi-tive attitude is important, it helps you stay committed in the face of difficulty.

n Self-Discipline ✓ Self-discipline is choosing to do what needs to be done—

even when you don’t feel like it. In pursuing a goal, it is normal to get distracted or tired. It is at those times that your positive attitude and commitment to the goal help you discipline yourself to stay on task.

Thomas Edison, inventor of the lightbulb, provides an excellent example of all of these principles. Edison tried over 2000 different combinations of materials for the filament before he found a successful combination. When asked about all his failed attempts, Edison replied, “I didn’t fail once, I invented the lightbulb. It was just a 2000-step process.” He also said, “Our greatest weakness lies in giving up. The most certain way to succeed is always to try just one more time.” In those two quotes, we see a person who obviously had time to try 2000 experiments, had a positive attitude about the setbacks, never gave up, and had the self-discipline to keep working.

Behaviors of Strong Students and Weak Students The four requirements for success can be translated into behaviors. The following table compares the typical behaviors of strong students with the typical behaviors of weak students.

 

Strong Students . . .                              Weak Students . . .

[image: ]

• are relaxed, patient, and work carefully.                           • are rushed, impatient, and hurry through work. • almost always arrive on time and leave the classroom            • often arrive late and often leave class to “take a  

[image: ]

only in an emergency.                                            break.” 

[image: ]

• sit as close to the front as possible.                                   • sit as far away from the front as possible. • pay attention to instruction.                                       • ignore instruction, chit-chat, draw, fidget, etc. • use courteous and respectful language, encourage others,  • use disrespectful language, discourage others, make  

[image: ]

make positive comments, are cheerful and friendly.                negative comments, are grumpy and unfriendly.

[image: ]

  Examples of unacceptable language include:

[image: ]

“I hate this stuff!” (or even worse!)

[image: ]

“Are we doing anything important today?”

[image: ]

“Can we leave early?”

[image: ]

• ask appropriate questions and answer instructor’s ques- • avoid asking questions and rarely answer instructor’s 
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tions during class.                                                    questions in class. 
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• take lots of notes, have organized notebooks, seek out  • take few notes, have disorganized notebooks, do not use 
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and use study strategies                                           study strategies 
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• begin assignments promptly and manage time wisely,  • procrastinate, manage time poorly, and often complete 

[image: ]

and almost always complete assignments on time.                assignments late. 

[image: ]

• label assignments properly and show all work neatly.            • show little or no work and write sloppily. • read and work ahead.                                        • rarely read or work ahead. • contact instructors outside of class for help, and use  • avoid contacting instructors outside of class, and rarely 
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 additional resources such as study guides, solutions                 use additional resources available.  manuals, computer aids, videos, and tutorial services.

[image: ]

 

Assuming you have the prerequisites for success and understand the behaviors  of a good student, our next step is to develop two major tools for success:
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1. Learning Style: complete the Learning Styles Inventory to determine how 
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you tend to learn.
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2. The Study System: this system describes a way to organize your notebook, 
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take notes, and create study tools to complement your learning style. We’ve seen students transform their mathematics grades from D’s and F’s to A’s and B’s by using the Study System that follows.
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What Is Your Personal Learning Style?

A learning style is the way in which a person processes new information. Knowing 

your learning style can help you make choices in the way you focus on and study 

new material. Below are fifteen statements that will help you assess your learning 

style. After reading each statement, rate your response to the statement using the 

scale below. There are no right or wrong answers.

3 = Often applies 2 = Sometimes applies 1 = Never or almost never applies

 

______    1. I remember information better if I write it down or draw a picture of it.

 

______    2. I remember things better when I hear them instead of just reading or 

seeing them.

 

______    3. When I receive something that has to be assembled, I just start doing it. 

I don’t read the directions.

 

______    4. If I am taking a test, I can visualize the page of text or lecture notes 

where the answer is located.

 

______    5. I would rather have the professor explain a graph, chart, or diagram to 

me instead of just showing it to me.

 

______    6. When learning new things, I want to do it rather than hear about it.

 

______    7. I would rather have the instructor write the information on the board or 

overhead instead of just lecturing.

 

______    8. I would rather listen to a book on tape than read it.

 

______    9. I enjoy making things, putting things together, and working with my 

hands.

 

______  10. I am able to conceptualize quickly and visualize information.

 

______   11. I learn best by hearing words.

 

______  12. I have been called hyperactive by my parents, spouse, partner, or 

 professor.

 

______  13. I have no trouble reading maps, charts, or diagrams.

 

______  14. I can usually pick up on small sounds like bells, crickets, or frogs, or 

distant sounds like train whistles.

 

______  15. I use my hands and I gesture a lot when I speak to others.
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Write your score for each statement beside the appropriate statement number 

below. Then add the scores in each column to get a total score for that column.

 

  1. ________________       2. ________________          3. ________________

 

  4. ________________       5. ________________          6. ________________

 

  7. ________________       8. ________________          9. ________________

 

 10. ________________ 11. ________________ 12. ________________

 

 13. ________________ 14. ________________  15. ________________

 

Total:    ________________        ________________           ________________

 

Visual                    Auditory                      Tactile

 

The largest total of the three columns indicates your dominant learning style.

VISUAL

  Visual learners learn best by seeing. If this is your dominant learning style, 

then you should focus on learning strategies that involve seeing. The color coding in the study system (see page xvii-xviii) will be especially important. The same color coding is used in the text. Draw lots of diagrams, arrows, and pictures in your notes to help you see what is happening. Reading your notes, study sheets, and text repeatedly will be an important strategy.

AUDITORY

  Auditory learners learn best by hearing. If this is your dominant learning 

style, then you should use learning strategies that involve hearing. After getting permission from your instructor, bring a tape recorder to class to record the discus-sion. When you study your notes, play back the tape. Also, when you learn rules, say the rule over and over. As you work problems, say the rule before you do the problem. You may also find the videotapes to be beneficial because you can hear explanations of problems taken from the text.

TACTILE

  Tactile (also known as kinesthetic) learners learn best by touching or do-

ing. If this is your dominant learning style, you should use learning strategies that involve doing. Doing lots of practice problems will be important. Make use of the Your Turn exercises in the text. These are designed to give you an opportunity to do problems that are similar to the examples as soon as a topic is discussed. Writ-ing out your study sheets and doing your practice tests repeatedly will be impor-tant strategies for you.

Note that the study system developed in this text is for all learners. Your learn-

ing style will help you decide what aspects and strategies in the study system to focus on, but being predominantly an auditory learner does not mean that you shouldn’t read the textbook, do lots of practice problems, or use the color-coding system in your notes. Auditory learners can benefit from seeing and doing, and tactile learners can benefit from seeing and hearing. In other words, do not use your dominant learning style as a reason for not doing things that are beneficial to the learning process. Also, remember that the Learning Strategy boxes presented throughout the text provide tips to help you use your personal learning style to your advantage.

Adapted from Sherfield, Robert M.; Moody, Patricia G., Cornerstone: Creating Success Through Positive Change, 6th Edition. © 2011. Adapted by permission of Pearson Education, Inc. Upper Saddle River, NJ.
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Organize the notebook into four parts using dividers as shown:

[image: ]

 

Notes (see pages xvi-xvii)

 

Homework (see pages xvii-xix)

 

Study Materials

Study sheets (see page xix)

  Practice tests (see page xx) 

  Game plans (see page xx)

 

Quizzes/Tests (see page xxi)

 

Notes

• Use a color code: red for definitions, blue for rules or procedures, and pencil

for all examples and other notes.

• Begin notes for each class on a new page (front and back for that day is 

okay). Include a topic title or section number and the date on each page.

• Try to write your instructor’s spoken explanations along with the things he 

or she writes on the board.

• Mark examples your instructor emphasizes in some way to give them a 

higher priority. These problems often appear on quizzes and tests.

• Write warnings your instructor discusses about a particular situation. • Include common errors that your instructor illustrates, but mark them clearly 

as errors so that you do not mistake them for correct.

• To speed note taking, eliminate unnecessary words like “the” and use codes for 

common words like + for “and” and 6 for “therefore.” Also, instead of writing complete definitions, rules, or procedures, write the first few words and place the page reference from the text so that you can copy from the text later.

 

Sample Notes with Color Code

 

Include title. Include date.

 

Section #                                            9/20

We can simplify an expression by combining like terms.

Definition in

red with p. #   def. Like terms: constant terms or variable terms that have the

textbook            same variable(s) raised to the same powers. page

reference.

Ex 1)  2x and 3x are like terms.

Ex 2)  5x and 7y are not like terms.

 

Consider  2x 1 3x
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2x means two x’s                    3x means three x’s are added together.                  are added together.

2x   1   3x

5 x 1 x 1 x 1 x 1 x

We have a total of five

5            x’s added together. 5x

We can just add the coefficients.

Procedure in

blue with         p. #  Procedure: To combine like terms, add or subtract the textbook             coefficients and keep the variables and their exponents the same. page

reference.

Ex 1)  7x 1 5x 5 12x

Ex 2)  4y 2               2 2 2 10y 5 2 6y

 

Homework

This section of the notebook contains all homework. Use the following guidelines whether your assignments are from the textbook, a handout, or a computer pro-gram like MyMathLab or MathXL.

• Use pencil so that mistakes can be erased (scratching through mistakes is 

messy and should be avoided).

• Label according to your instructor’s requirements. Usually, at least include 

your name, the date, and assignment title. It is also wise to write the assigned problems at the top as they were given. For example, if your instructor writes “Section 1.5 #1–15 odd,” write it that way at the top. Labeling each assign-ment with this much detail shows that you take the assignment seriously and leaves no doubt about what you interpreted the assignment to be.

• For each problem you solve, write the problem number and show all solution 

steps neatly.

 

Why do I need to show work and write all the steps? Isn’t the 

right answer all that’s needed?

• Mathematics is not just about getting correct answers. You really learn math-

ematics when you organize your thoughts and present those thoughts clearly using mathematical language.

• You can arrive at correct answers with incorrect thinking. Showing your work 

allows your instructor to verify you are using correct procedures to arrive at your answers.

• Having a labeled, well-organized, and neat hard copy is a good study tool for 

exams.

 

What if I submit my answers in MyMathLab or MathXL?  

Do I still need to show work?

Think of MyMathlab or MathXL as a personal tutor who provides the exercises, offers guided assistance, and checks your answers before you submit the assign-ment. For the same reasons as those listed above, you should still create a neatly written hardcopy of your solutions, even if your instructor does not check the work. Following are some additional reasons to show your work when submitting answers in MyMathlab or MathXL.

• If you have difficulties that are unresolved by the program, you can show your 

instructor. Without the written work, your instructor cannot see your thinking.

• If you have a correct answer but have difficulty entering that correct answer, 

you have record of it and can show your instructor. If correct, your instructor can override the score.
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Sample Homework: Simplifying Expressions or Solving Equations

Suppose you are given the following exercise:

For Exercises 1–30 simplify.

1.   2  5 + 3 # 4-7

Your homework should look something like the following:

 

Section #  Homework 9/21

 

#1 2 15 odd

 

1.         5   1 2                     Write the initial 3 ? 4 2 7

5                   expression or equation. 25 1 3 ? 4 2 7

Write each step of the        5 25 1 12 2 7 solution beneath the          5 37 2 7 expression or equation.         30 5 

Circle or box

your answer.

 

Sample Homework: Solving Application Problems

Example: Suppose you are given the following two problems.

For Exercises 1 and 2, solve.

1.  Find the area of a circle with a diameter of 10 feet. 2.  Two cars are traveling toward each other on the same highway. One car is 

traveling 65 miles per hour and the other is traveling at 60 miles per hour.  If the two cars are 20 miles apart, how long will it be until they meet?

Your homework should look something like the following:

 

Section #  Homework 10/6

If applicable,

#1                   draw a picture 2 15 odd

or table.

If the solution requires

a formula, write the                  2 1.   A 5 p r                  2.         rate   time distance formula.                                                car 1 65 mph   t     65t

10 ft.     r 5 1/2 (10 ft.)          car 2 60 mph   t      60t

r 5 5 ft.

car 1          car 2         total

distance  1  distance  5   distance

A        2 5  p (5 ft.)              65t   1     60t   5     20 A 5  p     2 (25 ft.)     Translate to an      125t   5     20 A        2        equation. Then 5 25 p ft.      125t   5     20 A 2   show all solution     125         125  25 (3.14) ft.

A   78.5 ft.                            t    5  2       steps.   0.16

The cars meet in 0.16 hours.

Answer the question.
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Sample Homework: Graphing

Example: Suppose you are given the following two problems.

For Exercises 1 and 2, graph the equation.

1. y = 2x-3  2. y =-2x + 2

Your homework should look something like the following:

 

Use graph paper.

 

Section  # Homework                                 10/24

Write the

1.  y                     equation to 5 2x 2 3     2.  y 5 22x 1 1

be graphed.

y 5 2(0) 2 3   y 5 2(2) 2 3    y 5 22(0) 1 1    y 5 22(1) 1 1 y 5 0 2 3     y 5 4 2 3      y 5 0 1 1        y 5 22 1 1

Show information used       y 5 23        y 5 1           y 5 1            y 5 21

to generate the graph                       x    y                           x    y

(finding the solution           y 5 2(1) 2 3    0   23          y 5 22(2) 1 1    0    1

points, slope, etc.).            y 5 2 2 3       1    21           y 5 24 1 1       1    21

y 5 21        2    1          y 5 23         2   23

 

y   y 5 2x 2 3        y 5 22x 1 1   y

 

Use a straightedge for                                                  (0, 1) (2, 1) the x Draw the graph neatly.                            Include straight lines (including                                                        (1, equation,2   x

(1, 2                                          1)

the axes).                   (0, 2          1) 3)                                      (2, 2 axes labels,                   3) and any

ordered

pairs used

to draw

the graph.

 

Study Materials

This section of the notebook contains three types of study materials for each chapter.

Study Material 1: The Study Sheet A study sheet contains every rule or 

procedure in the current chapter.

 

Use the chapter

summary at the end of

each chapter as a guide.              Chapter #  Study Sheets          9/10      If you are a visual

or tactile learner,

Write each rule or           To graph a number on a          ex)  Graph 2              include a key 2 , procedure studied.                                                             example to

They are in blue in your                                                              illustrate what 4 2 2 3 2 2 2 1 0 1 the mark for the number. number line, draw a dot on notes and in the text.                                                                 the rule or

procedure says.

The absolute value of a positive

number is positive.                ex)   7  5 7
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To add same sign,

Include anything that           Add and keep the same sign     ex)  7 1 5 5 12

helps you remember the

procedures and rules.          With different signs, subtract    ex)  27 1 (25) 5 212

For example, auditory          Keep the greater value’s sign     ex)  27 1 5 5 22

learners might write            Add this, subtract that          ex)  7 1 (25) 5 2

poems, rhymes, or            Can’t you read the signs?

jingles, as shown here.

Can’t you read the signs?

 

Study Material 2: The Practice Test If your instructor gives you a practice test, 

proceed to the discussion of creating a game plan.

If your instructor does not give you a practice test, use your notes to create 

your own practice test out of the examples given in class. Include only the instruc-

tions and the problem, not the solutions. The following sample practice test was 

created from examples in the notes for Chapter 2 in a prealgebra course.

 




Chapter #  Practice Test               10/10

 

For # 1 and 2, graph on a number line. For each example in

your notes, write the

1.  4 directions and the

2.  23 problem but not the

solution.

For #3 and 4, simplify.

After working through             3.   28 

the practice test, use

your notes to check             4.   9

your solutions.

 

Study Material 3: The Game Plan The game plan refines the study process 

further. It is your plan for the test based on the practice test. For each problem on 

your practice test, write the definition, rule, or procedure used to solve the problem.

The sample shown gives the rule or procedure used to solve each problem on 

the sample practice test on the previous page. The rules and procedures came from 

the sample study sheet.

 




Chapter #  Game Plan                 9/10

Write the rule or

Multiple problems that      #1 and 2:   Draw a dot on the mark for the number.         procedure used to

use the same rule or solve the problems

 

procedure can be on the practice test.  #3 and 4:  The absolute value of a positive number  grouped together.   is a positive number.

  The absolute value of a negative number

  is a negative number.

  The absolute value of O is O.
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Quizzes/Tests

Archive all returned quizzes and tests in this section of the notebook.

• Midterm and final exams questions are often taken from the quizzes and 

tests, so they make excellent study tools for those cumulative exams.

• Keeping all graded quizzes and tests offers a backup system in the unlikely 

event your instructor should lose any of your scores.

• If a dispute arises about a particular score, you have the graded test to show 

your instructor.

 




Chapter #  Quiz                       10/10

 

For 1-4, simplify.

4/4 5 100%

1.   28           5 8                      Nice

work!

2.   9               5 9

 

3. 215 1 5     5 210

 

4.  28 1 26 5 214
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Chapter Overview                           1.1 Introduction to Numbers, 
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Notation, and Rounding
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To be successful in studying mathematics, we must build a 
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1.2 Adding and Subtracting Whole 
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solid foundation. Chapter 1 is the foundation of this course. In 
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Numbers; Solving Equations
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it, we explore:
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Arithmetic with whole numbers.                                  Exponents 1.3 Multiplying Whole Numbers; Key geometry concepts: perimeter, area, and volume.

1.4 Dividing Whole Numbers; 

Key statistical concepts: mean, median, and mode.                   Solving Equations

The skills developed here will be used in every chapter; so talk      1.5 Order of Operations; Mean, with your instructor if you have difficulty in this chapter.                 Median, and Mode

1.6 More with Formulas

 

1 1 2   Chapter 1  Whole Numbers

 

1.1    Introduction to Numbers, 

Notation, and Rounding

 

Objectives                    Warm-up Refer to the To the Student Section on p. xx.

1                                     1. What are the four sections of the notebook? Name the digit in a specified 

place.                           2. What is the color code for notes?

2                                        3. Complete the Learning Style Inventory. What is your learning style? Write whole numbers in stan-

dard and expanded form.

3                                    Learning Strategy Write the word name for a 

whole number. Every day after class, read over your notes and the related parts in the chapter. 

4  By looking at the information while it’s still fresh in your mind, it will be easy to  Graph a whole number on a 

number line.                    remember.

5  —Sarah S.  Use  *  ,  +  , or   to write a 

true statement.

6 Round numbers.

7                                    Numbers form the foundation of mathematics. Of Interest

Interpret bar graphs and line     To write numbers, we use ten numerals, or digits: 

graphs. Numerals have been written 

0, 1, 2, 3, 4, 5, 6, 7, 8, 9. Because our numeral 

many different ways throughout 

system has ten numerals, it is a base-10 system. To 

history. Our modern numerals 

write numbers beyond 9, we use combinations 

are derived from Hindu-Arabic 

of numerals in a place-value system, which we 

forms. Numerals from various 

will explore in a moment.

cultures are shown in the margin.

Babylonian                               Numbers are classified into groups called sets.

In this chapter, we focus on the set of whole numbers, which contains 0 and all of 

the counting numbers: 1, 2, 3, and so on. The counting numbers make up the set of 

natural numbers. Because every natural number is in the set of whole numbers, 

we say that the set of natural  numbers is a subset of the set of whole numbers.

Egyptian

Definitions Set: A group of elements.

Subset: A set within a set.

Note The three periods are an 

Greek Natural numbers: The natural numbers           ellipsis, indicating that the num-

are 1, 2, 3, . . .                                               bers continue forever.

Whole numbers: The whole numbers are 0, 1, 2, 3, . . .

I I    II  III II  III 

IV  The following figure shows the set of natural numbers contained within the set of  IV  V  V  VI  VI 

whole numbers.

Roman       VII  VIII IX VII  VIII IX 

Note                                     Whole Numbers: 0 is the only whole number 0, 1, 2, 3, . . . that is not a natural number.

Natural Numbers: 1, 2, 3, . . .

Chinese

Objective 1 Name the digit in a specified place.

Figure 1-1 shows how the place values are arranged.

Hindu

Answers to Warm-up

1. notes, homework, study materials, graded work 2. red = definitions; blue = rules/procedures; pencil = all other notes 3. Answers may vary.

Arabic
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Figure 1-1 Place Values

Connection The place-value 

Place Values table is like the money tray in 

Trillions period    Billions period   Millions period   Thousands period   Ones period        a cash register. Writing a digit 

in a particular place is like 

ed                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   ed                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 ed                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             ed                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 eds                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    putting that many bills in the 

designated tray of the regis-

Hundr en                                                                                                                                                                                                                                                                                                                                                                                                       rillions                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            en                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 en                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     en                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               ens                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        ter. For example, writing a 7  trillions  T  trillions  T  Hundr  billions  T  billions  Billions  Hundr  millions  T  millions  Millions  Hundr  thousands  T  thousands  Thousands  Hundr  T  Ones

in the hundreds place is like 

putting seven $100 bills in the 

The dashed arrow to the left of the table indicates that the place values continue to  hundreds tray of the register, 

the left indefinitely. Notice that the place values are arranged in groups of three,  which is worth a total of $700.

called periods. Numbers written using the place-value system are said to be in standard form. When writing numbers in standard form, we separate the periods with commas, as in 3,243,972.                                                         Note The comma is optional in a 

four-digit number. For example, 

Example 1                                                          we can write 4,538 or 4538. What digit is in the thousands place in 209,812?

Answer:  9                                                                                Your Turn 1

Explanation:  The digit in the thousands place is the fourth digit from the right.

a.  What digit is in the hundred

Do Your Turn 1 thousands place in 62,407,981?

b.  What digit is in the ten 

Objective 2  millions place in 417,290,006?  Write whole numbers in standard and expanded form.

Another way to write numbers is in expanded form, which shows a number’s meaning using its digits and place values. For example, 430 is the sum of 4 hun-dreds, 3 tens, and 0 ones.

 

4        3        0

hundr                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    tens                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      ones

 

eds

 

u                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      Note Adding 0 does not affect a sum; so u

t                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              we do not have to write 0 ones and can 

4 hundreds     3 tens    0 ones        write 4 hundreds + 3 tens.                        Your Turn 2

Write the number in expanded 

Procedure                                                  form.

a. 82,469

To write a number in expanded form, write each digit followed by its  

place-value name and a plus sign until you reach the last place, which is              b. 7,082,049

not followed by a plus sign.                                                          c. 410,159,200

Answers to Your Turn 1

Example 2                                                         a. 4 b. 1 Write the number in expanded form.

a. 57,483                                                                       Answers to Your Turn 2

 

Answer:                                                                         a.  8 ten thousands +  5 ten thousands + 7 thousands + 4 hundreds + 8 tens + 3 ones 2 thousands + 4 hundreds +

b. 4,705,208                                                                          6 tens + 9 ones

 

Answer: b. 7 millions + 8 ten thousands +  4 millions  +  7 hundred thousands  +  5 thousands  +  2 hundreds  +  8 ones  2 thousands  +  4 tens  +  9 ones

Do Your Turn 2                                                                     c.  4 hundred millions +

1 ten million + 1 hundred thousand + 5 ten thousands + 9 thousands + 2 hundreds 4   Chapter 1  Whole Numbers

 

TACTILE      VISUAL    AUDITORY                                                      Let’s convert from expanded form to standard form.

 Learning Strategy

If you are using the note-taking      Procedure

system from the To the Student To convert a number from expanded form to standard form, write each digit 

section of this text, remember to  in the place indicated by the corresponding place value. If the expanded form 

use a red pen for definitions and a  is missing a place value, write a 0 for that place value in the standard form.

blue pen for procedures and rules.

 

Your Turn 3                       Example 3 Write the number in standard form.

a.  6 ten thousands + 9 thousands + 2 hundreds + 5 tens + 3 ones

Write the number in standard 

form.                              Answer: 69,253

 a.  2 hundred thousands +           b. 9 millions + 2 ten thousands + 7 hundreds + 9 tens + 3 ones

3 ten thousands +

 

b. 9 tens                                                     thousands in the expanded form. So we write + 8 ones 0s in those places in the standard form.  9 hundred millions 1 thousand                     Answer: 9,020,793   Note  There are no hundred thousands and no + 5 hundreds +

+

1 ten thousand +                  Do Your Turn 3

4 thousands + 7 hundreds

Objective 3 Write the word name for a whole number.

The word name for a number is the way we say the number.

 

Procedure

To write the word name for a whole number, work from left to right through the periods.

  1.  Write the word name of the number formed by the digits in the period.  2.  Write the period name followed by a comma.

  3.  Repeat steps 1 and 2 for each period except the ones period. For the ones 

period, write only the word name formed by the digits. Do not follow the ones period with its name.

 

Your Turn 4                      Warning Do not write the word and in the word name for a whole number. As we 

Write the word name.              will see in Chapter 6, the word and takes the place of a decimal point.

a.  49,777 (2009 median family 

of the Census)                                   Write the word name. income; Source: U.S. Bureau        Example 4 

b. 14,256,000,000,000 (2009  a. Note All two-   2160 (diameter of the moon in miles)

Gross Domestic Product;  digit numbers 

Source: U.S. Bureau of the  whose names  Answer:  two thousand, one hundred sixty from 21 to 99 

Census)                        Explanation:   Thousands Period     Ones Period                c o n t a i n   t w o 

c.  847,716 (Diameter of the sun  w o rd s ,   s u c h  2  1  6  0

in miles) as forty-nine, 

two thousand      one hundred sixty

fifty-eight, or 

Answers to Your Turn 3 n i n e t y - t w o , 

a. require a hy-  231,598  b.   92,958,349 (average distance from the earth to the sun in miles)

b. phen between   900,014,700

Answer:  ninety-two million, nine hundred  the two words.  

fifty-eight thousand, three hundred forty-nine

Answers to Your Turn 4

a.                                            Explanation: forty-nine thousand, seven      Millions period      Thousands period       Ones period

hundred seventy-seven

b. fourteen trillion, two hundred                             9     2      9       5       8      3    4    9

fifty-six billion                                          ninety-two       nine hundred fifty-eight     three hundred  

c.                                                                          million               thousand             forty-nine  eight hundred forty-seven 

thousand, seven hundred 

sixteen                               Do Your Turn 4
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Objective 4 Graph a whole number on a number line.

We sometimes use a number line as a visual tool. On the following number line, we have marked the whole numbers through 7.

 

Note The arrow pointing to the right indicates that the numbers increase indefinitely. When 

 we discuss integers in Chapter 2, we will see 

0 1 2   3 4 5 6   7            that the number line continues indefinitely to 

the left as well.

 

Procedure

To graph a whole number on a number line, draw a dot on the mark for that 

number.

 

Example 5 Graph 5 on a number line.                                        Your Turn 5

Solution:                                     Draw a dot on the mark for 5.                Graph the number on a number 

0                                                                    line. 1 2 3 4 5 6 7

a. 3 b. 6

Do Your Turn 5

 

Objective 5 Use * , + , or to write a true statement.

Now let’s compare two numbers. A statement that contains an equal sign, such as 12 = 12, is an equation. A statement that contains an inequality symbol, such as 6 6 10, is an inequality.

 

Definitions Equation: A mathematical relationship that contains an equal sign 1= 2.

Inequality: A mathematical relationship that contains an inequality symbol 16, 7 2.

 

The inequality symbol 7 means “greater than,” whereas 6 means “less than.” Equations and inequalities can be true or false. The following table lists some equa-tions and inequalities, shows how they are read, and whether they are true or false.

 

Statement   Translation to words           True or False

12 = 12     “twelve is equal to twelve”         True

15 = 7      “fifteen is equal to seven”          False

6 6 10      “six is less than ten”                True

9 6 4       “nine is less than four”             False

11 7 8      “eleven is greater than eight”       True

0 7 5       “zero is greater than five”          False

 

Procedure

To use 6, 7 , or = to make an incomplete statement true:                            Answers to Your Turn 5

•  If the two numbers are the same, use =.                                         a.

•  If the two numbers are different, choose                                              0 1 2 3 4 5 6 7 6 or 7 so that the inequality 

symbol opens toward the greater of the two numbers.                          b.

0 1 2 3 4 5 6 7 6   Chapter 1  Whole Numbers

 

VISUAL                                                                                 Example 6      Use 6 , 7, or = to write a true statement.

Learning Strategy              a. 208  ?  205

If you are a visual learner, imag-

ine                                    Answer: 208    205 6 and 7 7 as mouths that 

open to eat the bigger meal.          Explanation:  On a number line, 208 is farther to the right than 205; so 208 is 

greater. We use the greater than symbol to open toward 208.

Your Turn 6

Use 6, 7 , or = to write a true                               201 202 203 204 205 206 207 208 209 210 statement.

 

b. a. 15,907  ?  15,906                  b. 48,995  ?  49,000 1,291,304  ?  1,291,309 Answer: 48,995 6 49,000

c. 64,108  ?  64,108                  Explanation:  On a number line, 49,000 is farther to the right than 48,995; so 

d. 24,300  ?  25,300                  49,000 is greater. We use the less than symbol to open toward 49,000.

 

48,994 48,995 48,996 48,997 48,998 48,999 49,000 49,001

 

Do Your Turn 6

 

Objective 6 Round numbers.

In Example 4b, we saw that the average distance from the earth to the sun 

is 92,958,349 miles. Because numbers such as 92,958,349 are rather tedious 

to say and work with, we often round such numbers so they are easier to 

communicate.

When we round a number, we must identify a place value to round to; often the 

place value will be specified. For example, let’s round 92,958,349 to the nearest 

million. First, we must determine whether 92,958,349 is closer to the exact 

million greater than 92,958,349, which is 93,000,000, or the exact million less than 

92,958,349, which is 92,000,000. A number line can be helpful.

 

Nearest million less than  Nearest million greater than 

Warning  Make sure you include               92,958,349                                92,958,349 all 0s after the rounded place.                                                            Instead of 93, write 93,000,000. 

Think about money. $93 is very                        92,000,000                         93,000,000 different from $93,000,000.

92,958,349 

Because 92,958,349 is closer 

to 93,000,000, we round up to 

93,000,000.

 

Although we could use a number line every time we round, the digit in the place 

to the right of the place to be rounded can tell us whether to round up or down. 

If that digit is greater than 5, the number is closer to the greater number; so we 

round up. If that digit is less than 5, the number is closer to the lesser number; so 

we round down. If it is 5, we agree to round up. Our example suggests the follow-Answers to Your Turn 6                ing procedure.

a. 15,907 7 15,906

b. 1,291,304 6 1,291,309

c. 64,108 = 64,108

d. 24,300 6 25,300
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Procedure

To round a number to a given place value:

  1.  Identify the digit in the given place value.

  2.  If the digit to the right of the given place value is 5 or greater, round up by 

increasing the digit in the given place value by 1. If the digit to the right of the given place value is 4 or less, round down by keeping the digit in the given place value the same.

  3.  Change all of the digits to the right of the rounded place value to zeros.

 

Example 7 Round 43,572,991 to the specified place.                              Your Turn 7

a. Round 602,549,961 to the speci-  hundred thousands

fied place.

Solution: 43,572,991

a. ten thousands b. tens

thousands                                                                              c. millions so we round up. Hundred        The digit to the right of 5 is 7, which is greater than 5;  

 d. thousands

Answer: 43,600,000

 e. hundreds

b. ten thousands

Solution: 43,572,991

 

Ten thousands     The digit to the right of 7 is 2, which is less than 4;  

so we round down.

Answer: 43,570,000

c. millions

Solution:  43,572,991

 

Millions       The digit to the right of 3 is 5; so we round up.

Answer: 44,000,000

d. hundreds

Solution: 43,572,991

 

Hundreds       The digit to the right of 9 is 9, which is greater than 5;  

so we round up.

Answer: 43,573,000 Note When the 9 in the hundreds place is rounded up, it 

becomes 10. Because 10 hundreds is 1000, we must add 1 to 

the digit in the thousands place so that the 2 becomes a 3. This 

process of adding to the next place to the left is sometimes 

called regrouping or carrying.

Do Your Turn 7

 

In the real world, we are seldom told what place to round to; so we round to a place that makes sense for the situation. Some questions to consider are as follows:

•  How precise must the numbers be?

•  How accurately can the amounts involved be measured?                        Answers to Your Turn 7

•  Are others depending on what we do?                                         a. 602,550,000

b. 602,549,960

•  Are lives at stake?

c. 603,000,000

For rough estimation purposes, we can round so that there is only one digit that is     d. 602,550,000 not 0. This means to round to the place value farthest to the left.                        e. 602,550,000
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Your Turn 8                       Example 8    Round each number so that there is only one nonzero digit.

Round each number so that           a. 36,568

there is only one nonzero digit.

Solution: 3 6,568

 a. 27,502,341

 b. 6,128,200

  Farthest      The digit to the right of 3 is 6, which is greater  

 c. 453,219                                    left      than 5; so we round up.

Answer: 40,000

b. 621,905

Solution: 621,905

 

  Farthest      The digit to the right of 6 is 2, which is less  

 left        than 5; so we round down.

Answer: 600,000



Note Remember, when rounding down, the digit in the rounded place remains the same.

Do Your Turn 8

 

Objective 7 Interpret bar graphs and line graphs.

Numbers are also common in graphs, such as bar graphs, which are usually used 

to compare amounts.

 

Your Turn 9                       Example 9    Use the following graph, which shows the five states with the 

Use the graph in Example 9.          highest revenues for public education in 2006–2007.

a.  What revenue did New York 

generate?                                        Revenue for Public Elementary and Secondary Schools, by State

 b.                                                                                                2006– 2007  Which state had the least 

revenue?                               80,000,000

 c.  Round New York’s revenue 

to the nearest hundred                                70,076,641 70,000,000

thousand.

60,000,000

50,564,902

50,000,000

44,220,225

40,000,000

28,893,216

30,000,000

24,503,137

Revenue (in dollars)

20,000,000

10,000,000

 

Answers to Your Turn 8                                    0

California   New York     Texas      Florida    New Jersey

a. 30,000,000

b. 6,000,000

c. 500,000

Answers to Your Turn 9

a. $50,564,902

b. New Jersey

c. $50,600,000
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a.  What revenue did Florida generate?

Answer: $28,893,216

b.  Which state had the greatest revenue?

Answer: California

c.  Round Texas’ revenue to the nearest million.

Answer: $44,000,000

Do Your Turn 9

 

We may also encounter line graphs, which are usually used to show how amounts have changed over time.

 

Example 10 Use the following graph, which shows average tuition and fees       Your Turn 10

at two-year colleges. Use the graph in Example 10.

a.  What were the average 

Average Tuition and Fees per Semester  tuition and fees per semester 

for Two-Year Colleges                                           in ‘99–’00?

3000

2718                 b.  Round the average tuition 

2500 and fees per semester in 

‘09–’10 so that there is only 

2000                                                                                one nonzero digit. 1500

1338

1000

Cost (in dollars)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        756

500

178             355

0

'69– '70        '79– '80        '89– '90        '99 – '00        '09 – '10

School Year

a.  What were the average tuition and fees per semester in ‘89–’90?

Answer: $756

b. Round the average tuition and fees per semester in ‘79–’80 to the nearest 

hundred.

Answer: $400

c.  What general trend does the graph indicate?

Answer:  The cost of tuition has increased over the years (nearly doubling every 

decade). 

Do Your Turn 10

 

Answers to Your Turn 10

a. $1338 b. $3000

10   Chapter 1  Whole Numbers

PORTFOLIO

 

1.1             For Exercises

Extra

Help

 

Objective 1

Prep Exercise 1  List the first four numbers in the set of            Prep Exercise 2  Is every whole number a natural whole numbers.                                           number? Explain. 

Prep Exercise 3  Complete the following table of place values.

Billions period    Millions period    Thousands period    Ones period

Billions                                                                                                                                                                Hundr                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                Billion                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            T                                                                                                                                                                                                                                                                                                                                                                                  Millions                                                                                                                                                                                                                                                                                                                                                    Thousands                                                                                                                                                                Hundr                                                                                                                                                                                                                                                                              Thousands                                                                                                                                                                T                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              Hundr                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          Ones

en Millions                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    en 

ed                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   ed                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             eds

 

For Exercises 1–4, name the digit in the requested place in the number 56,324,092.

1. hundreds                                               2. thousands 

3. ten millions                                                   4. hundred thousands 

For Exercises 5–8, name the place held by the 7.

5. 2,457,502  6. 57,414 

7. 9,706,541  8. 70,412,581 

Objective 2

Prep Exercise 4  Explain how to write a number in  expanded form. 

For Exercises 9–14, write the number in expanded form.

9. 24,319                                                      10. 78,625

 

11. 5,213,304                                                   12. 2,410,512

 

13. 93,014,008                                                14. 86,300,905

 

For Exercises 15–20, write the number in standard form.

15. 8 thousands + 7 hundreds + 9 tens + 2 ones 

16. 9 ten thousands + 2 thousands + 5 hundreds + 8 tens + 1 one 

17. 6 millions + 3 ten thousands + 9 thousands + 2 tens 

18. 8 hundred millions + 7 thousands + 2 hundreds + 3 ones 

19. 4 ten millions + 9 hundred thousands + 8 ten thousands + 1 hundred + 9 ones 

20. 7 hundred millions + 2 millions + 5 ten thousands + 8 tens 

Objective 3

Prep Exercise 5  Explain how to write the word name of a number. 

 

For Exercises 21–26, write the word name.

21. 7768 (diameter of the earth in miles)                      22. 29,035 (height of the peak of Mount Everest in feet)
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23. 310,464,734 (estimated resident population of the         24. 13,615,674,949,267 (U.S. gross outstanding national 

United States in 2010 according to the U.S. Bureau of         debt in 2010) the Census)

 

25. 186,171 (speed of light in miles per second)               26. 299,792,458 (speed of light in meters per second)

 

Of Interest

The sun is 92,958,349 miles from the earth. The light leaving the sun travels at a speed of 186,171 miles per second. Even at this speed, it takes the light from the sun a little over 8 minutes to reach the earth.

Objective 4

Prep Exercise 6  Draw a number line showing the first six whole numbers. 

 

For Exercises 27–32, graph the number on a number line.

27. 4                                                                  28. 2 

 

29. 7                                                                  30. 9 

 

31. 0  32. 1

 

Objective 5

Prep Exercise 7  When comparing two different numbers, choose 6 or 7 so that the inequality opens toward the 

 of the two numbers. 

For Exercises 33–38, use 6, 7 ,  or = to write a true statement.

33. 599  ?  899  34. 89,900  ?  89,902         35. 609,001  ?  609,001 

36. 88,332  ?  88,332                     37. 4,299,308  ?  4,298,308  38. 9911  ?  9199 

Objective 6

Prep Exercise 8  Explain how to round a number.

 

For Exercises 39–46, round 5,652,992,481 to the specified place.

39. thousands                40. hundred millions         41. millions                  42. ten millions

 

43. billions                      44. hundred thousands        45. hundreds                 46. ten thousands

 

For Exercises 47–52, round each number so that there is only one nonzero digit.

47. 32,607                                  48. 281,506  49. 851,220 

50. 4,513,541  51. 8723  52. 54,298 

53. The average distance from Mars to the sun is             54. The U.S. gross national debt was $13,615,674,949,267 

141,639,520 miles. Round the distance to a reasonable  in 2010. Round the debt to a reasonable place. Why 

place. Why did you round to the place you chose?           did you round to the place you chose?




12   Chapter 1  Whole Numbers

 

Objective 7

55. Use the graph to answer the following questions.

Public School Teacher’s Average Salary, 2008

70,000

64,424

60,471 62,332                       60,474

60,000

53,410                       53,400

50,000                46,604 46,930                46,179

40,000

30,000

Average Salary                                                                                          20,000

10,000

0

Florida       Ohio              Texas lllinois                Hawaii

New York Alabama                                   California

Massachusetts

Source: National Education Association.

a.  What was the greatest average salary among the          b. What was the least average salary among the 

states listed?                                                       states listed? 

c.  List the four highest-paying states of those listed in         d. Round the average salary for public 

order from greatest average salary to least average            school teachers in Florida to the nearest 

salary.                                                                 thousand. 

e.  Round the average salary for public school teach-         f.  Although salaries may vary greatly from state to 

ers in Hawaii to the nearest thousand.  state, what factor may “equalize” the income? 

56. Use the graph to answer the following questions. Write numeric answers in 

standard form.

U.S. Population

310,000,000

295,561,000

307,006,000

290,000,000

266,278,000         282,172,000

270,000,000

250,000,000

Income (in millions)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                249,623,000

230,000,000

1990        1995        2000        2005        2009

Year

Source: U.S. Census Bureau.

a.  What was the U.S. population in 2000? 

b. What was the U.S. population in 2009? 

c.  Round the population in 1990 to the nearest million. 

d. Round the population in 2005 so that it has one nonzero digit. 

e.  What does the graph indicate about the U.S. population? 
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1.2       Adding and Subtracting Whole 

Numbers; Solving Equations

 

Warm-up                                                      Objectives

[1.1] 1. Write 43,075 in expanded form.                                                 1 Add whole numbers.

 [1.1] 2. Use 6, 7 , or = to write a true statement.                                        2 Estimate sums.

9871  ?  9786                                                                         3 Solve applications involving 

addition.

Objective 1 Add whole numbers.                                        4 Subtract whole numbers.

Let’s examine the operation addition.                                                5 Solve equations containing 

an unknown addend.

Definition Addition: The arithmetic operation that combines amounts.               6 Solve applications involving 

subtraction.

When we write an addition sentence, the addends are the numbers that are added      7 Solve applications involving and the sum is the answer. addition and subtraction.

3 + 5 = 8

Addends Sum

Notice how the order of addends can be changed without affecting the sum.

5 + 3 and 3 + 5 both make a sum of 8.

This fact about addition is called the commutative property of addition. The word com-mutative                                                                              Of Interest comes from the root word commute , which means “to move from one place to another.” That’s what happens when we move the addends—they commute. In the 1400s, the Latin word et, 

which means “and,” was used 

to indicate addition. The writ-

Commutative Property of Addition

ers of the time would generally 

Changing the order of the addends does not affect the sum.                         write the word so that the e and t

 

In math language: would run together, creating our  a  +  b  =  b  +  a  , where  a  and  b  are any numbers.  modern  +  sign.

Source: D. E. Smith, History of 

We add whole numbers according to place value. Most people prefer to stack the      Mathematics. numbers, aligning the like place values. Sometimes when we add digits, the sum is greater than 9; so we have to add the extra to the next column.

 

Procedure

To add whole numbers:

  1.  Stack the numbers so that the corresponding place values align.

  2.  Add the digits. If the sum of the digits in any place value (or column) is 

greater than 9, write the ones digit of that sum in that place-value column and add the remainder of the sum to the digits in the next place-value  column. This process is sometimes called regrouping or carrying.

 

Example 1 Add.                 Connection When we add the dig-

a.                                            its 2 and 6, we add 2 tens and 6 tens,  423 + 64

which gives 8 tens. In  expanded 

Solution: 423               64             form:

+ 64    or    + 423                                              Answers to Warm-up 4 hundreds + 2 tens + 3 ones             1. 

 

Note                                                                              2. 4 hundreds + 8 tens + 7 ones = 487 9871 7 9786 The commutative property 487            487                                                     4 ten thousands + 3 thousands + + 6 tens + 4 ones  7 tens + 5 ones allows us to stack either way.
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 Explanation:  We stacked the numbers with the ones and tens places aligned,   Your Turn 1

then added the corresponding digits.

Add.

a.                                           b. 5408 + 916 527 + 41

 

 c. b. 5802 + 549                              1 1 Solution: 5 408 59,481 + 8574 916 +

6324

Explanation:  Notice that when we add the 8 and 6, we get 14. The 4 is placed in the ones place. The extra 10 in 14 is expressed as a 1 over the tens column of digits and is added with the other tens digits. The same thing happens with the 9 and 4 in the hundreds column. Finally, we added the 1 and 5 in the thousands column.

 Do Your Turn 1

 

When we have three or more addends, we can group them any way we wish. 

Consider 2 + 3 + 4. We can add the 2 and 3 first, which is 5, and then add the 4 

for a total of 9. Or we can add the 3 and 4 first, which is 7, and then add the 2 to 

total 9 again.

This property of addition is called the associative property of addition because to 

associate is to group. To write the associative property symbolically, we use pa-

rentheses to indicate the different ways we can group the addends.

12 + 32 + 4 indicates add the 2 + 3 first, then add 4 to the result.

 2 + 13 + 42 indicates add the 3 + 4 first, then add that result to 2.

Either way, we get 9.

 

Associative Property of Addition

Grouping three or more addends differently does not affect the sum.

In math language:   1a + b2 + c = a + 1b + c2, where a , b, and c are any numbers.

 

The commutative and associative properties allow for flexibility in the way we 

add. We can change the order of the addends or group the addends any way we 

wish without affecting the sum.

 

Your Turn 2                       Example 2    Add. 35 + 60 + 18

 

Add.                                   1 Solution: 35       Connection The addition properties tell us that we a. 48 + 70 + 62 60 can  rearrange or group the addends differently in b. 114 + 85 + 30 + 79 + 18 35 + 60 + 18 and the sum will still be 113. c. 35,604 + 907 + 113 Here are a couple of examples: 3215 + 42,008

35 + 60 + 18       or      35 + 18 + 60 u u = 35 + 78    = 53 + 60

= 113  =113

 

Explanation:  We stacked the numbers by place value and added the digits.

Answers to Your Turn 1                    Do Your Turn 2 a. 568 b. 6351 c. 68,055

Answers to Your Turn 2

a. 180 b. 308 c. 81,734
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Objective 2 Estimate sums.

In some situations, a quick approximation for a calculation, or an estimate, is pref-erable to finding the actual answer. An estimate can also serve as a rough check of the actual calculation. In general, to estimate a calculation, we round the numbers so that the calculation is easy to perform mentally. In this text, we will estimate sums (and differences) of whole numbers using the following procedure.

 

Procedure

To estimate a sum of whole numbers:                                             Note Estimates are meant to be 

  1.  Round the smallest number to the highest possible place value so that it  quick and easy to perform men-

has only one nonzero digit. tally. The procedures given in this 

  2.  Round all of the other numbers to that same place value.                         text are merely suggestions.

  3.  Add the rounded numbers.

 

Example 3 Estimate each sum by rounding. Then find the actual sum.            Your Turn 3

a. Estimate each sum by rounding.    68,214  +  4318

Then find the actual sum.

Solution:  To estimate, we first round the smallest number, 4318, so that it has 

a. 67,482 + 8190

one nonzero digit, which is 4000. Because we rounded 4318 to the nearest 

thousand, we round 68,214 to the nearest thousand as well, which is 68,000.           b. 4586 + 62 + 871

The estimate is the sum of 68,000 and 4000.

 

Estimate:   1                         1     1         Note The estimate is quite Actual: 6 8,000 6 8,21 4 close to the actual sum, which 

+ 4,000            +4,318     reassures us that the actual 72,000             72,532   sum is reasonable.

b. 5896 + 539 + 72

Solution:  To estimate, we round the smallest number, 72, so that it has one non-

zero digit, which is 70. Because we rounded 72 to the tens place, we round the 

other numbers to the tens place as well, which gives 540 and 5900. Then we add 

all three rounded numbers.

1 1                        1 2 1

Estimate: 5900       Actual: 5896

540               539

+ 70            + 72

6510              6507

Do Your Turn 3

 

Objective 3 Solve applications involving addition.

Often certain words, called key words, in a problem statement can help us deter-mine how to solve the problem. Below are some key words and key questions that help us recognize addition.

 

Key Words for Addition

add, plus, sum, total, increased by, more than, in all, altogether, perimeter

Key Questions How much in all?

How much altogether?

What is the total?                                                    Answers to Your Turn 3

a. Estimate: 75,000 

Actual: 75,672

b. Estimate: 5520 

Actual: 5519
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Your Turn 4                       Example 4    Bob and Kim find out that the basic cost of building the house 

Below are the base price and  they have chosen is $212,500. They decide that they want to add some extra 

prices for upgrades. What will  features. A wood-burning fireplace costs an additional $680. They also want to 

be the total cost of the house  upgrade the fixtures and appliances at a cost of $3158. What will be the total 

with the upgrades? Check by         price of the house? estimating.

Solution:  Notice the word total in the question. Because the upgrades are costs 

House base price =              in addition to the base price, we must add.

 $225,480

Deck                           1 1                                          1 =

$2280                    212,500     Check by estimating: 212,500

Fireplace = $620                    3,158                           3,200

Kitchen upgrade = $1875            +680                          +700

216,338                          216,400    This is reasonably close to the 

 actual sum.

Answer:  The total price of the house is $216,338.

Do Your Turn 4

 

Suppose we want to construct a fence around some property. To determine how 

much fence we need, we measure or calculate the total distance around the region 

to be fenced. This distance is called perimeter.

 

Definition Perimeter: The total distance around a figure.

 

Procedure

To find the perimeter of a figure, add the lengths of all sides of the figure.

 

Example 5 The Jensons want to put a border on the walls of their son’s room. The room is a 10-foot-wide by 12-foot-long rectangle. How much border material must they buy?

Solution:  To find the total amount of material, we need the total distance around the room. It is helpful to draw a picture.

12 ft.

 Perimeter = total distance around

P = 12 + 10 + 12 + 10

10 ft.                              10 ft.                 P = 44 

Note Writing the word perimeter in each line is tedious; so we use the 

12 ft.                                 letter P to represent perimeter.

 

Answer:  The Jensons will need 44 ft. of border material.

Check by estimating: 10 + 10 + 10 + 10 = 40 ft.

In Example 5, we used the letter P to represent the perimeter. In other problems 

involving perimeter, the perimeter value may be different; so P could represent a 

different amount altogether. Because P can vary in value, we call it a variable. We 

use variables to represent unknown amounts.

Answers to Your Turn 4

Actual: $230,255                    Definition Variable: A symbol that can vary or change in value. Estimate: $230,300
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Some symbols do not vary in value. We call these symbols constants.                   Your Turn 5

Definition Constant: A symbol that does not vary in value. Mr. Marcus needs to fence a 

space in his yard for a garden. 

All numerals are constants. For example, the symbol 3 always means three; so it  It is a rectangular space 45 feet 

is a constant. wide by 60 feet long. How much 

Do Your Turn 5                                                                     fence will he need?

 

Objective 4 Subtract whole numbers.

Subtraction is the inverse of addition. Addition and subtraction are inverse opera-tions because they undo each other. If 5 + 4 = 9, we can undo the addition with subtraction, as in 9-4 = 5. There are three ways of interpreting subtraction.

 

Definition Subtraction: An operation of arithmetic that can be interpreted as follows:

  1. Take away

 2. Difference

  3. Unknown addend

 

We interpret subtraction to mean take away when we remove an amount from another amount.

We interpret subtraction as difference when we must find the distance between two positions. For example, if you are at highway mile marker 42 and later you see that you are at mile marker 60, you can use subtraction to find the difference between the two positions and thus determine how far you have traveled.

We interpret subtraction as an unknown addend when an addend, which is part of an addition statement, is unknown. For example, in (?) + 4 = 9, the first addend is unknown. This corresponds to having $4 and finding how much more is needed 

to bring the total up to $9. We use subtraction to find that unknown addend.          Of Interest

When we write a subtraction sentence, the subtrahend is subtracted from the  Fifteenth-century writers gen-

minuend and the difference is the answer.                                                erally used a lowercase m for 

 

Minuend  Subtrahend  Difference 9 minus. Writing the m quickly  - 4  =  5  Connection  Because addition and  usually produced a dash, so the  subtraction are inverse operations, we  m  was simplified to a  -  sign.  can check the accuracy of 9 - 4  =  5 by  Source:  D. E. Smith,  History of  adding 5  +  4  =  9.  Mathematics  .

 

Let’s look at how we subtract. We align place values vertically, just like in addi-tion. However, subtraction is not commutative, which means we cannot change the order of the numbers in the minuend and subtrahend positions. If we did, we would get a different result.

7-4 is 3, but 4-7 is not 3. When we discuss integers in Chapter 2, we will learn that 4-7 is -3.

 

Conclusion: To find the difference of two whole numbers, we stack the greater      Connection When we number on top, align the place values, and subtract the corresponding digits. For study negative numbers in example, consider 795-32. Chapter 2, we will see that Note 795 Note  Because 795 is Check: 763  We can use the inverse the greater number is not 

the greater number, it                                   operation to check. Adding              always the minuend.-32 + 32 goes on top, and we the difference, 763, to the sub-subtract the digits.           763               795      trahend, 32, should give the 

 minuend,  795.                        Answer to Your Turn 5

210 ft.
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When subtracting, if a digit in the top number is less than the digit directly below, 

we must rename the top number. Consider 8982-765.

898 2 712

Note  Because the digit 2 is less than the 5 beneath it, we rename 2 by taking 

-      1 ten from the 8 tens and adding that 10 to 2 to make 12. This process is 765

8217 7 tens. Notice that this does not change the value of 8982. We merely moved  sometimes called regrouping or borrowing. Taking 1 ten from the 8 tens leaves 

1 ten from the tens place over to the ones place so that we could carry out the subtraction.

 

Connection Think about the cash register analogy. Suppose there are eight $10 bills and two $1 bills in the register, which amount to $82. To give more than two $1 bills in change, the cashier must break one of the $10 bills. The manager gives the cashier ten $1 bills in exchange for one $10 bill. There are now seven $10 bills and twelve $1 bills in the register, which is still a total  of $82.

 

Procedures

To subtract whole numbers:

  1.  Stack the greater number on top of the smaller number so that the corre-

sponding place values align.

  2.  Subtract the digits in the bottom number from the digits directly above.  

If a digit in the top number is less than the digit beneath it, rename the top digit.

To estimate a difference of whole numbers:

  1.  Round the smallest number to the highest possible place value so that it 

has only one nonzero digit.

  2.  Round all of the other numbers to that same place value.

  3.  Subtract the rounded numbers.

 

Your Turn 6                       Example 6 Estimate 45,002-8473 by rounding. Then find the actual 

Estimate each difference by            difference.

rounding. Then find the actual                                         14 9 9 difference.                                        315                            3 4 101012                                  1 1 1 1

Estimate: 45,000         Actual: 45,0 0 2         Check by adding: 36,529

a. 48,975-6241                            -8,000               -8, 4  7 3                         +8,473 b. 5941-218                              37,000                36, 5 2 9                        45,002

c. 520,048-63,793

Explanation: The tens and hundreds places contain 0s; so when we renamed the 2, we had to take 1 thousand from the 5 thousands to make 10 hundreds. Then we took 1 hundred from the 10 hundreds to make 10 tens. This, in turn, allowed us to take 1 ten from the 10 tens to make 12 in the ones place.

Do Your Turn 6

 

Objective 5 Solve equations containing an unknown addend.

Suppose we want to buy an appliance that costs $350 but we have only $200. Answers to Your Turn 6 How much more do we need to have enough to make the purchase? This problem 

a. Estimate: 43,000                   translates to an equation with an unknown addend.

Actual: 42,734                                                     200 + 1?2 = 350

b. Estimate: 5700

Actual: 5723 Because the additional amount needed is the difference between the $350 price 

c. Estimate: 460,000                  and the $200 we have, we can write a related equation involving subtraction to 

Actual: 456,255                   find the needed amount.
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Definition Related equation: A true equation that relates the same pieces of a given equation using the inverse operation.

 

We write the related subtraction equation for 200 + 1?2 = 350 below.

1?2 = 350-200 Note  In the related subtraction equation, we subtract 

1                   the known addend, 200, from the sum, 350. ? 2 = 150

Answer:  You will need $150.

 

Procedure

To solve for an unknown addend, write a related subtraction equation in 

which the known addend is subtracted from the sum.

VISUAL

Earlier we defined a variable as a symbol or letter that can vary in value, and we said that we use variables to represent unknown amounts. Because (?) indicates          Learning Strategy an unknown amount, it is a variable. However, it is more common to use a letter  If you are a visual learner, imag-

such as x, y, or t for a variable. From here on, we will use letter variables. ine the equal sign in an equa-

 

Instead of: tion as a wall separating two  200  +  1  ?  2  =  350  we write:  200  +  x  =  350  amounts. When we check a so- 1  ?  2  =  350 - 200  x  =  350 - 200  lution, we calculate the amount  1  ?  2  =  150  x  =  150  on each side of the wall to de-

The number 150 is the  termine whether the results are  solution  to the equation because the equation is true when 

the variable is replaced with 150. The act of finding this solution is called  identical. If they are, the equa- solving

the equation. tion is true, indicating that the 

solution checks.

Definition Solution:  A number that makes an equation true when it replaces 

the variable in the equation.                                                                   200 + 150

The definition for                                                                            350 solution suggests a method for checking. If 150 is correct, it will make the equation true when it replaces the x in 200 + x =                                                  350 350.

 

Check:    200 + x = 350 200                 Note The symbol is used to indicate that we 150 + 350 are asking whether 200 + 150 is equal to 350.

350 = 350

Because 200 + 150 = 350 is true, 150 is the solution to 200 + x = 350.

 

Example 7 Solve and check. 45 + x = 73                                     Your Turn 7

Solution: x = 73         Write a related subtraction equation in which -45                Solve and check.

the known addend, 45, is subtracted from the sum, 73.        a. 14 + x = 20

x = 28                                                       b. y + 32 = 60

Check:                                                                                    c. 140 + t = 216 45 + x = 73

 45                                                                                                    d. m + 89 = 191 + 28 73 In 45 x 73, replace x with 28.

 73 = 73   Verify that the equation is true: 45 28 73 is true.

Explanation: Think about solving the unknown addend statement in money 

terms. If we have $45 and we want to end up with $73, we subtract 45 from 73 

to find how much more is needed.

Do Your Turn 7

Answers to Your Turn 7

a. x = 6 b. y = 28 c. t = 76 d. m = 102
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Objective 6 Solve applications involving subtraction.

As in addition, there are key words and key questions that help us recognize sub-

traction situations.

 

Key Words for Subtraction

subtract, minus, difference, remove, decreased by, take away, left, less than

Key Questions How much is left? (take away)

How much more/higher/warmer/colder/shorter? (difference)

How much more is needed? (missing addend)

 

Your Turn 8                       Example 8    Solve.

Solve.                                a. A small computer business has $5678 in the bank. During one month, $2985 

a.  A food bank has 3452 boxes           is spent on parts for production. How much is left?

 

of food. Volunteers distrib-         Solution: The word spent, indicating to remove, and the key question How much is ute 928 boxes in one neigh-left? indicate that we must subtract. borhood. How many boxes 

do they have left?                                               15

4 517                       1 1

b.                                                                  5678      Check:   2693  A plane is flying at an al-

titude of 24,500 feet. The                                         -2985               +2985

plane experiences a down-                                  2693               5678

draft, which causes it to 

Answer: $2693 is left.

drop abruptly to an altitude 

of 22,750 feet. How much          b. A room-temperature (68°F) mixture of water and sugar is heated to boiling 

altitude did the plane lose? (212°F) so that more sugar may be added to supersaturate the mixture. How 

c.  Debbie sells cars at a dealer-           much did the temperature change?

ship that encourages compe-      Solution:  Because we want to know the amount of change, we are looking for 

tition among its salespeople.       the difference; so we must subtract.

As an incentive, the first 

salesperson to sell $150,000                                         10

1 012                    1 1

worth of cars during the                                         212      Check: 14

year will win a cruise to the                                       - 68                +68

Caribbean. Debbie has sold                                     144               212

$78,520 worth so far. How 

much more does she need to       Answer: 144°F

sell to win?                         c. A charity organization has collected $43,587 through a fund-raiser. The goal 

for the year is to raise $125,000. How much more is needed?

Solution: Because we must increase the original amount of $43,587 by an un-known amount to end up with $125,000, we can translate to an equation with an unknown addend.

$43,587 + x = $125,000         Translate to an equation.

x = 125,000-43,587 Write a related equation in which the known 

addend is subtracted from the sum.

x = 81,413

9 9

0 124 101010                       1 1 1 125,0 0 0       Check: 81,413

-43,587                +43,587

Answers to Your Turn 8                                              81,413              125,000

a. 2524 boxes                         Answer: $81,413 is needed. b. 1750 ft.

Do Your Turn 8

c. $71,480
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Objective 7 Solve applications involving addition and subtraction.

Often the problems we encounter in life require more than one step to find a solu-tion. Let’s consider some problems that involve addition and subtraction in the same problem.

 

Example 9                                                       Your Turn 9

a.                                                                                            Solve. In circuits, a wire connection is often referred to as a node. Current is a mea-

sure of electricity moving through a wire and is measured in amperes (or          a.  Find the unknown current in amps, A). One property of circuits is that all of the current entering a node            the circuit shown. must equal all of the current exiting the node. In the circuit diagram shown, how much must the unknown current be?                                            17 A

Solution:                                                                                                                ?  We can calculate the total current  entering the node and then subtract 

the known current that is leaving the node.

 

Entering current:                                             entering =                                 20 A     12 A  9 + 15    24                 Node         15 A

b.  Lynda is a checkout clerk. 

If 24 amps are entering and we know that  

At the end of her shift, the 

13 amps are leaving, we can subtract 13 from 

24 to find the unknown current. entering store manager makes sure  exiting

9 A                         ?                         the amount of money in the 

Unknown current: 24-13 = 11                     exiting                        register equals Lynda’s sales. 

Answer: 13A The printout breaks down 

  The unknown current is 11 A.

the sales into three catego-

b. An accountant is given the following spreadsheet of expenses and income  ries: food, clothing, and 

for a company. What is the final balance? nonperishable items. Lynda 

must count the money in the 

Description of expenses   Amount   Description of assets/income    Amount           register and her credit card Payroll sales. Finally, $200 always  $10,548  Checking account  $5,849

Utilities stays in the register. The  $329  Income  $19,538

following chart shows the 

Water                    $87       Donations                     $1,200             amounts. Based on the infor-Waste disposal             $285                                                         mation in the chart, how did New inventory            $12,243                                                   Lynda do? Is her register in 

balance? Does she have too 

Solution:  We must calculate the total expenses and total assets/income, then  little or too much? If so, how 

find the difference of the amounts.                                                     much?

Expenses     Assets/Income                               Category        Amount

$10,548         $ 5,849                                        Food              $1587

329          19,538

Clothing $2768

87       + 1,200

285                                                    Nonperishables   $988 Total $26,587

+ 12,243                                                        Totals            Amount

Total $23,492

Register count $4192

Now that we have the total expenses and the total assets/income, we need to  Credit cards $1339

find the difference of those totals to determine the final balance.

Balance

$26,587

-  23,492

  3,095

 

Answer:  The final balance is $3095.                                                   Answers to Your Turn 9

Do Your Turn 9                                                                     a. 25 A

b. There should be $12 more in 

the register.
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PORTFOLIO

 

1.2           For Exercises

Extra

Help

 

Objectives 1 and 2

Prep Exercise 1  In an addition sentence, the numbers that         Prep Exercise 2  What does the commutative property of are added are the                   and the answer is the         addition say?

.

Prep Exercise 3  Explain how to estimate a sum of whole numbers. 

 

For Exercises 1–10, estimate each sum by rounding. Then find the actual sum.

1.    6051                       2.   52,407                     3. 91,512                      4. 82,098

+ 2798                    +31,596                    + 8,756                     +7,971

 

5. 10,516                      6. 150,412                     7. 9319 + 519 + 5408         8. 6809 + 398 + 2087

782                         258

+ 4,516                      + 6,239

 

9. 43,210 + 135,569 + 2088 + 516                        10. 128,402 + 4480 + 93,095 + 298

 

Objective 4

Prep Exercise 4 In a subtraction sentence, the first number is the                    , the number subtracted is the 

, and the answer is the                   .

For Exercises 11–20, estimate each difference by rounding. Then find the actual difference.

11. 5873                               12. 9478                               13. 40,302

-521                               -253                               -6,141

14. 510,304                             15. 50,016                              16.   42,003

-42,183                               -4,682                                -23,567

17. 51,980-25,461                                         18. 413,609-20,724

 

19. 210,007-43,519                                        20. 6,005,002-258,496

 

Objective 5

Prep Exercise 5  Explain the difference between a constant        Prep Exercise 6  What is a solution to an equation? and a variable.

 

Prep Exercise 7  Explain how to solve for an unknown 

addend.

 

For Exercises 21–30, solve and check.

21. 8 + x = 12   22. 12 + y = 19   23. t + 9 =30         24. m + 16 = 28  

25. 17 + n = 35   26. r + 27 = 70   27. 125 + u = 280  

28. 88 + a = 115   29. b + 76 = 301   30. 470 + c = 611  
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Objectives 3, 6, and 7

Prep Exercise 8  In the following table, list four key words and one key question that indicate addition and four key words and one key question that indicate subtraction.

Addition            Subtraction key words/key       key words/key question           question

 

For Exercises 31–48, solve.

31. Tamika has to keep track of total ticket sales at a box      32. Juan’s monthly expenses are shown below. Find his 

office. Four attendants sell tickets. The first attendant         total monthly expenses. sold 548 tickets; the second, 354; the third, 481; and           rent = $925 car payment = $380 the fourth, 427. How many tickets were sold in all?           utilities = $465 groceries/food = $600 

 

33. Crown molding is a decorative strip of wood at-         34. Mr. Grayson has some land that he wants to enclose 

tached to the wall at the ceiling. How many feet   with a fence. The figure below shows the dimensions 

of crown molding are needed to go around the  of the land. How many feet of fence will he need in 

 perimeter of a rectangular room that measures               all? 16 feet by 18 feet? 

200 ft.

50 ft.

70 ft.

45 ft.

225 ft.

35. In the morning, Serene had $47 in her wallet. She         36. Jesse’s student loan and scholarship totaled $5976. 

bought coffee for $2, bought lunch for $8, and filled  He paid $4612 in tuition and fees, $676 for textbooks, 

her car’s gas tank for $21. How much money did Se- and $77 for other school supplies. How much money 

rene have left when she got home?                          does Jesse have left? 

37. A family is purchasing a home in Florida that is said to    38. An animal rescue group had 37 cats in its shelter at 

be 2400 square feet. The family later finds out that this  the end of April. In May, 12 cats were returned to 

figure includes an unfinished bonus room over the  their owners, 21 cats went to new homes, and 26 new 

garage and the garage itself. The garage is 440 square  cats were brought to the shelter. How many cats were 

feet, and the bonus room is 240 square feet. What is            in the shelter at the end of May? the area of the actual living space? 

39. Margo Incorporated produces a motor that turns the       40. Jose is raising funds to run for a seat in his state’s 

fan in air conditioners. The annual cost of materials last  senate. Currently, he has raised $280,540, and he in-

year was $75,348. The labor costs were $284,568. Utili- tends to add $28,580 of his own money. His competi-

ties and operations costs for the plant were $54,214. The  tor has raised a total of $485,300. How much more 

company received $548,780 in revenue from sales of the  does Jose need to raise to match his competitor’s 

motors. What was the profit? (Note: Profit can be found         funds? by subtracting all costs from revenue.) 

41. The photosphere, which is the outer layer of the          42. The sun is 92,958,349 miles from the earth. The 

sun, has an average temperature of about 5500 K. A  moon is 615,042 miles from the earth. During a solar 

typical atomic blast at ground zero has a temperature  eclipse, the moon is directly between the sun and the 

of about 3400 K. How much warmer is the sun’s  earth. How far is the moon from the sun during a 

temperature?                                             solar eclipse? 

Of Interest

The symbol K represents Kelvin temperature units. The 

scale was proposed by William Thomson Kelvin in 1848 

and is used extensively in sciences. Increments on the 

 Kelvin scale are the same as the Celsius scale. However,  

0 K is equivalent to -273 C.
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43. Find the unknown current in the circuit shown.           44. Find the unknown current in the circuit shown.

25 A

12 A

?                                                        22 A

19 A    11 A

?

18 A    

45. An accountant is given the following spreadsheet of expenses and income for a 

small company. What is the final balance? 

Description of                Description of 

expenses       Amount   assets/income     Amount

Payroll           $18,708    Checking account   $10,489

Utilities             $678        Income               $32,500

Water           $126

Waste disposal    $1,245

New inventory   $15,621

 

46. An accountant is given the following spreadsheet of expenses and income for a 

small company. What is the final balance? 

Description of                Description of 

expenses       Amount   assets/income     Amount

Payroll            $22,512    Checking account   $15,489

Utilities             $1,265      Income               $82,569

Water           $240

Waste disposal    $1,350

New inventory   $24,882

 

47. Use the graph to answer the following questions. Write answers in standard 

form.

2009 Disney Park Attendance in the United States

 

18,000   17,233

15,900

16,000

14,000

12,000                                  10,990

10,000              9,700      9,590

8,000

6,050

6,000

4,000

Attendance (in thousands)

2,000

0

 

Magic Kingdom at WDW, FL Disney-MGM                                           Adventure, CA Disneyland, CA Disney’s Animal

Epcot at WDW, FL         Disney’s California

Studios at WDW, FL

Kingdom at WDW, FL

Source: Amusement Business.
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a. Find the total number of people who attended Disney parks in the United 

States in 2009.

b. Find the total number of people who attended Florida’s Disney 

parks.

c. Estimate the total number of people who attended California’s Disney 

parks.

d. How many more people attended Disney-MGM Studios than Disney’s Animal 

Kingdom?

e. Estimate how many more people attended Epcot than Disney’s California 

Adventure.

f. How many more people attended Florida’s Disney parks than California’s 

Disney parks?

48. Use the graph to answer the following questions.

Weekend Gross Revenue for Avatar

100,000,000

80,000,000    77,025,481 75,617,183

68,490,688

60,000,000

50,306,217

42,785,612

40,000,000                                                             34,944,081

Gross Revenue

20,000,000

0

1          2          3          4          5          6

Weekend

a.  Find the total revenue the film earned over the first two weekends. b. Find the total revenue the film earned over weekends 3 and 4. c.  Estimate the total revenue earned by the film during the first six 

weekends. 

d. How much more revenue did the film earn the first weekend compared with 

the second weekend? 

e.  Find the difference in revenue between the second and third 

weekends. 

f.  Estimate the difference in revenue between the first weekend and the sixth 

weekend. 

[image: ]

 

Puzzle Problem  Eight people are at a group therapy session. Everyone hugs everyone 

[image: ]

once. How many hugs take place? 

[image: ]

 

Review Exercises

[image: ]

[1.1] 1. Write 307,491,024 in expanded form.                [1.1] 2. Write the word name for 1,472,359.

[image: ]

 

[1.1] 3.  Graph 5 on a number line.                          [1.1] 4. Use 6 , 7, or = to write a true statement.

12,305 ? 12,350 

 

[1.1] 5. Round 23,405,172 to the nearest ten thousand.
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1.3    Multiplying Whole Numbers; 

Exponents

 

Objectives                     Warm-up 

1                                    [1.2] 1. Add. 5672 + 453 + 29,841 Multiply whole numbers.

2                                    [1.2] 2. Subtract. 36,004-9876 Estimate products.

3 Solve applications involving 

multiplication.                    Objective 1 Multiply whole numbers.

4 Evaluate numbers               Suppose we need to install five kitchen cabinet 

in exponential form.             doors, each requiring four screws. Note that we 

5                                    could find the total number of screws needed Write repeated factors 

in exponential form.             by adding five 4s.

6 Solve applications.                          4 + 4 + 4 + 4 + 4 = 20

However, it is much faster to memorize that 

the sum of five 4s is 20. This is the nature of 

multiplication.

Definition Multiplication: Repeated addition 

of the same number.

 

When we write a multiplication sentence, the factors are the parts that are multi-

plied and the product is the answer.

4 * 5 = 20 c    c    c

Factors Product

We can also write:                   4 # 5 = 20

142152 = 20

 4152 = 20

1425 = 20

To make multiplication easier, you should memorize a certain number of multipli-

cation facts. The more facts you memorize, the faster you will be at multiplying. 

Figure 1-2 has multiplication facts through 12.

Figure 1-2 Multiplication Table

3    0    1    2    3    4    5    6    7    8    9   10    11   12

0    0     0     0     0     0     0     0     0     0     0     0     0     0

1    0     1     2     3     4     5     6     7     8     9    10    11    12

2    0     2     4     6     8    10    12    14    16    18    20    22    24

3    0     3     6     9    12    15    18    21    24    27    30    33    36

4    0     4     8    12    16    20    24    28    32    36    40    44    48

5    0     5    10    15    20    25    30    35    40    45    50    55    60

6    0     6    12    18    24    30    36    42    48    54    60    66    72

7    0     7    14    21    28    35    42    49    56    63    70    77    84

8    0     8    16    24    32    40    48    56    64    72    80    88    96

9    0     9    18    27    36    45    54    63    72    81    90    99   108

Answers to Warm-up                   10     0    10    20    30    40    50    60    70    80    90   100   110   120

1. 35,966                                11     0     11    22    33    44    55    66    77    88    99   110   121   132

2. 26,128

12    0    12    24    36    48    60    72    84    96   108   120   132   144
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Like addition, multiplication is commutative. The commutative property of multipli-cation says that changing the order of factors does not affect the product.

122152 = 10 and 152122 = 10

 

Note When writing multiplica-

Commutative Property of Multiplication

tion with variables, we can elimi-

Changing the order of the factors does not affect the product. nate the dot symbol. For example, 

 

In math language: a # b = b # a can be written as  a  #  b  =  b  #  a  , where  a  and  b  are any numbers.   ab  =  ba  .

 

Also like addition, multiplication is associative. The associative property of multiplication says that if three or more factors occur, grouping them differently does not affect the product.

12 # 32 # 5 = 30 and 2 # 13 # 52 = 30

 

Associative Property of Multiplication

Grouping three or more factors differently does not affect the product.

In math language: 1ab2c = a1bc2, where a, b , and c are any numbers.

 

Note that the product of 0 and a number is always 0.

0 # 9 = 0 and 9 # 0 = 0

 

Multiplicative Property of 0

The product of 0 and a number is 0.

In math language: 0 # n = 0 and n # 0 = 0, where n is any number.

 

Also, the product of 1 and a number is always the number.

1 # 7 = 7 and 7 # 1 = 7

 

Multiplicative Property of 1

The product of 1 and a number is the number.

In math language: 1 # n = n and n # 1 = n , where n is any number.

 

Another property, called the distributive property, can be used when a sum or difference is multiplied by a number, as in 213 + 52. Think about the word distribute. When tests are distributed to students in a class, every student receives a copy. Similarly, when the distributive property is applied, each number inside the parentheses is multiplied by the number outside the parentheses.

2 13 + 52 = 2 # 3 + 2 # 5 Multiply 3 and 5 by 2.

If we calculate 213 + 52 and 2 # 3 + 2 # 5, we can see that they are equal.

 

213 + 52                    2 # 3 + 2 # 5 u u u

= 2 # 8  Find the sum of 3 and 5.     = 6             Find each product. + 10

=      Multiply the sum by 2.                     Add. 16 = 16
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Distributive Property

If a sum or difference is multiplied by a number, each number inside the parentheses may be multiplied by the number outside the parentheses. 

In math language: a1b + c2 = ab + ac and a1b-c2 = ab-ac, where a, b, and c are any numbers.

 

We use the distributive property to multiply numbers with more than one digit. 

Let’s see how this works.

 

Your Turn 1                       Example 1    Multiply. 2 * 34

Multiply.                             Solution:  We use the distributive property to multiply each digit in 34 by 2.

 

b. a. 18 * 0                                              34 248 # 1 2 * Multiply 2 times 4, then 2 times 3. c. 1 5 21 31 2 68 d.  3 1 402 2

Explanation:  Because 34 is 30 + 4 in expanded form, we could write 2 * 34 as 2 130 + 42, then use the distributive property:

 2130 + 42 = 2 # 30 + 2 # 4

= 60 + 8

= 68

Because it is a bit tedious to write the multiplication in sentence form, we usu-ally stack the numbers and use the distributive property to multiply the digits.

 

u                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              3 4

u

2 * 30 = 60      2 * 4 = 8 2 *

6 8

 

Do Your Turn 1

 

Your Turn 2                       Example 2    Multiply. 503 # 62

Multiply.                             Solution:  Use the distributive property to multiply each digit in 503 by each 

a. 32 * 41                         digit in 62; then add the two products.

 

b. (51)(23)                                       1                                     Note When we multiply 6 tens 50 3 c. 802 # 74 times 3 ones, we get 180. The 8 in d. 512 1 61 2 * 62 the tens place is the 80 part of 180. 

1 006    Multiply 2 times 503.            The 100 part of 180 is expressed as 

+        Multiply 6 (tens) times 503. 30 18      a small 1 over the 0 in 503. When 

31,186 we multiply 6 tens times 0 tens, we  Add.

get 0 hundreds, but we have to add 

the extra 1 hundred. We write this 

1 hundred to the left of the 8.

Do Your Turn 2

Answers to Your Turn 1

a. 0 b. 248 c. 155 d. 1206

Procedure

Answers to Your Turn 2 To multiply two whole numbers, stack them and then apply the distributive 

a. 1312 b. 1173 c. 59,348            property.

d. 31,232
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Objective 2 Estimate products.

To make estimating a product easy to perform mentally, we modify the procedure we used for estimating a sum or difference so that we round each factor to the highest possible place value.

 

Procedure

To estimate a product:

  1.  Round each factor to the highest possible place value so that each has only 

one nonzero digit.

  2.  Multiply the rounded factors.

 

Example 3 Estimate 42,109 # 7104 by rounding. Then find the actual product.      Your Turn 3

Estimate:                                                                                   Estimate each product by   To estimate, we round both factors to the highest possible place so that 

each has one nonzero digit. Rounding 42,109 to the highest possible place gives  rounding. Then find the actual 

40,000. Rounding 7104 gives 7000. The estimate is the product of 40,000 and 7000.     product.

 

40,000    Four 0s      Note  Because the factors contain                 b. 24 # 365 # 12 7,000 a. 56,045 # 6714

*        Three 0s     many 0s, we can multiply the 

280,000,000                 7 times 4 mentally and write the s u total number of 0s from both 

Multiply    Total of seven 0s       factors after the product.

7     4                                                                                   Connection If we use the :

same procedure to estimate 

Actual: a product that we use to esti-

1 mate a sum or difference, the  6

3 estimate is more accurate but 

42,109

it is more difficult to perform 

* 7,104                                                           mentally. 168 436    Multiply 4 : 42,109.

000 00               : 42,109.

Multiply 0                                                                        42,000

4 210 9               : 42,109.

Multiply 1                                                                     * 7,000

+           Multiply 7                                                                  294,000,000 42,109. 294 763   :

299,142,336 The estimate is more accu-

rate, but 42 * 7 is more dif-

Notice how the estimate and the actual answer are reasonably close. ficult to perform mentally.

Do Your Turn 3

 

Objective 3  Solve applications involving multiplication.

There are certain key words you can look for that indicate multiplication.

 

Key Words for Multiplication

multiply, times, product, each, of, by

 

Example 4 The human heart averages about 70 beats each minute.

a.  How many times does the heart beat in an hour?

Solution:  Because there are 60 minutes in an hour and the heart averages 70 beats 

each minute, we multiply 60 # 70 to find the number of heartbeats in an hour. 

Let’s multiply mentally as we learned in Example 3.

Answers to Your Turn 3

 60                                                              a. Estimate: 420,000,000 # 70 = 4200 Multiply 6 u # 7 and write each 0 from 

6 ~        each factor after the product.                               Actual: 376,286,130 7 b. Estimate: 80,000 

Answer:  The heart beats about 4200 times per hour.                                     Actual: 105,120
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Your Turn 4                       b.  How many times does the heart beat in a week?

Solution:  For the number of heartbeats in a week, we first need to figure out 

Solve.

how many hours are in a week. Because there are 24 hours in a day and 7 days 

a.  If the heart averages about         in a week, we multiply 24 * 7 to get the number of hours in a week.

70 beats per minute, how 

many times does the heart                  2

beat in a 30-day month?                    24     Connection  We can use the distributive property to do 

* 7      this calculation in our head.

b.  A manager decides to moni-

tor copy machine use in her                168        71242 = 7120 + 42 = 7 # 20 + 7 # 4 = 140 + 28 = 168 

office. She finds that the 

people in her area are us- There are 168 hours in a week. From part a, we found that there are 4200 beats in an 

ing two boxes of paper each       hour. To calculate the number of beats in a week, we multiply 168 * 4200.

week. Each box contains 

10 reams of paper, and each                    4200

ream contains 500 sheets of                    * 168

paper. How many pages are                 33 600

being copied each week?                  252 00 

+ 420 0 

705,600

Answer:  The heart beats about 705,600 times in a week (a truly amazing muscle).

Do Your Turn 4

 

We can use multiplication to count objects arranged in a rectangular array.

 

Definition Rectangular array: A rectangle formed by a pattern of neatly 

arranged rows and columns.

 

The buttons on a cell phone form a rectangular array.

 

Four rows with three buttons in each row 

is a rectangular array. Because each row  4 rows

contains the same number of buttons, we 

can multiply to find the total number of 

buttons.

4 # 3 = 12

 

3 columns

 

Conclusion: To calculate the total number of items in a rectangular array, multi-

ply the number of rows by the number of columns.

 

Answers to Your Turn 4

a. 3,024,000 times

b.  10,000 each week
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Example 5 A section in the upper                                             Your Turn 5

[image: ]

deck of a football stadium has 42 rows,                                               For a concert, chairs are 

each containing 40 seats. There are 8 sec- arranged on the floor of an 

tions in the upper deck. How many  arena in 4 groups. Each group 

people can be seated in the upper deck  has 20 rows with 15 chairs in 

altogether? each row. How many chairs are 

Solution:                                                                                    on the floor of the arena?  The 8 sections of 42 rows with 

40 seats in each row, form a large rectan-

gular array; so we multiply 42 * 40 * 8.

5 6

 42            1 680          Connection  We could have applied the 

* 40           * 8        commutative and associative properties 

00          13,440         and multiplied any two factors first.

 

+ 168            c             142 * 82 * 40 or 42 * 140 * 82 Number of seats 1680 in all 8 sections = 336 * 40  = 42 * 320

c                                = 13,440         = 13,440

Number of seats 

in one section

 

Answer:  The upper deck can seat 13,440 people.

Explanation:  Notice that when the example says “42 rows, each containing 40 

seats,” the key word each tells us that we have a repeated addition situation; so 

we multiply. Because there are 8 identical sections, we are once again repeatedly 

adding; so again we multiply.

Do Your Turn 5

 

A rectangular array can be used to determine how many different combinations are possible in a code containing two or more digits, as in Example 6.

 

Example 6 To get into a certain restricted building, a person must enter a 

code. The code box has two digital windows (see illustration). The first window 

can contain any number from 1 to 5. The second window can contain any letter 

from A to Z (only uppercase letters appear). How many possible codes are there 

in all?

 

Can contain 1–5     Can contain A–Z 

(uppercase only)

 

Solution:  Each number in the first window could be paired with all 26 letters 

of the alphabet. In other words, the 1 could be paired with all 26 letters, then 2 

with all 26 letters, and so on (see next page). That means there could be a total 

of 5 sets of 26. Notice how we can make a rectangular array out of the combina-

tions. Therefore, we multiply 5 times 26.

 

Answer to Your Turn 5

1200 chairs
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Your Turn 6                                       1 A    2 A    3 A    4 A    5 A

1 B    2 B    3 B    4 B    5 B

A certain combination lock has                         1 C    2 C    3 C    4 C    5 C three dials. The first dial has the                            .            .            .            .            .                26 rows

letters A–F inscribed. The sec-                             .        .        .        .        .             3 ond dial has the numbers 0–9.                            .        .        .        .        .             26 The third dial has the names of                          1 Z     2 Z    3 Z      4 Z    5 Z             5 3 the planets. How many combi-                                                          130 nations are possible?

5 columns

A

F       B              Answer:  There are 130 possible codes.

E       C              Another way to analyze this problem is to think of each window as a place 

D               value or a slot, like on a slot machine. Determine the number of possible values 

each slot can contain and multiply.

 

9 0                                                                   Connection 1 How many 

8        2                                                               two-digit numbers can be 

7 made if each digit can be 0–9?  3

6 0–9 means that each of the  4  5  two places has 10 different 

possibilities.

Can contain 1–5, so there Can contain A–Z (uppercase                  # 10 = 100

Mercury                                                                                                                                10

are 5 possibilities           only), so there are 26

Neptune     Venus                                       in this slot.                 possibilities in this slot.       That’s why 00–99 represents 

Uranus         Earth

Saturn                                                                                                                                   100 different two-digit Mars

Jupiter                                                                                                                                                  numbers.

Now multiply: 5 * 26 = 130 possible codes

Do Your Turn 6

 

Of Interest                        Procedure

The branch of mathematics that  To find the total number of possible combinations in a problem with multiple 

deals with counting total com- slots to fill, multiply the number of items that can fill the first slot by the num-

binations and arrangements of      ber of items that can fill the next slot, and so on. items is called combinatorics.

 

…

 

Total number        Number       Number       Number

of  combinations      of  items       of  items       of  items       … 5 3 3 3

here           here           here

 

Objective 4  Evaluate numbers in exponential form.

Every operation performed by a computer is translated to numbers expressed in 

binary code. Each place value of a number in binary code can contain one of two 

possible digits, 0 or 1. In computer lingo, the place values are called bits. Let’s de-

termine how many numbers can be represented by using a 7-bit code.

 

Answer to Your Turn 6

480 combinations
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Suppose each box shown represents a bit, which can contain a 0 or a 1.

Of Interest

In computer terminology, the 

place values are called bits. Bit is 

0 or 1                                                                                      short for binary digit. 0 or 1 0 or 1 0 or 1 0 or 1 0 or 1 0 or 1

 

Each of the 7 boxes can have 2 different values, so we multiply seven 2s.

2 # 2 # 2 # 2 # 2 # 2 # 2 = 128

Notice that we multiplied the same number repeatedly. We can use exponential form to indicate repeated multiplication. For example, we can write 7 factors of 2 in exponential form where 2 is the base and 7 is the exponent as follows.

 

Exponent: Indicates the

number of times to use

the base as a factor.

2 7

 

Base: The number

repeatedly used

as a factor.

 

Definition                                           n Exponential form: A notation having the form b, where b is the base and n is the exponent.

 

The notation 27 is read “two to the seventh power,” or “two to the seventh.” To evaluate it, we multiply seven 2s.

Seven 2s

27                 v                                                  7 = 2 # 2 # 2 # 2 # 2 # 2 # 2 = 128 Warning 2 does not mean 2 # 7.

 

Procedure

To evaluate an exponential form with a natural-number exponent, write the 

base as a factor the number of times indicated by the exponent, then multiply.

 

Example 7            4 Evaluate. 3                                                  Your Turn 7

Solution:     4 3 = 3 # 3 # 3 # 3 Write 3 as a factor four times.                            Evaluate.

=                                                 2      4 9 # 3 # 3 Multiply the first two 3s. a.  7 b. 10

=                                                 9         4 27 # 3 Multiply 9 by 3.                                                      c.  1 d.  0

[image: ]

=                                               e.   12           7  2 f.  5 81      Multiply 27 by 3.

[image: ]

Do Your Turn 7

 

Answers to Your Turn 7

a. 49 b. 10,000 c. 1 d.  0 e. 4096 f. 78,125
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Objective 5  Write repeated factors in exponential form.

 

Your Turn 8                       Example 8    Write 5 # 5 # 5 # 5 # 5 # 5 in exponential form.

Write in exponential form.                     6 Answer:  5

 

b. a. 14 # 14 # 14 # 14                       Explanation:  Because six 5s are multiplied, the exponent is 6.  2 # 2 # 2 # 2 # 2 # 2 # 2 # 2 # 2 # 2

c.                                                  Do Your Turn 8  9 # 9 # 9 # 9 # 9 # 9 # 9

d.  How many different values 

can be represented by a           When an exponential form has a base of 10, we say that it is a power of 10. Con-

16-bit computer chip? Write      sider the following pattern:

 

your answer in exponential           2 10 = 10 # 10                =             Conclusion:  Because the expo- 100 form; then use a calculator 3 nent indicates the number of 10s 10 = 10 # 10 # 10 = 1,000 to evaluate. to be multiplied and each 10 con-4 10 = 10 # 10 # 10 # 10 = 10,000 tributes an additional 0 after the 1, 

10 5 = 10 # 10 # 10 # 10 # 10     = 100,000     the number of 0s in the product is 

10 6                                                      equal to the exponent. = 10 # 10 # 10 # 10 # 10 # 10 = 1,000,000

We can write expanded notation using powers of 10. Instead of writing the place 

value name, we write a product with the power of 10 that matches the place value.

 

Your Turn 9                       Example 9    Write 1,239,405 in expanded notation using powers of 10.

Write each number in expanded       Solution:

form using powers of 10.

a. 9,210,984                              1 million        2 hundred         3 ten            9             4           5 • thousands • thousands • thousands hundreds • • ones  •

b. 46,009

c. 1 * 1,000,000 + 2 * 100,000 + 3 * 10,000 + 9 * 1,000 + 4 * 100 + 5 * 1  1,204,918,205

=     6            5           4          3          2        0 1 * 10 + 2 * 10 + 3 * 10 + 9 * 10 + 4 * 10 + 5 * 10

 

Connection                    =     6            5           4          3          2  To see why 1 * 10 + 2 * 10 + 3 * 10 + 9 * 10 + 4 * 10 + 5 * 1 0 10 = 1, look at the pattern 

of exponents. Start with 103. 

Note We did not write the tens 

If 103                2 = 1000, 10 = 100, 

digit in this expanded notation 

and 101             0 = 10, 10 has to be                                                               because it was 0.

1 for the pattern to hold true.

Do Your Turn 9

 

Each power of 10 represents a different place value. Remember that the period 

names change every three places. So every third power of 10 will have a new 

name, as Figure 1-3 illustrates.

Figure 1-3 Powers of 10 and Period Names

Power     Standard form               Period name

Answers to Your Turn 8                           3 10           = 1,000                        = one thousand

 

a.    4        10        7                                     6  14 b. 2 c. 9 10             = 1,000,000                        = one million 16 d. 2 = 5 65,536 9 10 = 1,000,000,000 = one billion

 

Answers to Your Turn 9                           12 10          = 1,000,000,000,000             = one trillion 6 5 a.  9 * 10 + 2 * 10 + 15 4 2 10 = (1 with 15 zeros) = one quadrillion 1 * 10 + 9 * 10 +

8                                    100 * 10 + 4 * 1 10        = 11 with 100 zeros2          = googol

b.        4              3 4 * 10 + 6 * 10 + 9 * 1                            = 1                      2    =

10 googol            1 with a googol of zeros        googolplex

c.           9              8  1 * 10 + 2 * 10 +                                                    

4     6              5 * 10 + 9 * 10

+                                        Note  Some names are rather colorful.

1     4              3 * 10 + 8 * 10

+

2     2 * 10 + 5 * 1
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Objective 6 Solve applications.

Suppose we need to know how much surface space is within the borders, or edges, of a shape. We measure the space in square units and call the measure-ment area.

 

Definitions Square unit: A 1 * 1 square.

Area: The total number of square units that completely fill a shape.

 

Examples of square units:

Square inch

 

Square centimeter                1 in.

1 cm

1 cm                              1 in.

A square centimeter is a 1 cm             A square inch is a 1 in. by 1 in. by 1 cm square and is represented         square and is represented mathematically by cm2                                             2 . mathematically by in.

 

To measure the area of a rectangular room, we could lay square tiles until we com-pletely cover the floor with tiles and then count the total number of tiles. In the following figure, we illustrate this approach for an 8-foot * 4-foot bathroom.

 

Note  If we tiled the 

floor with 1-foot *        4 ft.

-foot square tiles, it 

would take 32 tiles to 

cover the floor.

 

8 ft.

 

Notice that the square units form a rectangular array; so we can calculate the area by multiplying the length of the rectangle by the width, rather than measuring the area with square tiles. Calculating the area, we have 8 # 4 = 32 square feet, which agrees with our measurement.

 

Conclusion:  Area of a rectangle = length * width, or, using variables, A = lw

The equation A = lw is called a formula.

 

Definition Formula: An equation that describes a procedure.

 

Procedure

To use a formula:

  1.  Replace the variables with the corresponding known values.

  2.  Solve for the unknown variable.
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Your Turn 10                     Example 10    A standard football field measures 100 yards by 50 yards, not 

A room measures 15 feet wide by      counting the end zones. Find the area of a standard football field.

24 feet long. How many square        Solution:  Because the field is a rectangle, to calculate the area, we multiply feet of carpet will be needed to         length times width. cover the floor of the room?

A Note This unit of area is read “yards squared” or  =  lw

A = “square yards.” All area calculations involve multi- 100 yd. # 50 yd. plying two distance measurements. Area units are 

A =      2 5000 yd.       expressed as the distance unit with an exponent of 2.

 

Connection           2 The unit yd. means “square yards.” Similarly, when we raise a number to the second power, we say that we are squaring that number, or the number is squared. The result is said to be the square of the number.

Answer to Your Turn 10

360 ft. 2

Do Your Turn 10

 

PORTFOLIO

 

1.3           For Exercises

Extra

Help

 

Objectives 1 and 2

Prep Exercise 1  In a multiplication sentence, the numbers       Prep Exercise 2  What does the commutative property of that are multiplied are the                    and the an-        multiplication say? swer is the                   .

Prep Exercise 3  Explain how to estimate a product.             Prep Exercise 4  Express the distributive property in math 

language. 

 

For Exercises 1–4, multiply.

1. 352 * 1  2. 0 * 495     3. 8 * 9 * 0 * 7      4. 12 * 3 * 1

For Exercises 5–10, estimate each product by rounding. Then find the actual product.

5. 24 * 8                                                     6. 63 * 4

7. 54 # 91                                                           8. 47 # 86

9. 83 12722                                                  10. 6818262

For Exercises 11–20, multiply.

 11.   642 * 70  12. 408 * 92       13. 2065 # 482 

 14. 9402 # 608                                15. 207141,3082                            16. 361 1 80,290 2

 17. 160,3092140022                       18. 140,0582170902                       19. 205 # 23 # 70 

 20. 14 # 1 # 289 # 307 

 

Objective 4

Prep Exercise 5                               4  Explain how to evaluate 3 . 

For Exercises 21–28, evaluate.

 21. 4                                        3                                        6                                         2 2 22.  5 23. 1 24. 13

 25. 5                                         5                                        7                                      7 3 26. 10 27. 10 28. 0
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For Exercises 29–32, use a calculator to evaluate.

 29.        2                                      3                                      5                                        6 6536 30. 279 31. 42 32. 34

Objective 5

For Exercises 33–38, write in exponential form.

 33. 9 # 9 # 9 # 9                                     34. 12 # 12 # 12                                   35. 7 # 7 # 7 # 7 # 7 

 36. 10 # 10 # 10 # 10 # 10 # 10 # 10               37. 14 # 14 # 14 # 14 # 14 # 14                    38. 2 # 2 # 2 # 2 # 2 # 2 # 2 # 2 

Prep Exercise 6  List three key words that indicate multi-        Prep Exercise 7  What is a rectangular array? plication. 

Prep Exercise 8  What is the area of a shape?

 

For Exercises 39–44, write each number in expanded form using powers of 10.

 39. 24,902                                                           40. 604,057 

 41. 9,128,020                                                       42. 10,945 

 43. 407,210,925                                                  44. 3,029,408

 

Objectives 3 and 6

For Exercises 45–64, solve.

 45. In a certain city, avenues run north/south and streets      46.  A parking lot for a department store has 23 rows of 

run east/west. If there are 97 streets and 82 avenues,  spaces. Each row can hold 36 cars. What is the maxi-

how many intersections are there? If the city must  mum number of cars that can be parked in the lot? 

put up 8 traffic lights at each intersection, how many  Now suppose the lot is full. Estimate the number 

traffic lights are required in all? of people in the store assuming that there are two 

people in the store for each car in the lot.

[image: ]

 

 47. On average, the human heart beats 70 times in             48. The average female life span in the United States is 

[image: ]

1 minute. How many beats is this in a year? (Use   about 80 years. Using the information in Exercise 47, 

365 days in a year.) If the average male in the United  estimate the number of heartbeats in an average  

States lives to be 75 years old, estimate the number            female’s lifetime. (Source: National Vital Statistics of heartbeats in an average male’s lifetime.                     Reports, Vol. 52, No. 14, February 18, 2004, p. 33) (Source: National Vital Statistics Reports, Vol. 52, 

No. 14, February 18, 2004, p. 33) 

 

 49. A prescription indicates that a patient is to receive 10      50.  A nurse sets the drip rate for an IV at 26 drops each 

milligrams of aminophylline per kilogram of weight.  minute. How many drops does the patient receive in 

If the person weighs 74 kilograms, how many milli-         1 hour? grams should the patient receive? 

 51.  An advertisement indicates that a person can make       52.  Michael works 5 days every week and buys lunch 

up to $800 per week as a telemarketer. How much  each workday. On average, he spends $9 each day. 

would a telemarketer earning $800 per week earn in  How much does he spend on lunch in a week? If he 

one year?  takes 10 vacation days each year, how much does he 

spend on lunch in a year? 

38   Chapter 1  Whole Numbers

 

53.  An article recommends that a person drink eight         54.  On the evening news, you hear a conversation 

8-ounce glasses of water every day. If every one  between the anchor and a commentator. The com-

of the 300 million Americans drank eight 8-ounce  mentator says that a computer company sold nearly 

glasses of water on the same day, how many ounces  800,000 copies of a new software package at $40 each. 

of water would be consumed that day? The anchor then says, “So that’s about $320 billion. 

Wow.” Is the anchor’s response accurate? Explain.

 

55.  A combination lock is opened by a combination of        56.  If a license plate consists of three capital letters and 

three things. You must turn a key to one of two   a three-digit number, how many license plates are 

positions, left or right; set a dial to a day of the week;  possible? How many are possible in the entire United 

and set another dial to a letter from A to H. How  States if each state uses the same system of three let-

many possible combinations are there?                     ters and a three-digit number?

[image: ]

 

03

[image: ]

 

57.  A certain computer chip processes 5-digit binary           58.  How many codes are possible using a 12-bit binary 

[image: ]

numbers, meaning that each of the five places could           coder? 

contain a 1 or 0. How many different binary numbers 

can it process? If each letter, A–Z, and each numeral, 

0–9, corresponds to a different binary number, would 

the 5-digit chip be able to recognize them all? Explain.

 

59.  MIDI stands for musical instrument data interface        60.  A psychology quiz has 10 true-false questions. How 

and is the common coding for digital instruments  many different answer keys are possible? Express the 

such as synthesizers. Most MIDI devices have a 7-bit  answer in exponential form; then calculate the actual 

binary memory chip. How many memory locations         number. 

are possible? 

61.  A man walks into a carpet store and says that he has      62.  You want to tile the kitchen floor in your home. The 

a 24-foot-wide by 26-foot-long room and therefore  rectangular kitchen is 16 feet long by 12 feet wide. 

needs about 4000 square feet of carpet. Exactly how  If you used 1 foot by 1 foot square tiles, how many 

many square feet does he need? Is his estimate rea-          would you need? 

sonable? 

 

63.  Delia plans to stain a new wood deck. The deck is        64.  Taylor plans to paint a wall in his living room. The 

15 feet wide by 20 feet long. What is the area of the  wall is 18 feet long by 9 feet high. What is the area of 

deck?                                                     the wall?  

[image: ]

 

Puzzle Problem  A certain bacterium reproduces by dividing itself every minute. This causes the total population to 

[image: ]

double every minute. If we begin with a single bacterium on a petri dish, how many bacteria will exist after 5 min-

[image: ]

utes? 10 minutes? Write a formula that describes the pattern. 

[image: ]

 

Review Exercises

[image: ]

 

[1.1] 1. Write the word name for 16,507,309.                 [1.1] 2. Write 23,506 in expanded form.

[image: ]

 

[1.2] 3. Add. 54,391 + 2079 + 518                          [1.2] 4. Subtract. 901,042-69,318 

[image: ]

[1.1] 5. Solve and check. n + 19 = 32 
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1.4  Dividing Whole Numbers;  

Solving Equations

 

Warm-up                                                          Objectives

[1.3] 1. Multiply. 345 * 67                                                            1 Divide whole numbers. [1.3]                  3 2. Evaluate. 4

2 Solve equations containing 

an unknown factor.

Objective 1  Divide whole numbers.                                        3 Solve applications involving 

Like addition and subtraction, multiplication and division are inverse operations.         division. Because multiplication means to add repeatedly, it follows that division means to subtract repeatedly.

 

Definition Division: Repeated subtraction of the same number.

 

When we write a division sentence, the dividend is divided by the divisor and the quotient is the answer.

Connection Because mul-

Notation: 20 , 5 = 4                                                        tiplication and  division 

are inverse operations, we 

Dividend  Divisor  Quotient can check the accuracy of 

20 , 5 = 4 by multiplying 

Like multiplication, there are several ways to indicate division. We can write      4 # 5 = 20.

20 , 5 = 4 using a slash, a fraction bar, or long division.

 

Slash:  20>5 = 4

 

Fraction bar:        4 = 20

5

4

Long division: 5 冄20

At one time, people divided by repeatedly subtracting the same number until they couldn’t subtract anymore.

Let’s calculate 20 , 5 by repeated subtraction. The quotient is the number of times we have to subtract 5 to get to 0 or a number between 0 and 5.

 20

-5   1st subtraction

15

-    2nd subtraction 5

10

-    3rd subtraction 5

5

 

-    4th subtraction      Note Because we subtracted 5 from 20 four 5 times to get 0, the quotient is 4. 0

The amount left after dividing is called the remainder.

Definition Remainder: The amount left over after dividing two whole numbers.

 

In the case of 20 , 5, there are exactly four 5s in 20; so the remainder is 0. Some-times the remainder may not be 0. For example, if we split $21 into $5 bills, we     Answers to Warm-up would have four $5 bills with $1 left over. The $1 left over is the remainder, and      1. 23,115 we would write 21 , 5 =                                                      2. 64 4 r1, using the letter r to indicate the remainder.
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Let’s explore a few properties of division. Like subtraction, division is neither 

commutative nor associative.             Note    means “is not equal to.” ⬆



Division is not commutative: 20 , 5 = 4 while  5 , 20 ⬆ 4

Division is not associative:   32 1 , 82 , 2              32 , 18 , 22

= 4 , 2 while = 32 , 4

 Different 2 = results = 8

24

What if the divisor is 1, as in    ? To check the quotient, we must be able to multiply

1

the quotient by the divisor to get the dividend.

 

? # 1 = 24

In Section 1.3, we learned that the product of 1 and a number is the number. 

Therefore, 24 #                        24 1 = 24, which means     = 24.

1

Conclusion:  Any number divided by 1 is that number.

 

Division Property

When any number is divided by 1, the quotient is the number (the dividend).

 

In math language: n , 1 = n = n when n is any number.

1

 

14

What if the divisor is 0, as in    ? To check the quotient, we must be able to multiply

0

the quotient by the divisor to get the dividend.

 

? # 0 = 14

Because the product of any number and 0 is 0, the equation ? # 0 = 14 has no solu-

14                                    14

tion. Therefore,     has no numerical quotient. We say that     is undefined.

0                                   0

 

Conclusion: It is impossible to divide by 0.

 

Division Property

If the divisor is 0 and the dividend is any number other than 0, the quotient is undefined.

 

In math language: n , 0, or , is undefined when n ⬆ n 0.

0

 

0

What if the dividend is 0, as in    ? Again, we must be able to multiply the quotient

12

by the divisor to get the dividend.

? # 12 = 0

 

Notice that the missing factor must be 0; so     = 0 0. In general, the quotient of 0

12

and a nonzero number is 0, but before we formalize this rule, we must consider 0 

divided by 0.

 

0 = ? 0
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To check, we must be able to multiply the quotient by the divisor to get the dividend.

? # 0 = 0

It is tempting to say that the missing factor is still 0, but actually, the product of 

0            0

any number and 0 is 0; so we cannot determine a value for . We say that  is indeterminate                                                   0            0 .

 

Conclusion: When 0 is divided by any number other than 0, the quotient is 0. When 0 is divided by itself, the quotient is indeterminate.

 

Division Properties

When 0 is divided by any number other than 0, the quotient is 0.

 

In math language: 0 , n = 0 = 0 when n ⬆

0.

n

When the dividend and divisor are both 0, the quotient is indeterminate.

0

In math language: 0 , 0, or , is indeterminate.

0

 

65

What if we divide a number other than 0 by itself, as in    ? Again, we must be

65

able to check by multiplying the quotient times the divisor to get the dividend.

 

? # 65 = 65

 

The only number that works here is 1 because 1 #             65 65 = 65; so     = 1.

65

 

Division Property

When a number (other than 0) is divided by itself, the quotient is 1.

 

In math language: n , n = n = 1 when n ⬆

0.

n

 

Example 1 Determine the quotient and explain your answer.                    Your Turn 1

a. Determine the quotient and   34  ,  1

Answer: 34 because 34 # 1 =                                                        explain your answer. 34

 a. 17 , 1

b. 27 , 0                                                                  b.  0 , 0

Answer:  undefined because there is no number that can make ? # 0 =                 c.  0 , 42 27 true

d. 38 , 38

c.  0 , 16

Answer: 0 because 0 # 16 = 0

d. 45 , 45

Answer: 1 because 1 #                                                                Answers to Your Turn 1 45 =

45                                                 a. 17 because 17 # 1 = 17

Do Your Turn 1                                                                     b. indeterminate because 

x # 0 = 0 is true for any number

c. 0 because 0 # 42 = 0 d. 1 because 1 # 38 = 38 42   Chapter 1  Whole Numbers

 

In division, when the remainder is 0, we say that the divisor is an exact divisor. For 

example, because 20 , 5 = 4, we say that 5 is an exact divisor of 20 or that 20 is 

divisible by 5. We can use divisibility rules to determine whether a number is an 

exact divisor for a given number without dividing the numbers. There are many 

divisibility rules, but we will consider rules for only 2, 3, and 5.

 

Divisibility Rules

2 is an exact divisor for any even number. Even numbers have 0, 2, 4, 6, or 8 in the ones place.

Example: 3596 is divisible by 2 because it is an even number. 3596 has the digit 6 in the ones place.

3 is an exact divisor for a number if the sum of the digits in the number  is divisible by 3.

Example: 58,014 is divisible by 3 because the sum of its digits is 5 + 8 + 0 + 1 + 4 = 18, which is divisible by 3.

5 is an exact divisor for any number with a 0 or 5 in the ones place.

Example: 91,285 is divisible by 5 because it has 5 in the ones place.

 

Your Turn 2                       Example 2    Use divisibility rules to determine whether the given number is 

Use divisibility rules to deter-         divisible by 2.

mine whether the given number      a. 45,091

is divisible by 2.

a. Answer:  45,091 is not divisible by 2 because it is not even. It does not have 0, 2,   4,519,362

4, 6, or 8 in the ones place.

b. 5385

b. 691,134

Answer:  691,134 is divisible by 2 because it is an even number. It has 4 in the ones place.

Do Your Turn 2

 

Your Turn 3                       Example 3    Use divisibility rules to determine whether the given number is 

Use divisibility rules to deter-         divisible by 3.

mine whether the given number      a. 76,413

is divisible by 3.

a.                                           Answer:  76,413 is divisible by 3 because the sum of its digits is  93,481

b.                                     7 + 6 + 4 + 1 + 3 = 21, which is divisible by 3. 412,935

b. 4256

Answer:  4256 is not divisible by 3 because the sum of its digits is 4 + 2 + 5 + 6 = 17, which is not divisible by 3.

Do Your Turn 3

 

Example 4 Use divisibility rules to determine whether the given number is divisible by 5.

Answers to Your Turn 2                  a. 2,380,956

a. yes

b.  Answer:  2,380,956 is not divisible by 5 because it does not have 0 or 5 in the ones  no

place.

Answers to Your Turn 3

a. no

b. yes
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b. 49,360                                                                          Your Turn 4

Answer:  49,360 is divisible by 5 because it has 0 in the ones place.

Use divisibility rules to deter-

Do Your Turn 4 mine whether the given number 

is divisible by 5.

Now that we have learned some properties and rules of division, we can discuss      a. 6945 more complex division. Because repeated subtraction is tedious, the common     b. 42,371 method for dividing is long division.

In a completed long division, it can be difficult to comprehend everything that happens. So in our first example of long division, we will break the process into steps. Thereafter, we will show only the completed long division.

 

Example 5 Divide. 6408 , 7                                               Your Turn 5

Solution:                                                                                         Divide. 7 冄 6408   1. Write the problem in long division form.

  2.  Compare the leftmost digit in the divi-               a. 5028 , 3

Because 6 is less than 7, we         dend with the divisor. If it is less than                b. 6409 , 5

include the 4 with the 6.               the divisor, include the next digit. Con-              c. 12,059 , 23 Because 64 is greater than 7,  tinue in this way until the digits name a we are ready to divide.               number that is greater than the divisor.

9

7                                       3.   Divide 7 into 64 and write the quotient, 冄 6408                    9, over the 4 in the dividend.

-63 

1               from 64 to get 1.  4.  Multiply 9 times 7 to get 63. Subtract 63 9

7 冄6408

-63                                                 Warning If a remainder is greater 

10                   5.  Write the next digit in the dividend, 0,              than the divisor, the  divisor can 

 

7  91  beside the 1 remainder. It is common to  divide the digits in the dividend  say that you are  bringing down  the 0.  more times. For example, in our  冄  6408  first step in  Example 5, suppose  63 - we mistakenly thought that 7 di-

10                   6.  Divide 7 into 10 and write the quotient,             vides into 64 only 6 times.

-                   1, over the 0 in the dividend. 7 

  7.  Multiply 1 times 7 to get 7. Subtract 7                                    6 

3                     from 10 to get 3.                                                     7 6408 冄

915                                                                           -42    

7 冄6498                                                                                            22    

-63               8.  Write the last digit in the dividend, 8, 

beside the 3 to make the number 38. Because the remainder, 22, is 

10 

-7                   9.  Divide 7 into 38 and write the quotient,             digit, 6, in the quotient is not big 5, over the 8 in the dividend. greater than the divisor, 7, the 

38                                                          enough. Further, because 7 goes 

-                10.  Multiply 5 times 7 to get 35. Subtract 35 35           into 22 three times, adding 3 to 

3 from 38 to get a remainder of 3. the incorrect digit, 6, gives the 

correct digit, 9.

Answer: 915 r3

 

Check: Multiply the quotient by the di-     1 3     Quotient 9 1 5                           Answers to Your Turn 4 visor and then add the remainder. The 7 * Divisor a. yes result should be the dividend.

6405                                  b. no

+ 3   Remainder                    Answers to Your Turn 5

6408   Dividend                         a. 1676

Do Your Turn 5                                                                     b. 1281 r4

c. 524 r7
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Procedures

To divide whole numbers, use long division.

To estimate a quotient of whole numbers:

  1.  Round each number to the highest possible place value so that each has 

one nonzero digit.

  2.  Divide the rounded numbers. If the calculation is difficult to perform men-

tally, try rounding the dividend so that it has two nonzero digits.

 

Your Turn 6                       Example 6    Estimate 42,017 , 41 by rounding. Then find the actual quotient.

Estimate each quotient by             Estimate:  Round 42,017 and 41 to their highest place. Rounding 42,017 gives rounding.  Then find the actual  40,000. Rounding 41 gives 40. The estimate is the quotient of 40,000 and 40.

quotient.

 

 c. b. a.                                                                 1 000 Note To perform the division  2617 , 6 mentally, first eliminate the 40 冄 40,000 10,091 , 97 40000 4000-40 common zeros:  = . 425, 231 , 705 40 4 0 0 Then divide the nonzero digits, 

-0      4 , 4 = 1 , and attach the three 

Note With division, rounding the                             00      remaining zeros to the result so 

 

dividend to two nonzero digits                                         that you have 1000. 0-sometimes makes the division eas-00 ier to perform mentally than does 

rounding to one nonzero digit. For                               -0 example, estimating 44,602 , 28                              0 by rounding both numbers to one 

nonzero digit gives 40,000 , 30,        Actual:       1,024

which is not so easy. However,                     41 冄42,017 rounding 44,602 so that it has two 

nonzero digits gives                                  -41 45,000 , 30,

which is easier to calculate men-                        1 0     Note Because 41 goes into 10 

 

tally. We can think 45 , 3 = 15                                zero times, we write a 0 in the -0 so that the estimate is 1500. quotient. 1 01

-82

197

-164

33

Answer: 1024 r33

Check:  Multiply the quotient by the divisor, and then add the remainder. You should get the dividend.

1

1 024    Quotient

* 41   Divisor

1 024

40 96

41,984

+ 33   Remainder

42,017    Dividend

Do Your Turn 6

 

Answers to Your Turn 6

a. Estimate: 500; Actual: 436 r1

b. Estimate: 100; Actual: 104 r3

c. Estimate: 600; Actual: 603 r116

1.4  Dividing Whole Numbers; Solving Equations     45

 

Objective 2  Solve equations containing an unknown factor.

Suppose we have to design a room in a house, and we know that we want the area to be 150 square feet and the length to be 15 feet. What must the width be?

We know that the area of a rectangle is found by the formula A = l # w; so we can write an equation with the width, w, as an unknown factor.

15 # w = 150

When we solved equations with an unknown addend in Section 1.2, we used a related subtraction sentence. Similarly, to solve an equation with an unknown fac-tor, we use a related division equation.

 

Related division: w =                     150 150 , 15 or  w =

15

w = 10         w = 10

The width needs to be 10 feet. We can return to the formula for area to check.

A = 15 # 10 = 150

Our example suggests the following procedure.

 

Procedure

To solve for an unknown factor, write a related division equation in which the 

product is divided by the known factor.

 

Example 7 Solve and check.

a. x # 16 = 208

 

Solution: x = 208 , 16   Write a related division equation in        13 which the product, 208, is divided  16 冄 208 by the known factor, 16.

x =                                        -16 13

48

-48

0

Check:   x # 16 = 208

13 # 16 208   In x # 16 208, replace x with 13.              1

 208                                                                     16 = 208 Verify that the equation is true: 

13 16    208 is true.                         * 13 ~ 

48

+ 16 

208

b. 14 # n = 0

 

Solution: n = 0

14    is divided by the known factor, 14. Write a related division in which the product, 0, 

n = 0

Check: 14 # n = 0

14 # 0 0  In 14 # n 0, replace n with 0.

 0 = 0   Verify that the equation is true: 14 # 0 0 is true.
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c. y # 0 = 5

Your Turn 7

Solve and check.                     Solution: y = 5

 

b.    # x = 54                                                                          factor, 0. n a. 0 the product, 5, is divided by the known    6  , which is undefined.   Write a related division equation in which 

c.      # 28                                                 5 a = 0 Because  is undefined, y # 0 = 5 has no solution. 0 # 18 = 378

d. r # 0 = 37

Check:  We cannot check because no number can replace y to make the equation true.

Do Your Turn 7

 

Objective 3  Solve applications involving division.

Like addition, subtraction, and multiplication, there are key words or phrases that 

indicate division.

 

Key Words for Division

divide, distribute evenly, each, split, quotient, into, per, over

 

Your Turn 8                       Example 8    An egg farmer has 4394 eggs to distribute into packages of a

Solve.  dozen each. How many packages can the farmer make? How many eggs will  

be left?

a.  Alicia wants to place a 

wooden fence along the           Solution:  We must split the total number of eggs into groups of a dozen.

back of her property. She 

366

measures the distance to be 

180 feet. She decides to buy                                             12 冄4394

prefabricated 8-foot sections                                               -36  

of fencing. How many sec-                                              79 

tions must she purchase?                                               -72 

b.  Juan is to set an IV drip so                                                        74

 

that a patient receives 300                                                       72-units of heparin, an antico-2 agulant medication, in D/W 

solution for 1 hour. How           Answer:  366 packages, each holding a dozen eggs, can be made with 2 eggs left 

many units should the pa-        over.

tient receive each minute?                   1 1

Check:     366    Quotient

* 12   Divisor

Of Interest                                  732

D/W is an abbreviation for dex-             +366 

trose in water. Dextrose is a type                4392

 

of sugar in animal and plant                    Remainder + 2 tissues. 4394 Dividend

Do Your Turn 8

 

Answers to Your Turn 7

a. x = 9 b. n = 21 c. a = 0

d. no solution

Answers to Your Turn 8

a. 23 whole sections

b. 5 units
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PORTFOLIO

 

1.4           For Exercises

Extra

Help

 

Objective 1

Prep Exercise 1  In 40 , 5 =                                                               n 8, 40 is the ____________ ,          Prep Exercise 2  n , 1 = = ____________  when n is 

5 is the ____________ , and 8 is the ____________.                                     1 any number.

 

Prep Exercise 3              0                                                   n Prep Exercise 4  = = n 0, or , is ____________  when 0 , n ____________  when , 0 n n n ⬆ ⬆ 0. 0.

 

Prep Exercise 5             0                                                  n Prep Exercise 6  n n  0 , 0, or , is ____________ . , = = ____________  when n 0 n ⬆ 0.

For Exercises 1–8, determine the quotient and explain your answer.

1. 26 , 26                    2. 381 , 1                    3. 0 , 49                     4. 29 , 0

 

5. 0 , 0                       6. 462 , 462                  7. 22 , 0                     8. 0 , 95

 

Prep Exercise 7 2 is an exact divisor for all ____________  numbers.

For Exercises 9–14, use divisibility rules to determine whether the given number is divisible by 2.

9. 19,761                                   10.  24,978  11. 143,706

 12. 801,907  13. 431,970    14. 8445

Prep Exercise 8 3 is an exact divisor for a number if ________________________________.

For Exercises 15–20, use divisibility rules to determine whether the given number is divisible by 3.

15. 19,704                                  16. 1101                                   17. 26,093 18. 450,917  19. 98,757  20. 241,080 

Prep Exercise 9 5 is an exact divisor for numbers that ________________________________.

For Exercises 21–26, use divisibility rules to determine whether the given number is divisible by 5.

21. 27,005                                  22. 148,070  23. 64,320 

24. 704,995  25. 4,195,786  26. 319,424 

Prep Exercise 10 When estimating a quotient, explain what to do if rounding the numbers to one nonzero digit produces a division that is difficult to perform mentally. 

For Exercises 27–44, estimate. Then find the actual quotient. 

27. 3627 , 9                     28. 2364 , 6                         29. 1038 , 5 

 

30. 24,083 , 4                           31. 3472 , 16                            32. 9979 , 17 

 

12,464

33. 6399 , 26                           34. 9770 , 19                           35. 

41

15,542                                  24,400                                  20,800

36.                                            37.                                            38. 

38                                  610                                 260
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235,613                                403,218                                331,419

39.                                            40.                                            41. 

124                                  96                                  207

510,631                                725,480                                174,699

42.                                            43.                                            44. 

204                                   0                                    0

Objective 2

Prep Exercise 11 Explain how to solve for an unknown factor. 

 

For Exercises 45–56, solve and check.

45. 9 # x = 54  46. y # 4 = 40  47. m # 11 = 88 

48. 15 # a = 45  49. 17 # n = 119  50. b # 21 = 105 

51. 24 # t = 0  52. u # 0 = 409  53. v # 2 # 13 = 1092 

54. 16 # 5 # k = 560  55. 29 # 6 # h = 3480  56. 18 # c # 41 = 6642 

 

Objective 3

Prep Exercise 12 List three key words that indicate division. 

 

For Exercises 57–70, solve.

57. Dedra’s gross annual salary is $34,248. She gets           58. A financial planner is asked to split $16,800 evenly 

paid once a month. What is her gross monthly  among 7 investments. How much does she put in 

salary?                                                     each investment? 

59. Carl is to set an IV drip so that a patient receives          60. The federal government grants a state $5,473,000 

840 milliliters of 5% D/W solution in an hour.   to be distributed equally among the 13 technical 

How many milliliters should the patient receive   colleges in the state. How much does each college 

each minute?                                             receive? 

61. An employee of a copying company needs to make      62. A printing company is asked to make 800 business 

small flyers for a client. The employee can make   cards for a client. It can print 12 cards on each sheet 

4 flyers out of each piece of paper. The client needs           of card stock. How many sheets will it use? 

500 flyers. How many pieces of paper must the 

 employee  use? 

63. How many 44¢ stamps can be bought with $10?         64. A long-distance company charges 12¢ per minute. 

Explain.                                                       How long can a person talk for $5? Explain.   

 

65. A cereal factory produces 153,600 ounces of cereal each      66. A bottling company produces 48,000 bottles each day. 

day. Each box contains 16 ounces. The boxes are pack- The bottles are packaged in six-packs, then bundled 

aged in bundles of 8 boxes per bundle, then stacked  into cases of 4 six-packs per case. The cases are then 

on pallets, 24 bundles to a pallet. Finally, the pallets are          loaded onto pallets, 36 cases to a pallet.

loaded onto trucks, 28 pallets to each truck.                     a.  How many six-packs are produced? 

a.  How many boxes of cereal are produced each day?       b. How many cases are produced? 

c.  How many pallets are needed? Explain.

b. How many bundles are produced? 

c.  How many pallets are needed? 

d. How many trucks are needed? Explain. 
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67. In the design of a room for a house, the desired           68. A landscaper needs to cover a 4000@square foot 

length is 24 feet. The desired area is 432 square feet.  yard with sod. Sod is delivered in pallets. Each pal-

What must the width be?  let holds enough sod to cover 504 square feet. How 

many pallets must the landscaper purchase if the 

company that produces the pallets will sell only 

whole pallets? 

69. Barry decides to use prefabricated sections of             70. The building code says that electrical outlets must 

wooden fence to fence his backyard. Each section is 8  be spaced no more than 8 feet apart along the wall 

feet in length. How many sections must he purchase  perimeter in each room. If a room has a perimeter of 

to complete 170 feet?  60 feet, how many electrical outlets will be needed to 

meet the code requirements?

 

Review Exercises

[1.2] 1. Solve and check. 184 + t = 361                     [1.2] 2. Connie is placing a decorative border near the 

ceiling in her bedroom. The room is 14 feet wide 

by 16 feet long. How much border will  

she need? 

[1.3] 3.                                                                               4 Estimate 42 * 367; then find the actual [1.3] 4. Evaluate. 5

 product. 

[1.3] 5. Write 49,602 in expanded notation with powers 

of 10. 
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1.5    Order of Operations; Mean, 

Median, and Mode

 

Objectives                    Warm-up

1                                    [1.4] 1. Use divisibility rules to determine whether 414 is divisible by 3. Simplify numerical expres-

sions by following the order       [1.4] 2. Divide. 7052 , 12

of operations agreement.

2 Find the mean, median, and     Objective 1  Simplify numerical expressions by following 

mode of a list of values.                         the order of operations agreement.

Now let’s simplify expressions such as 10 + 3 # 2 that contain a mixture of opera-

tions. Notice that we get different answers depending on the order in which we 

perform the operations.

If we add first, we get:        If we multiply first, we get:

10 3 # 2 10 + 3 # 2

= 13 # 2                          = 10 + 6

= 26                          = 16

The correct answer is 16 because we must multiply before adding. The correct 

order in which operations are to be performed is determined by an agreement. 

Because the specific order of operations that we follow is an agreement, it cannot 

be derived or proven.

 

Order of Operations Agreement

Perform operations in the following order:

 

  1.  Grouping symbols, which include              Note We will learn about parentheses 1 2, brackets 3 4, braces 56

,  other grouping symbols and 

and fraction bars ——                       square roots in Chapter 2.

 2. Exponents

  3.  Multiplication or division in order as these operations occur from  

left to right

  4.  Addition or subtraction in order as these operations occur from left to right

 

Warning  Some people make the mistake of thinking that multiplication always 

comes before division and addition always comes before subtraction. However, 

proper order is to multiply or divide from left to right in the order these operations 

occur. Add or subtract from left to right in the order these operations occur.

 

Your Turn 1                       Example 1    Simplify. 18-24 , 6 # 2

Simplify. Show your steps.            Solution: 18-24 , 6 # 2                           Note We multiply or divide 

 

b. a. from left to right before add-  15  +  4  #  6  =  18 - 4  #  2  Divide.  24   6  =  4   ing or subtracting. Reading   20 - 3  #  6  ,  2  =  18 - 8  Multiply.  4  ~  2   8  24  ,  6  #  2 from left to right, we  c.  12  +  14  ,  2  #  5  =  10  Subtract.  18   8   10  see 24  ,  6; first; so we  divide 

first.

Do Your Turn 1

Answers to Your Turn 1

a. 39 b. 11 c. 47

Answers to Warm-up

1. yes

2. 587 r8
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Example 2           8                                                  Your Turn 2 Simplify. + 5 2 2 Simplify. Show your steps.

 

Solution: 8                                                                     2 3 + 5 2 a.  7-2 9

 

= 8                                                                 12 2 2 + 5 Evaluate the exponential form. 2 4 b.  2-4 4

 

=            8                                                2 c.  5 # 3-10 2 + 5 Divide. 2 4

= 7 Add. 2 5 7

Do Your Turn 2

 

Example 3                2 Simplify. 16-3 + 4 # 10 , 5                                    Your Turn 3

Solution:         2                                                                           Simplify. Show your steps. 16-3 + 4 # 10 , 5

 

=                                                a. 12 + 2-9 # 2 2                                  4 16-9 + 4 # 10 , 5 Evaluate the exponential form. 3 9 2 b.  2 # 6 4 = 16 4-9 + 40 , 5 Multiply. # 10 , + 5 40 3 Note We add c.  3 =-5 # 3 + 24 , 3 16-9 + 8 Divide. 40 5 8 or subtract from = 7 + 8 Subtract. 16 9 7 left to right; so 

=                                 in 16 15 Add. 7 8 15-9 + 8 

we subtract first.

Do Your Turn 3

 

Example 4 Simplify. 31            2 12-9 2 + 5-118 + 22 , 5

Solution:               3 1              2 Note Remove the parentheses,  12-9 2  + 5-1  18 + 22  , 5 brackets, or braces after complet-

A number next                  2                    Perform operations in 3 = # 3 + 5-20 , 5             ing the calculations in them. Some to parentheses                                  parentheses.                        operations can be completed in the 

 

means multiply. same step. For example, the opera- 3  =  #  3  +  25 - 20  Evaluate the exponential form.  ,  5  2  2  tions in the parentheses and 5  can  5   25  be calculated in the same step.  =  9  Multiply and divide from left to  +  25 - 4   right. 3  #  3  9 and 20   5   4

= 30                 Add and subtract from left           Your Turn 4

to right. 9     25    34 and 

Simplify. Show your steps.

34    4    30                  a.  719-52 + 16 , 3 1 + 52

Do Your Turn 4                                                                          4 b.  3-5 18-22 , 6 +

1       2 7-3 2

When grouping symbols appear within other grouping symbols, we say that they are embedded. When we have embedded grouping symbols, we must work from the innermost symbols outward, performing the inner computations first.

 

Example 5                                     2                                    Your Turn 5 Simplify. 28-4 3 30 , 1 10 + 5 24 + 1 7-3 2 Simplify. Show your steps. 3 Solution: 28-4 30 , 1 10 + 5 24 + 1 7-3 2 2 a. 13 + 3 23 + 1 16-7 24, 4 = 2 28-4 3 30 , 15 4 + 4 Perform operations in parentheses. 2 b.  7-5 5 + 3 3 18 , 1 2 + 7 246 = 28 15 2-4 # 2 2 Divide in the brackets. 30 + 4 Answers to Your Turn 2

=                                      2 28 Evaluate the exponential form. 4-4 # 2   16 + 16        a. 6 b. 1 c. 65

=                                                Answers to Your Turn 3 28 4-8 + 16 Multiply. # 2 8

= 20                                                            a. 10 b. 28 c. 20 + 16 Subtract. 28 8 20 Answers to Your Turn 4 = 36 Add. 20 16 36     a. 30 b. 92

Answers to Your Turn 5

Do Your Turn 5

a. 21 b. 38
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The fraction bar can be used as a grouping symbol. For example, in  ,  3  29 - 7 2-4

3 18-62

the fraction line means to divide the result of the top expression by the result of 

the bottom expression. In fraction terminology, the top is called the numerator and

 

the bottom is called the denominator. Think of   as having implied  3  29  72-4

-318-62

parentheses in the numerator and denominator. In other words, the order of 

 operations is the same as 1 2 7-42 , 329-318-6234.

 

Your Turn 6                       Example 6              72

Simplify.                 3 29-4

-318-62

Simplify. Show your steps.

2 Solution:  Simplify the numerator and denominator separately; then divide.

a.                                                       2 2 7 12-24

42                                       -4-3 1 9-7 2

 

b.                                                                                                             2 49 1-4 3 + 5 2 2-1 7-5 2 3 Evaluate the exponential form in the numerator. 7 49 = 3 29 10 + 2 1                        29           3-3 1 8-6 2 12-52

-3 122    Subtract in the denominator. 8 6 2

=    45        Subtract in the numerator. 49 4 45

29                                             3 Evaluate the cube in the denominator. 2-3 # 8 8

=   45

Multiply in the denominator. 3 # 8 24

29-24

= 45

Subtract in the denominator. 29    24    5 

5

= 9          Divide. 45/5 9

Do Your Turn 6

 

Objective 2 Find the mean, median, and mode of a list of values.

 

Mean

We can use a number called a statistic to describe data. Some statistics describe 

the central tendency, or middle, of a list of values. One such statistic is the mean, 

also known as the arithmetic mean or average.

 

Definitions Statistic: A number used to describe some characteristic of a set of data.

Mean: The quotient of the sum of the given values and the number of values.

 

Suppose a student has the following test scores: 94, 82, 88, and 96. To find the 

mean, we add the scores and then divide by the number of scores, which is 4.

 

Mean 94 + 82 + 88 + 96    360         Note The mean, 90, describes a  90  =  =  =   central tendency of the four scores.  4  4

 

Procedure

To find the mean, or average, of a set of data:

  1.  Find the sum of the values.

  2.  Divide the sum by the number of values.

 

Answers to Your Turn 6

a. 4 b. 3
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Median

Another statistic that describes the central tendency of a set of numbers is the median.

 

Definition Median: The middle number in an ordered list of numbers.

 

Look at the following list of numbers arranged in order from least to greatest.

1, 2, 3, 5, 6, 7, 9, 9, 12   Note This list has an odd number of values. The 

median is 6 because it is the middle number.

median

Notice that the median was easy to find in the previous set of numbers because it had an odd number of values. Now look at a set of numbers containing an even number of values.

2, 3, 4,    8, 9, 10   Note This list has an even number of 

values. The median must be between 4 

 median   and 8; so it is the mean of 4 and 8.

 

median =                4 + 8   12 mean of 4 and 8 = = = 6

2      2

 

Procedure

To find the median of a set of data:

  1.  List the values in order from least to greatest.

  2.  If the list has an odd number of values, the median is the middle value. 

If the list has an even number of values, the median is the mean of the middle two values.

 

Mode

The third statistic we will learn is mode.

 

Definition Mode: The value that occurs most often.

 

Look at the following list of numbers.

 

1, 2, 3, 5, 6, 7,              Note Because 9 occurs most often, 9 , 9 , 12 b it is the mode.

mode

 

Procedure

Mode: To find the mode of a set of data, count the number of repetitions of 

each score. The score with the most repetitions is the mode.

Note If no value is repeated, we say that the data has no mode. If there is a tie for the most repetitions, list each of those values as the mode.
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Your Turn 7                       Example 7    Find the mean, median, and mode.

Find the mean, median, and          a.  Weight of basketball players in pounds: 192, 235, 225, 206, 187 mode.

Solution:

a.  Height, in inches, of softball 

players: 67, 70, 66, 67, 68, 68,        Mean:  Divide the sum of the values by the number of values.

 

b.                                                  mean =                        =     = 209  Salaries: $42,000, $37,000, 65, 68, 64                                                     192 + 235 + 225 + 206 + 187    1045

5                 5

$54,000, $70,000, $35,000, 

$41,000 Median:  Arrange the weights in order from least to greatest. The list has an odd 

number of values; so the median is the middle value.

c.  Age of students in a class: 

20, 19, 32, 18, 20, 18, 20, 19,                                             187, 192, 206, 225, 235

18, 19, 18, 19

median

Mode:  Because no number is repeated, there is no mode.

b.  Exam scores: 95, 79, 86, 76, 93, 95, 80, 76

Solution:

Mean:  Divide the sum of the values by the number of values.

 

mean = 95 + 79 + 86 + 76 + 93 + 95 + 80 + 76    680 = = 85

8                     8

Median:  Arrange the scores from the least to greatest. The list has an even num-ber of values; so the median is the mean of the middle two values.

76, 76, 79, 80,     86, 93, 95, 95

 

median =                  80 + 86    166 mean of 80 and 86 = = = 83

2       2

Mode:  The list has two numbers tied for the most repetitions; so we list them both.

 

76, 76, 79, 80, 86, 93, 95, 95 b                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                b

Answers to Your Turn 7

a. mean: 67; median: 67; mode: 68       mode mode b. mean: $46,500; median: 

The modes are 76 and 95.

$41,500; no mode

c.  mean: 20; median: 19; modes:         Do Your Turn 7

18 and 19

 

1.5           For Exercises

Extra

Help

 

Objective 1 

Prep Exercise 1  List the four stages of the order of                  Prep Exercise 2  What is the first step in simplifying the operations.                                                    expression 15-3 # 4? Explain.

 

Prep Exercise 3  What is the first step in simplifying the            Prep Exercise 4  What is the first step in simplifying the expression 13 + 20 , 5 # 2? Explain.                           expression 8 + 2110-42? Explain.
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For Exercises 1–46, simplify. Show your steps.

1. 7 + 5 # 3                                 2.  35-3 # 7                               3.  18 + 36 , 4 # 3 

 4.  20 , 2 # 5 + 6                            2                                     2 5.  12-6 # 4 , 8  6.  7 + 5 # 6 , 10 

 

 7.        2                                                                                                  39 2             3 36-3 # 4 + 14  8.  16-48 , 4 + 5  9.  + 6-2 13

 

 10.  29-4 +                             11.  25 + 2 1 2     2114-92                       12.  43-2 12 + 42

7

 

 13.             24                                  15 2 2 # 2 5- 14.  3 # 6-                            15.  7 # 8-40 , 5 # 2 + 9 4 3

 

 16.                                                                                  60                                  44 2 9 # 6 4-24 , 4 # 2-6  17.  2-18 , 3 # 5- 18.  5-24 , 8 # 6 + 6 4

 19.  2                      2                              2                        2                              14 3 # 4 , 6-5 + 2 20.  5 # 3     3                9     2 , 15 2 + 4-3 21.  2 1 + 2-8 # + 1-2

 22.                                                                                  2 5 1 13-7 2 + 4 # 3-1 4 + 2 2 23.  1 2 + 9 21 19-16 2                       24.  15-3212 + 422

 

 25.                           25                                                    16 1 + 52                                       48 2 7 1 23-12 2 + 26.  2 1 2 7 13 8 3-4 2 27.  + 8-1-2-1 14-6 2 7 1 15-92

 

 28.  13 + 125-                          29.  912 # 7-6 # 22                         30.  214 # 5-3 # 52 4 2     119-112

 31.  13 + 4211 + 24 , 816-42                             32.  119-16213 + 54 , 917-52

 33.  12 , 14 # 32 + 519-622                                  34.  36 , 12 # 62 + 315-12

 35.  314-13 + 224 , 3 + 4117-62                        36.  320-17 + 524 , 2 + 3113-42

 37.                               3        3                                                                       2        4 36-5 31 28-4 2 4 , 2 + 3 38.  31-3 31 56-6 2 , 5 4 + 2

 39.  18-5 4321 , 13 + 4246 + 48 , 2                      40.  54 , 2 + 515-3 20 , 14 + 6246

9 2                                                                                           3-21 22 + 3

 41.                                                                                42.  2 56-2 1 4 + 1 23114-62-18 + 92

 

 43.      38-4 1                                                    2 15-12 2 1 12-5 2    3 + 2 44.  1 3 + 5 2 2-2 1 39-8 2 10 , 2-1 11-92

 45.                                 5                                                             3 [485-68 1 + 39 2 ] + 4-24 # 16 , 8  46.  1 25-9 2 + 420 , 3 3 # 5 + 19 1-1324

[image: ]

For Exercises 47–50, explain the mistake and work the problem correctly.

[image: ]

 47.  48-6 19-42                                           48.  24 , 6 # 2 + 5

= 48-6152                                       = 24 , 12 + 5

= 42152                                           = 2 + 5 

= 210                                            = 7

 49.             2                                                                                              2 1 3 + 5 2-2 # 7 50.  [12-2 # 3] + 4 1 3 2

=                                                    2 9 + 25-2 # 7 = 3 12-6 4 + 4 1 3 2

=                                               2 9 + 25-14 = 6 + 4 1 3 2

= 34-14                                           = 6 + 144 

= 20                                           = 150

 

Objective 2   

Prep Exercise 5 A statistic is a number used to                       Prep Exercise 6 Explain how to find the mean of a list of 

  of a set of data.                                       values.

 

Prep Exercise 7  If a list contains an even number of values,       Prep Exercise 8  What is the mode of a set of data? after it is arranged in order from least to greatest, explain 

how to find the median. 
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For Exercises 51–58, find the mean, median, and mode.

 51.  5, 7, 3, 13, 9, 6, 13             52.  9, 6, 15, 4, 12, 18, 6            53.  10, 4, 7, 17, 9, 14, 4, 8, 17     54.  18, 5, 8, 22, 16, 8, 15, 

22, 12

 

 55.  22, 35, 45, 46                  56.  81, 83, 91, 97                  57.  83, 37, 68, 54, 83, 47          58.  89, 19, 98, 19, 108, 87

 

For Exercises 59 and 60, use the following table, which shows the height and weight of the starting offense of a college football team.

Height        Weight                      Height       Weight  

Player       (in inches)   (in pounds)    Player        (in inches)    (in pounds)

M. Adams      72          210      S. Roberts        71          185

J. Berry            74             285        T. Roberts          73            210

K. Evans         73           200       R. Smith          75           300

T. Graves         74            205       J. Stephens        74           245

C. Johnson       74           207       T. Williams        78           310

B. Morris         76            305

 

 59.  Find the mean, median, and mode height.                60.  Find the mean, median, and mode weight.

 

 61.  The following table shows the ACT scores of a group of     62.  The following table contains the test grades for the 

students applying to a college. Find the mean, median,  students in a chemistry class. Find the mean, median, 

and mode score.                                            and mode. 

Student        ACT score   Student       ACT score             Student        Score   Student     Score

Barnes, K.            31        Johnson, E.           28                  Allen, G.           84     Harris, A.       76

Compton, S.         28       Milton, C.           25                 Baker, S.          75     Little, M.       71

Donaldson, R.       34       Nelson, D.           24                 Barren, T.          64     Moore, S.       93

Garcia, J.               29         Robinson, W.         21                   Carter, J.            93      Payne, J.        60

Hamilton, S.         25       Stevenson, L.        25                  Donaldson, R.     82     Reiche, D.      78

James, T.             21        Wilson, B.            21                   Green, R.          60     Rizvi, Z.       100

 

 63.  The following bar graph shows the total compensation of the 10 highest-paid 

CEOs of 2009 in the United States. Find the mean, median, and mode of their 

salaries. 

Salaries of the 10 Highest-Paid CEOs

200,000    192,900

 

150,000           127,100116,900

100,000                        102,800 98,600

79,600 75,200 73,700 73,200 72,300

50,000

Salary (in thousands)

0

 

Lawrence Ellison Frederic Poses                                         Daniel Amos                 Bob Simpson Angelo Mozilo Nabeel Gareeb Howard Schultz Lloyd Blankfein Richard Fairbank Aubrey McClendon

Source: Forbes 500.
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 64.  The following bar graph shows the gross earnings in North America of the 

10 top-grossing tours in 2009. Find the mean, median, and mode of their gross income. 

Gross Earnings of the 10 Top-Grossing Tours in 2009

180,000

160,000

140,000

123,000

120,000

100,000           94,500 88,000

80,000                         82,500 77,900

71,100 69,800

60,000                                                     56,900 54,500 53,400

Gross (in thousands)

40,000

20,000

0

U2

AC / DC                                     Metallica

Bruce Springsteen         Britney Spears                   Jonas Brothers Kenny Chesney       Fleetwood Mac

& The E Street Band Elton John / Billy Joel                                    Dave Matthews Band

Source: Pollstar.

 

Review Exercises

[1.2] 1. Estimate 42,320 + 25,015 by rounding to the nearest ten thousand. 

For Exercises 2 and 3, perform the indicated operation.

[1.3] 2. 498,503 # 209                                           [1.4] 3. 21,253 , 17 

[1.3] 4. A 12-foot-wide by 16-foot-long room is to have crown molding installed. 

How much molding is needed? If the carpenter charges $4 per foot to install the molding, how much will it cost? 

[1.3] 5. The floor of the same 12-foot-wide by 16-foot-long room is to be 

covered with square 1 foot by 1 foot tiles. How many tiles must be purchased? 
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1.6    More with Formulas

 

Objectives                    Warm-up

1                                    [1.5] 1. 18-322 + 30 , 3 # 5 Use the formula 

3 [1.3] 2. Find the area of a rectangle with a length of 16 feet and a width of 9 feet.    O    Z  to find the 

perimeter of a rectangle.         In Section 1.2, we defined variable and constant. In Section 1.3, we used variables to 

2 Use the formula A bh       write a formula for the area of a rectangle. We have also learned how to solve equa-

to find the area of a  tions with an unknown addend (Section 1.2) or an unknown factor (Section 1.4). 

parallelogram.                  In Section 1.5, we learned the order of operations.

3 Use the formula V lwh to  In this section, we will bundle all of those topics together. We will derive more 

find the volume of a box. formulas and use them to solve problems. When we are solving the problems, our 

4 Solve for an unknown num- formulas may contain numerical expressions that must be simplified using proper 

ber in a formula. order of operations or may lead to unknown addend or unknown factor equa-

5                                    tions that we must solve. Use a problem-solving 

process to solve problems 

requiring more than one         Objective 1  Use the formula P 2l 2w to find the perimeter 

formula.                                      of a rectangle.

First, let’s derive a formula for the perimeter of a rectangle. Look at the rectangle 

below. We use the variable l to represent length and w to represent width. In Sec-

tion 1.2, we learned that to find perimeter, we add the lengths of all the sides, 

which suggests the following formula:

l

 

w                w

 

l

 Perimeter of a rectangle = length + width + length + width

P =   l    +   w   +   l    +   w

Because two lengths and two widths are added, we can multiply both the length 

and the width by 2 and then add.

P = 2l + 2w

We can use the formula to find the perimeter of any rectangle when given values 

for its length and width.

 

Your Turn 1                       Example 1    A school practice field is to be enclosed with a chain-link fence. 

Solve.                                The field is 400 feet long by 280 feet wide. How much fence is needed?

a.  A rectangle has a length of         Solution:  Because we must find the total distance around a rectangular field, we 

42 meters and a width of 19        use the formula for the perimeter of a rectangle.

meters. Find the perimeter.         P = 2l + 2w

b.                                                                Replace l with 400   A rectangle has a length of P = 21 400 2 + 21 280 2

7 miles and a width of                                         and w with 280.

6 miles. Find the perimeter.                                   Multiply. P                                280 ft. = 800 + 560

P = 1360             Add.

Answers to Your Turn 1

Answer:  1360 ft. of fence is needed.

a. 122 m b. 26 mi.                                                                               400 ft.

Do Your Turn 1

Answers to Warm-up

1. 75

2.          2 144 ft.
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Objective 2  Use the formula  A bh to find the area of a 

parallelogram.

In Section 1.3, we discussed that area is measured in square units and developed a formula for calculating the area of a rectangle, A = lw. Rectangles are special forms of a more general class of figures called parallelograms, which have two pairs of parallel sides.

 

Definitions Parallel lines: Straight lines lying in the same plane that do not intersect.

Parallelogram: A four-sided figure with two pairs of parallel sides.

 

Examples of parallelograms:

 

To find the area of a parallelogram, we need the measure of the base and the height. The height is measured along a line that makes a 90° angle with the base. An angle that measures 90° is called a right angle.

 

Definition Right angle: An angle that measures 90 .

 

We will use the letter b for the measure of the base and the letter h for the height.

 

h                        Note The right angle is indicated by a small 

 square where the height line meets the base.

 

b

 

Notice that if we cut along the height line, we cut off a triangle. If we slide that triangle around to the right side and place the parallel sides together, the resulting figure is a rectangle.

 

h

 

b

 

The rectangle we have made has the same 

area as the original parallelogram. The length 

of this rectangle is b, and the width is h. So     Note Because squares and rectan-the formula to calculate the area of a paral-     gles are special parallelograms, we lelogram is A = bh .                           can use A = bh for them as well.
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Your Turn 2                       Example 2 Find the area of the parallelogram.

Find the area.                          Solution:  Use the formula for the area of a parallelogram, A = bh .

a.                                                  A = bh

A = 1152192 In A bh, replace b with                 9 ft. 15 and h with 9.

12 in.                                   A = 135

Multiply. Because the base and 

height are measured in feet, the             15 ft. area unit is square feet.

14 in.                                                             2 Answer:  The area is 135 ft.

b.                                       Do Your Turn 2

 

8 ft.

Objective 3 Use the formula  V lwh to find the volume of a box.

4 ft.                                         Now let’s consider volume, which is a measure of the amount of space inside a 

three-dimensional object. We measure volume using cubic units.

 

Definitions Cubic unit: A 1 : 1 : 1 cube.

Volume: The total num ber of cubic units that completely fill an object.

 

Examples of cubic units:

Cubic centimeter                             Cubic inch

 

1 cm

 

1 cm   1 cm                                           1 in.

Of Interest                              A cubic centimeter is a 1 cm by 1 cm In mathematics, we write cubic            by 1 cm cube and is represented

3                                                             3 mathematically by cm.

centimeters as cm . Another com-                                                                      1 in.

mon abbreviation is cc, which is                                                           1 in. used in medical dosage or in a                                                A cubic inch is a 1 in. by 1 in. description of engine size.                                                             by 1 in. cube and is represented 

mathematically by in. 3.

 

Let’s develop a formula for calculating the vol-

ume of a box. Consider a box that is 3 meters 

long by 2 meters wide by 4 meters high. Let’s 

measure its volume by filling it with cubic meters.

 

4 m

Note Six cubic meters form a layer at the bottom. Because each layer is 

1 meter high, four of those layers fill 

the box so that it holds a total of 24 

cubic meters.                        

2 m

3 m

 

Answers to Your Turn 2

a.         2 168 in.

b.      2 32 ft.

1.6  More with Formulas      61

 

Notice that we can calculate the volume by                    3 Note The unit m is read cubic multiplying the length, width, and height.                                              Connection meters or meters cubed . All volume When a num-

 

Volume of a box = length # width # height       calculations involve multiplying          ber is raised to the third three distance measurements. power, we say that we are = Volume 3 m # 3 2 m # 4 m = 24 m Therefore, volume units are cubing that number, or the 

 

So the formula for calculating the volume of  always a distance unit with an            number is cubed. The result is  exponent of 3.  the  cube  of the number.  a box is  V  =  lwh  .

 

Example 3 A computer tower is 30 centimeters long by 10 centimeters wide       Your Turn 3

by 35 centimeters high. What is the volume of the tower?                           Find the volume.

Solution:                                                                                       a.   The tower is a box; so use the formula for the volume of a box, V = lwh .

V = lwh

V = 130211021352    In V lwh, replace l with 30, w with 10, and h with 35.

V =                                                   9 m 10,500          Multiply. Because the length, width, and height are  

in centimeters, the volume is in cubic centimeters.

Answer:                        3 The volume is 10,500 cm .                                                                    3 m

5 m

Do Your Turn 3

b.

3 ft.

2 ft.

Objective 4 Solve for an unknown number in a formula.                               5 ft.

Sometimes when we substitute numbers into a formula, the resulting equation contains an unknown factor.

 

Example 4 The area of a parallelogram is 40 square feet. If the base is 8 feet,        Your Turn 4

find the height.                                                                    Solve.

Solution:                                                                                     a.  The area of a parallelogram   Use the formula A = bh .

A = is 72 square inches. If the 

bh height is 9 inches, find the 

 40 = 8h    Replace A with 40 and b with 8.                          base.

 40 , 8 = h     Write a related division statement.                       b.  The area of a rectangle is 60 

 5 = h      Divide 40 by 8.                                              square meters. If the width 

is 5 meters, find the length.

Answer:  The height is 5 ft.

Check:  Verify that a parallelogram with a base of 8 feet and height of 5 feet has 

an area of 40 square feet.                                                                Connection 40 = 8h is an 

A = unknown factor equation. 

bh In Section 1.4, we learned to 

A = 182152   Replace b with 8 and h with 5.                       solve unknown factor equa-A = 40      Multiply. The height is correct.                       tions by dividing the product 

by the known factor.

Do Your Turn 4

 

Answers to Your Turn 3

a.         3              3  135 m b. 30 ft.

Answers to Your Turn 4
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Your Turn 5                       Example 5    The volume of a box is 480 cubic centimeters. If the length is

Solve.                                10 centimeters and the width is 8 centimeters, find the height.

a.  The volume of a box is             Solution:  Use the formula V = lwh .

336 cubic centimeters. If the                       V = lwh

length is 12 centimeters and                     480 = 1102182h   Replace V with 480, l with 10, and w with 8.

the width is 7 centimeters, 

find the height.                                                   Multiply 8 by 10. 480 = 80 h

b.  The volume of a box is                     480                          Write a related division statement. , 80 = h

810 cubic inches. If the                               6 =               Divide 480 by 80. h

width is 9 inches and the 

height is 5 inches, find the          Answer:  The height is 6 cm.

length.                            Check:  Verify that a box with a length of 10 centimeters, width of 8 centimeters, 

and height of 6 centimeters has a volume of 480 cubic centimeters.

V = 1102182162 Replace l with 10, w with 8, and h with 6.

V = 480       Multiply. The height is correct.

Do Your Turn 5 

 

Objective 5  Use a problem-solving process to solve problems 

requiring more than one formula.

As the problems we solve get more complicated, it is helpful to follow a problem-

solving outline. The purpose of the outline is to suggest strategies for solving 

problems and to offer insight into the process of problem solving. Look for the 

outline in some of the more complicated examples.

 

Problem-Solving Outline

 1. Understand the problem.

a.  Read the question(s), underline key words, and note what you are to find. b. If useful, draw a picture, make a list or table, simulate the situation, or 

search for a related example problem.

 2. Plan your solution strategy. Search for a formula or translate key words to 

TACTILE     VISUAL    AUDITORY                                                                   an equation.

 Learning Strategy      3. Execute the plan. Solve the formula or equation.

If you are a visual learner, focus on        4. Answer the question. Include appropriate units. visual strategies such as drawing       5. Check the results. pictures and making lists. If you          a.  Make sure the answer is reasonable for the situation. are an auditory learner, try talking  b.  Check calculations by solving the problem a different way, reversing 

through the situation, expressing  the process, or estimating the answer and verifying that your estimate 

your ideas verbally. If you are a             and actual answer are reasonably close. tactile learner, try to simulate or 

model the situation using pencil, 

paper, or any item nearby.

 

Answers to Your Turn 5

a. 4 cm

b. 18 in.
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Example 6 Crown molding is to be installed in a room that is 20 feet long by       Your Turn 6

15 feet wide. The molding costs $6 per foot to install. How much will it cost to  A fence is to be built around 

install the molding? a yard that is 60 feet long by 

Understand We must find the total cost of installing crown molding around a  80 feet wide. A contractor will 

20-foot by 15-foot room. A picture of the rectangular room is shown below. charge $35 per foot to install the 

fence. How much will it cost to 

install the fence?

 

15 ft.

 

20 ft.

 

We are told it costs $6 per foot; so the total cost will be the length of molding 

required multiplied by the price per foot. Crown molding is installed on each 

wall flush with the ceiling of the room; so the total length required will equal 

the perimeter of the room.

Plan Find the perimeter of the room, which will equal the length of molding re-

quired; then multiply that length by $6 per foot.

Execute To find the perimeter of the room, we use P = 2l + 2w , replacing l with 

20 and w with 15.

P = 2 1202                 l with 20 and w with 15. + 2 1 15 2 Replace 

P = 40 + 30   Multiply.

P = 70            Add.

So 70 feet of molding is required. To find the total cost, we multiply the 70 feet 

by the price per foot, $6.

Cost = 1621702 = 420

Answer  It will cost $420 to install crown molding in the room.

Check  To check, we can reverse the process. We can find the length of molding 

that could be purchased with $420 by dividing 420 by 6.

Length purchased = 420 , 6 = 70

So 70 feet of molding could be purchased with $420. Two 20-foot segments and 

two 15-foot segments equal 70 feet; so our calculations are accurate.

Do Your Turn 6

 

Now let’s solve problems involving composite shapes. Composite shapes are shapes formed by putting together two or more fundamental shapes such as rectangles or parallelograms. A composite shape also can be a shape within a shape.

 

Answer to Your Turn 6

$9800
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Example 7 Shown here is a base plan for a new building. What is the total area occupied by the building?

50 ft.

 

60 ft.

40 ft.

 

90 ft.

 

Understand We must find the total area occupied by the building. There are sev-eral ways we can determine the area.

We could draw dashed lines to see the area as two smaller rectangles combined as in Figures A and B.

 

Figure A                               Figure B 

50 ft.                                                      50 ft.

rectangle

rectangle                                               1

1

60 ft.                                                      60 ft.

rectangle                                 rectangle

40 ft. 40 ft.

2                                2

 

90 ft.                                                      90 ft.

 

Or, we could imagine a smaller rectangle removed from the corner of a larger rectangle as in Figure C.

 

Figure C 

50 ft.

removed

rectangle

60 ft.

40 ft.

 

90 ft.

 

Visualize the area in the way that is easiest for you. We will use Figure A.

Plan Using Figure A, add the areas of rectangle 1 and rectangle 2. To find the area of each rectangle, use the formula A = lw (or A = bh).

Execute First, we find the area of rectangle 1, which is 50 feet by 60 feet.

Area of rectangle 1 = 15021602 =        2 3000 ft.

Now we need the area of rectangle 2, but its length was not shown on the origi-nal figure. Using the other dimensions we find the length to be 40 feet, which means rectangle 2 is actually a 40-foot by 40-foot square.
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50 ft.                                        Note Because the bottom is 90 feet             Your Turn 7

rectangle                                                                               Solve. across. So the length of rectangle 2  across, the top must also be 90 feet 

40 ft.

1   The picture shows two bed- must be 90 - 50  =  40 feet.  a.

60 ft. rooms and a connecting hall-

rectangle way that are to be carpeted. 

40 ft.

2 How many square feet of 

carpet will be needed?

90 ft.

12 ft. 12 ft.

Now we can find its area.

 

Area of rectangle 2 = 14021402 =        2                                  15 ft. 1600 ft.              4 ft.

The total area occupied by the building is the sum of the two areas.                                32 ft.

Total area = 3000 + 1600 =        2 4600 ft.                          b.  The picture shows the drive-

Answer 2 way and walk of a new    The total area is 4600 ft.   Note  Make sure you include the units.

house. The builder needs to 

Check  We will solve the problem again using Figure C from the previous page. know how much concrete to 

plan for. What is the total area 

Figure C of the driveway and walk?

50 ft.              40 ft.

3 ft.

 

rectangle removed                                     6 ft. 20 ft. 10 ft.               15 ft.

12 ft.

60 ft.

40 ft.                                                            20 ft.

 

90 ft.

Because the smaller rectangle is removed from the larger one, we subtract its 

area from the larger rectangle’s area to find the area occupied by the building.

Area of building = area of larger rectangle-area of removed rectangle

The large rectangle is 90 feet by 60 feet.

 Area of large rectangle                         2 = 1 90 21 60 2 = 5400 ft.

 Area of removed rectangle                      2 = 1 40 21 20 2 = 800 ft.

 Area of the building =                        2 5400-800 = 4600 ft.

Because we get the same answer, we can feel secure that our calculation for the 

area occupied by the building is correct.

Do Your Turn 7

 

Example 8 A builder is required to sod the yard of a new home. The lot is a 

rectangle 75 feet wide by 125 feet long. The house occupies 2500 square feet of 

the lot. Sod must be purchased in pallets of 500 square feet that cost $85 each. 

How much will it cost to sod the yard?

Understand We are to find the total cost to sod a yard. Let’s underline key 

words and important information.

A builder is required to sod the yard of a new home. The lot is a rectangle 75 

feet wide by 125 feet long. The house occupies 2500 square feet of the lot. Sod 

must be purchased in pallets of 500 square feet that cost $85 each. How much 

will it cost to sod the yard?                                                                        2 Answers to Your Turn 7

a.                       2 392 ft. b. 339 ft.

Because the problem involves rectangles, let’s draw a picture.
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House

area =

75 ft.                                      2 2500 ft.

 

125 ft.

 

To develop a plan, we ask ourselves questions starting with the question in the problem.

What do we need to know to find the cost of the sod?

Answer: If each pallet costs $85, we need to know how many pallets will be used.

How can we figure the number of pallets required?

Answer: If each pallet covers 500 ft.2 , we need to know how many square feet of the lot will be covered with sod.

How can we figure the number of square feet to be covered?

Answer: Because the whole lot, except for the house, is to be covered, we need to subtract the area occupied by the house from the total area of the lot.

We were given the area occupied by the house but not the area of the lot. How can we find the area of the lot?

Answer: Because the lot is a rectangle and the area of a rectangle is found using the formula A = lw, we need to multiply the length and width of the lot.

Plan Now we have our starting point. We’ll find the area of the lot, then sub-tract the area occupied by the house, which will give us the area to be covered 

AUDITORY with sod. From there, we can calculate how many pallets will be needed. Once 

Learning Strategy             we have the number of pallets, we can determine the cost.

This type of question-and-answer      Execute Calculate the area of the lot:

verbal approach is an excellent                                     A = lw

strategy for auditory learners.                                               A = 112521752

A =      2 9375 ft.

Now we can calculate how much area will be covered with sod by subtracting the area occupied by the house.

Area to sod                          2 = 9375-2500 = 6875 ft.

Next, we need to determine how many pallets will be needed to cover 6875 square feet. Because each pallet covers 500 square feet, we need to divide 500 into 6875 to see how many sets of 500 are in 6875.

Number of pallets = 6875 , 500 = 13.75

This means that 13 whole pallets are needed with 375 square feet uncovered by sod. Because partial pallets cannot be purchased, the builder must buy one more pallet to cover that 375 square feet even though not all of the sod will be used from the extra pallet. So a total of 14 pallets must be purchased.

Because each of the 14 pallets costs $85, we multiply to find the total cost.

Total cost = 11421852 = $1190

Answer  The total cost to sod the yard is $1190.
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Check  Let’s do a quick estimate of the area. We’ll round the width to 80 feet and       Your Turn 8 the length to 130 feet and calculate the area.

 

Estimate = 1130 21802 =         2                                    Solve. 10,400 ft. a.  A house occupies 2000 

The house occupies 2500 square feet; so let’s round that to 3000 square feet. We  square feet on a 9000-square-

can now estimate the amount of land to be covered in sod by subtracting the  foot lot. The lot is to be 

area of the house from our estimate for the whole lot. landscaped with 1800 square 

 

Approximate area of coverage = 2 feet of flower beds and the  10,400 - 3000  =  7400 ft.  remaining area covered with 

If each pallet covers 500 square feet, about 15 pallets will be needed to cover  grass seed. Each bag of grass 

7400 square feet. seed covers 1000 square feet 

If we round the cost of each pallet to about $90, the total cost is $90 # and costs $18. How much  15 pallets =

will it cost to seed the lot?

$1350. So we should expect the cost to be approximately $1350. Our actual calcula-

tion of $1190 is reasonable given the amount of rounding we did in our estimates.  b.  An 8-foot-long by 4-foot-

wide entryway in a new 

Do Your Turn 8 house is to have a tile land-

ing and the rest of the floor 

Example 9  covered in hardwood. The 

Approximate the volume of the automobile shown. tile landing is to be 4 feet 

long by 2 feet wide. How 

5 ft. many square feet of hard-

1 ft. wood will be needed? The 

cost of the tile is $7 per 

square foot, and the cost 

2 ft. of the hardwood is $13 per 

square foot. What will be the 

11 ft. 5 ft. total cost of the floor in the 

entryway?

Understand Volume indicates that we are to find the total number of cubic 

units that completely fill the car. Because we need only an approximation, we 

can view the automobile as two boxes stacked as shown. The formula for the 

volume of a box is V = lwh.

 

5 ft.                5 ft.

1 ft.

 

2 ft.                                                                                                        Connection In Example 

7, to find the area made of 

two combined rectangles, 

11 ft.                                  5 ft.                                   we added the areas of the 

rectangles. Similarly, to find 

Plan To find the total volume, we add the volumes of the two boxes. the volume of two combined 

Execute boxes, we add the volumes of  Total volume  =  volume of bottom box  +  volume of top box

the two boxes.

V =   l # w # h      +   l # w # h

V = 1112152122   +   152152112

V = 110       + 25

V = 135

Answer                                 3  The volume of the car is about 135 ft..

Check  Let’s reverse the process. We start with 135 cubic feet and see if we can 

work our way back to the original dimensions. The last step in the preceding        Answers to Your Turn 8

process was 110 a. $108 (must purchase 6 bags  +  25  =  135; so we can check by subtracting.

 135                   2-25 = of seed)

110 This is true; so our addition checks.                   b. 24 ft. ; $368
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Your Turn 9 Now let’s check 110 cubic feet. Because we multiplied (11)(5)(2), we can check 

by dividing 110 , 2 , 5 to see if we get 11.

Engineers are designing a                                         110 , 2 , 5

clean room for a computer chip                                     = 55 , 5 manufacturer. The room is to 

be L-shaped (see diagram). In                                       = 11       It checks.

designing the air recycling and  Now check 25 cubic feet. Because we multiplied (5)(5)(1) to get 25, we can check 

filter system, the engineers need       by dividing 25 , 1 , 5 to see if we get 5. to know the volume of the room. 

Find the volume of the room if                                     25 , 1 , 5

the whole room has a 10-foot                                        = 25 , 5  

ceiling.                                                                                    It checks. = 5

75 ft.                               Do Your Turn 9

35 ft.

50 ft.

Examples 8 and 9 suggest the following procedure.

25 ft.

Procedure

To find the area or volume of a composite figure:

  1.  Identify the shapes or objects that make up the figure.

  2.  If those shapes or objects combine to form the composite figure, add their 

areas or volumes. If one shape or object is inside another, subtract the 

Answer to Your Turn 9 area/volume of the inner shape/object from the area/volume of the outer 

30,000 ft. 3                                     shape/object.

 

1.6           For Exercises

Extra

Help

 

Objective 1 

Prep Exercise 1  Explain how to use a formula.                  Prep Exercise 2  What is the formula for finding the 

perimeter of a rectangle? 

 

For Exercises 1–6, find the perimeter.

1.                   29 cm                         2.           10 ft.                                 3.             32 in.

 

32 in.

18 cm

15 ft.

 

4.                60 mi.                             5.                 24 km                          6.                   40 m

7 m

8 km

60 mi.
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Objective 2 

Prep Exercise 3                                                      Prep Exercise 4  What is a parallelogram?  What is the formula for finding the area 

of a parallelogram? 

For Exercises 7–12, find the area.

7.                  19 m                           8.                     9 ft.                         9.             12 in.

 

12 in.

12 m

13 ft.

 

 10.                                                     11.                 16 km                             12.                        19 mi. 26 m

5 m                                        7 km

11 mi.

 

Objective 3 

Prep Exercise 5  What is volume?                                Prep Exercise 6  What is the formula for finding the vol-

ume of a box? 

For Exercises 13–18, find the volume.

 13.                                                   14.                       21 m                       15.  

 

10 ft.

9 m 6 in.

6 m

4 ft.

7 ft.

6 in.

6 in.

 16.                                                     17.                                                                   9 cm 14 km 18.  

 

9 cm

8 ft.                                               5 km

3 km                   9 cm

1 ft.

2 ft.

 

Objectives 4 and 5 

Prep Exercise 7  According to the problem-solving outline,       Prep Exercise 8  What is the last step in the problem- what is the first step in solving a problem?                     solving process?

 

Prep Exercise 9                                                           Prep Exercise 10 How would you calculate the area of a   How would you calculate the area of shape that is a combination of two smaller shapes? a shape that is formed by cutting away a portion of a 

larger shape? 
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For Exercises 19–50, solve.

 19.  A parallelogram has an area of 144 square meters. If       20.  A parallelogram has an area 

the base is 16 meters, find the height.                          of 2408 square centimeters.  

If the base is 56 centimeters,           ? find the height. 

?

56 cm

16 m

 21.  A parallelogram has an area of 1922 square inches. If        22.  A parallelogram has an area of 399 square feet. If the 

the height is 31 inches, find the base.                            height is 19 feet, find the base. 

 

31 in.                                                                    19 ft

 

?                                                                        ?

 23.  A canning company feeds sheets of metal into a           24.  A search-and-rescue helicopter is assigned to search a 

machine that molds them into cans. The area of a  3584-square-mile rectangular region over the Atlantic 

rectangular piece of sheet metal must be 180 square  Ocean. After flying north for 64 miles along the west-

inches. So that a piece of metal fits into the machine,  ern border of the region, the helicopter turns east (90  

the width of the sheet of metal must be 9 inches.  turn) to fly along the northern border. How far will 

What must the length be?  the helicopter have to fly on that line to complete the 

search along the northern border? 

 25.  A cell phone has a volume of 90 cubic centimeters. If      26.  A digital camera has a volume of 108 cubic centime-

the length is 9 centimeters and the width is 5 centi- ters. If the width is 9 centimeters and the height is 6 

meters, find the height.                                       centimeters, find the length. 

 27.  A box has a volume of 22,320 cubic inches. If the          28.  A box has a volume of 30,600 cubic centimeters. If the 

length is 31 inches and the height is 40 inches, find  height is 60 centimeters and the length is 15 centime-

the width.                                                    ters, find the width. 

 29.  An engineer is designing a refrigerator. The desired vol-     30.  A bus is a box with a volume of 2520 cubic feet. If the 

ume is to be 24 cubic feet. If the length must be 3 feet and  bus is 35 feet long by 8 feet wide, what is the height 

width must be 2 feet, what must the height be?                  of the bus? 

 31.  The Antonov AN 124 is the world’s largest commer-     32.  The volume of the Vehicle Assembly Building where 

cial cargo aircraft. Its cargo compartment is approxi- NASA constructs its rockets and shuttles is 5,511,040 

mately box-shaped and measures 120 feet long and  cubic meters. If the building is 218 meters long and 

14 feet tall. If the approximate volume of the cargo           160 meters tall, what is its width? 

compartment is 35,280 cubic feet, what is the width 

of the compartment? 

Of Interest

[image: ]

The NASA assembling building is actually a large 

shell. Because the open space inside is so large, 

clouds could form in the upper part of the building. 

NASA had to design a humidity/temperature-control 

system to keep storms from developing inside the 

building.

 

 33.  Crown molding is to be installed in a 16-foot-wide by     34.  Angela plans to put a wallpaper border just below 

20-foot-long living room. The subcontractor charges  the ceiling in her bedroom. The room is 12 feet wide 

$4 per foot to install the molding. What will be the  by 14 feet long. If the border costs $2 per foot, what 

total cost of installing molding for the room?                 will be the total cost?
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 35.  Baseboard molding is to be placed where the walls        36.  Chair railing is to be placed on the walls around the 

connect to the floor in the room shown below. An  room mentioned in Exercise 35. The railing will be at a 

8-foot section of baseboard molding costs $4. If no  height of 3 feet from the floor. If the railing costs $5 for 

partial sections are sold, how much will the total  an 8-foot section and no partial sections are sold, how 

baseboard cost?                                           much will the chair railing cost for the room? 

 

4 ft.-wide

4 ft. entryway                 14 ft.

window

 

13 ft.

 

 37.  Mr. Williams wants to fence a large pasture. The plot      38.  The Henry family wants to put a fence around their 

plan for the land is shown here. A company charges  backyard. The plan is shown here. A company charges 

$5 per foot for the fence and $75 for the 10-foot gate.  $8 per foot for the wood picket fence and $50 for each 

What will be the total cost?                                   4-foot-wide gate. What will be the total cost? 

380 ft.                                                                            65 ft.

10 ft. gate placed here

14 ft.       4 ft. gate

120 ft.

200 ft.                        House                                  48 ft.

 

400 ft.                                                     15 ft.       4 ft. gate

55 ft.

 39.  Mr. Williams from Exercise 37 decides to investigate the cost of building the fence 

himself.

a.  If he places wood posts every 8 feet (except where the gate goes), how many 

posts must he purchase? The posts cost $2 each. What will be the cost for all of the posts? 

b. He will nail four rows of barbed wire along the posts (except where the gate 

goes). How many feet of barbed wire must he have in all? A roll of barbed wire contains 1320 feet of wire and costs $45. How many rolls will he need? What will be the cost of barbed wire? 

c.  Because he’ll be nailing four rows of wire to each post, he’ll need 4 <-nails for 

each post. How many nails will he need? If the nails come in boxes of 100, how many boxes will he need? If the boxes cost $3 each, how much will the nails cost? 

d. The gate costs $75. What will be the total cost of materials? e.  Compare the total cost of materials for Mr. Williams to build the fence himself with 

the total cost of having the fence company build it. How much does Mr. Williams save if he builds the fence himself? Before committing to build the fence himself, what factors should he consider? 

 

 40.  Mr. Henry from Exercise 38 decides to investigate the cost of building the fence 

himself. He decides that 8-foot prefabricated panels are the least expensive op-tion. Each 8-foot panel costs $25. Posts are placed at each end of each section and at each end of each gate. The posts cost $3 each. Rental of an auger to dig the post holes costs $50. The gates cost $45 each. What will be the total cost? (Hint: Draw the plan for post placement.) 
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 41.  The floor of a house is to be made from 4-foot-wide       42.  The area shown is to be carpeted. How many square 

by 8-foot-long sheets of plywood. The floor plan is  feet of carpet will be needed? If the chosen carpet 

shown here. How many sheets of plywood will be  costs $3 for each square foot, how much will it cost to 

needed? If each sheet of wood costs $15, what will be        carpet the area? 

the total cost? 

16 ft.

24 ft.

22 ft.                                                                       20 ft.

18 ft.

12 ft.

45 ft.

40 ft.                                                            36 ft.

35 ft.

 

54 ft.

 43.  The walls of a 24-foot-long by 15-foot-wide room          44.  The walls in nine offices in an office building are to 

with a 9-foot ceiling are to be painted. The room  be painted. Each office is 10 feet long by 9 feet wide 

has a 6-foot-wide by 7-foot-high entryway and two  and has an 8-foot ceiling. Each office has a 3-foot-

windows each measuring 3 feet high by 2 feet wide.  wide by 7-foot-high doorway and a 3-foot-high by 

What is the area to be painted? If each gallon of paint         2-foot-wide window.

covers 400 square feet, how many gallons will be             a.  What is the area to be painted? 

needed?                                             b. If a gallon of paint covers 400 square feet, how 

many gallons will be needed? 

c.  If each gallon costs $14, what will be the total cost 

of the paint? 

 45.  An 84-foot-wide by 72-foot-long building is on a lot       46.  Find the area of the metal (shaded) in the plate 

that is 245 feet long by 170 feet wide. The entire area  shown. The hole in the center is an 8-centimeter by 

surrounding the building is to be paved for parking.         8-centimeter square. 

Calculate the area that will be paved. 

 

12 cm

 

14 cm

 47.  A large building has two wings as shown below.          48.  Ziggurats are terraced pyramids. Find the volume 

What is the total volume of the building? of the ziggurat shown if the bottom level is 297 feet 

wide by 297 feet long by 12 feet high, the middle 

120 ft. level is 260 feet wide by 260 feet wide by 10 feet high, 

and the top level is 145 feet wide by 145 feet wide by 

50 ft.                   9 feet high. 

 

60 ft.

35 ft.

40 ft.

90 ft.
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Of Interest

The ancient Babylonians and Assyrians constructed ziggurats as temples. About 2500 years ago, the Babylonian king Nebuchadnezzar built a large ziggurat in the city of Borsippa (75 miles south of modern Baghdad). The massive ziggurat was built using millions of fired mud bricks that were 13 inches by 13 inches by 3 inches each. The zig-gurat had seven terraces and was 231 feet tall.

 

 49.  The chair shown is constructed from thick foam           50.   Concrete will be poured to form a swimming pool 

padding. What volume of padding is needed to form  that measures 40 feet long by 30 feet wide by 4 feet 

the chair? deep. If the concrete is 1 foot thick, what volume of 

concrete is needed to form the pool? 

 

2 ft.

 

3 ft.                2 ft.

2 ft.                      3 ft.

4 ft.

 

Puzzle Problem An equilateral triangle is a triangle with all three sides equal in length. Sup-

pose we construct an equilateral triangle out of three pencils that are of equal length.

We can construct larger equilateral triangles out of the smaller version as shown below.

 

How many pencils would be needed to construct an equilateral triangle like those 

shown that has 15 pencils along each side? 

 

Review Exercises

[1.2] 1. Solve and check. x + 175 = 2104 [1.3] 2. Write 2,408,073 in expanded form using powers 

of 10.

 

[1.3] 3. Estimate 452 # 71,203. Then calculate the actual        [1.4] 4. Solve and check. 17 # y = 3451 

product. 

[1.5]                 3                2      6 5. Simplify. 5-   9 31 + 3 2-24 + 24 , 6 # 2 
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Chapter 1  Summary and Review Exercises

TACTILE     VISUAL    AUDITORY

 Learning Strategy

Your study sheet (described in the To the Student section of the text) should resemble the summaries at the end of each chapter. To see how well you know the rules and procedures, try duplicating your study sheet from memory. This is sometimes called a memory dump.

 

1.1 Introduction to Numbers, Notation, and Rounding

Definitions/Rules/Procedures                          Key Example(s)

 

A  Every natural number is a whole number. Therefore, as  set  is ______________________.

the following diagram illustrates, the set of natural num-

A subset is ______________________.

bers is a subset of the set of whole numbers.

The natural numbers are ______________________ .

The                                                                Whole Numbers: 0, 1, 2, 3, . . . whole numbers are ______________________.

Complete the following table of place values.                            Natural Numbers: 1, 2, 3, . . .

Place Values

Millions period   Thousands period   Ones period

 

ed millions                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            eds

en thousands

Hundr                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  T                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          Hundr                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      Ones

 

To write a number in expanded form, write               Write 70,916 in expanded form.

 

________________________   until you reach the last         1 ten each ______________________  followed by its               Answer: 7 ten thousands + 9 hundreds + + 6 ones

place, which is not followed by a plus sign. 

To convert a number from expanded form to standard  Write 2 millions + 8 ten thousands + 5 thousands +

form                                             4 tens + 7 ones in standard form. , 

. If the expanded form is missing a place value,       Answer: 2,085,047

insert a 0 for that place value in the standard form.

 

[1.1] For Exercises 1 and 2, write the number in expanded form.

1. 5,680,901                                                     2. 42,519  

 

[1.1] For Exercises 3 and 4, write the number in standard form.

3. 9 ten thousands + 8 thousands + 2 hundreds +          4. 8 millions + 2 ten thousands + 9 tens + 6 ones

7 tens + 4 ones 
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Definitions/Rules/Procedures                          Key Example(s)

 

To write the word name for a whole number, work        Write the word name for 14,907,156.

from left to right through the periods.

Answer:  fourteen million, nine hundred seven thou-

1.  Write the                                                   sand, one hundred fifty-six

.

2.  Write the period name followed by a comma.

3.   Repeat steps 1 and 2 for each period except the ones 

period. For the ones period, write only the word 

name formed by the digits. Do not follow the ones 

 period with its name.

Warning Do not write the word and in the word name 

for a whole number. As we will see in Chapter 6, the 

word and takes the place of a decimal point.

 

[1.1] For Exercises 5 and 6, write the word name.

5. 9421                                                           6. 123,405,600

 

Definitions/Rules/Procedures                          Key Example(s)

 

To graph a whole number on a number line              Graph 2 on a number line.

.                                                                                Answer:

0   1 2 3 4 5   6 7 8

 

[1.1] For Exercises 7 and 8, graph the number on a number line.

7. 6                                                                          8. 9 

 

Definitions/Rules/Procedures                          Key Example(s)

 

An equation is                                            Use 6, 7 , or = to write a true statement.

.                                                                              a. 15  ?   15

An inequality is                                            Answer:  15 = 15

.

To use *                                               b. 20  ?   17 , + , or 

 to make an incomplete statement true:

Answer: 20 7 17

If the two numbers are the same, use          . If the two numbers are different, choose 6 or 7 so that the inequality opens toward the           of the two numbers.

 

[1.1] For Exercises 9 and 10, use 6 or 7 to write a true statement.

9. 14  ?  19                                                      10. 2930  ?  2899 
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Definitions/Rules/Procedures                          Key Example(s)

 

To round a number to a given place value:                Round to the nearest thousand.

1.  Identify the digit in the given place value.                 a. 54,259

2.   If the digit to the right of the given place value is 5  

or greater,                                                     Answer: 54,000

.                                                                        b. 127,502

If the digit to the right of the given place value is 4 or        Answer: 128,000

less,                                                                      c. 4801

.

Answer: 5000

3.   Change all of the digits to the right of the rounded 

place value to zeros.

 

[1.1] For Exercises 11–14, use the following graph.

Enrollment in U.S. Public and Private Schools

50,000                       Public                                                          46,857 45,550

49,788

45,000                       Private                                         41,651 40,543

40,000

35,182

nds)                                                                                35,000 a

30,000

hous                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        25,678 25,434 25,111

in t                                                                                25,000

t (                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              21,578

en                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                17,814

m                                                                                20,000

ll                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                15,503

ro                                                                                15,000 n E

10,000

5675    5500    5000    5198    6018    5845

2651    2611    3380

5000

1352    1558    1699

0

1899–1900 1909–1910 1919–1920 1929–1930 1939–1940 1949–1950 1959–1960 1969–1970 1979–1980 1989–1990 1999–2000 2009–2010

School Year

Source: U.S. Department of Education.

11. What was the private school enrollment for the           12. The United States experienced an increase in public 

school year 1949–1950?  school enrollment from 1899–1900 to 1929–1930, 

1949–1950 to 1969–1970, and 1989–1990 to 2009–2010. 

During which of those three eras was the increase 

the greatest? 

13. Round the public school enrollment for 1969–1970 to     14. Round the private school enrollment for 1939–1940 

the nearest million.                                             to the nearest hundred thousand. 

 

1.2 Adding and Subtracting Whole Numbers; Solving Equations

Definitions/Rules/Procedures                          Key Example(s)

 

Addition is the mathematical operation that 

 amounts.

To add whole numbers:

1.  Stack the numbers so that 

.
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Definitions/Rules/Procedures                          Key Example(s)

 

2.   Add the digits. If the sum of the digits in any place       Estimate 5408 + 913 by rounding. Then find the 

value (or column) is greater than 9, write the ones        actual sum. digit of that sum in that place-value column and                      1                     1 1 add the remainder of the sum to the digits in the         Estimate:   5400       Actual:   5408

next place-value column. This process is sometimes                 + 900               + 913 called regrouping or carrying.                                       6300                 6321

To estimate a sum of whole numbers:

The estimate and actual sum agree.

1.  Round 

.

2.  Round all of the other numbers to that same place 

value.

3.  Add the rounded numbers.

 

[1.2] For Exercises 15 and 16, estimate by rounding. Then find the actual sum.

15. 45,902 + 6819                                          16. 545 + 9091 + 28 + 30,009 

 

Definitions/Rules/Procedures                          Key Example(s)

 

The perimeter of a figure is                              .    Find the perimeter.

To find the perimeter of a figure,                                         8 ft.

.                                                                                                  P = 5 + 8 + 9 + 6

5 ft.                9 ft.       P     28 ft. =

 

6 ft.

 

[1.2] For Exercises 17 and 18, find the perimeter of the figure.

17.              18 in.                                             18.              16 ft.

 

7 in.                                                                                9 ft. 15 in.                           12 ft.

 

18 ft.

 

Definitions/Rules/Procedures                          Key Example(s)

 

Subtraction is the mathematical operation that means       Estimate 8942-765 by rounding. Then find the actual 

to                                    , to find the                   difference.                              13

 between two amounts, or to find a(n)                                                          8 3 12 . 

Estimate: 8900       Actual: 894 2

To subtract whole numbers:                                      - 800                - 765

1.   Stack the greater number on top of the smaller num-                   8100                   8177

ber so that the corresponding place values align.

The estimate and the actual difference agree.

2.   Subtract the digits in the bottom number from the 

digits directly above. If a digit in the top number is 

less than the digit beneath it,                    .
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Definitions/Rules/Procedures                          Key Example(s)

 

To estimate a difference of whole numbers :

1.  Round 

.

2.   Round all of the other numbers to that same place 

value.

3. Subtract the rounded numbers.

 

[1.2] For Exercises 19 and 20, estimate by rounding. Then find the actual difference.

19. 541,908-56,192                                        20. 8002-295

 

Definitions/Rules/Procedures                          Key Example(s)

 

To solve for an unknown addend, write a related           Solve. 23 + x = 57

 equation in which the known            is        Related Subtraction:   x = 57-23

subtracted from the            .

x = 34

 

[1.2] For Exercises 21 and 22, solve and check.

21. 29 + x = 54                                            22. y + 14 = 203 

 

Definitions/Rules/Procedures                          Key Example(s)

 

List six key words/phrases that indicate addition. Juanita earns $1900 per month. She pays $975 for rent, 

$340 for her car loan, and $225 for utilities each month. 

How much does she have left after paying those 

List six key words/phrases that indicate subtraction.

expenses?

Solution: total expenses:      amount left:

1 1                          810 975              1900

340              -1540

+ 225                360 1540

 

[1.2] For Exercises 23 and 24, solve.

23. In the morning, Dionne’s checking account balance       24. Using the data in the graph from Exercises 11–14, find the 

is $349. During her lunch break, she deposits her  difference between the number of students enrolled in 

paycheck of $429 and pays a $72 phone bill. What is  public and private schools during the 1999–2000 school 

her new balance?                                           year. Write the answer in standard form. 

 

1.3 Multiplying Whole Numbers; Exponents

Definitions/Rules/Procedures                          Key Example(s)

 

Multiplication is the mathematical operation that           Multiply.

.                                  a.  0 # 15 = 0

b. 271 # 0 = 0 c.  1 # 94 = 94 d. 68 # 1 = 68
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Definitions/Rules/Procedures                          Key Example(s)

 

Multiplicative property of 0:                               Estimate 583 # 62 by rounding. Then find the actual 

0                                              product.                                  4 # n = n # 0 = , where n is any number. 1 1

Estimate:     600             Actual:     583

Multiplicative property of 1:

*  60                     *  62

1 # n = n # 1 =         , where n is any number.                      000                        1166

To multiply two whole numbers, stack them and then                + 3600                     + 3498 

apply                     .                                           36,000                      36,146

To estimate a product:                                    The estimate and the actual product agree.

1.  Round 

.

2.   Multiply the rounded factors.

 

[1.3] For Exercises 25 and 26, estimate by rounding. Then find the actual product.

25. 72 * 25                                                   26. 591 * 307  

 

Definitions/Rules/Procedures                          Key Example(s)

 

Exponential form is a notation having the form n                       5 b , Evaluate 2 .

where b is the           and n is the          .                               5 Solution: 2 = 2 # 2 # 2 # 2 # 2

To evaluate an exponential form with a natural- number                  = 32

exponent, 

, then multiply.                                   Write 7 # 7 # 7 # 7 in exponential form.

Answer: 4  7

 

[1.3] For Exercises 27 and 28, evaluate.

27. 7                                                                                3 2 28. 5

[1.3] For Exercises 29 and 30, write in exponential form.

29. 10 # 10 # 10 # 10 # 10                                               30. 7 # 7 # 7 # 7 # 7 # 7 # 7 # 7 

 

Definitions/Rules/Procedures                          Key Example(s)

 

A rectangular array is  Hardwood floor is to be installed in a room that mea-

. sures 15 feet by 24 feet. How many square feet are to 

be covered?

A square unit is a(n)             square.

Solution:

Area is the total number of                                   A = lw

.                                                                                                     A = 15 ft. ~ 24 ft.

A formula is an equation that                   .                       2 A = 360 ft.

To use a formula:

1.                                                                  .

2.  Solve for the unknown variable.

The formula for the area of a rectangle is A =          .

List six key words/phrases that indicate multiplication.
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[1.3] For Exercises 31 and 32, solve.

31. A computer translates everything into binary code.       32. A room measures 16 feet wide by 18 feet long. How 

This means that numbers are written so that each  many square feet of carpet will be needed to cover 

place value contains a 1 or a 0 digit. If a certain com-          the floor of the room? 

puter chip has 6 place values (bits), how many dif-

ferent numbers can be coded? 

 

1.4 Dividing Whole Numbers; Solving Equations

Definitions/Rules/Procedures                          Key Example(s)

 

Division is the mathematical operation that 

.

A remainder is 

.

Dividing a number by 1:                                Determine the quotient.

n , 1 = n                                            78 = when n is any number.            a.     = 78

1                                            1

Dividing any number other than 0 by 0:

n , 0, or , is              when n ⬆ n                                            25 0.                      b.     is undefined.

0                                            0

Dividing 0 by any number other than 0:

0 , n = 0                                            0 = when n ⬆ 0.                      c.     = 0

n                                            19

If the dividend and divisor are both 0:

 

0 , 0, or , is                                                     d.    is indeterminate. . 0 0                                            0 0

Dividing a number (other than 0) by itself:

n , n = n                                            245 = , when n ⬆ 0.                     e.      = 1

n                                            245

 

[1.4] For Exercises 33–36, determine the quotient.

33. 0 , 13  34. 45/0      35. 24 , 1  36. 16 , 16 

 

Definitions/Rules/Procedures                          Key Example(s)

 

2 is an exact divisor for any              .                    Use the divisibility rules to determine whether 2 is an 

exact divisor for 24,806.

Answer:  Yes, because 24,806 is even.

3 is an exact divisor if                                   .       Use the divisibility rules to determine whether 3 is an 

exact divisor for 5142.

Answer: Yes, because 5 + 1 + 4 + 2 = 12, which is  divisible by 3.
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Definitions/Rules/Procedures                          Key Example(s)

 

5 is an exact divisor for any number with  Use the divisibility rules to determine whether 5 is an 

.                                                                exact divisor for 612.

Answer:  No, because 612 does not have 0 or 5 in the ones place.

 

[1.4] 37. Use the divisibility rules to determine whether     [1.4] 38. Use the divisibility rules to determine whether 

3 is an exact divisor for 596.                                      5 is an exact divisor for 1780. 

 

Definitions/Rules/Procedures                          Key Example(s)

 

To divide whole numbers, use            .                Estimate 6409 , 12 by rounding. Then find the actual 

quotient.

To estimate a quotient of whole numbers:

1.  Round                                                             600                     534

.                                                  Estimate: 10 冄6000               Actual: 12冄6409

-60               -60 

2.   Divide the rounded numbers. If the calculation is                         00                         40 

difficult to perform mentally, try rounding the divi-

-0                   -36 

dend so that it has two nonzero digits.

00                     49 

-0                 -48  

0                    1  

Answer: 534 r1

 

[1.4] For Exercises 39 and 40, estimate by rounding. Then find the actual quotient.

80,156

39. 78,413 , 19                                               40. 

38

 

Definitions/Rules/Procedures                          Key Example(s)

 

To solve for an unknown factor, write a related             Solve. x # 12 = 180

 equation in which the              is             Related Division:   x = 180 , 12

 divided by the             .                                                       x = 15

 

[1.4] For Exercises 41 and 42, solve and check.

41. 19 # b = 456                                                 42. 8 # k = 2448 
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Definitions/Rules/Procedures                          Key Example(s)

 

List six key words/phrases that indicate division.          A company budgets $30,000 to distribute evenly 

among its 48 employees as a bonus. How much does 

each employee receive?

Solution: bonus = 30,000 , 48 = 625

625

48 冄30,000

-28 8 

1 20 

-96 

240

-240

0

 

[1.4] For Exercises 43 and 44, solve.

43. Jana is to administer 120 milliliters of Pitocin in            44. Andre has a gross annual salary of $39,300. What is 

an IV drip over the course of an hour. How many            his gross monthly salary? 

 milliliters of Pitocin should the patient receive each 

minute? 

 

1.5 Order of Operations; Mean, Median, and Mode

Definitions/Rules/Procedures                          Key Example(s)

 

Order of Operations Agreement                        Simplify.

Perform operations in the following order:                                                        2 26-19 3-2 1 15-9 24 + 4

1.                                                                                                      2 , which include parentheses ( ), = 26-19 3-2 1 6 24 + 4

brackets [ ], braces { }, and fraction bars                                        =                       2 26-3 19-12 4 + 4

2.                                                                             =         2 26-7 + 4

3.                                                                             = 26-7 + 16 in order as these operations 

 occur from left to right                                                          = 19 + 16

4.                                                                             = 35 in order as these operations 

 occur from left to right

 

[1.5] For Exercises 45–48, simplify.

45.                  2                                                                                        2 24 , 8 # 6 + 5 46. 64-   28 31-4 2 , 24

 

47.    3 3 + 40-25 3 + 2114-924 6                         48.                   2 5                                                 92-21

56-2 14 + 12

 

Definitions/Rules/Procedures                          Key Example(s)

 

A statistic is a(n) 

of a set of data.

The mean of a set of data is the quotient of 

.
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Definitions/Rules/Procedures                          Key Example(s)

 

To find the mean, or average, of a set of data: A group of eight children have the following weights. 

1.  Find the sum of the values.                                Find mean, median, and mode weight.

2.  Divide the sum by                                                       55, 84, 60, 64, 74, 69, 60, 62 .

The                                                    Solution: median of a set of data is the  number 

 

in a(n)               list of numbers.                                         55 + 84 + 60 + 64 + 74 + 69 + 60 + 62 Mean = 8 To find the median of a set of data:

 

1.  List the values in order from least to greatest.                          528 =   Add the weights. 8 2.   If the list has an odd number of values, the median = 66 Divide. is the .

If the list has an even number of values, the median is       Arrange the weights from least to greatest:

the                             .                                                 55, 60, 60, 62, 64, 69, 74, 84

 

The mode of a set of data is                             .                  62 + 64    126 Median = = = 63 2 2 To find the mode of a set of data , count the number of 

repetitions of each score. The score with the                  Mode = 60

 repetitions is the mode.

Note: If no value is repeated, we say that the data has 

no mode. If there is a tie for the most repetitions, list 

each of those values as the mode.

 

[1.5] 49. The following graph shows the number of new memberships sold per month by a health club. Find the 

mean, median, and mode.

30

25

25

21

 

Memberships                                                                                          20                         16 14                  16 15           11 9 7 7 8 10 6 4 5

0

JanuaryFebruary March April                    August May   June    July       October

September      November December

Month

 

1.6 More with Formulas

Definitions/Rules/Procedures                          Key Example(s)

 

Parallel lines are straight lines lying in the same plane       Find the perimeter of a rectangle with a length of  

that                 .                                               24 centimeters and a width of 17 centimeters.

A parallelogram is a four-sided figure with                                    P = 2l + 2w

.                                                                                                              P = 2 1242 + 21172

A right angle is an angle that measures          .                              P = 48 + 34

A                                                                     P = 82 cm cubic unit is a(n)  cube.

Volume is the total number of           that completely 

fill an object.

Additional Formulas

Perimeter of a rectangle:         P =

Area of a parallelogram: A =

Volume of a box: V =
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[1.6] 50. Find the area.                                      [1.6] 51. Find the volume of a box that is 7 feet wide, 

6 feet high, and 9 feet long. 

 

12 m

 

14 m

 

Definitions/Rules/Procedures                          Key Example(s)

 

Problem-Solving Outline                              Find the area of the shaded region.

1.                     the problem.

a.  Read the question(s), underline key words, and 

note what you are to find.                                     7 cm         2 cm

b.  If useful, draw a picture, make a list or table,                                            3 cm

simulate the situation, or search for a related 

example problem.                                                            10 cm

2.  Understand We must find the area of the shaded region,    your solution strategy. Search for a 

 formula or translate key words to an equation. which is a parallelogram with a rectangle removed.

3.  Plan Subtract the area of the rectangle from the area of   the plan. Solve the formula or equation.

the parallelogram.

4.                       the question. Include appropriate units.

Execute

5.                     the results.

a.  Make sure the answer is reasonable for the situation.                   Area = area of the parallelogram

-area of the rectangle

b.  Check calculations by solving the problem a                          A = 1102172-3 12122

different way, reversing the process, or estimating 

and verifying that your estimate and actual                           A = 70-6

answer are reasonably close.                                         A = 64

To find the area or volume of a composite figure:                                                      2 Answer The area of the shaded region is 64 cm.

1.  Identify the shapes or objects that make up the figure.       Check Verify the calculations. The check will be left to 

2.  If those shapes or objects combine to form the com-      the reader.

posite figure,                their areas or volumes.

If one shape or object is inside another, 

the area/volume of the inner shape/object from the 

area/volume of the outer shape/object.

 

[1.7] 52. The picture shows the plans for a department store and a parking lot. What is the area of the parking lot?

[image: ]

 

95 ft.

 

100 ft.

220 ft.

 

450 ft.
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Chapter 1  Practice Test Step-by-step test solutions are found on the Chapter Test Prep Videos available via the Video  
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Resources on DVD, in                  , and on             (search “CarsonPrealgebra” and click on “Channels”).
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TACTILE     VISUAL    AUDITORY

 Learning Strategy

Treat a practice test as a dress rehearsal. Have ready the same materials you will use during the actual test. Set a timer for the same amount of time as you will have for the actual test. When you finish, calculate your score and resolve any mistakes you made. Continue taking the practice test until you feel confident with your performance.

 

[1.1] 1. What digit is in the ten thousands place in 1,258,987? 1.  _____________________

 

[1.3] 2. Write 48,210,907 in expanded form using powers of 10. 2.  _____________________

 

[1.1]     3. Use 6 or 7 to write a true statement.                                            3.  _____________________

19,304  ?  19,204

 

[1.1]     4. Write the word name for 67,194,210.                                            4.  _____________________

 

[1.2]     5. Estimate the sum by rounding to the nearest hundred thousand.              5.  _____________________

2,346,502 + 481,901

 

[1.2]     6. Estimate 63,209 + 4981 by rounding. Then find the actual sum.               6.  _____________________

 

[1.2]     7. Estimate 480,091-54,382 by rounding. Then find the actual                  7.  _____________________

difference.

 

[1.2]     8. Solve and check. 27 + x = 35                                                  8.  _____________________

 

[1.3]     9. Estimate 357 * 6910 by rounding. Then find the actual product.              9.  _____________________

 

[1.3]                      3 10. Evaluate. 4                                                                            10.  _____________________

 

[1.4]    11. Estimate 45,019 , 18 by rounding. Then find the actual quotient.             11.  _____________________

 

[1.4]    12. Solve and check. 7 # y = 126                                                    12.  _____________________

For Exercises 13–17, evaluate.

[1.5]    13.  9 + 32 , 4 # 2

13.  _____________________

[1.5]                 5 14. 14 + 2-8 # 3

14.  _____________________

 

[1.5]    15. 20-613 + 22 , 15                                                         15.  _____________________

 

[1.5]  114 + 262 16.  _____________________  16. - 3  17 - 1  4  +  9  24  8

 

[1.5]    17.                                                                                             17.  _____________________ 2 1 5 2 + 47

4 + 22
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[1.1]    18. Use the following graph.

 

 18.  _____________________                            Top Grossing Films of 2010 1100 a. How much did  $1060

$1020                                     Toy Story 3 gross? 

1000

Write the answer 

900                        $831      $825                    in standard form. 800                                          $737        b. Round the gross 700                                                         for Inception to 600 the nearest ten 

500                                                         million. 400

300

Gross (in millions of dollars)                                                                                                                                                      200

100

0

Toy

Shrek

Alice in

Story3                                    Inception

Wonderland                              Forever after Harry Potter and

the Deathly Hallows

Source: Forbes.com

 19.  _____________________        [1.2]    19.  Using the graph above, how much more did Alice in Wonderland gross than 

Harry Potter and the Deathly Hallows? Write the answer in standard form.

 

 20.  _____________________ [1.4] 20. A college admits 2487 new students. All new students must enroll 

in a college orientation course. If the maximum number of students allowed in a single class is 30, how many classes should be offered to accommodate all of the new students?

 

 21.  _____________________        [1.5] 21.  A student has six test scores: 85, 98, 85, 100, 97, and 93.

a. Find the mean. b. Find the median. c. Find the mode.

 

 22.  _____________________        [1.6] 22. Find the area of the parallelogram.               9 ft.

 

 23.  _____________________        [1.6] 23. A rectangular playground measures 

65 feet wide by 80 feet long.                            18 ft. a.  What is the perimeter of the playground? b. If fence material costs $6 per foot, how much would a fence cost for 

the playground?

 

 24.  _____________________        [1.6] 24. A walk-in refrigerator at a restaurant is a box measuring 8 feet long, 

6 feet wide, and 7 feet high. What is the volume?

 

 25.  _____________________ [1.7] 25. A wall 16 feet wide and 9 feet high is to be painted. This wall has an 

open doorway that is 3 feet wide by 7 feet high. How many square feet must be painted?

 

16 ft.

3 ft.

9 ft.

7 ft.
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To be successful in algebra, we must learn the rules for adding, 
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2.3 Subtracting Integers and 
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subtracting, multiplying, and dividing positive and negative 
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Solving Equations
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numbers. In this chapter, we learn about:
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 Positive and negative numbers called integers. Integers; Exponents; Square  2.4 Multiplying and Dividing 
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 Absolute value and additive inverse. Roots; Solving Equations
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 Arithmetic with integers.                                      2.5 Order of Operations

 Square roots and order of operations with integers.              2.6 Additional Applications 

and Problem Solving
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2.1    Introduction to Integers

 

Objectives                    Warm-up

1                                    [1.1] 1. Graph 3 on a number line. Identify integers.

2                                    [1.1] 2. Use 6 or 7 to write a true statement. Interpret number lines and 

graphs with integers.             54 ?  35

3 Use * or + to write a true 

statement.                     Objective 1 Identify integers.

4 Find the absolute value.         In this chapter, we will learn about positive and negative numbers.

A positive number is written with a plus sign or no sign, as in + 5 or 5. We read +5 (or 

5) as “positive five,” “plus five,” or “five.” All of the natural numbers (1, 2, 3, c ) are 

positive numbers. A negative number is written with a minus sign, as in -6, which is 

read as “negative six” or “minus six.” The number 0 has no sign. Zero is neither 

positive nor negative.

The whole numbers 0, 1, 2, 3, c 56 along with all of the negative count-

ing numbers c 5 , -3, -2, -16 form a set of numbers called the integers Of Interest                       5 c, -3, -2, -1, 0, 1, 2, 3, c6.

 

The first known mention of neg-    Definition Integers: The integers are c, -3, -2, -1, 0, 1, 2, 3, c ative numbers is found in the 

work of an Indian mathemati-

cian, Brahmagupta (about A.D.  The following diagram shows how the set of integers contains the set of whole 

628). He called them “negative     numbers and the set of natural numbers. and affirmative quantities.” 

There have been many differ-

ent ways of indicating negative                           Integers: . . . , 23, 22, 21, 0, 1, 2, 3, . . .

numbers. The Chinese would 

use colors: black for negative                            Whole Numbers: 0, 1, 2, 3, . . . numbers and red for positive 

numbers. In sixteenth-century                           Natural Numbers: 1, 2, 3, . . . Europe, it was popular to use 

the letter m, for minus, to indi-

 

cate negative numbers, as in m:7     P o s i t i v e   a n d   n e g a t i v e     Situation        Negative number    Positive number to indicate -7. n u m b e r s   c a n   b e   u s e d Money Debt/liability Credit/asset to describe such things 

as money, temperature,    Temperature   Below zero         Above zero

 elevation, and direction.     Elevation      Below sea level      Above sea level

The  table to the right lists     Direction       Reverse/go down   Forward/go up

words that indicate a nega-

tive number or a positive number in each of the listed situations. Relating integers 

to familiar situations will help us understand arithmetic with signed numbers.

 

Learning Strategy

One way I study is using highlighters with Post-Its attached. I can color-coordinate 

my class notes and the textbook by putting a Post-It tab on my notes and on my 

textbook to connect the two thoughts, especially if a professor mentions specific 

pages and sections from the textbook. If you can connect what you’ve read to 

what you’ve talked about using a quick and easy reference tool, you won’t have 

to flip pages and search for the right material.

Answers to Warm-up —Carlin H.

1.

0 1   2 3 4 5

2. 54 7 35
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Example 1  Express each amount as a positive or negative integer.                 Your Turn 1

Express each amount as a posi-

a.  Angela owes $480 on her credit card.                                             tive or negative integer.

Answer:-480                                                                  a.  Ian has $3250 in a savings 

account.

Explanation: Money owed is debt, which is represented by a negative amount.

b.  According to the U.S. 

b.  The temperature is 29°C outside. National Debt Clock, on 

Answer:  6/15/2010, the national debt  29

was $13,088,213,695,570.

Explanation: Because 29°C is above zero,      Note When writing a positive           c.  The melting point of gold is 

it is represented by a positive amount.          number, we do not have to write            1063°C.

c.                                                        + 29. We can write just 29. A research submarine is at a depth                 d.  A submarine is at a depth of 

of 245 feet.                                                                                   250 feet.

Answer: -245

Explanation: Because the submarine is below sea level, its position is represented 

by a negative amount.

Do Your Turn 1

 

Objective 2  Interpret number lines and graphs with integers.

Integers also appear in graphs.

 

Example 2  Use the following graph.                                          Your Turn 2

Use the graph in Example 2.

Maximum and Minimum Normal                          a.  What is the maximum nor-

Temperatures in January

(degrees Fahrenheit) mal January temperature in 

Fairbanks, Alaska?

60                                                                b.  What is the minimum nor-

Maximum                43                             mal January temperature in 

40       Minimum                                               Denver, Colorado?

20                                      15 12

 

0      ]2                  4 ]

]20          ]19

]40

Fairbanks, AK   St. Cloud, MN    Denver, CO

 

a.  What is the maximum normal January temperature in St. Cloud, Minnesota?

Answer: 12°F

b.  What is the minimum normal January temperature in Fairbanks, Alaska?

Answer: −19°F

Do Your Turn 2

 

In Section 1.1, we learned how to graph whole numbers on number lines. We can     Answers to Your Turn 1 now include negative numbers on our number lines. Because the set of integers     a. 3250 b. -13,088,213,695,570 continues indefinitely in the positive and negative directions, we will place an ar-     c. 1063 d.-250 row at each end of the number line.

Answers to Your Turn 2

a.-2 F b. 15F
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Procedure

To graph a number  on a number line, draw a dot on the mark for that number.

 

Your Turn 3                       Example 3   Graph -1 on a number line.

Graph the number on a number      Solution:  Draw a dot on the mark for -1. line.

a.-2 b. 0 c. 5

5 4 3 2 1 0 1 2 3 4 5

Do Your Turn 3

 

Objective 3 Use * or + to write a true statement.

We can use number lines to compare numbers. Because numbers increase from 

left to right on a number line, when we compare two integers, the integer that is 

farther to the right on a number line is the greater integer.

 

Your Turn 4                       Example 4 Use 6 or 7 to write a true statement.

Use 6 or 7 to write a true           a. 4  ?  -2

statement.

 

 a. 15  ?  -26                        Explanation: Answer: 4 7 -2 b.   4 is farther to the right on a number line than -2 is; so 4 is the  17 - 19  ?   - greater number.

 c.-14  ?  -2

d. 0  ?  -9                                       5 4 3 2 1 0 1 2 3 4 5

VISUAL     TACTILE

4 is farther right than    2 is. 

Learning Strategy

If you are a visual or tactile 

learner, imagine a building with      b.  0  ?  -6

floors above ground and be-     Answer: 0 7 -6 low ground level, with 0 repre-

senting ground level. A positive      Explanation: 0 is farther to the right on a number line than -6 is; so 0 is the 4 represents the fourth floor      greater number. above ground whereas -2 rep-

resents the second floor below 

ground level. The fourth floor                            8 76 5 4 3 2 1 0 1 above ground is higher than the 

second floor below ground; so 4                                                   0 is farther right than -6 is. is greater than -2.

Answers to Your Turn 3                  c.   -12   ?   -7

a.                                            Answer: -12 6 -7

 

4 3 2 1 0 1 2 3 4    greater number. Explanation: -7 is farther to the right on a number line than -12 is; so -7 is the 

b.

 

4 3 2 1 0 1 2 3 4             121110 98 7 6 5 4 3 2 1 0

c.

3                                                                -7 is farther right than -12 is. 2 1 0 1 2 3 4 5

 Do Your Turn 4

Answers to Your Turn 4

a. 15 7 -26 b.-19 6 -17

c.-14 6 -2 d. 0 7 -9
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Example 4 suggests the following rules for comparing signed numbers:

 

Rules

Any positive number is greater than any negative number.

0 is greater than any negative number.

When two negative numbers are compared, the negative number closer  

to 0 is the greater number.

 

Objective 4  Find the absolute value.

We also can use number lines to understand the absolute value of a number.

 

Definition Absolute value: A given number’s distance from zero on a number line.

 

Example 5                                                      Your Turn 5  Find the absolute value of each number.

a. Find the absolute value of each    5

number.

Answer: 5                                                                            a. 14 b.-27 c.-1347

Explanation: Because 5 is five steps from 0 on a 

number line, its absolute value is 5.                 2   1    0  1   2   3   4   5   6

b.                                                                1   2 3   4 5-6

Answer: 6

Explanation: Because -6 is six steps from 0                                              TACTILE

on a number line, its absolute value is 6. No-     6 5 4 3 2 1 0 1   2          Learning Strategy

 

tice that it doesn’t matter which direction we  If you are a tactile learner, think  6  5  4  3  2 1  move; we just count the steps. As an analogy,  of absolute value as physically  imagine a size 6 shoe. It doesn’t matter which  walking from 0 to the given  way you point the shoe or where it is located,  number and counting the steps  it’s still a size 6 shoe.  you take to get to that number.

c. 0

Answer: 0

Explanation: Because there is no distance from 0 to itself, its absolute value is 0.

Do Your Turn 5

 

Example 5 suggests the following rules:

 

Rules

The absolute value of a positive number is positive.

The absolute value of a negative number is positive.

The absolute value of zero is zero.

 

The symbols for absolute value are two vertical lines. For example, the absolute value of 5 is written 兩 5兩 .

 

Answers to Your Turn 5

a. 14 b. 27 c. 1347 92   Chapter 2  Integers 

 

 Your Turn 6                     Example 6 Simplify.

Simplify.                             a. 兩-8兩         Note In words, 兩-8兩 translates to “the 

a. 兩   19 兩        兩    兩        兩   兩                                       absolute value of negative eight.”-b. 90 c. 0

Answer:  8

Explanation: Because -8 is 8 steps away from 0, its absolute value is 8.

b. 兩 27兩

Answer: 27 

Explanation: Because 27 is 27 steps away from 0, its absolute value is 27.

Answers to Your Turn 6

a.                                               Do Your Turn 6 19 b. 90 c. 0

 

2.1           For Exercises

Extra

Help

 

Objective 1

Prep Exercise 1    Write a list indicating the numbers in the set of integers. 

For Exercises 1–12, express each amount as a positive or negative integer.

 1. Sonja receives a paycheck of $450.                        2. Adam’s business made a profit of $215,000 last year.

 

 3. Holly owes her friend $35.                               4. A financial planner analyzes the Smiths’ financial 

situation and finds that they have a total debt of 

$75,243.

 5. Mount Everest is the tallest mountain in the world.       6. A plane’s cruising altitude is 35,000 feet above sea 

Its peak is 29,035 feet above sea level.                          level.

Of Interest

Mount Everest is in the central Himalayan range on the 

border of Tibet and Nepal. Its summit is the highest peak in 

the world and was first reached in 1953 by Edmund Hillary 

of New Zealand and Tenzing Norgay, a Nepalese guide.

Source: Microsoft Bookshelf ’98.

 7. The Titanic is lying on the bottom of the North            8. The tunnel connecting Britain to France is approxi-

Atlantic Ocean at a depth of approximately   mately 220 meters below the surface of the English 

13,200 feet.                                                        Channel. 

Of Interest

The English Channel Tunnel is approximately 31 miles long, 

23 miles of which are under water. The rubble from excavat-

ing the tunnel increased the size of Britain by 90 acres.

 9. Water boils at 100°C.                                     10. Carbon dioxide (CO2) freezes at 78°C below 0. 

11. The countdown to launch time of a space shuttle is       12. A college football team gains 40 yards in one play. 

stopped with 20 minutes to go. 
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Objective 2

For Exercises 13–16, use the following graph.

Maximum and Minimum Normal

Temperatures in January

(degrees Fahrenheit)

60

46

Maximum

40       Minimum                      28

18

20

 

1

]             20 20      ]8 0                        ]

]

]40

Barrow, AK     Duluth, MN    Nashville, TN

13. What is the maximum normal January temperature      14. What is the maximum normal January temperature 

in Barrow, Alaska?                                          in Nashville, Tennessee? 

15. What is the minimum normal January temperature in    16. What is the minimum normal January temperature in 

Barrow, Alaska?                                            Duluth, Minnesota? 

For Exercises 17–24, use the following graph. In the graph, 0 represents the average critical reading, writing,  and math scores, of all students taking the SAT.

Amount SAT Scores Differed from Average           Of Interest

According to Parents’ Highest Level                The average SAT scores of all students during 

of Education, 2009

2008–2009 were as follows:

100

Critical reading                                              Critical reading: 501

58 59 57

50       Writing                                           Writing: 493

Math                    20 19 20                Math: 515

0

 

]                      −19 −24−24 50 − 37 − 39 − 41

]     −    75 72 − 81 − 100

 

]150

No H.S.     H.S.     Associate Bachelor’s Graduate diploma    diploma    degree     degree     degree

17. What does the graph indicate about the average criti-    18. What does the graph indicate about the average criti-

cal reading score of students whose parents have no  cal reading score of students whose parents have an 

high school diploma? associate degree as their highest level of education?

 

 19.  What does the graph indicate about the average math     20.  What does the graph indicate about the average math 

score of students whose parents have a high school  score of students whose parents have an associate de-

diploma as their highest level of education?                  gree as their highest level of education?

 

 21.  What does the graph indicate about the average writ-     22.  What does the graph indicate about the average writ-

ing score of students whose parents have a bachelor’s  ing score of students whose parents have a graduate 

degree as their highest level of education?                    degree as their highest level of education? 94   Chapter 2  Integers 

 

 23.  What does the graph indicate about the average math     24.  What does the graph indicate about the average math 

score of students whose parents have a bachelor’s  score of students whose parents have a graduate de-

degree as their highest level of education?                    gree as their highest level of education?

 

Prep Exercise 2    Draw a number line showing the integers from -5 to 5.

 

For Exercises 25–34, graph each integer on a number line.

 25.  8 26.  2 

 

27.  7 28.  5

 

 29.  -9 30.  - 2

 

 31.  -6 32.  - 8

 

 33.  0 34.  9

 

Objective 3

For Exercises 35–46, use 6 or 7 to write a true statement.

 35.  -20  ?  17                  36. 26  ?  -18          37. 20  ?  16         38. 12  ?  19

 39.  -30  ?  -16               40. -12  ?  -19            41. -9  ?  -12           42. -2  ?  -7

 43.  0  ?  -16                    44.  0  ?  5                       45. -19  ?  -17        46. -14  ?  -11

Objective 4

Prep Exercise 3                                                      Prep Exercise 4 The absolute value of a positive number The absolute value of a negative number is               .                                                                           is              .

Prep Exercise 5 The absolute value of zero is          .

For Exercises 47–56, complete the sentence.

 47.  The absolute value of 26 is          .                        48.  The absolute value of 19 is          .

 49.  The absolute value of 21 is          .                        50.  The absolute value of 9 is          .

 51.  The absolute value of -18 is          .                      52.  The absolute value of -4 is          .

 53.  The absolute value of -10 is          .                      54.  The absolute value of -16 is          .

 55.  The absolute value of 0 is           .                         56.  The absolute value of -7 is          .

For Exercises 57–68, simplify.

 57.  兩 14 兩                              58. 兩 242 兩     59. 兩-18 兩     60. 兩-9 兩

 61.  兩-2004 兩                      62. 兩 12 兩        63. 兩 8 兩    64. 兩-35 兩

 65.  兩 0兩                                  66. 兩-200 兩    67. 兩-47 兩       68. 兩 97 兩
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Review Exercises

For Exercises 1– 4, perform the indicated operation.

[1.2] 1. 84,759 + 9506                                       [1.2] 2. 900,406-35,918 

[1.3] 3. 457 * 609                                           [1.4] 4. 85,314 , 42 

[1.2] 5.                                                                               2 Amelia begins the month with $452 in savings. [1.5] 6. Simplify.  8-30 , 5 # 3 

Look at the list of her deposits and withdrawals 

for the month. What is her balance at the end of 

the month? 

Deposits   Withdrawals

$45         $220

$98         $ 25

$88         $ 10

$54
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2.2 Adding Integers

 

Objectives                    Warm-up 

1                                    [2.1] 1. Use 6 or 7 to write a true statement. Add integers with like signs.

2                                            a. 20  ?  -35 b.-15  ?  -9 Add integers with different 

signs.                            [2.1] 2. Simplify.

3                                            a. 兩 7兩    b. 兩-13 兩 Add integers.

4 Find the additive inverse.

Objective 1 Add integers with like signs.

5 Solve applications involving 

addition of integers. Let’s examine some realistic situations to discover how we add signed numbers. 

First, we will consider situations in which we add two numbers that have the 

same sign.

 

Example 1

a. Suppose we have $200 in our checking account and we deposit $40. What 

would the balance be?

Solution:  Because the $40 deposit increases the $200 balance, we add the  values to end up with a balance of $240. We can write the following addition statement:

200 + 40 = 240

We can also use a number line. Think of the first addend, 200, as the starting  position. The absolute value of the second addend indicates the distance to move from the starting position, and its sign indicates the direction. Because 40 is positive, we move to the right 40 steps. The final position, 240, is the answer.

 

40 means move 40 steps to the right

 

200                                240

Starting position                                          Final position

 

b. Suppose we have a debt of $200 on a credit card account and make a $40 

purchase using the same credit card. What is the balance after the purchase?

Solution:  A purchase using a credit card increases the debt balance. Therefore, the $40 purchase adds to the existing $200 debt balance for a total debt of $240. Each debt is written as a negative number; so we can write the following addi-tion statement:

-200 + 1-402 =-240 

Note In math sentences, parentheses are placed around negative numbers that follow operation symbols. Although  parentheses are not needed, they clarify the meaning of the 

plus and minus signs.

Using a number line, -200 + 1-402 means to start at -200 and move 40 steps in the negative direction, which is to the left.

 

 (40) means move 40 steps to the left

 

240                   200

Answers to Warm-up                                  Final position                                           Starting position

1. a.  20 7 -35 b.-15 6 -9

2. a. 7 b. 13
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Notice that in Example 1, we added the absolute values because we were either        Your Turn 1

increasing assets or increasing debt. On a number line, we were starting posi-

tive and moving more positive or starting negative and moving more negative.     Add.

Conclusion:                                                                             a. 19 + 74

  When we add two numbers that have the same sign, we add their        b.-42 + 1-392

absolute values and keep the same sign.                                            c.-15 + 1-182

Do Your Turn 1

d. 20 + 13

 

Objective 2 Add integers with different signs.

Now consider situations in which we add two numbers that have different signs.

 

Example 2                                                      Your Turn 2

a.                                                                                           Add. Suppose we have a debt of $200 on a credit card account and we make a 

payment of $80. What is the balance?                                           a.-18 + 6

Solution:                                                                                    b.-20 + 28  The $80 payment is a positive amount added to the account, which 

decreases the $200 debt. Because the debt exceeds the payment, we still owe         c. 30 + 1-262

$120. We can write the following addition statement:                                d. 14 + 1-242

-                                       e. 15 + 1-152 200 + 80 =-120

Using a number line, we start at -200 and move 80 steps to the right, which is        TACTILE   VISUAL AUDITORY

not enough to move past 0; so the result is still negative.

 Learning Strategy

 80 means move 80 steps to the right If you are a visual learner, use 

number lines to solidify your 

 

Starting position                                          Final position 200 understanding of the rules for   120  adding integers. If you are an 

auditory learner, try making up a 

Also notice that because of the commutative law of addition, we can write the  song or rhyme out of the rules. 

statement as follows: If you are a tactile learner, move 

80 + 1 your finger or a pencil along a  -200 2

=-120 number line to the right for posi-

It doesn’t matter which way the addends are arranged; a $200 debt with $80 in  tive numbers and to the left for 

assets results in a debt of $120.                                                           negative numbers.

b. Suppose we have a debt of $200 on the credit card account and we make a 

payment of $240. What is the balance?

Solution:  The $240 payment is a positive amount added to the account, which 

decreases the $200 debt. Because the payment exceeds the debt by $40, we have 

a $40 credit. We can write the following addition statement:

-200 + 240 = 40

Using a number line, we start at -200 and move 240 steps to the right. Moving 

200 steps to the right puts us at 0; so 240 steps moves 40 steps past 0; making 

the result 40.

 

240 means move 240 steps to the right

 

200                  0 40

Starting position                                          Final position

Answers to Your Turn 1

From Example 2, we can draw the following conclusion:                           a. 93 b. -81 c.-33 d. 33

Conclusion:  When we add two numbers that have different signs, we subtract their 

absolute values and keep the sign of the number with the greater absolute value.        Answers to Your Turn 2

a.-12 b. 8 c. 4 d.-10 e. 0

Do Your Turn 2
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Objective 3 Add integers.

We can summarize what we learned in Examples 1 and 2 with the following two 

rules for adding integers. It is helpful to relate each addition situation to reconcil-

ing debts and credits.

 

Procedure

To add two integers:

•  If they have the same sign, add their absolute values and keep the same 

sign. (Think: Two credits or two debts)

•  If they have different signs, subtract their absolute values and keep the 

sign of the number with the greater absolute value. (Think: Payment toward a debt)

 

Your Turn 3                       Example 3    Explain each situation in terms of debts and credits; then add.

Explain each situation in terms        a.-40 + 1-212 of debts and credits; then add.

a.-40 + 1 Solution:  We are to add two debts, which increases the debt; so we add, and the  -12 2

result is still a debt. Using the rules, because the numbers have the same sign, 

 

b. 28 + 15                        we add the absolute values and keep the negative sign. c. 16 + 1-102                                                  40-d.                                                                        +-21 12 =-61-26 + 14

e.                                                b. 28 + (-16)-22 + 22

Solution:  We have a $28 payment toward a $16 debt. We subtract the amount, and because the payment exceeds the debt, the result is a credit. Using the rules, because the numbers have different signs, we subtract their absolute values, and because the positive integer, 28, has the greater absolute value, the result is positive.

28 + 1-162 = 12

c. 10 + 1-242

Solution:  We have a $10 payment toward a $24 debt. We subtract the amounts and because the debt exceeds the payments, the result is a debt. Using the rules, because the numbers have different signs, we subtract their absolute values. And because the negative integer, -24, has the greater absolute value, the result is negative.

10 + 1-242 =-14

Do Your Turn 3

Answers to Your Turn 3

a. Two debts; so add and the  Now let’s consider how to add more than two integers. There are two popular 

result is a debt/negative; -52. approaches: (1) We can add from left to right, or (2) we can add all of the positive 

b. Two credits; so add and the        and negative numbers separately, then reconcile the two results.

result is a credit/positive; 43.

c.  A credit with a debt; so sub-         Example 4    Add. -14 + 26 + 1-18 2 + 15 + 1-32 2

tract and because the credit, 

16, is more than the debt, the        Solution:  First, let’s add from left to right.

result is a credit/positive; 6.                -14 + 26 + 1-182 + 15 +-32 12

d. A debt with a credit; so subtract                   = 12 +-18 12 + 15 +-32 12         

and because the debt,                                                            Add 14 and 26 to get 12.-26, is 

more than the credit, the result                    =           -6 + 15 + 1-322    Add 12 and 18 to get 6.

is a debt/negative; -12.                         =          9 + 1-322 Add 6 and 15 to get 9.

e. Paying $22 on a $22 debt                                                        Add 9 and =-2332 to get 23. means that the balance is 0.
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Now let’s add all of the positives and negatives separately, then reconcile              Your Turn 4

the result. The commutative and associative properties of addition make this 

method possible because they allow us to rearrange and regroup addition any       Add.

way we choose.                                                              a.-18 + 1-142 +

-                                                             30 + 1-22 + 15 14 + 26 + 1-18 2 + 15 + 1-32 2

 

= 26 + 15 + 1-142 + 1-182 + 1-322   separately. positives and negatives are grouped         40 + 1-1002 Rearrange the addends so that the         b.-38 + 64 +

 

=                            Add the positives and negatives + 1 41                                                                                                          5 + 1-122 +-64 2 1 c                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          i                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  c. 28                                                                  +                                                                 1-142                                                     + separately.                                     -10 2 + 3

=-23                           Reconcile the positive and negative 

sums.



Note In terms of credits and debts, we found the total credit to be $41 and the total 

debt to be $64. Because the debt outweights the credit, the result is a debt of $23.

Do Your Turn 4

 

Objective 4 Find the additive inverse.

In Your Turn 3e, you found that -22 + 22 = 0. Because their sum is 0, we say that -22 and 22 are additive inverses.

 

Definition Additive inverses: Two numbers whose sum is zero.

 

Examples of additive inverses:  15 and -15   because 15 1 15 2 0

-9 and 9   because 9 9 0

0 and 0    because 0 0 0

Notice that 0 is its own additive inverse and that for numbers other than 0, the additive inverses have the same absolute value but opposite signs.

 

Rules

The sum of two additive inverses is zero.

The additive inverse of 0 is 0.

The additive inverse of a nonzero number has the same absolute value but 

opposite sign.

 

Example 5 Find the additive inverse.                                           Your Turn 5

a.                                                                                            Find the additive inverse. 17

Answer:                                                                          a. 6 b.-12 17 and -17 17 are additive inverses because 17 1 17 2 0. 

Also, they have the same absolute value but opposite signs.

b.-8

Answer: 8     8 and 8 are additive inverses because 8 8 0. Also, they have 

 the same absolute value but opposite signs.

Do Your Turn 5

Answers to Your Turn 4

a. 11 b.-34 c.  0

Objective 5 Solve applications involving addition of integers.

The key to solving addition problems that involve integers is to simulate the     Answers to Your Turn 5 situation.                                                                                  a.-6     b. 12
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Your Turn 6                       Example 6  Jane’s credit card statement showed a closing balance of -$240.

The following table lists  Since that time, she made the following transactions. What is her balance now?

the assets and debts for the 

Cromwell family. Calculate the 

family’s net worth.                                        CHARGES

Assets

Savings                                             THE BREAKFAST PLACE        $15 = $3528                                     PACY’S Checking =                                                   $55 $1242                                    CORNER VIDEO Furniture =                                                                        $12

$21,358                                    FINANCE CHARGE            $13

Stocks = $8749

Debts                                          PAYMENT       $310 Credit card balance = $3718

Mortgage = $55,926

Automobile 1 = $4857              Solution:  The balance is the sum of the closing balance, all charges, and all payments.

Automobile 2 = $3310                       balance =-240 + 1-152 + 1-552 + 1-122 + 1-132 + 310

=-335 + 310   Note Adding all of the negative numbers 

=-            computes the total debt, $335. 25

Answer:  Jane’s current balance is a debt of $25.

Do Your Turn 6

 

Your Turn 7                       Example 7  A research submarine is at a depth of 458 feet. The submarine’s

At sunset one cold winter  sonar detects that the ocean floor is another 175 feet down. What will be the 

evening in North Dakota, the  depth if the submarine descends to the ocean floor? The submarine is designed 

temperature was -5 F. By  to withstand the pressure from the surrounding water up to a depth of 600 feet. 

midnight, the temperature            Is it safe to allow the submarine to descend to the ocean floor in this case? had dropped another 15°F. 

Understand We must determine whether it is safe for the submarine to proceed 

What was the temperature at 

from its current depth to the ocean floor.

midnight?

Plan We must first calculate the depth of the ocean floor. We can then assess whether it is beyond the submarine’s depth limit of 600 feet. Because -458 feet is the submarine’s starting position and it is to proceed down another 175 feet, we can add to get the depth of the ocean floor.

Execute ocean floor depth =-458 + 1-1752 =-633

Answer The depth of the ocean floor is -633 feet, which is beyond the sub- marine’s 600-foot depth limit. Therefore, it is not safe to allow the submarine to descend to the ocean floor.

Check We can use a vertical number line.

Ocean

0

surface

 

(                          458 ft. 175) means 

Answer to Your Turn 6                                               175 ft. down-                                         Ocean floor                600 ft. (depth limit) $32,934

633 ft.

633 ft. is lower or deeper 

Answer to Your Turn 7                                 than the depth limit of    600 ft. 

-20F

Do Your Turn 7
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Example 8  We can use integers to analyze the forces acting on an object. The        Your Turn 8

resultant force is the sum of the forces acting on the object. A steel beam weighs  A 500-pound concrete slab is 

250 pounds and has two wires attached to hold it up. Each wire has an upward  suspended by four ropes tied 

force measuring 140 pounds. (See the following diagram.) Find the resultant  to the corners. Each rope has an 

force on the beam. What does this force tell you? upward force of 110 pounds. 

What is the resultant force? What 

140 lb.                  140 lb.                                                      does the resultant force tell you?

 

110  110 

lb. lb.

110                110 

250 lb.                                                         lb.                 lb.

 

Understand  Because weight is a force due to gravity pulling downward on an                  500 lb. object, weight has a negative value. The wires pull upward against gravity; so 

those upward forces have positive values.

Of Interest

Plan To find the resultant force, we compute the sum of the forces.

In engineering and physics, the 

Execute  resultant force =-250 + 140 + 140 preceding diagram is called a free-

= body diagram. Because forces have  - 250  +  280  Add  the  positive  numbers.

= a value as well as a direction of  30                  Add 

250 and 280. action, we refer to a force as a vec-

Answer The resultant force is 30 lb. Because the resultant force is positive, the         tor. We use vectors in situations 

beam is moving upward. when both quantity and direc-

tion affect the situation. Force, 

Check Compute -250 + 140 + 140 from left to right.

velocity, and acceleration are all 

-250 + 140 + 140 vector quantities because they 

= have both value and direction. - 110  +  140  Add   250 and 140.

= 30            Add 110 and 140.                     Answer to Your Turn 8

Do Your Turn 8                                                                      -60 lb. Because the resultant 

force is negative, the slab is 

moving downward.

 

For

2.2 Exercises Extra Help

 

Objective 1

Prep Exercise 1 Explain -24 + 1-62 in terms of debts or credits.

 

For Exercises 1–10, add. 

Key thought: Adding integers with the same sign is similar to increasing assets or increasing debts.

1. 14 + 9  2. 74 + 13  3. -15 + 1-8 2     4. -14 + (-16) 

5. -9 + 1-62                6. -31 + 1-92               7. 12 + 18 + 16              8. 4 + 15 + 41 

9. -38 + 1-172 + 1-212                               10. -60 + 1-192 + 1-322
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Objective 2

Prep Exercise 2 Explain -20 + 12 in terms of debts or credits.

 

For Exercises 11–20, add. 

Key thought: Adding integers with different signs is similar to reconciling assets and debts.

11. 28 + 1-182               12.  17 + 1-52               13. -34 + 20  14. -25 + 16 

15. -21 + 35  16. -35 + 47  17. 35 + 1-53 2      18. 16 + 1-292

19. -24 + 80  20. 75 + 1-43 2

Objective 3

Prep Exercise 3 When adding two numbers that have the         Prep Exercise 4 When adding two numbers that have same sign, we                                                different signs, we 

 their absolute values and   their absolute 

values and 

 .                                                                                                                                       . 

 

For Exercises 21–42, add.

21. 48 + 90  22. 35 + 16  23. -45 + 1-27 2     24. -68 + 1-422

25. 84 + 1-232              26. 68 + 1-152              27. -15 + 42  28. -54 + 65 

29. -81 + 60  30. -45 + 21  31. 37 + 1-58 2      32. 62 + 1-922

33. -45 + 45  34. 64 + 1-64 2

35. 48 + 1-182 + 16 + 1-122                            36. 69 + 1-202 + 1-152 + 11 

37. -36 + 1-172 + 94 + 1-92                          38. -42 + 25 + 1-612 + 1-32

39. 25 + 1-172 + 1-332 + 19 + 6  40. 40 + 16 + 1-51 2 +3 + 1-82

41. -75 + 1-142 + 38 + 9 + 1-172                     42. -60 + 18 + 1-402 + 1-122 + 93 

Objective 4

Prep Exercise 5 The additive inverse of a nonzero number        Prep Exercise 6  The additive inverse of 0 is has the same                                                                   . 

 but                     sign.

For Exercises 43–46, find the additive inverse.

43. 18                           44. 42                            45. -29                          46. -37 

Objective 5

For Exercise 47–58, solve.

47. Jason’s checking account shows a balance of $24.         48. Charlene has a current balance of -$1243 on her 

Unfortunately, he forgot about a check for $40 and  credit card. During the month, she makes the transac-

it clears. The bank then charges $17 for insufficient  tions shown below. What will her balance be at the 

funds. What is his new balance?                             end of the month?   

Charges

Truman’s        $58

Dave’s Diner     $13

Fuel ‘n Go        $15

Finance charge   $18

Payment        $150
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49. The following table lists the assets and debts for the      50. The following table lists the assets and debts for the 

Smith family. Calculate their net worth.  Jones family, who just financed a new car. Calculate 

their net worth. 

Assets              Debts

Savings                                                       Assets               Debts = $1498 Credit card balance = $1841

Checking                                                  Savings = $214       Student loans = $15,988 = $2148 Mortgage = $74,614

Furniture                                                         Checking = $1242     Automobile 1 = $4857 = $18,901 Automobile = $5488

Jewelry                                                        Furniture = $21,358   Automobile 2 = $23,410 = $3845

 

51. Lea’s current credit card balance is -$125. During the    52. Greg’s January closing balance on his credit card was 

month, she makes the following purchases with her          -$1320. In February, he made one payment of $450 card. If she is charged $9 in interest and makes a $325  and another payment of $700. His finance charges 

payment, what will her new balance be at the end of  were $19. Greg made purchases at Tommy’s for $32 

the month?  and Petromart for $27. What is his February closing 

balance? 

 

PURCHASES

JACK’S CAFÉ                  $12

MINUTE DRY-CLEAN         $8

TIRES ARE US                 $120

PET COMFORT                 $22

 

53. A scientist working during the summer at the South      54. The Inuit people in the arctic regions of North 

Pole station notes that the temperature is about  America sometimes build igloos of snow blocks. 

-21F. During the winter, she can expect the temper- During winter months, the temperatures can be as 

ature to be as much as 57°F colder. What temperature        low as -58°F. A small heater can raise the internal might she expect during the winter?  temperature of a snow-block igloo by 108°F. What 

would the temperature be inside the igloo? 

Of Interest

[image: ]

Because of the tilt of the earth, the South Pole experiences 

[image: ]

daylight for six months (summer) and then night for six 

[image: ]

months (winter). The sun rises in mid-September and sets 

in mid-March.

 

 55. A research submarine is attached to a crane on a ship.     56. A mining team is working 147 feet below ground. If 

The submarine is currently at a depth of 147 feet. If  they dig straight down another 28 feet, what is their 

the crane raises the submarine 69 feet, what is the            new position? elevation of the submarine? 




104   Chapter 2  Integers

 

 57. An elevator weighs 745 pounds. When the elevator is    58. A concrete block is suspended by two cables. The 

on the first floor of a 12-story building, the steel cable  block weighs 500 pounds. Each cable is exerting  

connected to the top of the elevator adds another  250 pounds of upward force. What is the resultant 

300 pounds. Three people enter the elevator. One            force? What does this mean? 

person weighs 145 pounds; the second, 185 pounds; 

and the third, 168 pounds. The motor exerts an up-

ward force of 1800 pounds. What is the resultant 

force? 

For Exercises 59 and 60, use the following graph, which shows the amount the SAT scores are above or below the national average score according to parental education level in 2009. (Source: The College Board)

Amount SAT Scores Differed from Average

According to Parents’ Highest Level

of Education, 2009

100

Critical reading

58 59 57

50       Writing

20 19 20

Math

0

 

]                      −19 −24−24 50 − 37 − 39 − 41

]     − −75−72 81 100

 

]150

No H.S.     H.S.     Associate Bachelor’s Graduate

diploma    diploma    degree     degree     degree

59. The national average SAT critical reading score in 2009 was 501.

a.  Complete the following table. In each block of the row labeled “Expression,” 

write a numeric expression for the sum of the national average critical reading 

score and each amount the critical reading score differed from average from the 

graph. In each block of the row labeled “Sum,” calculate the sum, which will be 

the average critical reading score according to parental educational level.

No H.S. diploma   H.S. diploma   Associate degree   Bachelor’s degree   Graduate degree

Expression

Sum

 

b. What does the graph suggest about performance on the critical reading por-

tion of the SAT based on parental educational level? 

 

60. The national average SAT math score in 2009 was 515.

a.  Complete the following table. In each block of the row labeled “Expression,” 

write a numeric expression for the sum of the national average math score and 

each amount the math score differed from average from the graph. In each 

block of the row labeled “Sum,” calculate the sum, which will be the average 

math score according to parental educational level.

No H.S. diploma   H.S. diploma   Associate degree   Bachelor’s degree   Graduate degree

Expression

Sum

 

b. What does the graph suggest about performance on the math portion of the 

SAT based on parental educational level? 
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Puzzle Problem  A snail is at the bottom of a well that is 30 feet deep. The snail climbs 

[image: ]

up 3 feet per hour, then stops to rest for an hour. During each rest period, the snail 

[image: ]

slides back down 2 feet. If the snail began climbing at 8 A.M., at what time will the 

[image: ]

snail get out of the well? 

[image: ]

 

Review Exercises

[image: ]

[1.3] 1. Write 42,561,009 in expanded form using powers    [1.1] 2. Write the word name for 2,407,006.

[image: ]

of 10.

[image: ]

 

[1.2] 3. Subtract. 60,041-4596                              [1.2] 4. Solve and check. 15 + n = 28 

[image: ]

[1.5] 5. Simplify. 7 # 5-2114-92                          [1.6] 6. Becky plans to place a fence around her property. 

A plot plan of the property is shown below. She 

plans to have two 10-foot gates. The fence com-

pany charges $7 per foot for the fence and $80 for 

each gate. What will be the total cost? 

345 ft.

gate

98 ft. 212 ft.

 

380 ft.                    gate
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2.3    Subtracting Integers 

and Solving Equations

 

Objectives                    Warm-up

1                                    [2.2] 1. Add. Write subtraction state-

ments as equivalent addi-               a.-16 + 1-52         b.-20 + 8

tion statements.                         c. 14 + 1-92           d.  10 + 1-102

2                                    [2.2] 2. The additive inverse of -3 is                   . Solve equations containing 

an unknown addend.

3                                    Objective 1 Write subtraction statements as equivalent Solve applications involving 

subtraction of integers.                         addition statements.

In Section 2.2, we learned that when we add two numbers with different signs, 

we actually subtract their values. This suggests that addition and subtraction are 

closely related. In fact, any subtraction statement can be written as an equivalent 

addition statement. This can be quite useful because some subtraction problems 

involving signed numbers are more challenging to analyze than their equivalent 

addition statements. Let’s consider some examples to determine how to write 

subtraction as addition.

 

Example 1

a. Suppose we have $30 in a checking account and we write a check for $42. 

What is the balance?

Solution:  Because the check amount of $42 is a deduction, we subtract it from the initial balance of $30. Because the deduction is $12 more than the amount in the account, the balance is -$12. We can write the following subtraction statement:

30-42 =-12

In Section 2.2, we would have solved this problem using the following addition:

30 + 1-422 =-12

This suggests that 30-42 and 30 + 1-422 are equivalent. Notice that two things changed going from the subtraction to the addition: (1) the operation symbol changed from - to + , and (2) the subtrahend, 42, changed to its addi-tive inverse, -42.

 30 42

The operation changes from  The subtrahend changes  

 to . to its additive inverse.  30  =   (   42  2

=-12

b. Suppose we have a balance of -$12 and write a check for $15. What is the 

balance?

Solution:  As in part a, we subtract the check amount from the initial balance. In this case, however, the initial balance is negative, which is a debt; so the deduction of $15 increases the debt, making the balance -$27. We can write the following subtraction statement:

-12-15 =-27

Note that this subtraction is equivalent to the following addition:

Answers to Warm-up                                              -12 + (-15) =-27

1. a.-21 b.-12 c. 5 d.  0

2. 3
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Also, as in part a, the same two things changed going from the subtraction to          Your Turn 1

the addition: (1) the operation symbol changed from - to +, and (2) the subtra-

hend changed to its additive inverse (15 changed to  Write as an equivalent addition;  - 15).

-12 15                            a. then evaluate.

The operation changes from                                                          30 The subtrahend changes -48 b. 24-82

 to .                             to its additive inverse.         c.-=16-25 d.-33-44-12 ( 15 2

=-27

 

Connection Subtracting a positive number is equivalent to adding a debt.

 

Example 1 suggests the following procedure.

 

Procedure

To write a subtraction statement as an equivalent addition statement:

  1.  Change the operation symbol from - to + .

  2.  Change the subtrahend (second number) to its additive inverse.

 

Do Your Turn 1

 

What if we subtract a negative number? We will see that our procedure still applies.

 

Example 2

a. Suppose we have a balance of $28 in a checking account. The bank discovers 

that we were charged a $5 service fee by mistake. The bank indicates that the fee will be corrected. What will the balance be after the correction?

Solution:  The service charge is a debt; so it is written as -5. To correct the mis-

take, the bank must subtract that debt. Subtracting the debt means that $5 is 

deposited back into the account; so the resulting balance is $33. As a subtraction 

statement, we would write the following:

28-(-5) = 33

The following equivalent addition statement is easier to think through.

28 + 5 = 33

Two things changed in writing the subtraction as an addition: (1) the operation 

symbol changed from - to + , and (2) the subtrahend changed to its additive 

inverse (-5 changed to 5).

 

The operation changes from        28 ( 52       The subtrahend changes 

 to .                                to its additive inverse. 28 = 5

= 33

b.  Suppose we owe a friend $50, and out of kindness, the friend decides to can-

cel (or remove) $30 of that debt. What is the new balance?

Solution:  The $50 debt is written as -50. The $30 is also debt; so it is written as 

-                                                             Answers to Your Turn 1 30. Because the friend is canceling, or removing, that debt, we subtract. If $30 

of the $50 debt is removed, we now owe the friend $20; so the balance is -$20.      a. 30 + (-48) =-18

We can write the following subtraction statement:                                   b. 24 + (-82) =-58
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Your Turn 2                       The following equivalent addition statement is easier to think through.

Write as an equivalent addition;                                       -50 + 30 =-20

then evaluate.                        Again, two things changed: (1) the operation symbol changed from - to + , and  a. 42-(-21)                       (2) the subtrahend changed to its additive inverse (-30 changed to 30).

 

 b.-48-(-10)                                                      50-( 302 The operation changes from       The subtrahend changes  c.-36-(-40)  to . to its additive inverse. =-50 30

=-20

 

Connection Subtracting a negative num-ber is equivalent to making a deposit.

Do Your Turn 2

 

Objective 2  Solve equations containing an unknown addend.

In Section 1.2, we learned how to solve equations containing an unknown addend. 

Let’s recall the procedure.

 

Procedure

To solve for an unknown addend, write a related subtraction equation  in which the known addend is subtracted from the sum.

 

Your Turn 3                       Example 3    Solve and check.

Solve and check.                     a. 25 + x = 10

 

b. a. 18 + y = 12                    Solution: x = 10-25       Write a related subtraction equation in which the c + 24 = 9 known addend, 25, is subtracted from the sum, 10.

 c.-15 + d =-23                         x = 10 + (-25)   Write the subtraction as an equivalent addition.

 d. k + (-21) =-6                           x =-15               Note Add. Because 10 and -25 have different signs, we  e.  9 + t =-17 subtract their absolute values. The result is nega-

tive because -25 has the greater absolute value.

Check: 25 + (-15) 10   ln 25 x 10, replace x with 15.

10 = 10   Verify that the equation is true: 

25      15    10 is true. 1 2 

Explanation:  Think about the original addition statement. If we start with 25 and end with 10, a deduction has taken place. The only way this happens with addi-tion is when a negative number is added.

b.-14 + x =-20

Solution: x =-20-(-14) Write a related subtraction equation in which the known 

addend, 14 , is subtracted from the sum,    20. 

x =-20 + 14 Write the subtraction as an equivalent addition.

x =              Add.-6

a.  42 + 21 = Answers to Your Turn 2                  Check:-14 + (-6)                                        -     ln    14     x       20, replace x with    6. 20 63

 

b.-48 + 10 =-38                             -20 =-20   Verify that the equation is true:  14 1 6 2 20 is true. c.-36 + 40 = 4

Explanation:  Think through the original addition statement. Starting at -14, 

Answers to Your Turn 3                  to end up at -20, we must continue six more steps in the negative direction. a.-6 b.-15 c.-8                Therefore, the second addend must be -6. d. 15 e.-26

Do Your Turn 3

2.3  Subtracting Integers and Solving Equations      109

 

Objective 3  Solve applications involving subtraction of integers.

In Chapter 1, we learned that subtraction problems can involve taking one amount away from another, finding the difference between amounts, or finding an unknown addend. First, let’s consider a situation involving taking away. Cal-culating a business’s net involves subtracting its total costs from its total revenue. If the net is positive, we say that it is a profit; if the net is negative, we say that it is a loss.

 

Definitions Net: Money remaining after subtracting costs from revenue (money made minus money spent).

Cost: Money spent on production, operation, labor, and debts.

Revenue: Income (money made).

Profit: A positive net (when revenue is greater than cost).

Loss: A negative net (when revenue is less than cost).

 

The definition of net suggests the following formula.

 Net = revenue-cost

N = R-C

 

Example 4   The financial report for a business indicates that the total revenue          Your Turn 4

for 2010 was $2,453,530 and the total costs were $2,560,000. What was the net?  The revenue for one month for 

Did the business experience a profit or loss? a small business was $45,382, 

 

is  What was the net? Was it a  N  =  R - C  .  profit or loss?  =  Solution: and the total costs were $42,295.    We must find the net given the revenue and cost. The formula for net 

N R-C

N                ln N    R = C, replace R with 2,453,530-2,560,000 2,453,530 and C with 2,560,000.

N =-106,470            Subtract.

Answer:  The net for 2010 was -$106,470, which means that the business had a 

loss of $106,470.

 

Do Your Turn 4                                                                       Your Turn 5

Solve.

Now let’s consider difference problems. In these problems, we must find the amount between two given numbers by subtracting the smaller number from  a.  The surface temperature 

the larger number. on the moon at lunar noon 

can reach 120C. During the 

 

Example 5  lunar night, the temperature 

On the evening news, a meteorologist says that the current               can drop to -190 C. How 

temperature is 25F. She then says that the evening low could get down to  much of a change in tem- - 6   F. 

How much of a change is this from the current temperature? perature occurs from day to 

night on the moon?

a difference. Subtract the smaller number,   b.  A submarine goes from a  - Solution:  Because we are asked to find the amount of change, we must calculate 

6, from the larger number, 25.

depth of -78 feet to a depth 

 temperature  difference = 25-(-6)                                             of -34 feet. What is the dif-

=                                     ference in depth? 25 + 6 Write the subtraction as an 

equivalent addition statement.

=                                   Answer to Your Turn 4 31

$3087; profit

Answer: From 25F to -6F is a change of 31F. 

Answers to Your Turn 5

Do Your Turn 5                                                                     a. 310C b. 44 ft.
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VISUAL

Learning Strategy

If you are a visual learner, draw a thermometer, which is just a vertical number 

line, to see that the difference in Example 5 is correct.

 

25 F °

25 F is 25 steps above zero ° while –6 F is 6 steps below ° zero for a total difference of

31 F in between. °                       ° 0 F

–6 F °

 

In a problem with an unknown addend, we are given a starting amount and 

must find how much more is needed to reach a new amount.

 

Your Turn 6                       Example 6    A submarine is at -126 feet. How much must the submarine 

Solve.                                climb to reach -40 feet?

a.  Barbara currently has a             Understand The word climb indicates that we must add an amount to -126 feet 

balance of -$58 in her             to reach a value of -40 feet, but the amount added is unknown. A picture is 

checking account. To avoid        helpful.

any further charges, she 

must have a minimum 

balance of $25. How much 

should she deposit to have                                            

the minimum balance?                                            40 ft.

 b.                                                                                                   d is the distance the   A mining team is on an 

elevator platform at a depth                                                      126 ft. to d      submarine climbs from 

     40 ft.

of -148 feet. They are to 

ascend to a depth of                                                    126 ft.-60 feet 

to dig a side tunnel from the 

main shaft. How much does 

the elevator need to rise to 

get them to the appropriate 

depth?

Plan Write a missing addend equation; then solve.

Connection                     Execute  -126 + d =-40 In the diagram, 

we can see that the unknown                        d =-40-(-126)    To solve, subtract the known addend, 

addend is the same as the                                                   126, from the sum, 40.

difference between -40 and                          d =-40 + 126       Write the subtraction as an equivalent 

-126. This explains why                                                   addition.

the unknown addend state-                        d = 86

ment, -126 + d =-40, 

can be written as the                 Answer The submarine must climb 86 feet to reach a depth of -40 feet.

 

d =-40-1 difference statement,                 Check Verify that if the submarine climbs 86 feet from -126 feet, it will be at -40 feet.-126 2

.                                           -126 + 86 -40     In the original equation, replace d with 86.

-40 =-40   True; so 86 is the solution.

Answers to Your Turn 6

a.                                               Do Your Turn 6  $83 b. 88 ft.
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2.3             For Exercises

Extra

Help

 

Objective 1

Prep Exercise 1 Explain how to write subtraction as an          Prep Exercise 2 In 2-8, which number is the subtra-equivalent addition.                                          hend? What is its additive inverse?

 

Prep Exercise 3 Fill in the blanks to complete the equiva-       Prep Exercise 4 Fill in the blanks to complete the equiva-lent addition. 5-13 = 5          .                            lent addition. -9-14 =-9          .

For Exercises 1–6, write as an equivalent addition; then evaluate.

 1.  18-25                           2.  30-54                           3.  -15-18 

 4.  -21-6                          5.  0-9                             6.  0-16 

Prep Exercise 5                                                      Prep Exercise 6 In 3-1-7 2 , which number is the subtra-Fill in the blanks to complete the equiva-hend? What is its additive inverse?                            lent addition.    12-1-42 = 12          .

 

Prep Exercise 7 Fill in the blanks to complete the equiva-lent addition.    -10-1-62 =-10         .

For Exercises 7–12, write as an equivalent addition; then evaluate.

 7.  20-(-8)                          8.  33-(-12)                         9.  -14-(-18) 

 10.   -20-(-30)                           11.   -15-(-8)                             12.   -26-(-14) 

For Exercises 13–26, write as an equivalent addition; then evaluate.

 13.   -21-19                               14.   -13-28                              15. -4-(-19)

 16.   -19-(-24)                           17.   31-44                                 18.   9-15 

 19.   35-(-10)                              20.   26-(-6)                                21.   -28-(-16) 

 22.   -15-(-12)                           23.   0-18                                   24.   0-6 

 25.   0-(-5)                                  26.   0-(-8) 

Objective 2

Prep Exercise 8 For the following equation, complete the related subtraction equation used to solve the equation.

x + 10 =-9

x =

For Exercises 27–38, solve and check.

 27.   18 + t = 12                           28. 21 + c = 16             29.   d + (-6) = 9 30.   a + (-14) = 15                        31.   -28 + u =-15                      32. -22 + p =-19

 33.   -14 + m = 0                         34.   16 + n = 0                            35.   h + (-35) =-40 

 36.   r + (-29) =-38                      37.   -13 + k =-25                      38. -36 + x =-53
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Objective 3

For Exercises 39–56, solve.

 39. Belinda has a balance of $126 in her bank account. A check     40. Brian has a credit of $86 on his account with an elec-

written against her account for $245 arrives at the bank. tronics store. He uses his credit account to purchase 

a. some equipment at a total cost of $585. What is his    What is her balance? 

b.                                                            new balance after the purchase?   Because Belinda has insufficient funds to cover 

the check amount, the bank assesses a service 

charge of $20. What is her balance after the service 

charge? 

 41. In 2009, Verizon Communications earned $97,354         42. As of 2010, Avatar was the top-grossing movie of all 

million in revenue and had $90,926 million in total  time, grossing $2,729,673,452 in total box office sales 

expenses. What was the net? Was it a profit or loss?  in the world. If the budget for making the film was 

(Source: Fortune 500, 2009.)  $387,000,000, what was the net? Was it a profit or 

loss? (Source: Box Office Mojo, June 2010.)

 

 43. Florence spent a total of $26,458 for her car, including     44. Gary bought a new computer in 2006 for $2675. In 

the costs of financing and maintenance. Five years  2010, he sold it for $250. What was the net? Was it a 

later she sold the car for $4500. What was her net?            profit or loss? 

Was it a profit or loss? 

For Exercises 45 and 46, use the following graph, which shows the total income and dis-bursements in millions of dollars from the Social Security trust fund for the indicated years. (Source: Social Security Administration.)

 

Social Security Trust Funds, 1940–2000

600,000

Income

353,396

Disbursements

484,228

500,000

 

400,000                                                             Of Interest

Upon signing the Social Secu-

223,481                rity Act into law on August 14, 

300,000                                   278,607                   1935, Franklin D. Roosevelt said, 

“We can never insure one hun-

Fund (in millions)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                dred percent of the population 200,000

103,228                        against one hundered percent of 

100,051                          the hazards and vicissitudes of 

 

100,000                                                             life, but we have tried to frame 31,746 11,073 27,321 a law which will give some mea-2,367 10,360 592 28 784 sure of protection to the average 0 citizen and to his family against 

1940   1950   1960   1970   1980   1990 2000           the loss of a job and against 

Year                              poverty-ridden old age.”

 45. Which year had the greatest net loss? What was the       46. Which year had the greatest net profit? What was the 

net that year?                                                     net that year?

 47. The temperature at sunset was reported to be 19F.        48. Liquid nitrogen has a temperature of -208C. An 

By midnight, it is reported to be -27F. What is the  orange is placed in the liquid nitrogen, which causes 

amount of the decrease?                                     the liquid to boil at -196C. What is the amount of 

the increase in temperature?  

 49. Molecular motion is minimized at -273C. Oxygen         50. A container of liquid hydrogen fluoride is at a tem-

goes from liquid to solid at -218C. After oxygen turns         perature of -90C. The boiling point for hydrogen 

from liquid to solid, how much colder does it need to           fluoride is 19C. How much must the temperature 

get for its molecular motion to be minimized?                  rise for the hydrogen fluoride to boil?
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 51. Derrick has a balance of -$37 in his bank account. To     52. Danielle owns a business that is in financial trouble. 

avoid further charges, he must have a balance of $30.  Her accountant informs her that her net worth is 

What is the minimum he can deposit to avoid further        -$5267. Her net worth should be at least $2500 by charges?  the end of the month; otherwise, she will be forced to 

close her business. What is the minimum profit she 

must clear to remain in business?  

 53. The lowest level of the Willis Tower in Chicago is at       54. As a result of initial expenses, a new business has a 

an elevation of -43 feet. The skydeck is at an eleva-          net worth of -$45,000. The goal for the first year is to tion of 1353 feet. What is the distance between the  make enough profit to have a net worth of $15,800. 

lowest level and the skydeck?  How much must the business make that first year to 

achieve its goal?  

For Exercises 55 and 56, use the following graph, which shows the maximum and mini-mum normal temperatures in January for several cities in the United States.

Maximum and Minimum Normal Temperatures

in January

60

Maximum                46     43

40     Minimum

28

20                18                     15 12

 

]       20 20 ]8 0         ]2        ]1      4 ]

]      ]19

]40

 

Barrow, AK       AK    Duluth, MN       MN       TN    Denver, CO Fairbanks, St. Cloud, Nashville,

Source: The World Almanac and Book of Facts 2010.

55.  a. Complete the following table. In the row labeled       56.  a. Complete the following table. In the row labeled 

“Expression,” write a numeric expression for the  “Expression,” write a numeric expression for the 

difference between the maximum and minimum  difference between the maximum and minimum 

temperature in January for each city. In each block  temperature in January for each city. In each block 

of the row labeled “Difference,” calculate the dif- of the row labeled “Difference,” calculate the dif-

ference between the maximum and minimum  ference between the maximum and minimum 

temperature in January for each city.                         temperature in January for each city.

Barrow, AK   Duluth, MN   Nashville, TN                      Fairbanks, AK   St. Cloud, MN   Denver, CO

Expression                                                 Expression

Difference                                                     Difference

 

b.  Which of the cities in part a had the greatest                b. Which of the cities in the graph had the 

difference in maximum and minimum  greatest difference in maximum and minimum 

temperatures?                                             temperatures? 

 

Review Exercises

[1.3] 1. Multiply. 1145 212092                                [1.3] 2. Evaluate.132 5

[1.4] 3. Divide. 11,597 , 23                                  [1.4] 4. Solve 3 # y = 24

[1.5] 5. 9 #          3 7                                              [1.6] 6. Jacqueline owns 20 square miles of land that bor-+ 3 3 4-1 9 + 5 # 4 24

ders a national park. The government wants to 

purchase an 8-mile-long by 2-mile-wide rectan-

gular strip of her land. How much land will she 

have left if she sells? 
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2.4    Multiplying and Dividing Integers; 

Exponents; Square Roots;  

Solving Equations

 

Objectives                    Warm-up

1                                     [2.3] 1. Write as an equivalent addition; then evaluate. Multiply integers.

2                                            a. 12-17 b.-13-1-212 Evaluate numbers in expo-

nential form.                     [1.3, 1.4] 2. Multiply or divide.

3                                              a. 43 * 26 b. 2889 , 14 Divide integers.

4 Solve equations containing 

an unknown factor.             Objective 1 Multiply integers.

5 Evaluate square roots. To discover the rules for multiplying and dividing signed numbers, we will look 

6  for a pattern in the following list of products. We’ll keep the first factor the same  Solve applications involving 

multiplication or division of  and gradually decrease the other factor until it becomes negative. What happens 

integers.                         to the product as we decrease the factor?

From our work with whole numbers in Chapter 1, we know that 

 2 # 4 = 8        when we multiply two positive numbers, the product is positive.

 2 # 3 = 6        Each time we decrease the second factor by 1, we lose one of the 

repeatedly added 2s so that the product decreases by 2.

 2 # 2 = 4

 2 # 1 = 2 When we decrease the second factor from 1 to 0, the product 

must continue to decrease by 2. This is why 2 # 0 must equal 0, 

 2 # 0 = 0        which affirms the rule that any number multiplied by 0 is 0.

 2 # (-1) =-2     As we continue, the pattern must continue. Notice that when 

we decrease the second factor from 0 to-1, we must continue 

 2 # (-2) =-4 to decrease the product by 2. This explains why multiplying 

2 # (-1) must equal-2, and so on.

From this pattern, we can conclude that multiplying a positive number by a nega-

tive number gives a negative product. The commutative property of multiplica-

tion tells us that rearranging the factors does not affect the product; so 2 # 1-22 =

1-22 # 2 =-4. Therefore, multiplying a negative number times a positive num-

ber also gives a negative product.

 

Rule

When multiplying two numbers that have different signs, the product is negative.

 

Your Turn 1                       Example 1    Multiply.

Multiply.                             a.  8 # 1-62

 

 c. a.  9 # 1-72   b.-8 # 10                                     Note The product is negative because we multiplied Answer: -48 two numbers that have different signs.-4 1 5 2 d.  6 1-3 2 # b.-12 5 Answers to Your Turn 1

a.                                            Answer: -60-63 b.-80

c.-20 d.-18                        Do Your Turn 1 Answers to Warm-up

1. a.  12 + 1-172 =-5 

b.-13 + 21 = 8

2. a. 1118 b. 206 r5
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Now let’s consider multiplying two numbers with the same sign. We have already seen that the product of two positive numbers is positive. To discover the rule for multiplying two negative numbers, we will look for a pattern in another list of products. We begin with a negative number times a positive number and gradu-ally decrease the positive factor until it becomes negative.

 

1                   We have already established that the product of a negative -22 # 4 =

-8    

number and a positive number is negative.

1-22 # 3 =-6    As we decrease the positive factor from 4 to 3, the product 

1                   actually increases from -8 to -6, which is an increase of 2.-22 #   2 =

-4

1-22 # 1 =-2

1-22 # 0 = 0

1                       To continue the same pattern, when we decrease the second -2 2 # 1-1 2 = 2      

factor from 0 to -1, we must continue to increase the prod-

1                       uct by 2. This means that the product must become positive.-2 2 # 1-2 2 = 4

We already knew that when we multiplied two positive numbers, the product would be positive. Now we’ve discovered that when we multiply two negative numbers, the product is positive as well.

 

Rule

When multiplying two numbers that have the same sign, the product is positive.

 

Example 2 Multiply.                                                      Your Turn 2

 

Answer:              Note The product is positive because we multiplied                     a.-5 # 1-82 48 two numbers that have the same sign. a.                                                                                            Multiply.-6 # 1-8 2

 b. 1-421-92

b. 1-921-72                                                                   c.-101-132

Answer: 63

Do Your Turn 2

 

We can now develop rules for multiplying more than two signed numbers. To discover those rules, let’s look at some examples where we use the order of opera-tions agreement, which tells us to multiply from left to right.

 

Example 3 Multiply.

a.-21-321-42

Solution:  Multiply from left to right.

-21-321-42

= 6 1-42      Multiply 2 by 3 to get positive 6.

=          Multiply 6 by-24 4 to get 24.

Answer:-24     Note The product of three negative factors 

is negative.

 

Answers to Your Turn 2

a. 40 b. 36 c. 130 116   Chapter 2  Integers

 

Your Turn 3                       b.-11-121-121-52

Multiply.                             Solution:  Multiply from left to right.

a. 1-421-621-22                              -11-121-121-52

 b. 1-121-121-221-52                         = 1-121-52       Multiply 1 by1 to get positive 1.

 

 d.-31-52122                                  = 5                Multiply 1 by5 to get positive 5.    5 e. 1-4 21 3 21-1 21-1 2 Answer: c. -51-7 21-221-12                           =-1-52          Multiply 1 by 1 to get 1.

  5      Note The product of four negative factors is positive.

 

In Example 3, we see that the number of negative factors determines the sign of 

the product.

 

Rules

When multiplying signed numbers, count the negative factors:

•  If there are an even number of negative factors, the product is positive.

•  If there are an odd number of negative factors, the product is negative.

 

Do Your Turn 3

 

Look back at Example 3b. Multiplication by -1 can be written without the 1 so 

that we see only the negative sign.

-11-121-121-52 =-1-1-1-5222 = 5     Note When we do not 

write a 1 factor, we say that 

it is “understood.”

The result can be found by counting the total number of minus signs and apply-

ing the rules we just learned. Because there are an even number of minus signs 

(four) indicating an even number of negative factors, the result is positive.

 

Your Turn 4                       Example 4    Simplify.

 

Simplify.                              a.-1-82 b. a.-1-1-1-23222                 Solution:               There are an even number of minus signs (two); so the -1-8 2 = 8

-----42 1 1 1 12222                                 product is positive. Also, 1 82      11 82 8.

 

Connection The fact that -1-82 = 8 is consistent with what we learned in writing subtractions as equivalent additions. The sub-traction 5-1-82 is written as 5 + 8.

 

b.-1-1-1022

Solution:-1-1-1022 =-10    There are an odd number of minus signs 

(three); so the product is negative. Also, 

 1 1 102 2    1 12 1 102     10.

Do Your Turn 4

 

Answers to Your Turn 3                Objective 2 Evaluate numbers in exponential form. a.-48 b. 10 c. 70

d. 30 e. Because exponents mean repeated multiplication, we can extend what we‘ve  - 60

learned to evaluating exponential forms with negative bases.

Answers to Your Turn 4

a. 23 b.-42
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Example 5 Evaluate.                                                     Your Turn 5

a. 1-522                                                                          Evaluate.

Solution:       2 1                                                                              a.        5               6 1-2 2 b. 1-2 2-5 2 = 1-5 21-5 2

= 25

Explanation:  The exponent 2 means that we multiply the base -5 by itself. 

Because we are multiplying two negative numbers, the product is positive.

b.       3  (-2)

Solution: 1-22 3 = 1-221-221-22 =-8

Explanation:  The exponent 3 means that we multiply the base-2 as a factor three 

times. Because we have an odd number of negative factors, the result is negative.

Example 5 suggests the following rules:

 

Rules

When evaluating an exponential form that has a negative base:

•  If the exponent is even, the product is positive.

•  If the exponent is odd, the product is negative.

 

Do Your Turn 5

 

A negative base must be in parentheses, as in 1-224. Without the parentheses, as in     4                                                                                  4-2 , the expression is evaluated differently. The minus sign in -2 is an under-stood                  4-1 multiplying 2.

-2 4             4 =-1 # 2 =-1 # 2 # 2 # 2 # 2 =-16

 

Example 6              4 Evaluate. -3                                                Your Turn 6

Solution:     4                                                                                Evaluate.-3 =-1 # 3 # 3 # 3 # 3 =-81

a.       2                3-7 b. -4

Do Your Turn 6

 

Objective 3 Divide integers.

To understand the rules for determining the sign of a quotient, look at the following multiplications and their related divisions. The third column shows the conclusions that can be drawn.

 

Multiplication       Related division      Conclusion

5 # 3 = 15      15 , 3 = 5    When dividing two numbers that have 

6                                                    the same sign, the result is positive. # 1-7 2 =-42-42 , 1-7 2 = 6

-2 # 3 =-6         -6 , 3 =-2   When dividing two numbers that have 

-    -5 4                                  different signs, the result is negative. # 1 2 = 20 20 , 1-5 2 =-4

 

Notice that the rules for determining the sign of a quotient follow the same pattern as the rules for determining the sign of a product; so we can combine them as follows:

 

Rules                                                       Answers to Your Turn 5 When multiplying or dividing two numbers:                                     a.-32 b. 64

•  If they have the same sign, the result is positive.

Answers to Your Turn 6

•  If they have different signs, the result is negative.                                  a.-49 b.-64
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Your Turn 7                       Example 7   Divide.

Divide.                              a. -45 , 9

 

b. a. 36 , (-4)                                         Note Because-45 and 9 have different Answer: -5 -40 , 8 signs, their quotient is negative.

 

c.    -                        b.-28                              -18

-7                              6

 

d.   -                        Answer: 3 54                                           Note Because -18 and -6 have the same sign, their quotient is positive. 9 c.-15 , 0

-72

e.                                           Answer: undefined

-12                                              Connection In Section 1.4, we learned that if the 

-18  divisor is 0 and the dividend is any number other than 

f.                                                                                 0, the quotient is undefined. 0

Do Your Turn 7

 

Objective 4 Solve equations containing an unknown factor.

In Section 1.4, we learned how to solve equations involving an unknown factor. 

Let’s recall the procedure.

 

Procedure

To solve for an unknown factor, write a related division equation in which the product is divided by the known factor.

 

Example 8 Solve and check.

a.  9x =-63

 

Solution: x =   -63    Write a related division equation in which the 

product,   63, is divided by the known factor, 9. 

  9

x =-7     Divide.     Note Because -63 and 9 have different signs, 

their quotient is negative.

 

Check:  9(-7) -63    In 9x      63, replace x with 7.

-63 =      Verify that the equation is true:-63

9   7      63 is true. 1 2 = 

b.-30y =-60

 

Solution: -60 Write a related division equation in which the product,  y =

-30    60, is divided by the known factor, 30.

y = 2      Divide.     Note Because -60 and -30 have the same 

sign, their quotient is positive.

Check:-30(2) -60   In 30y     60, replace y with 2.

-60 =-60   Verify that the equation is true: 

 301 22     60 is true.

 

Answers to Your Turn 7

a.-9 b.-5 c. 4 d.-6

e. 6 f. undefined

2.4    Multiplying and Dividing Integers; Exponents; Square Roots; Solving Equations           119

 

c.  0n = 19                                                                         Your Turn 8

 

Solution:        19                                                            Solve and check. n = Write a related division equation. 0 a.  7 n =-42

 

Because      is undefined, 0n = 19 has no solution. 0 19                                                                  b.-12k =-36 c.-8h = 96

Do Your Turn 8                                                                      d.  0m =-14

 

Objective 5 Evaluate square roots.

We have learned that raising a number to the second power means to multiply the number by itself. For example, 52                                                       2 = 5 # 5 = 25. We also have learned that 5 can be read as “five squared” and the answer, 25, is the “square of five.” If we were to reverse this operation, we would say that “the square root of 25 is 5.”

 

Definition Square root: The square root of a given number is a number whose square is the given number.

 

Notice that       2 1-5 2 = 1-521-52 = 25 as well; so 25 has two square roots, 5 and -5. In fact, every positive integer has two square roots—a positive square root and a negative square root. Both of these square roots have the same absolute value.

Suppose we were asked for the square roots of a negative integer such as -25. That would mean to find a number whose square is -25. But the product of two numbers with the same sign is always positive. Therefore, a negative integer has no square roots in the number sets we will study in this course. All of the numbers we will study in this course are in the set of real numbers (whole numbers, integers, frac-tions, and decimals). So we will say that a negative number has no real square roots.

 

Rules

Every positive integer has two square roots, a positive square root and a nega-

tive square root with the same absolute value as the positive square root.

A negative number has no real square roots.

 

It is helpful to memorize some perfect squares and their square roots. The follow-ing table lists the first 20 perfect squares.

 

Root   Perfect Square   Root   Perfect Square

Connection Notice that 

0          2                               2 0 = 0 10 10 = 100          the ones places in the per-1         2                                2 1 = 11 11 11 = 121          fect squares are identical in 

2          2                               2                    the two columns. 2 = 4        12 12 =

144

3          2                               2                       2                2 3 = 9 13 13 = 169 0 = 0  10 = 100

4         2                                2                       2                2 4 = 1 = 16        14      14 = 196                1  11 = 121

5         2                                2                       2                2 5 = 2 = 25        15      15 = 225                4  12 = 144

6         2                                                       2 2 6 = 36 16 16 = 256 3 =           2 9  13 = 169

7         2                                2 7 = 49 17 17 = 289          They are identical because 8         2                                2 8 = 64 18 18 = 324          the ones places in the 

9        92                                2                    square roots are identical. = 81        19      19 =

361

Answers to Your Turn 8

a.-6 b. 3 c.-12 d. no solution 120   Chapter 2  Integers

 

Your Turn 9                       Example 9   Find all square roots of each number.

Find all square roots of each           a. 81 

 

number.                                               Note We can express both the positive and Answers: 9 and -9 a. 100 b. 144 c.-36 negative root more concisely as { 9.

Explanation:                                            2 There are two square roots because 9 = 81 and 1-92 = 81.

b.-16

Answer: No real roots exist.

Explanation: Squaring any nonzero number, whether positive or negative,  always produces a positive product; so no real roots exist.

Do Your Turn 9

 

The radical sign 2  indicates the positive square root, or principal square root. The 

number inside the radical is the radicand. For example, 249 = 7 because 7 is the 

positive square root of 49. To indicate the negative square root of a number using 

the radical sign, we place a minus sign in front of the radical, as in -249 =-7 . 

We can write the following rules:

 

Connection Think of -249 as the product of -1 and the positive square root of 49.

-49 2 =-1 # 249 =-1 # 7 =-7

 

Rules

2n indicates the positive square root (principal square root) of the radicand, n.

-   n 2 indicates the negative square root of the radicand, n.

 

Your Turn 10                     Example 10   Simplify.

Simplify.                              a. 2144 

a. 2121  b.-2225                Answer: 12

c. 2-81                          Explanation: The radical sign indicates the positive square root.

b.-29 

Answer: -3

Explanation: -19 indicates the negative square root of 9. 

Also, -19 =-1 # 19 =-1 # 3 =-3.

c.      2-36 

Answer:     -2 36  is not a real number

Explanation: There is no positive number whose square is -36.

Answers to Your Turn 9                    Do Your Turn 10 a. {10 b. { 12

c.  no real roots exist

Answers to Your Turn 10

a. 11 b.-15 

c.  not a real number
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Objective 6  Solve applications involving multiplication                          Your Turn 11

or division of integers.

Solve.

 

Example 11                                                      a.  An oceanographer programs Solve. a small submarine to take 

a. Jean was traveling for three months. Each month while she was away, $19   readings every 18 feet dur-

in finance charges was posted to her account. What were her total finance  ing its descent. After seven 

charges upon her return? readings, what will be the 

Solution:                                                                                              submarine’s position? A $19 finance charge is a debt; so we write it as -$19. Because Jean was 

charged the same amount each month for three months, we are repeatedly add- b.  A ceiling grid is suspended 

ing the same amount. Repeated addition means that we can multiply.  from the roof of a building  - $19 by 3.

Total finance charge =                                            by 50 cables so that its -$19 # 3 =

-$57 weight (downward force) 

b. of 6000 pounds is evenly  Rick’s total debt is $12,600. To pay off the debt, he makes equal monthly 

payments for five years. What is his monthly debt payment?                       distributed among the 

cables. What is the force on 

Solution:  Because the $12,600 is debt, we write it as -$12,600. There are 12 months          each cable?

in a year; so making one payment each month for five years means that he 

makes 51122 = 60 payments over the five years. Splitting the debt into equal 

payments means that we divide -12,600 by 60.

Monthly payment =-$12,600 , 60 =-$210

Answers to Your Turn 11:

Do Your Turn 11                                                                    a.-126 ft. b.-120 lb.

 

PORTFOLIO

 

2.4             For Exercises

Extra

Help

 

Objective 1

Prep Exercise 1                                                     Prep Exercise 2 When multiplying two numbers that have   When multiplying two numbers that the same sign, the result is          .                             have different signs, the result is           .

For Exercises 1–26, multiply.

1. -2 # 16                                  2. -4 # 11  3. 4 # 1-2 2

4. 6 # (-42                                   5. (-22 # 1-322                            6. 1-42 # 1-172

7. -21 # 1-82                            8. -9 # 1-182                            9. 0 # 1-92

 10. 0 # 1-52                             11. -13 # 0                             12. -4 # 0 

 13. 151-12                           14. 121-22                           15. -191-202

 16. -141-312                        17. 1-121-521-72                    18. 1-121-321-62

 19. 1-121-12(-621-92                20. 1-121-121-821-72               21. 1-121-121-121-121-782

 22. 1-121-121-121-121-942          23. -1-132                          24. -1-192 25. -1-1-3622                       26. -1-1-44 22
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Objective 2

Prep Exercise 3                                                     Prep Exercise 4 If the base of an exponential form is a neg-If the base of an exponential form is a ative number and the exponent is even, the product   negative number and the exponent is odd, the product 

is             .                                                                         is             .

For Exercises 27–34, evaluate.

 27. 1    2                                                            3                              3-3 2 28. 1 2-2 2 29. 1-4 2 30. 1-5 2

 31.      4                                        4                                        5                                        5 1-3 2 32. 1-2 2 33. 1-4 2 34. 1-3 2

Prep Exercise 5                                  2 Explain how to evaluate -8. 

For Exercises 35–42, evaluate.

 35.    2                                         2                                        6                                        4-8 36. -11 37. -10 38. -10

 39.    2                                        3                                        3                                        3-1 40. -1 41. -3 42. -2

 

Objective 3

Prep Exercise 6                                                      Prep Exercise 7 When dividing two num bers that have When dividing two numbers that have the same sign, the result is          .                             different signs, the result is          .

For Exercises 43–58, divide.

 43. 36 , (-3)                 44. 40 , 1-102              45. -81 , 27                 46. -48 , 8 

 47. -32 , 1-42             48. -100 , 1-202           49. 0 , 1-22                50. 0 , 1-122

65                         -96                        -124                       -91

 51.                           52.                           53.                           54. 

-13                       8                        -4                       -7

 28                              42                            -41                           - 27

 55. -                        56. -                        57.       58. 

  4                                        7                                      0                                        0

Objective 4

Prep Exercise 8 For the following equation, complete the related division equation used to solve the equation.

 3x =-15

x =

For Exercises 59–76, solve and check.

 59. 4x = 12                            60. 7p = 28                            61. 9x =-18  

 62. 5x =-125                         63. -12t = 48                          64. -14g = 42  

 65. -1c = 17                           66. -1c = 12                           67. -6m =-54  

 68. -8n =-32                        69. -18m = 0                         70. -25b = 0  

 71. 0v =-14                          72. 0b = 28                            73. -2 1-52d =-50  

 74. 31-82f = 72                        75. -1-121-72g =-63               76. 1-921-12(2)w =-90  

Objective 5

 

Prep Exercise 9 Every positive integer has two square           Prep Exercise 10 A negative number has           real roots, a  square root and a  square root. square roots. For Exercises 77–82, find all square roots of each number.

 77. 16                                   78. 49                                   79. 36 

 80. 25                                   81. -81                                 82. -121 
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Prep Exercise 11     n 2 indicates the                               Prep Exercise 12-2n  indicates the  square root           square root (principal square root) of the radicand, n.                      of the radicand, n.

For Exercises 83–94, simplify.

 83. 2 81                               84. 236                               85. 264  

 86. 2100                             87. 249                              88. 225  

 89. 2-169                           90. 2-144                           91. -2121  

 92. -2256                           93. 20                              94. 21 

Objective 6

 For Exercises 95–100, solve.

 95. Rohini had a balance of - $214 on her credit card in      96. Michael has five credit accounts. Three of the ac-

June. By November, her balance had tripled. What           counts have a balance of -$100 each. Each of the was her balance in November?                            other two accounts have a balance of -$258. What is 

Michael’s total debt?

97. During one difficult year, the Morrisons had insuf-        98. An oil drilling crew estimated the depth of an oil 

ficient funds in their checking account on seven               pocket to be -450 feet. After drilling to three times  occasions, and each time they were assessed a charge  that depth, they finally found oil. At what depth did 

appearing as -$17 on their statement. What were the         they find oil? total charges for insufficient funds that year? 

 99. Alicia borrowed $1656 from her friend and prom-       100. Liam borrowed $25,200 from his parents to pay for 

ised to pay him back with equal monthly payments  college. After graduation, he will pay off the loan by 

for three years. How much should each payment  making equal monthly payments for six years. How 

be?                                                           much will each payment be? 

 

Review Exercises

[1.2] 1. A wallpaper border is to be placed just below the ceiling around a room that 

is 14 feet wide by 16 feet long. How much border is needed? 

[1.5] For Exercises 2–4, Simplify.

 2. 19-6 #    3                           2 3 + 2 3. 7 # 3-2(5 + 3) 

4.      2 12 # 4-2 3 5-6 1 + 424

[1.6] 5. Sherry wants to paint a wall in her house. The wall is 15 feet long and 10 

feet high and has a window that is 4 feet long by 3 feet wide. How many square feet must she be prepared to paint? 

[1.6] 6. What is the volume of the object shown? 

 

6 ft.

12 ft.

6 ft.

 

9 ft.             7 ft.
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2.5    Order of Operations

 

Objective                     Warm-up

1                             [2.4] 1. Multiply or divide.  Simplify numerical expres-

sions by following the order              a. -13 # 7    b. -72 , 1-82

of operations agreement.        [2.4] 2. Simplify.

a. 1-323   b. 264

 

Objective 1 Simplify numerical expressions by following 

the order of  operations agreement.

We need to modify the order of operations agreement we learned in Section 1.5 to 

include absolute value and radicals, which are grouping symbols.

 

Order of Operations Agreement

Perform operations in the following order:

  1.  Grouping Symbols: parentheses 12, brackets 34, braces 56 , absolute value

兩   兩 , radicals 2 , and fraction bars —

  2.  Exponents or roots in order as these operations occur from left to right  3.  Multiplication or division in order as these operations occur from left to right  4.  Addition or subtraction in order as these operations  occur from left to right

 

h h h

Many people use the acronym G ER MD AS to help remember the order of opera-

tions. The arrows over ER, MD, and AS remind us to perform exponents or roots, 

multiplication or division, and addition or subtraction from left to right.

AUDITORY

 Learning Strategy

If you are an auditory learner, try creating a sentence in which the first letter of 

each word matches the first letter of each operation in the order of operations 

(g, e, r, m, d, a, s).

Give each runner more doughnuts and soda.

Be careful because a sentence such as the one above seems to indicate that 

 exponents come before roots, multiplication before division, and addition before 

subtraction, which is not necessarily true. To avoid that confusion, you might 

try creating a sentence like the one below with hyphenated words to help you 

 remember that exponents/roots, multiplication/division, and addition/subtraction 

are three stages in which you work from left to right.

Get ex-reality multi-dimensional actor-singers.

Your Turn 1

 

 a. -24 + 1-92 # 3                   Solution: -8 + 6 # (-2) b. Simplify.                                             Simplify. Example 1-8 + 6 # 1-22

 

 c. 32-16 , 1-42                                                                Note Write each new step underneath the =-8 + ( 12) Multiply. 6 1 2 2 12-28 , 4 + 1--15 2  previous step instead  =-20 Add 8 1 12 2 20 of outward to the right. Answers to Your Turn 1

a. -51 b. 36 c. -22                   Do Your Turn 1

Answers to Warm-up

1. a. -91 b. 9

2. a. -27 b. 8
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Example 2 Simplify. -16-20 , 1-42 # 6                                  Your Turn 2 Note We divide before Simplify. Solution: -16-20 , 1-4 2 # 6 multiplying here be-       # = cause we multiply or  a. 18 6    32 -48 , 1-2 1--16-1-5 2 # 6 Divide. 20 1 4 2 5 divide from left to right  b. 20 + 1-3 2 # 4 =-1-6 2-16-1-30 2 Multiply. 5 # 6 30 in the order they occur. c. =-7 # 5-1-30 2 , 5-16 + 30 Write the subtraction as  d. an equivalent addition. 12 # 1-4 2 , 1-6 2 + 9-27

= 14      Add. 16 30 14

Do Your Turn 2

 

Example 3 Simplify. 1 12-42 , 1-22 + 1                                 Your Turn 3

Solution: (12-4) , 1-22                                                           Simplify. + 1

 

=  b. 12 , 34-1-224 + 1-42 - 4  +  1  Divide.  8   1   2  2  4  c.  - 4  +  5  1  7 - 4  2  =  =                                                  a. 4-13-52 # 7 8 , 1-2 2 + 1 Subtract in the parentheses. 12 4 8

-3           Add. 4 1    3

Do Your Turn 3

 

Example 4   Simplify. -兩-24-51-22兩   Note The minus sign to the left of        Simplify. the absolute value symbol is an un-Your Turn 4

Solution:-1 # 兩-24-5 1-22兩                                                         a. 兩-4-1621-52兩 derstood -1 factor. As a reminder, 

=-1 # 兩-24-1-102兩   Multiply    we will write it in the solution steps.       b. -兩 25 + 1-34)兩

in the                                                       c. -2 兩 48 , 1-62 兩 absolute value symbols. 5 1 2 2 10

=-1 # 兩-24 + 10兩    Write the subtraction as an equivalent              Your Turn 5

addition.

=-1 # 兩-14兩             Add. 24 10     14                      Simplify.

=                                                      2 a. -1 # 14 Find the absolute value of 14, which is 14.        -1 42 + 2 1-72--9 12

=                                                    2 b. 5   , 1-1 + 62-                                                                  + 1 14 Multiply. 1 # 14     14.

Do Your Turn 4  c. 2-39-1-224 + 1-123

 

Your Turn 6

Example 5   Simplify. 1          3-1 + 6 2-2 + 1-22                             Simplify.

Solution:                                                                                                          3 1 3-1 + 6 2-2 + 1-2 2 a. 14 + 1-2 2-8 # 1-32

=      3 5-2 + 1-22 Add in the parentheses. 1 6 5               b. 1-52 # 6 , 1-32-249

=                                                  c. 3 5-4 # 1-82 + 281--8 + 1-2 2 3                                                          3 Evaluate the exponential form. 2 8

=                                                   兩 24 , 1-82 兩 Subtract. 3-3 + 1-2 2 5 8

=             Add. -5 3 1 22    5

Do Your Turn 5

Answers to Your Turn 2

a. -6    b. 14 c. -29    d. -10

Example 6   Simplify. 8-1-322 + 1-152 , 225                          Answers to Your Turn 3

Solution:                                                                                         a. 18 b. -2    c. 11 8-1-3 2 2 + 1-15 2 , 2 25

= 8-9 + 1-152 , 5 Evaluate the exponential form and square         Answers to Your Turn 4

root.     3 2 1 2 9 and 225 5                  a. 26 b. -9 c. -16

= 8-9 + 1-32      Divide. 15 5     3                    Answers to Your Turn 5 =-1 + 1-32         Subtract. 8 9     1                      a. 20 b. 6 c. -10

=-4               Add. 1 1 32     4                  Answers to Your Turn 6

Do Your Turn 6                                                                     a. 30 b. 3 c. 65 126   Chapter 2  Integers

 

Your Turn 7                       Example 7 Simplify. 236 , 3 + 21-1-42

 

 a. 3-2-1-524 +                            = 236 , 3 + 23-1 + 1-424   In the brackets, write subtraction 1 Simplify.                              Solution: 236 , 3 + 21-1-42

3   + 1-324 # 24                                                       as equivalent addition.

 b. 216 , 4-2 14-72                    = 236 , 3 + 21-52      Add in the parentheses.  c. 12 , 29 + 3 1-2 + 42                                                1 1 42      5

= 6 , 3 + 21-52     Evaluate the square root. 236 6

= 2 + 1-102 Multiply and divide from left to right. 

6   3   2 and 2   5      10 1 2

=-8                 Add. 2 1 102    8

Do Your Turn 7

 

Your Turn 8                       Example 8   Simplify. 2 18-122 + 1-223-320 + (-2)4 , 1-62

 

 a. 4 19-152 + 16                            = 21-42 + 1-223 ,-18 , 1-62   Calculate in the parentheses 2 Simplify.                              Solution: 218-122 + 1-223-320 + (-2)4 , 1-62

3   + 1-1024                                                                and brackets. 8 12      4 and 

 b.                                                                                                                 20      2    18 1 2 -20 + 6 1 3-82

3                  -8 + 1-524 2 Evaluate the exponential form.  2  =  1 -4 2  +-8 1  2 -18 , 1 -62

 c.                                                                                                      1 22 3      8 兩 19-29 兩 , 2 +

314-21-624 , 1-132                  =-8 + 1-82-1-32       Multiply and divide working from 

left to right. 2    4        8 and 1 2 18      6      3 1 2

=-16-1-32                Add. 8 1 82     16

=-16 + 3                    Write the subtraction as an 

equivalent addition.

=-13           Add. 16 3   13

Do Your Turn 8

 

Example 9   Simplify.

a.   15-5 432 + (-5)4 6-40 , 29 + 16

Solution:    15-5 432 + 1-5246-40 , 29 + 16

= 515-43-34 6-40 , 29 + 16 Add in the brackets (the in-

nermost grouping symbols).  

2      5      3 1 2

= 515-3-124 6-40 , 29 + 16   Multiply in the braces. 

4 # 3 34      12

= 515 + 126-40 , 29 + 16 In the braces, write subtraction 

as addition.

= 27-40 , 29 + 16            Add in the braces. 15 12 27

= 27-40 , 225               Add in the radical. 9 16 25

= 27-40 , 5          Evaluate the square root.225 5

= 27-8                       Divide. 40 5 8

= 19                          Subtract. 27 8 19 

Note To find the square root of a sum or difference, we 

Answers to Your Turn 7                   must add or subtract first, then find the square root of the 

a.                                              sum or difference.-1 b. 7 c. 10

Answers to Your Turn 8

a. -26 b. -59 c. 3
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b. 5319-152 , 1-224-216 # 9                                               Your Turn 9

Solution: 5319-152 , 1-224-216 # 9                                         Simplify.

= 531-62 , 1-224-216 # 9 Subtract in the parentheses.               a. 5-8 + 3[24 , 14 +

9   15     6                            -1 10224 6 + 1-32 225 # 4

= 5334-216 # 9            Divide in the brackets. 1 62 1 22 3     b. 1-523-431-6 + 142 ,

= 5334-2144              Multiply in the radical. 16 # 9                1-7 + 624 + 281 , 9 144 = 5334                                                          c. -12 Evaluate the square root. 2 144 12 5316-315 + 324 +

 

=                                                   4 225-9 3  Subtract. 15 12 3 d. 5 兩-16 1-3 2-40 兩 + 76 , 3 =                                                   326-13-9224 6 15-12 Multiply. 5 3 3 4 -15

Note                                                                                       3-6 + 1121 42 We could have performed some of the calculations in the same step. For example, we could have computed 5334 and 16 # 9 in the same step. However, combining steps increases the likeli-

hood of making careless mistakes.

Do Your Turn 9

 

Example 10           82       162 Simplify.                                                      Your Turn 10 3--1

 8-4 14-62

Simplify.

 

Solution:  Simplify the numerator and denominator separately, then divide.                            3 2 1-14 2 + 4 a. 2 8-1-16 2 12-3 21-4 2-5

 8               3                                                                                                                2-4 1 4-6 2 2 # 1-4 2-7

64                                                       2                                              2- b. 1-16 2 Evaluate the exponential form in the numerator. 8     64              9 # 5-31 3-7 2

=        3 8-4 1-2 2    Subtract in the denominator. 4 6     2

= 64 + 16       Write an equivalent addition in the numerator. 

8-41         64      16    64    16 1 2 -82

Evaluate the exponential expression in the denominator. 

1 22 3      8

=    80         Add in the numerator. 64 16 80

8-1-322     Multiply in the denominator. 4 1 82      32

=   80           In the denominator, write subtraction as equivalent addition. 

8             8      32    8   32 1 2 + 32

 

=            Add in the denominator. 8 32 40                      a. 80                                                                    Answers to Your Turn 9

40                                                                       -50 b. -90

= 2            Divide. 80                                                        c. -34 d. 125 40 2

Answers to Your Turn 10

Do Your Turn 10                                                                    a. -4 b. 19
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2.5           For Exercises

Extra

Help

 

Objective 1

Prep Exercise 1  List the four stages of the order of operations.      Prep Exercise 2  What is the first step in simplifying the 

expression 12 + 5 # 2? Explain.

 

Prep Exercise 3  What is the first step in simplifying the          Prep Exercise 4  What is the first step in simplifying the expression 213-82                                                             4 + 9? Explain. expression 12 , 1-3) #-20? Explain.

 

For Exercises 1–74, simplify.

1. 3-10 , 2  2. -8 , 2 + 4  3. 9 + 4 # 1-6 2

4. 15-5 # 4  5. 3-2 # 4 + 11  6. 2 + 16 , 4-9 

7. 9 + 20 , 1-4) # 3  8. -30 , 2 # 1-3 2 + 21          9. 3-1-222

 10. 1-322-8                             11. -5 + 1-42-1                      12. 5-1-522 + 13 

 13. 2                                                                                                                        2 2 9-6 # 1-4 2 , 8  14. -14--3 1 2 # 4 + 5  15. 3 + 4 1-62

 16.                   2                                                    2                                                       2-2-5 1-2 2 17. 3 + 4 1-6 2 18. -2-5 1-2 2

 19. 225-9                            20. 216 + 9                            21. 225-29 

 22. 216 + 29                       23. 1-224                                   4 24. -2

 25.      5                                                       5                                                        2-2 26. (-2 2 27. --3 1 2

 28.           3                                                                                                            3 2--2 1 2 29. 3--3) 1 4 30. [--2)] 1

 31.   9 , 3-1-22 2                               3                                                            2 32. 4-3 1-2 2 33. 3-1-2 21-3 2

 34.                     2                             35. 2-1-5 21-4 2 兩 18-5 1-42 兩                            36. 兩 21 , 1-3) + 12 兩

 37. -兩-43 + 6 # 4 兩                                              38. -兩-16-1-321-72 兩

 39.                                                                                         2-5 兩 26 , 13-7 # 2 兩 40. -4 兩 3   +-5 12162 兩

 41. 1-322-2[3-511 + 42]                                 42. 534 + 31-2 + 124-1-42

 43. 28 , 1-7) + 249 + (-32 3                                                                 2 44. 25-6 + (-52) , 2169  

 45. 12 + 8 281 , 1-62                                   46. -5236 + 40 , 1-5) # 2-14 

 47. 2                                                                                     3 4-7 # 5 +   121 2-21 ,-7 1 2 48. 1-2 2 + 3225-18 , 3 

 49. 15 + 1-323 + 1-52兩 14 + 1-229兩                        50. -28 , 4 + 兩-31-221-52 兩    5-2

 51. 1                                                                                                        2-15 + 12 2 + 5 1-6 2-3 9-1-12 24 , 3  52. 39 , 3 + (24-30)-5 + [-21-(-13)] 

 53. 1-22 # 15-822 , 6 + 14-22                          54. 15-72 , 1-22-1-32 , 3 

 55. -兩 38-14 # 2兩 + 44 , 35-1-624     4-2                  56. -3249 + 兩 16 , (-8) 兩-(28-40) , (-3) 

 57.    19-5 234 + 1-9246-18 , 225-16                  58. 5123-2-1-524-406 , 225-9 

 59. 31-14 + 22 + 54         4 , 0 + 9 # 7                            60. 3191-22-1-1824 , 515-532-1-124 6
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 61.    1 5-32 + 4418-202 , 1-2)] 6 + 1-52 225 # 4 

 62. 4 216 # 9-5 1-423 + 2318 , 1-22 + 14-1-22246

 63.     兩 5-121-52-38 兩 + 26 , 3-9 + 24943

 64. -3 514-2 兩 20-7142兩 6 + 31321-92-1-21242

 65.    2 3 514-114 + 21421-9) 6-312-6 # 94

 66. 3                                                2 5-19 3 + 4 2 16-25 4 + 41 兩-50 兩

6 1-42 + 16                                          34-5122

 67.                                                                              68. 1 4 + 7 2-9                                      7 + 19-42

31-122 + 1                                          20 + 121-32

 69.                                                                              70. 2       2 3-2 3-1

 

 71. 1            3                                              4 5-19 2 + 3 2 + 3(7 + 19) 72. 2 2 (-2)(-6)-5 8-(2 # 8 + 1)

3 # 1         2-6)-6                                                 1-223 + 517-152

 73.                                                                              74. 2-2 1 2-5 2 4 # 11-215-92

 75. Explain the difference between 1-224                                                                                  2 4               2 and -2 . 76. Explain the difference between -(-3 2 and [-(3)].

 

 77. Why do both 1-225        5 and -2  simplify to                  78. Why is the answer to Exercise 60 undefined?-32?

 

For Exercises 79–86, explain the mistake in each problem and work it correctly.

 79. 28-5 124-302                                        80. 24 , 2 # 3 + 5

= 28-51-62                                     = 24 , 6 + 5

= 231-62                                         = 4 + 5

=-138                                           = 9

 

 81.                  2                                                                            5 4-9 1-4 2 82. 19--2 12

= 4-19-162                                    = 19-32

= 4-1-72                                      =-13

= 4 + 7

= 11
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 83. 34-33 # 5-114 + 824                                  84.      2 3 2               2-25 1-42

= 34-3 # 5-22                                        2 3-1-72

= 34-15-22                                    =        14 125-162

=                                              -19-22                                              2

=                                         3-9-3                                           =

-14

= 9-9

-14

= 0 , which is undefined

-14

 

 85.                                                                              86.    2 3 2 169-25-1613-52 + 74

=                                        =-23161-22 + 74 13-5

=                                        =-2332 + 74 8

=-23394

=-78 

 

For Excercises 87 and 88, use the following table, which contains the high and low  temperatures in degrees Fahrenheit each day from March 14 to March 20 in Nome, Alaska.

 

3 14   3 15   3 16   3 17   3 18   3 19   3 20 > > > > > > >

High    -6      0       19    25     26     29     26

Low   -30    -25    -11    -1     13     17     9

 87. Find the mean, median, and mode high temperature.     88. Find the mean, median, and mode low temperature.

 

Review Exercises

[2.2] 1. Felicia has a balance of $185 in her checking         [2.3] 2. Tina has a television that she bought for $245. 

 account. If she writes checks for $45, $68, and  She sells it at a yard sale for $32. What was the 

$95, what is her new balance?                               net? Was it a profit or loss? 

[2.3] 3. A submarine at -98 feet ascends to -25 feet.         [2.4] 4. Jeff’s credit card account has a balance of $0. If he 

How far did the submarine ascend?  uses the card to purchase three dining chairs that 

cost $235 each, what is the new balance? 
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2.6  Additional Applications and Problem 

Solving

 

Warm-up Find the sum, difference, product, or quotient.                                      Objectives

[2.4] 1. 1-92152                      [2.2] 2.-15 + 7                                   1 Solve problems involving [2.3] 3. 14-1-102                  [2.4] 4.-48 , 1-82                                 net.

2 Solve problems involving 

Objective 1  Solve problems involving net.                                      voltage.

Recall that the net profit or loss is calculated using the formula  3 Solve problems involving  N  =  R - C  , where 

N                                                 average rate. represents the net amount, R represents revenue, and C represents cost.

 

Example 1 Cassif puts $2000 down on a car, then makes monthly payments        Your Turn 1

of $275 for five years (60 months). After six years, he sells the car for $5200. If  Shawna put $1200 down when 

he spent a total of $1500 in routine maintenance and minor repairs, what is his  she bought her car. She made 

net? Is it a profit or loss? 48 payments of $350 and spent 

 

loss. The formula for net is  repairs. Four years after paying  N  =  R - C  , so we need total revenue and total cost.  off the car, she sold it for $4400.  Cassif’s total revenue is the amount he sold the car for, which was $5200. His  Understand  $2500 in maintenance and  We must find Cassif’s net and determine whether it is a profit or 

total cost is the sum of all of the money he spent on the car. What was her net? Was it a 

profit or loss?

Plan Calculate total cost; then subtract the cost from the total revenue to find 

the net.

Execute cost = amount down + total of all payments + maintenance cost          Note We developed the problem-

solving process in Section 1.6. 

(60 payments of $275) s

The steps in the process are 

cost                                                                          Understand, Plan, Execute, = 2000      +    60 1 275 2 +    1500

cost =                                                                  Answer, and Check. 2000      +     16,500             +      1500

cost =   $20,000

Now use N = R-C to find the net.

N = R-C

N = 5200-20,000  Replace R with 5200 and C with 20,000.

N =-14,800

Answer Cassif’s net is -$14,800, which is a loss of $14,800.

Check Reverse the process. The net added to cost should produce the revenue.

-14,800 + 20,000 5200

 5200 = 5200   The net amount checks.

Subtracting the maintenance costs and total of all payments from the total cost 

should produce the down payment.

 20,000-1500-16,500 2000

 2000 = 2000   The total cost checks.

Dividing the total of all payments by 60 should produce the amount of each payment.

 16,500 , 60 275

 275 = 275   The total payments check.                    Answer to Your Turn 1

Do Your Turn 1                                                                      -$16,100; loss

Answers to Warm-up
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Objective 2  Solve problems involving voltage. Of Interest

Although Georg Ohm is credited  Georg Simon Ohm was a German scientist who is credited with the discovery of the 

with discovering the relationship  relationship among voltage, current, and resistance. His famous formula is V  =  ir. 

among voltage, current, and re-  The V stands for voltage, which is the electrical pressure in a circuit measured in 

sistance, a British chemist, Henry  volts (V). The i stands for current, a measure of electricity moving through a wire, 

Cavendish, actually discovered  which is measured in amperes, or amps (A). The r stands for resistance to the flow 

the relationship 46 years before  of electricity through a wire, which is measured in ohms (named after Mr. Ohm in 

Ohm did. Unfortunately, Caven-    honor of his discovery). The symbol for ohms is the Greek letter  (omega).

dish did not publish his findings.  Voltage and current can be negative numbers. A voltage source such as a battery 

Thus, Ohm got the credit and    has + and-connections called terminals. A voltage meter measures voltage and his name is used for the unit of     has two probes, one for + and one for-terminals/connections. When we con-resistance. nect each probe to the appropriate terminal on the battery, we measure a positive 

voltage. When we reverse the probes, we measure a negative voltage. Voltage is 

positive or negative depending on the orientation of the measuring device.

Current is a measure of the flow of electricity. A current meter is essentially the 

same as a voltage meter. If we connect the probes and the meter indicates negative 

current, the current is flowing in the opposite direction of the orientation of the 

probes from the meter.

 

Example 2 Solve.

Note You do not necessarily            a. Find the voltage in a circuit that has a resistance of 20 ohms and a current of 

need to understand the concepts             -9 amps.

a formula describes to use it 

ir

 

more interesting). As long as              V = ir                                       and A = lw are mathematically you can match the numbers in the same because they involve V = 1-9 21 20 2 In V ir , replace i a problem with the variables in (although it makes the formula           Solution:                                     Connection The formulas V = the formula, you can perform  with    9 and r with 20.    the product of two factors. Many 

 

the calculations indicated by the  different phenomena have the same  V  = - 180  Multiply.  mathematical relationship.  formula.  Answer:   The voltage is  - 180 V.

b. The voltage in a circuit is measured to be -120 volts across a 40-ohm resistor. 

Your Turn 2                          Find the current.

Solve.                                Solution:

a.  The current in a circuit is                           V = ir

measured to be -12 amps                  -120 = i1402                       @

through a 20                                               In V   ir, replace V with    120 and r with 40. ohm resistor. 

Find the voltage.                       -120 , 40 = i       Write a related division equation in which the 

b. product,  120, is divided by the known factor, 40.     The voltage is measured to 

be -9 volts across a 3 @ohm                      -3 = i        Divide.

resistor. Find the current.           Answer:  The current is -3 A.

 Do Your Turn 2

 

Objective 3  Solve problems involving average rate.

Another situation that has the same mathematical relationship as V = ir and 

A = lw is the formula that describes the relationship among distance, rate, and time.

If we drive a car 60 miles per hour for two hours, how far do we travel?

60 miles per hour means that we travel 60 miles for each hour we drive; so in two 

hours, we’ll go 120 miles. Notice that to find distance, we multiply the rate by the 

time; so we can write the following formula:

Answers to Your Turn 2                                                Distance = rate # time

a.-240 V b.-3 A                                                   d = rt
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Example 3  A commuter train travels at an average rate of 30 miles per             Your Turn 3

hour for two hours. How far does the train travel? A research submarine is lowered 

 

Solution:  at an average speed of 8 feet  d  =  rt  d = 1302122 In  per second. What will be the  d   rt  , replace  r  with 30 and  t  with 2.  submarine’s depth after   =

d   60        Multiply.                                                45 seconds?

Answer:  The train travels 60 mi.

Do Your Turn 3

 

Consider the fact that in reality, we cannot drive a car at an exact speed for a lengthy period of time. Our rate will vary slightly as a result of hills, wind resis-tance, and even our inability to maintain consistant foot pressure on the accelera-tor. Because rates can vary, we usually consider average rate.

 

Definition Average rate: A measure of the rate at which an object travels a total distance in a total amount of time.

 

Example 4  A bus leaves at 9 A.M. and travels 40 miles, then stops for an             Your Turn 4

hour. It travels another 110 miles and arrives at its final destination at 1 P.M.  On a vacation trip, Candice 

Find the average rate.                                                                leaves at 10 A.M. and travels 

Understand  85 miles, then takes a 30-minute  To find average rate, we must consider the total distance of the trip 

and the total travel time. The trip was broken into two parts. We were given  break. She travels another 120 

the distances for both parts. We were also given a departure time and an arrival  miles and stops for another 

time, but there was a one-hour stop that we must take into account. The for- 30-minute break. Finally, she 

mula that relates distance, rate, and time is  travels 70 miles and arrives at  d  =  rt  .  her destination at 4  P  .  M  . What 

Plan  Find the total distance of the trip and total time of the trip; then use the         was her average rate?

formula d = rt to solve for r.

Execute The total distance is 40 + 110 = 150 miles.

The total time from 9 A.M. to 1 P.M. is four hours. However, the bus stopped for 

an hour; so the actual travel time was three hours.

We now have the total distance of 150 miles and total travel time of three hours; 

so we can use d = rt.

d = rt

 150 = r132    In d rt, replace d with 150 and t with 3.

 150 , 3 = r      Solve for the unknown factor by dividing.

 50 = r

Answer The average rate was 50 mph.

Check Use d = rt to verify that if the bus traveled an average of 50 miles per 

hour for three hours, it would travel 150 miles.

d = 1502132   In d rt, replace r with 50 and t with 3.

d = 150      Multiply. It checks.

Do Your Turn 4

 

Answer to Your Turn 3

-360 ft.

Answer to Your Turn 4

55 mph
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2.6           For Exercises

Extra

Help

 

Objective 1

Prep Exercise 1  In the formula N = R-C, what does            Prep Exercise 2  What do positive and negative net each variable represent?                                        amounts indicate?

 

For Exercises 1–20, solve.

1. In 1990, Karen bought a collection of five paintings        2. In 1998, Mario purchased a collection of seven 

by a relatively unknown artist. Three of the paintings  pieces of antique furniture. Four of the pieces cost 

cost $250 each, and the other two cost $400 each. In  $1200 each, and the other three cost $1500 each. 

2010, she put the paintings up for auction and they  In 2010, he sold the entire collection at an auction 

sold for $1500. What was Karen’s net? Was it a profit  for $8600. What was Mario’s net? Was it a profit or 

or loss?                                                           loss? 

[image: ]

3. Darwin put $800 down when he bought a Buick          4. In 1955, Malvin put $800 down on a new Chevrolet 

[image: ]

Century. He made 60 payments of $288 and spent  Bel Air. He made 24 payments of $18. In 2000, he 

$950 in maintenance and repairs. Three years after  spent $2500 to restore the car to as-new condition. 

paying off the car, he sold it for $4000. What was his  Over the years, he paid $3000 for maintenance. In 

net? Was it a profit or loss?  2010, he sold the car for $34,000. What was his net? 

Was it a profit or loss? 

5. Lynn takes out a loan to buy a fixer-upper house. She      6. Scott takes out a loan to buy a fixer-upper house. 

then spends $14,500 in repairs and improvements.  He spends $15,475 in repairs and improvements. He 

She sells the house for $185,000. If the payoff amount  sells the house for $194,000 but pays the new owner’s 

for the loan she took out to buy the house is $151,728,  $3750 closing costs. If the payoff for the loan that 

what is her net? Is it a profit or loss?  Scott took out to buy the house is $162,324, what is 

his net? Is it a profit or loss? 

7. Greg bought 40 shares of stock at a price of $54 per        8. Maria bought 50 shares of stock at a price of $36 per 

share. One day he sold 25 shares for $56 per share.  share. One day she sold 30 shares for $42 per share. 

Two days later he sold the rest of his shares at a price  The next day she sold the rest of her shares at a price 

of $50 per share. What was his net? Was it a profit or  of $30 per share. What was her net? Was it a profit or 

loss?                                                              loss? 

 

Objective 2

Prep Exercise 3  In the formula V = ir, what does each variable represent?

 

9. An electrical circuit has a resistance of 7 ohms and a      10. An electrical circuit has a resistance of 100 ohms and 

current of -9 amps. Find the voltage.                        a current of -12 amps. Find the voltage. 

11. The voltage in an electrical circuit measures -220 volts.    12. The voltage in an electrical circuit measures -240 volts. 

If the resistance is 5 ohms, find the current.                      If the resistance is 30 ohms, find the current. 

13. A technician is told that the resistance in an electrical     14. It is suspected that an incorrect resistor was put into 

circuit is 40 ohms. The voltage measures -120  a circuit. The correct resistor should be 12 ohms. A 

volts, and the current measures -4 amps. Was the           voltage measurement is taken and found to be -60 

technician told the correct resistance? Explain.                volts. The current is measured to be -10 amps. Is the 

resistor correct? Explain. 

Objective 3

Pre Exercise 4 What is an average rate?

 

15. The elevator in the Empire State Building travels         16. A research submarine is lowered at an average rate 

from the lobby to the 80th floor, a distance of about  of 7 feet per second. What will be the submarine’s 

968 feet, in about 44 seconds. What is the average rate        depth after 29 seconds? 

of the elevator? 
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Of Interest

Completed in November 1930, the Empire State Build-

ing became the tallest human-made structure at a height  

of 381 meters with 102 floors. The current tallest structure 

is the Burj Khalifa, in Dubai, completed in 2009. It is 828 

meters (2716.5 feet) tall and has 160 stories.

17. The space shuttle travels at a rate of about 17,060          18. A ship travels at an average rate of 20 miles per hour. 

miles per hour while in orbit. How far does the               How far will the ship travel in four hours? shuttle travel in three hours? 

19. On a vacation trip, Devin left at 11 A.M. and traveled     20. On a trip, Corrine left at 7 A.M. and traveled 152 

105 miles, then took a 30-minute break. He traveled  miles, then took a 15-minute break. She traveled 

another 140 miles and stopped for another 30-minute  another 145 miles and stopped for 45 minutes to eat 

break. Finally, he traveled 80 miles and arrived  lunch. Finally, she traveled 135 miles and arrived 

at his destination at 5 P .M. What was his average             at her destination at 2 P.M. What was her average speed?                                                   speed? 

[image: ]

Puzzle Problem  A boat is in a harbor at low tide. Over the 

[image: ]

side hangs a ladder with its bottom step 6 inches below 

[image: ]

the surface of the water. The ladder steps are 12 inches 

[image: ]

apart. If the tide rises at a rate of 8 inches per hour, how 

[image: ]

many steps will be under water after five hours? 

[image: ]

 

Review Exercises

[image: ]

[2.1] 1. Graph -1-32 on a number line.                    [2.1] 2. Simplify. 兩 15 兩

[image: ]

 

For Exercises 3 and 4, solve and check.

[image: ]

[2.3] 3. k + 76 =-34                                      [2.4] 4. -14m = 56 

[image: ]

[2.5] For Exercises 5 and 6, simplify.

[image: ]

5. 1-225 + 40 , 1-421-22                               6. -7 # 6-319-264 + 362
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Chapter 2  Summary and Review Exercises

TACTILE      VISUAL    AUDITORY

 Learning Strategy

When studying rules, if you are a visual learner, read the rules over and over. If you are an auditory learner, record yourself saying the rules (or the rhymes or songs you’ve made out of the rules). Then listen to your recording over and over. If you are a tactile learner, write the rules repeatedly.

 

2.1 Introduction to Integers

Definitions/Rules/Procedures Key Example(s)

 

The integers are ______________________ Express each amount as a positive or negative integer.

a.  Juan has $2500 in his checking account.

Answer: 2500

b.  A shipwreck is found at a depth of 75 feet.

Answer:-75

 

[2.1] For Exercises 1 and 2, express each amount as an integer.

1. Mark has a debt of $13,000.                                 2. Water boils at 212F. 

 

Definitions/Rules/Procedures                          Key Example(s)

 

To graph a number on a number line,                    Graph -3 on a number line. 

.

4 3 2 1 0 1 2 3 4

 

[2.1] For Exercises 3 and 4, graph each integer on a number line.

 

3. -8                                                          4. 5

 

Definitions/Rules/Procedures Key Example(s)

 

Any positive number is                    any negative     Use 6 or 7 to write a true statement.

number.

a. 13  ?  -16

0 is                          any negative number.

Answer: 13 7 -16

When two negative numbers are compared, the 

negative number closer to                                  b.  is the greater -12  ?   0

number.                                            Answer:-12 6 0

c.-19  ?  -7

Answer:-19 6 -7

 

[2.1] For Exercises 5 and 6, use 6 or 7 to write a true statement.

5. -15  ?   0                                                            6. -26  ?  -35
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Definitions/Rules/Procedures Key Example(s)

 

The absolute value of a number is                          The absolute value of 7 is 7. .

The absolute value of a positive number is                  The absolute value of 13 is 13. .-

The absolute value of a negative number is             .     Simplify.

The absolute value of zero is                                 a.    15 . 兩 兩 = 15

b. 兩-9兩 = 9 c. 兩 0兩   = 0

 

7. The absolute value of 41 is             .                      8. Simplify. 兩-16兩

 

2.2 Adding Integers

Definitions/Rules/Procedures Key Example(s)

 

To add two integers:                                      Add.

If they have the same sign,                                   a.  5 + 9 = 14

.                                                                        b.   -5 + (-9) =-14

(Think: Two credits or two debts)                            c.-5 + 9 = 4

If they have different signs,                                    d.  5 + (-9) =-4

.

(Think: Payment toward a debt)

 

[2.2] For Exercises 9–12, add.

9. -12 + (-14)                                             10. -16 + 25 

11. 18 + (-30)                                                12. -14 + 30 + 1-252 + 16 

 

Definitions/Rules/Procedures                          Key Example(s)

 

Additive inverses are two numbers whose sum is      .     Find the additive inverse of the given integer.

The additive inverse of 0 is                                    a. 25 Solution:-25 .

b.-16 Solution: 16

The additive inverse of a nonzero number has the same 

 but               sign.

 

[2.2] For Exercises 13 and 14, find the additive inverse.

13. -27                                                        14. 32 

 

2.3 Subtracting Integers and Solving Equations

Definitions/Rules/Procedures Key Example(s)

 

To write a subtraction statement as an equivalent          Write as an equivalent addition; then evaluate.

 addition  statement:                                          a. 5-9 = 5 + (-9) =-4

1.  Change the operation symbol from - to + .              b. -5-9 =-5 + (-9) =-14

2. Change the                                            c. 5-(-9) = 5 + 9 = 14 .

d. -5-(-9) =-5 + 9 = 4
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[2.3] For Exercises 15–18, write as an equivalent addition; then evaluate.

15. 24-31                                                  16. -20-17 

17. -13-1-192                                        18. -27-1-222

 

Definitions/Rules/Procedures Key Example(s)

 

To solve for an unknown addend, write a related          Solve.

 subtraction equation in which the                 is          x + 30 = 18

subtracted from the        .                                       x = 18-30

x =-12

 

[2.3] For Exercises 19 and 20, solve.

19. 14 + x =-27                                         20. n + 1-122 =-7 

 

2.4 Multiplying and Dividing Integers; Exponents; Square Roots; Solving Equations

Definitions/Rules/Procedures                          Key Example(s)

 

When multiplying or dividing two numbers:             Multiply or divide.

If they have the same sign, the result is                       a.  4 # 6 . = 24                   b. 1-4)1-62 = 24

If they have different signs, the result is                       c.  41-6) =-24              d. 1-42162 =-24 .

When multiplying signed numbers,                    e. 18 , 9 = 2              f.-18 , 1-92 = 2 count the 

 negative  factors.                                                   g. 18 , 1-92 =-2           h.-18 , 9 =-2

If there are an  i.  31-221-52 = 30           j. 1-121-121-122 =-12  even  number of negative factors, the 

product is             .                                       k.-1-1-1-34222 = 34

If there are an odd number of negative factors, the 

 product  is                 .

 

[2.4] For Exercises 21–26, multiply or divide.

21. -51-122                                             22. 6 # 1-92

-63

23. -48 , 8                                                 24. 

-9

25. 1-121-321-621-22                                  26. -1-1-1-1-162222

 

Definitions/Rules/Procedures                          Key Example(s)

 

When evaluating an exponential form that has a          Evaluate.

 negative  base:                                                          4 a. 1-2 2 = 1-221-221-221-22 = 16

If the exponent is even, the product is             .           b. 1-225 = 1-221-221-221-221-22 =-32

If the exponent is odd, the product is                               4            4 . c.-2 =-1 # 2 =-1 # 2 # 2 # 2 # 2 =-16

 

[2.4] For Exercises 27–30, evaluate.

27. 1-32 4                                                        28. 1-102 3

29.       4                                                                                                     3-4 30. -3
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Definitions/Rules/Procedures Key Example(s)

 

To solve for an unknown factor, write a related             Solve   6x =-24

division equation in which the                is                      x =-24 , 6

divided by the               .                                      x =-4

 

[2.4] For Exercises 31 and 32, solve.

31. 7k =-63                                               32. 1-102h =-80 

 

Definitions/Rules/Procedures                          Key Example(s)

 

The square root of a given number is a number whose      Find all square roots of 64.

 is the given number.                            Answer: 8 and -8 (or { 8)

Every positive integer has two square roots, a 

Evaluate.

 square root and a              square root 

with the same absolute value as the positive square          a. 281 = 9

root.                                                           b.-2 36 =-6

A negative number has             real square roots.        c. 2-25 is not a real number

1n indicates the              square root (principal 

square root) of the radicand, n.

-n 1 indicates the             square root of the 

 radicand, n.

 

33. Find all square roots of 64. 

[2.4] For Exercises 34–36, simplify.

34. 2100                                                35. -2121 

36. 2-36  

 

2.5 Order of Operations

Definitions/Rules/Procedures Key Example(s)

 

Perform operations in the following order:                  Simplify.

1.                   : parentheses 12, brackets 34               51     2 , -4 2 + 5319-152 , 1-2246 + 1-32 2 16 # 9

braces     , absolute value 兩 兩 56 , radicals 1 , and                  = 51-42 + 531-62 , 1-2246 + 1-322 144 

fraction bars     .                                                  = 516 + 5334 6 + 1-32 # 12

2.                    in order as they occur from left                = 516 + 156 + 1-362

to right                                                               = 31 + 1-362

3.                         in order as they occur from              =-5

left to right

4.                           in order as they occur from left 

to right

h h h

Note: Use G  ER MD  AS to remember the order.
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[2.5] For Exercises 37–42, simplify.

37. -16-28 , 1-72                                   38. -兩 26-31-22兩

39. 13 + 41              3 6                                                               2-15 2 + 2 40. -3 2 49 + 4 1 2-6 2

 

41. 3-12 + 4115-1024 + 2100-36                     42.   3 4 + 15 + 32 2

1-132 + 5

 

Formulas

 

[2.3] Net:   N =

[2.6] Voltage: V =

[2.6]  An average rate is a measure of the rate at which an object travels a(n)           distance in a(n)           amount 

of time.

[2.6] Distance: d =

For Exercises 43–52, solve.

43. William’s initial credit card balance was -$1100.          44. A concrete block is suspended by two cables. The 

He has made the following transactions. What is his  block weighs 600 pounds. Each cable is exerting 300 

new balance?  pounds of upward force. What is the resultant force? 

What does this mean?

 

CHARGES

MUSIC SHOP                $23

AUTOMART         $14

BURGER HEAVEN            $9

FINANCE CHARGE           $15

PAYMENT       $900

 

45. The financial report for a business indicates that           46. The temperature at sunset was reported to be 12F. 

the total revenue for 2010 was $1,648,200 and the   By midnight, the temperature was reported to be 

total costs were $928,600. What was the net? Did               -19F. What is the amount of the decrease? 

the  business have a profit or loss? 

47. Arturo has a balance of -$45 in his bank account.         48. Branford has a debt of $4272. He agrees to make 

To avoid further charges, he must have a balance of  equal monthly payments for two years to repay the 

$25. What is the minimum he must deposit to avoid          debt. How much is each payment? 

 further  charges? 

49. A circuit has a resistance of 12 ohms and a current of      50. The voltage in a circuit measures -110 volts. If the 

-3 amps. Calculate the voltage.                              resistance is 10 ohms, find the current. 

51. Jacquelyn drives at an average rate of 65 miles per         52. Steve begins a trip at 7 A.M. and drives 150 miles.  After 

hour for three hours. How far does she travel?  a 30-minute break, he drives another 110 miles. After 

 another 30-minute break, he drives 40 miles. If he 

 arrives at 1 P .M., what was his average rate of speed?

Practice Test      141

[image: ]

For Extra Help




Chapter 2  Practice Test Step-by-step test solutions are found on the Chapter Test Prep Videos available via the Video  
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Resources on DVD, in                  , and on             (search “CarsonPrealgebra” and click on “Channels”).
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TACTILE      VISUAL    AUDITORY

 Learning Strategy

When you believe you are ready to take a practice test, instead of working out the problems on your first pass through the test, write the definition, rule, or procedure that applies to each problem. This approach will help you determine how prepared you are. Once you are certain of how to solve each problem, work through the test re-peatedly until you can quickly and effortlessly solve every problem with no mistakes.

 

[2.1]     1. Graph -5 and 2 on a number line.                                            1. _____________________

 

For Exercises 2–12, simplify.

 

[2.1]     2. 兩 26兩                                                                                            2. _____________________

 

[2.2]     3. 17 + 1-292                                                                      3. _____________________

 

[2.2]     4. -31 + 1-142                                                                  4. _____________________

 

[2.3]     5. 20-34                                                                            5. _____________________

 

[2.3]     6. -16-19                                                                         6. _____________________

 

[2.3]     7. -30-1-142                                                                   7. _____________________

 

[2.4]     8. 9 1-122                                                                             8. _____________________

 

[2.4]     9. -30 , 6                                                                            9. _____________________

 

-48

[2.4]    10.                                                                                              10.  _____________________

-12

 

[2.4]    11. 1-221-621-72                                                               11.  _____________________

 

[2.4]    12. -1-182                                                                         12.  _____________________

 

[2.3]    13. Solve and check. -19 + k = 25                                              13.  _____________________

 

[2.4]    14. Solve and check. 6n =-54                                                   14.  _____________________

 

[2.4]    15. Evaluate. 1-42 3                                                                  15.  _____________________

 

[2.4]   2  16.  _____________________  16.  Evaluate.  - 2

 

[2.4]    17. Find all square roots of 81.                                                       17.  _____________________ 142   Chapter 2  Integers

 

For Exercises 18–25, simplify.

 

 18.  _____________________        [2.4] 18. 2 144 

 

 19.  _____________________        [2.4] 19. 2-25 

 

 20.  _____________________        [2.5] 20. 28-6 # 5

 

 21.  _____________________                                    4 [2.5] 21. 19-4 1 7 + 2 2 + 2

 

 22.  _____________________        [2.5] 22. 兩 28 , 12-62 兩 + 214-52

 

 23.  _____________________        [2.5] 23. 318 , 2 + 14-624-249

 

5 2 + 3 1-122

 24.  _____________________        [2.5] 24. 

36 , 2-18

 

1-722 + 11

 25.  _____________________        [2.5] 25. 1-22152 +   64 2

 

 26.  _____________________        [2.3] 26. Allison’s initial credit card balance was -$487. She has made the 

 following transactions. What is her new balance?

 

CHARGES

CLOTHING BOUTIQUE        $76 FINANCE CHARGES          $14

PAYMENT       $125

 

 27.  _____________________        [2.4] 27. During a very difficult month, Natasha overdrafted her account five 

times. Each overdraft charge appears as -$14 on her statement. What were the total overdraft charges that month?

 

 28.  _____________________        [2.6]  28. Howard put $8000 down when he bought a new car. He made 48 pay-

ments of $476 and spent $347 on maintenance and repair. Three years later he sold the car for $15,500. What is his net? Is it a profit or loss?

 

 29.  _____________________        [2.6] 29. The current in a circuit measures -8 amps. If the resistance is 12 ohms, 

find the voltage.

 

 30.  _____________________        [2.6] 30. Lashanda drives at an average rate of 62 miles per hour. How far will 

she travel in two hours?
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Chapters 1–2  Cumulative Review Exercises

For Exercises 1–4, answer true or false.

[1.3] 1.  3 # 4 + 3 # 5 = 314 + 52 [2.1] 2. -6 is a whole number.  

[2.2] 3. The sum of a negative number and a positive        [2.3] 4. -9-12 =-9 + 1-122

number is always negative.  

For Exercises 5–8, complete the rule.

[1.2] 5.  2 + 3 = 3 + 2 illustrates the                        [1.3] 6. 9 # 14 # 32 = 19 # 42 # 3 illustrates the 

property of             .                                      property of                .

[2.4] 7. When multiplying or dividing two numbers that     [2.5] 8. Perform operations in the following order:     

have different signs, the result is              .                  1. 

2.      from left to right 3.        from left to right 4.        from left to right

[1.1] 9. Write the word name for 409,254,006.                [1.2]  10. Estimate 49,902 + 6519 by rounding.

 

[2.1]  11. Graph -4 on a number line.                          [2.1]  12. Use 6 or 7 to write a true statement. 

-930  ?  -932  

 

For Exercises 13–22, simplify.

[2.1]  13. 兩 16兩                                                                   [2.2] 14. 287 + 48 + 1-160 2 + 1-822

[2.3]  15. -64-1-142 [2.4]  16. -1 1 12 21-6 21-2 2

 

[2.4]  17. 1      6                                                                         1208-22

[1.4]  18. 

6

[2.4]  19. -105 , 7                                                    [2.4]  20. 2121

[2.5]  21. -15-2 336 , 13 + 1524                             [2.5]  22. -41223 + 318-121224-225 # 4  

For Exercises 23 and 24, solve and check.

[1.2]  23. 29 + x = 54  [2.4]  24. -18 c = 126

c 1.2 25. Find the perimeter and area.                        [1.6]  26. Find the volume.  d

1.6

20 m

2 in.

17 m                                                                                3 in. 15 m 17 m

6 in.

 

20 m
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For Exercises 27–30, solve.

[1.5]  27. The test scores for the students in a chemistry        [1.6]  28. A landscaper needs to know the area of a yard. A 

class are shown in the following table. Find the  plot plan showing the position of the house on the 

mean, median, and mode score.                             lot is shown. Find the area of the yard.  

45 ft.

Student       Score   Student        Score

Brown, D.                                                  85 ft.           55 ft. House 85 Lane, K. 80

Driscol, R.        95     Manning, E.        76

Fisher, B.          75     Parker, A.           72                                                  280 ft.

Green, T.         50     Sims, P.             95

Hoover, H.      68     Timmons, W.     100

Jennings, P.       90     Walker, H.          74

[2.3]  29. Use the following graph, which shows the warm-   [2.6]  30. Sonya put $1500 down on a new car. She made 

est and coldest average temperatures for the  60 payments of $376 and spent $1450 on main-

North and South poles. tenance and repairs. Three years after paying off 

the car, she sold it for $8500. What was her net? 

Average High and Low Temperatures                Was it a profit or loss?

0

0

 

]20                           ]18

 

]40             ]40

 

]60

High

Temperature in Degrees Fahrenheit                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        76 ] Low

]80

North Pole              South Pole

a.  How much higher are the average lows at the 

North Pole than at the South Pole? 

b.  What is the difference in the average high and 

low temperatures at the South Pole? 




[image: ]


C H A P T E R 

[image: ]

 

Expressions and 

 

Polynomials

[image: ]

 




Chapter Overview                           3.1 Translating and Evaluating 

[image: ]

Expressions

[image: ]

In Chapters 1 and 2, we set a foundation with numbers, vari-

[image: ]

3.2 Introduction to Polynomials; 

[image: ]

ables, and symbols of arithmetic. In Chapter 3, we will put all 

[image: ]

Combining Like Terms

[image: ]

of those pieces together to build expressions. Everything we 

[image: ]

learn in this chapter boils down to one of two actions that we      3.3 Adding and Subtracting 

[image: ]

can perform with expressions:                                         Polynomials

[image: ]

Evaluate expressions. 3.4 Exponent Rules; Multiplying 

[image: ]

Polynomials
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3.1    Translating and Evaluating 

Expressions

 

Objectives                    Warm-up

[2.5]                                2 1. Simplify. 2 1 81-8 3 6 , 3 1 + 924

1 Differentiate between an 

 expression and an equation.     [1.6] 2.  Use the formula P           w = 2 l + 2 to find the perimeter of a rectangular room 

2                                            that measures 21 feet by 17 feet. Translate word phrases to 

expressions.

3                                    Objective 1 Differentiate between an expression and an equation.

Evaluate expressions.

In Chapters 1 and 2, we learned about the basic building blocks of algebra: con-

stants, variables, and arithmetic symbols. Those building blocks form expressions

and equations.

 

Definitions Expression: A constant; a variable; or any combination of con-

stants, variables, and arithmetic symbols that describes a calculation.

Equation: A mathematical relationship that contains an equal sign.

Connection  Think of equa-

tions as complete sentences 

and expressions as phrases         For example, P and 2l + 2w are expressions because they have no equal sign, 

or incomplete sentences. In         whereas the formula P = 2l + 2w is an equation because it has an equal sign.

grammar, we learn that a 

 

complete sentence must have  Determine whether each of the following is an expression or an  Example 1  a subject and a verb. The  equation and explain why.  verb in an equation is the 

equal sign. Because expres-         a. 16 # 5 = 80

sions do not have an equal           Solution: 16 # 5 = 80 is an equation because it contains an equal sign. More 

sign, they do not have a verb 

 specifically, it is a numeric equation because it does not contain variables.

and therefore are incomplete.

b. d = rt

 

Your Turn 1 Solution: d = rt is an equation because it contains an equal sign. More specifi- cally, it is an  algebraic  equation because it contains variables.

Determine whether each of the 

following is an expression or an       c. ir

equation and explain why.           Solution: ir is an expression because it does not contain an equal sign. More spe-

a.           2 E = mc                            cifically, it is an algebraic expression because it contains variables.

b. 19-213 + 82                    Do Your Turn 1

c.   2 2 b-4ac

2a

d. y =                           Objective 2 Translate word phrases to expressions. mx + b

A key strategy in solving problems is to translate words in the problem to math 

symbols. The first step is to identify the unknown amount. If a variable is not 

already given, look for words such as some number and a number and select a vari-Answers to Your Turn 1 able to represent that unknown number. The following table shows some basic 

a. Equation; it contains an            phrases and their translations.

equal sign.

b. Expression; it does not 

 contain an equal sign.

c.  Expression; it does not 

 contain an equal sign.

d. Equation; it contains 

an equal sign.

Answers to Warm-up

 1.   -6    2. 76 ft.
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Translating Basic Phrases

Addition                Translation       Subtraction                  Translation

the sum of x and three       x + 3          the difference of three and x       3-x

h plus k                       h + k           h minus k                          h-k

t added to seven             7 + t           seven subtracted from t           t-7

three more than some        n + 3          three less than a number          n-3

number                             two decreased by y             2-y

y increased by two          y + 2

 

Note Addition is commutative; so the         Note Subtraction is not commutative; so the 

 order of the addends does not matter.          order of the translation matters. We must 

translate each key phrase exactly as shown 

the sum of x and three can be written as 

x + 3 or 3 + x.                             tracted from above. Notice that the amount before sub- and less than is the subtrahend; 

so it appears after the minus sign.

 

Multiplication               Translation     Division                      Translation

 

the product of three and                                                                  x x 3 x the quotient of x and three x , 3 or 3 h times k hk

some number multiplied         5n                                     h h divided by k                         h , k or 

by five                                                                    k

 

twice a number                           h divided into k                         k 2 n k , h or h triple some number 3 n

 

Note Multiplication is commutative;       Note Division is not commutative; so the 

so the order of the factors does not          order of the translation matters. Notice that 

matter.                                     the amount before divided into is the divi-

sor; so it appears after the division sign.

h times k can be written as hk or kh.

 

Exponents             Translation      Roots                Translation

c                                      2 squared c              the square root of x           1x

the square of                      2 b b

k                                3 cubed k

the cube of                       3 b b

n                        4 to the fourth power n

y                           5 raised to the fifth power y

 

In translating the key words sum, difference, product, and quotient, the word and separates the parts and can therefore be translated to the operation symbol indi-cated by the key word sum, difference, product, or quotient.

 

sum of x and 3   difference of x and 3   product of x and 3   quotient of x and 3

 

x 3          x 3         x ~ 3          x 3
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Translating Combinations of Basic Phrases

Now let’s consider combinations of the basic phrases.

 

Your Turn 2                       Example 2    Translate to a variable expression.

Translate to a variable                  a.  seven added to the product of four and x expression.

a.                                           Translation: seven added to the product of four and x  twelve more than eight 

times n                                              u                             u

 

b.  the product of five and m                           7                         4 ~ x subtracted from nine

c. Note In a product of a number and variable, the number is    sixteen less than the quotient 

written first and the multiplication symbol can be eliminated. 

of some number and two                                         # Instead of 4 x, we can write 4x, which is simpler.

d.  the square root of m divided 

by the cube of n                   Answer: 7 + 4x or 4x + 7

b.  ten subtracted from the quotient of some number and three

Translation: ten subtracted from the quotient of some number and three

u

n 3    10 u



Note T he subtrahend is the amount to the left of subtracted from or less than.

n

Answer: n , 3-10 or    -10

3

c.  twelve less than the square of some number

Translation: twelve less than the square of some number

 

n 2       12

u

 

Answer:   2 n-12

d. nine divided into the square root of some number

Translation: nine divided into the square root of some number

 

2n 9 Note The divisor is the amount u                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              to the left of divided into.

 

Answer:                2n n 2 , 9 or 9

Do Your Turn 2

 

Answers to Your Turn 2

a.  12 + 8n or 8n                       Translating Phrases Involving Parentheses + 12

 

c. n translation. This happens when the phrase indicates that a sum or difference is  n  ,  2 - 16 or  - 16  2  to be calculated before a higher-order operation such as multiplication, division,  b. 9-5m Some word phrases indicate an order of operations that require parentheses in the 

 

d.               2m        exponent, or square root is performed. 2 3 m , n or 3 n
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Example 3 Translate the words to a variable expression.                          Your Turn 3

a.  four times the sum of y and five.            Note                                  a.  three multiplied by the sum A sum is the result of addition; 

 

Translation: four times the sum of y and five known number before multiplying        b. so this phrase says to add 5 to an un-          of x and y

u   negative four times the differ-

4 ~             1y 52     occur before multiplication, we place       c. u                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              that result by 4. To make the addition                                                                                                                                                                                                                                       ence of some number and nine  the product of m and the 

the addition in parentheses.

square root of n divided by 

Answer:  the difference of h and k  41  y + 5 2

b.  the product of negative six and the difference of some number and two

Translation: the product of negative six and the difference of some number and two

u                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              u

-6 ~                        1n 22

Answer: -6 1n-22

c. the sum of x squared and three divided by the difference of y and four

Translation: the sum of x squared and three divided by the difference of y and four

u                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  u

1 2 x 32                     1y 42

 

Answer:                             x 2                Note With the fraction line, we + 3 2 1 x + 3 2 , 1 y-4 2 or calculate the top and bottom y-4 separately before dividing; so 

Do Your Turn 3                                   parentheses are not needed.

 

Objective 3 Evaluate expressions.

We can perform two actions with an expression:

 1.  Evaluate.

 2.  Rewrite.

In this section, we will focus on evaluating expressions. The rest of Chapter 3 will deal with rewriting expressions.

 

Procedure

To evaluate an expression:

  1.  Replace the variables with the corresponding given values.                      Warning  When replacing a vari-

  2.  Calculate using the order of operations agreement. able with a number, use parenthe-

ses to avoid changing the intended 

 

Example 4  calculation. For example, when 

 

a. 2                                                                                                         write 1     2         2-3 2 , not -3. Remember,  x  +  5  x - 7;  x  = - 3  1  Evaluate.                                                                        2 evaluating x when x =-3, 

-3 2 2 = 1-321-32 = 9, which

Solution:   2 x +    5 x-7                                                              is the intended calculation, 

whereas    2-3 is not the same 

1 2   2  3  2  +  5  1   3  2 - 7  Replace  x  with   3 using parentheses.  because it means  - 1  #  3  =

=                                                  -1 # 3 # 3 =-9. 9 + 5 1-3 2-7 Simplify the exponential form. 1 3 2 2 9

 

=                                                  a. 3 1x + y2-6-7 Add. 9 1 15 2 6 b. =                                                  Answers to Your Turn 3 9 + 1-15 2-7 Multiply. 5 1 3 2 15

 

=-             Subtract. 6 7     13                                       m 13                                                                -4 1n-92 1n c. m 1 n , 1 h-k 2 or h-k 150   Chapter 3  Expressions and Polynomials

 

Your Turn 4                       b.-x + 51x + y2; x =-3, y = 1

Evaluate. Solution:-1 32 + 531 32 + 1124 Replace x with 3 and y with 1, using 

a. x-2                                                                                              parentheses. 4x + 10; x =

b.-x                                                            Add in the brackets.    3    1      2 x-y2 ; x =

+ y1         -2                   =-1-32 + 53-24                       

y                                                            Simplify.       3     3 and 5    2-6,                         = 3 + 1-102                      1 2         3 4 = 2 10

c.        2                                                           -7 =                           Add. 3-2 n 1 -兩 10 6 np2 兩       7 ; n =-3, 

 

d. p = 2                        c. 兩 2 r-p 兩 + 4r; r =-2, p = 6 4-a + 2 2 a-b ; a = 9, Solution: 兩 1 2 2 2-1 6 2 兩 + 4 1 22 Replace r with 2 and p  with 6, using b = 2 parentheses.

 

e. 12-x                                                       Simplify the exponential form in the ; x =-2 = 兩 4-1 6 2 兩 + 4 1-2 2 5-x absolute value. 1 2 2 2 4 x + y = 兩-2 兩 + 4 1-2 2 Subtract in the absolute value. 4 f. ; x = 6     2 3, y = 6 2 x-y = 2 + 4 1-2 2 Evaluate the absolute value. 円 2 円 2

= 2 + 1-82           Multiply. 41 22      8

=-6               Add. 2 1 82     6

d.  7 1m + n + mn; m =-6, n = 10

Solution:  7 21 62 + 1102 + 1 621102 Replace m with 6 and n with 10, 

 using parentheses.

= 724 + 1-621102    Add in the radical. Note When a 

= 7 # 2 + 1-621102 radical contains a  Find the principal  sum or difference,  square root.

= we treat the sum  14 + 1 -60 2

Multiply.

or difference as if 

=-46         Add.         parentheses were 

2 around them.

e.        ; h = 3h 2, k =-5

k + 5

3   2 1 2 2

Solution:                 Replace h with 2 and k with 5, using parentheses. 1 52

+ 5

 

= 3142   Simplify the numerator and denominator separately. 0

= 12, which is undefined

0

Answers to Your Turn 4 Explanation:  When we replace k with -5, the divisor simplifies to 0. Because the 

divisor is 0 and the dividend is not 0, the expression is undefined.

a. 22 b.-10 c. -54

d.-32 e. 2 f. undefined           Do Your Turn 4

 

3.1             For Exercises

Extra

Help

 

Objective 1

Prep Exercise 1 What is the difference between an equation and an expression?

 

For Exercises 1–12, indicate whether each of the following is an expression or an equation.

1. 19 + 3 # 2 = 25                        2. 兩 14-29 兩 = 15                       3. 13 + 5 2169 

 

4. 19 + 9                                  2                                   2 5. 25-x 6. 1 x + 3 2 3 4-2
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7. 9 + 21x + 32 = 14-x             8. -6x + 5 = 3x-13  9. x + y = 9 

 10.  2                                               11.  x + 5 xy-2 = 7 mx                                                            2 + b 12.  2 2 1-v > c

Objective 2

Prep Exercise 2 List five key words/phrases that indicate       Prep Exercise 3 List five key words/phrases that indicate addition.                                                       subtraction. 

 

Prep Exercise 4 List three key words that indicate multi-        Prep Exercise 5 List three key words that indicate plication.                                                         division.

Prep Exercise 6 What key words for subtraction and divi-      Prep Exercise 7 The phrase seven times the sum of some num-sion translate in reverse order of what we read?               ber and eight translates to 71n + 82. Why are  parentheses 

needed around the addition? 

 

For Excercises 13–36, translate to a variable expression.

 13.  six plus y                                                        14.  n added to five

 15.  eight minus some number                               16.  ten decreased by some number 

 17.  fifteen subtracted from a number                         18.  twenty less than a number 

 19.  negative seven times some number                       20.  some number multiplied by negative eleven 

 21.  negative twelve divided by k                             22.  m divided into negative forty 

 

 23.  negative five plus the product of seven and some         24.  negative eight added to the product of ten and some 

number                                             number 

 25.  fifteen less than the quotient of twenty and some          26.  twelve subtracted from the quotient of some number 

number                                         and two

 

 27.  the product of x and the square of y                       28.  the product of m and the square root of n

 29.  the quotient of the square root of h and k                  30.  the quotient of u cubed and t

 

 31.  negative six times the sum of some number and           32.  negative five multiplied by the sum of eight and 

three                                                             some number 

 33.  eight multiplied by the difference of one and a             34.  ten times the difference of a number and two

number 

 35.  the sum of x cubed and five divided into the square       36.  the difference of six and m squared divided by the 

root of y                                                        product of u and t

 

Objective 3

For Exercises 37–60, evaluate.

Prep Exercise 8 Explain how to evaluate an expression.

 

 37.  4a-9; a = 4                                                  38.  3b + 12; b = 2 

 39.  3x + 8; x =-5                                              40.  5y-7; y =-2 

 41.  -2m + n; m = 4, n = 7                                  42.  3z-2w; z = 5, w = 2 

 43.  2x-4y; x = 3, y =-2                                    44.  3p-2q; p = 4, q =-3
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 45.  3y-51y + 22; y = 4                                      46.  -2x + 31x-42; x =-2 

 47.  2                                                                                2 a + 9 a-2; a =-2  48.  c-3c + 7; c =-3 

 49.     2                                                                                2 3 t-4 u + 1; t =-2, u = 4  50.  2 r + 4s-4; r =-3, s = 5 

 51.  2                                                                                2 b-4 ac ; b =-4, a =-3, c = 2  52.  b-4ac; b = 3, a =-5, c =-1 

 53.  兩   2                                                                                            3 x + y 兩 ; x = 2, y =-10  54.  兩 r-p兩 ; r =-7, p =-2 

 55.  2m + 2n; m = 144, n = 25                          56.  2x-2y; x = 25, y = 16 

 57.  2 2     2 x + y; x =-3, y = 4                                 58.  2         2 mn-5 n; m = 27, n = 3 

 

 59.            ; x = 3x + 5                                             2p-6 10, y = 1                                           60.           ; p =-8, r = 2 

7-2y                                            3 + 4r

For Exercises 61–66, complete each table by evaluating the expression using the given values for the variable.

 61.                                                     62.                                                     63.  y y 3            2 x 3 x 1 2 m m 2m 4

-4                                  -4                                  -1

-2                                  -2                                    0

0                                      0                                      1

2                                      2                                       2

4                                      4                                       3

 

 64.              2                                      65.                                                     66.  n n 2 n 1 y 兩 y 2 兩   t     兩 2t 4 兩

-3                                  -4                                 -2 

-2                                  -3                                   0

-1                                  -2                                   2

  0                                             -1                                             4

1                                      0                                      6

 

For Exercises 67–70, translate and evaluate.

 67.  six less than the product of negative five and a             68.  negative fourteen plus the quotient of a number and two

number

a.  Translate to a variable expression. 

a.  Translate to a variable expression. 

b. Evaluate the expression when the variable                b. Evaluate the expression when the variable is 

is -4.                                                                    -10. 

 69.  negative three times the difference of eight and some      70.  twelve minus the sum of one and some number

number                                         a.  Translate to a variable expression. 

a.  Translate to a variable expression.                           b. Evaluate the expression when the variable is 

b. Evaluate the expression when the variable                   -5. 

is -2. 

TACTILE      VISUAL    AUDITORY

 Learning Strategy

If you find that you are unsure of how to work a particular problem, look for examples in the text and your notes relating to that problem. If you still cannot figure out the problem, mark it and move on. When you’ve completed all that you can on your own, seek help to complete the exercises.

 

Review Exercises

[1.1] 1. What digit is in the thousands place in               [1.1] 2. Write 279 in expanded form.

472,603? 

[1.3] 3. Write 7 # 7 # 7 #                                                                6 7 in exponential form. [1.3] 4. Evaluate 2. 

[1.3] 5.             5 Write 3 # 10 in standard form.                         [2.3] 6. Write 3-7-9 as addition. 
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3.2    Introduction to Polynomials; 

Combining Like Terms

 

Warm-up                                                      Objectives

[3.1]            2 1. Is 5 x + 7x + 2 an expression or an equation?

1 Identify monomials.

[3.1]                    2 2. Evaluate 2 x + 7x + 9 when x = 10.

2 Identify the coefficient and 

degree of a monomial.

Objective 1 Identify monomials.                                            3 Identify polynomials and 

As we saw in Section 3.1, there are many types of expressions. We will now focus         their terms. on expressions known as polynomials. Polynomials are algebraic expressions that      4 Identify the degree of a are similar to whole numbers written in expanded notation.                             polynomial.

For example, in expanded form, we see that 279 is like the expression 2 2                      5 Write polynomials in x + 7 x + 9.

Expanded form, written with base 10:   279 =      2 descending order of degree.  2 # 10 +  7 # 10 +

9

6 Simplify polynomials in one 

 

Polynomial form, written with base x:            2x     + 7x    + 9                 terms. 2                                                                      variable by combining like 

The expression 2 2 x + 7x + 9 is a polynomial. To define polynomial, we must first define monomial. Think about the prefixes involved. Poly means many and mono means one.

 

Definition Monomial: An expression that is a constant or a product of a con-stant and variables that are raised to whole number powers.

 

Example 1 Determine whether the expression is a monomial. Explain.

Learning Strategy

a.  5x

In class, pay extra attention to 

Explanation:  5x is a monomial because it is a product of a constant, 5, and a  the examples that the professor 

variable, x, that has a whole number power, 1. gives you and write down the 

From Example 1a, we can make the following conclusion: problem, answer, and explana-

tion. Then, when you go back 

Conclusion: Any number or variable with no apparent exponent has an under- to study for the exam, take all 

stood exponent of 1. of the examples from class and 

 

5 1 create a sample test for your- x  =  1  5  x  self. After taking the sample 

We write 5             1 1 x instead of 5 x because it is simpler; that is, it has fewer symbols.        test, you can go back to see the 

b. 3 correct answers and the expla- - 4  xy

Explanation:                                                3  From what we learned in Example 1a, -4 xy = 1                       nations for the problems that 2

-4 1 1 3 x y; so it is a  your professor thinks are most 

monomial because it is a product of a constant, -4, and variables, x and y, that       important.

have whole number powers, 1 and 3.

—Kim D.

c.    6 x

Explanation:   6 x is a monomial because it is a product of a constant, 1, and a vari-

able, x, that has a whole number power, 6.

From Example 1c, we can make the following conclusion:

Conclusion:  If a numerical factor is not apparent in a monomial, it is understood 

to be 1.

x 6        6 = 1 x

We write 6                  6 x instead of 1 x because it is simpler.

Answers to Warm-up

d.                                                                                     1. expression  8

2. 279

Explanation: 8 is a monomial because it is a constant.
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Your Turn 1                          5

e.

xy

Determine whether the expres-

 

sion is a monomial. Explain.                       5 Explanation:  is not a monomial because it is not a product of a constant and 7 xy a.  4 x

b. variables raised to whole number powers. Rather, it is a quotient of a constant  - 9  mn

and variables. The variables make up the divisor.

c.-6

3 2                                                 2 f.  3 x + 5x-4 x

d.   y                                       2 Explanation:  3 x + 5x-4 is not a monomial because it is not a product of a 

 e.  9a + 5 constant and variables raised to whole number powers. Rather, addition and 

subtraction are involved.

From Examples 1e and 1f, we can make the following conclusion:

Conclusion:  Monomials do not have variables in a divisor, nor do they contain addition or subtraction.

Do Your Turn 1

 

Objective 2 Identify the coefficient and degree of a monomial.

Two important parts of a monomial are its coefficient and its degree.

 

Definitions Coefficient: The numerical factor in a monomial.

 

Your Turn 2                      Degree of a monomial: The sum of the exponents of all variables in the 

monomial.

Identify the coefficient and de-

 

gree of each monomial.              Example 2 a.    6                                                               Identify the coefficient and degree of each monomial. m

b.      2 3                                              2-7 x y a.-7 x

c. 14ab                              Answer: Coefficient: -7

d.-10

Degree: 2

Answers to Your Turn 1                  Explanation: The coefficient is -7 because it is the numerical factor. The degree a.    7  4 x is a monomial because          is 2 because it is the exponent for the variable x.

 

it is a product of a constant,                  3 b.-xy 4, and a variable, x , with a 

whole number power, 7.           Answer: Coefficient: -1

b.-9mn is a monomial because               Degree: 1 + 3 = 4

it is a product of a constant, 

 

n- Explanation:  From the conclusions we made in Examples 1b and 1c, we can  9, and variables,  m  and  3  1  3  express  - xy  as  - 1  x  y  . In this alternative form, we can see that the numerical  , that both have a whole 

number power, 1. factor is -1, which is the coefficient. We can also see that the variables’ expo-

c. nents are 1 and 3. Because degree is the sum of the variables’ exponents, we add  - 6 is a monomial because it 

is a constant.                         1 and 3, which equals 4.

3 2 x                              c. 17

d.      is not a monomial 

y

Answer: Coefficient: 17

  because it has a variable, y, as 

a divisor.                                      Degree: 0

e.  9a + 5 is not a monomial                                                                0 Explanation:  The monomial 17 is equivalent to 17 x. They are equivalent because 

because addition is involved.        0 x =                     0 1, which means 17 x = 171 2 = 17. In the alternative form, it is apparent 

Answers to Your Turn 2 that 17 is the coefficient because it is the numerical factor and 0 is the degree 

a.                                            because it is the variable’s exponent. coefficient: 1, degree: 6

b. coefficient: -7, degree: 5              Do Your Turn 2 c.  coefficient: 14, degree: 2

d. coefficient: -10, degree: 0
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Objective 3 Identify polynomials and their terms.

Now we can define a polynomial.

 

Definition Polynomial: A monomial or a sum of monomials.

 

All of the following expressions are polynomials.

2 3 x

5x + 7

9 3        2 x-4 x + 8x-6

2 2 x + 5xy + 8y

In 9 3        2 x-4 x + 8x-6, it would seem that the subtraction signs contradict the word sum in the definition. However, in Chapter 2, we learned that subtraction can be written as addition; so 9 3        2 x-4 x + 8x-6 can be expressed as a sum.

9 3        2                      3            2 x-4 x + 8 x-6 = 9 x +-4 1 x2 + 8x +-6 12

Mathematicians prefer to write expressions with the fewest symbols possible. Because 9 3        2                                                  3            2 x-4 x + 8 x-6 has fewer symbols than 9 x +-4 1 x 2 + 8x +-6 12 has, it is the preferred form. An expression written with the fewest symbols possible is said to be in simplest form.

 

Definition Simplest form: An expression written with the fewest symbols possible.

 

The polynomial 9 3        2 x-4 x + 8x-6 has only one variable, x; so we say that it is a                                                           2 polynomial in one variable . The polynomial 2 x + 5xy + 8y has two variables, x and y; so we call it a multivariable polynomial.

 

Definitions Polynomial in one variable: A polynomial in which every vari-able term has the same variable.

Multivariable polynomial: A polynomial with more than one variable.

 

p 2-5p + 2 is a polynomial in one variable.

q 2 + 8qt is a multivariable polynomial.

In this text, we will focus on polynomials in one variable.

Now let’s identify the monomials, or terms, of a polynomial. If a polynomial con-tains subtraction, you may find it helpful to first write the polynomial as a sum.

 

Example 3 Identify the terms in the polynomial and their coefficients.

a.     3        2  9 x-4 x + 8x-6

Solution:    3        2                     3            2  9 x-4 x + 8 x-6 = 9 x + 1-4 x2 + 8x + 1-62   Write the polyno-

mial as a sum.

First term: 9 3 x Coefficient: 9

Second term:      2-4 x Coefficient: -4

Third term: 8x Coefficient: 8

Fourth term: -6 Coefficient: -6
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Your Turn 3                            4        3 b.  4 y-8 y-y + 2

Identify the terms in the poly- Solution:    4        3                    4            3  4 y-8 y-y + 2 = 4 y + 1-8 y2 + 1-y2 + 2 Write the polynomial 

nomial and their coefficients.                                                                      as a sum.

a.      2                                                          4 12 x-8 x + 9 First term: 4 y Coefficient: 4 Note  You can identify the sign of each b.     3         2                                                       3  4 m + 5 m-10 m-11 Second term: -8 y Coefficient: -8   term’s coefficient without writing the 

Third term: -y Coefficient: -1 polynomial as a sum by looking at the Fourth term: 2          Coefficient: 2      operation signs. A plus sign not only 

means add, but also means that the coef-

ficient of the term to its right is positive. 

A minus sign not only means subtract, 

but also means that the coefficient of the 

Do Your Turn 3                           term to its right is negative.

 

Some polynomials have special names that are based on the number of terms in 

the polynomial.

Monomial: A single-term polynomial                Note The prefix of each Binomial: A polynomial that has exactly two terms special name corresponds 

 Tri to the number of terms in  nomial: A polynomial that has exactly 

three

the polynomial.

terms

Polynomials that have more than three terms have no special name.

 

Your Turn 4                       Example 4    Indicate whether the polynomial is a monomial, binomial, or 

Indicate whether the polyno-         trinomial or has no special name.

mial is a monomial, binomial,               3 a.  5 x

or trinomial or has no special 

name.                           Answer:    3  5 x is a monomial because it is a single term.

 a.  5x + 9                                     2 b.-3 x + 5x

 b.     3        2  4 x-2 x + 5x-6                Answer:      2-3 x + 5x is a binomial because it has two terms.

c.      3  8 x

2                                           c.      2  4 m + 6m-9

 d. x   + 2x-9

Answer:    2  4 m + 6m-9 is a trinomial because it has three terms.

d.   3        2 x + 4 x-9x + 2

Answer:   3        2 x + 4 x-9x + 2 has no special name because it has more than three terms.

Do Your Turn 4

 

Objective 4 Identify the degree of a polynomial.

Earlier in this section, we learned that the degree of a monomial is the sum of the 

variables’ exponents. For a polynomial with more than one term, the degree is the Answers to Your Turn 3                greatest degree of any of its terms. a.      2 12 x, coefficient 12; -8x, 

 

b. coefficient -8; 9, coefficient 9      Definition Degree of a polynomial: The greatest degree of any of the terms in 3 2 4 m , coefficient 4; 5 m , the polynomial.

coefficient 5; -10m, coefficient 

-10; -11, coefficient -11

Answers to Your Turn 4

a. binomial

b. no special name

c. monomial

d. trinomial
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Example 5 Identify the degree of each polynomial.                              Your Turn 5

a. 3        6          2                                                                                     Identify the degree of each    5  x  +  9  x - 10  x  +  8  x - 2

Answer: Degree: 6                                                                       5        7       3 a. polynomial.

-2m + 13m-8m +

Explanation:  Look at the degree of each term.                                             4m + 17

5x    + 3               6                2                                                       b.     12       6        2  3 x + 5 x + 8 x-10x-7  9x    -  10x    +  8x   -  2

 degree degree degree degree degree 

is 3            is 6             is 2           is 1          is 0

The greatest degree of all of the terms is 6.

b.      7      5        9 12 a-a-3 a + 4a-16

Answer: Degree: 9

Explanation: The greatest degree of all of the terms is 9.

Do Your Turn 5

 

Objective 5 Write polynomials in descending order of degree.

The commutative property of addition tells us that rearranging addends does not affect a sum. Because a polynomial is a sum, rearranging its terms does not change it. For example, 6 2                        2 x + 9 + 5 x and 6 x + 5x + 9 are equivalent.

To make comparing polynomials easier, mathematicians prefer writing them in descending order of degree. This means that we want the term with the greatest degree written first, then the term with the next greatest degree, and so on. So 6 2 x + 5x + 9 is in descending order of degree because the terms go from degree 2 to degree 1 to degree 0.

 

Procedure

To write a polynomial in descending order of degree, write the term with the 

greatest degree first, then the term with the next greatest degree, and so on.

 

Example 6 Write each polynomial in descending order of degree.                 Your Turn 6

a. 3        2        5                                                                                      Write each polynomial in de-   5  x  +  4  x - 3  x - 7  +  9  x

 

Solution:    3                                                                                                scending order of degree. 2 5  5 x + 4 x-f 3 x-7 + 9 x f f 4 9 2 a.  9 m + 7 m-3 m +

f                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      15      7-6 m + 2m f                                                                                                                                                                                                                                                                                                                                                    f

Answer:      5        3        2                                                                             b. 5                                                        2-14 y-3y + 17 + x-3 x 3 + 5 x  Move x + 4 x + 9 x 7 and 9 .-7  to the front. Swap 3 5 9 y-13 y

Note    3                                                                                                        2 5 x is understood to have a positive coefficient; so when c. 24 + 9 x-15x + it is no longer the first term, a plus sign is placed to its left.                                    5        3        4 8 x-7 x-4 x

 

b.        3        6          4                  2-16 b + 5 b-13 b-12 b + 10 b + 19                                             Answers to Your Turn 5

Solution:        3        6          4                  2                                                      a. 7 b. 12-16 f b + 5 b-13 b-f 12 b + 10 f b + 19

Answers to Your Turn 6

 

Answer:     6                  f                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        f                                                                                                                                                                                                                                                                                                                                                                                                                                                                  f                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                9                                                                                                                                                                                                                                                                                                                                                                                                                                7                                                                                                                                                                                                                                                                                                                                                                                                                                      4 a.  7 m-6 m + 9 m                                                          -2 4 3 2 3 4 5 b-13 b-16 b 16 13 b + 10 b-12 b Move + 19 b to follow . 3 m + 2 m + 15

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        2                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  5                                                                                                                                                                                                                                                                                                                                                                                     3                                                                                                                                                                                                                                                                                                                                                                                                                                                               2 Swap 12 b and 10 b . b.-13 y + 9 y-14 y                                                  -

 

Note           6                                                                                          + 3 y 17 Because 5 b has a positive coefficient, when it is written 5 4       3        2 as the first term, the plus sign is no longer needed. c.  8 x-4 x-7 x + 9 x-

15x + 24

Do Your Turn 6
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Objective 6 Simplify polynomials in one variable by combining like terms.

Remember that monomials are also referred to as terms. We can simplify polyno-

mials that contain like terms.

 

Definition Like terms: Constant terms or variable terms that have the same 

variables raised to the same exponents.

Connection We can 

affirm that 3                      Examples of like terms                 Examples of unlike terms x + 2 x = 5 x by 

evaluating 3x + 2x and 5x         8 and 4                                7x and 7y (different variables)

using the same value of x.                   x                                  2 Note 3 x and 2 The coefficients 10 x and 3x (different exponents)

 

For example, let’s evaluate           2          2   of like terms can be              2            2 5 y and -9 y-5 x y and 12 xy  (different exponents) 3 x + 2 x when x = 4. different. xy and 6 xy 6 a and 9 A (different variables) 3 1 4 2 + 2 1 4 2 = 12 + 8

= 20

Evaluating 5x when x = Now suppose we have a polynomial that contains like terms, such as 3x + 2x. 

4           Because multiplication is repeated addition, 3x means that three x’s are added 

also gives a result of 20.             together and 2x means that two x’s are added together. Rewriting 3x + 2x as a 

5 142 = 20             sum of all of those x’s gives the following:

 

 always yield the same result                                  s                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                r                                                                                     of five Equivalent expressions                                   3x       +   2x       Note We have a total 

when we evaluate them us-                                 v   + x =                      x’s repeatedly x + x + x          + x added; so we can repre-

ing the same variable values.                                                  sent that sum as 5x. = 5 x

This also shows why simpli-

fying an expression is useful:  Notice that the coefficient of the result, 5, is the sum of the coefficients of the like 

the simplified expression is  terms, 3 + 2 = 5. Because 5x has fewer symbols than 3x + 2x has, we say that we 

much easier to evaluate. have simplified 3x + 2x. In fact, 5x is in simplest form because it cannot be written 

with fewer symbols. Our example suggests the following procedure:

 

Procedure

To combine like terms, add the coefficients and keep the variables and their exponents the same.

 

Your Turn 7                       Example 7    Combine like terms.

Combine like terms.                 a.  4x + 9x

 

 b. a.  6x + 9x                           Solution:  4x + 9x = 13x          Add the coefficients,    Note 2 2 When adding two -m-12 m 4 and 9, and keep  numbers that have the 2 2 c.  4 y the variable, x , and -20 y same sign, as in Examples 3 3 its exponent, 1, the  d. 12 x-12 x 7a and 7b, we add their same. Remember, an  absolute values and keep 

exponent of 1 is not      the same sign. written.

b.       3        3-2 y-5 y

Solution:      3        3           3     Add the coefficients,    2 and    5, and keep the -2 y-5 y =-7 y 

variable, y, and its exponent, 3, the same.

c.         2        2-12 n + 7 n

 

Solution:        2        2-12 n + 7 n =      2                             Note When adding -5 n Add the coefficients, the variable,  12 and 7, and keep two numbers that have  different signs, as in 

Answers to Your Turn 7                                                                  n, and    

its exponent, 2, the   Examples 7c and 7d, we 

a. 15x subtract their absolute  same.  2  b. - 13m  values and keep the 

c.         2-16 y                                                                                                     sign of the number with d. 0 the greater absolute 

value.
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d.-4m + 4m

Solution:-4m + 4m = 0m = 0   4 and 4 are additive inverses; so their sum is 

 0 and 0 times m is 0.

 

Connection Adding measurements that have the same unit is like combining like terms. Suppose we have to calculate the perimeter of the rectangle shown.

P = 4 m + 10 m + 4 m + 10 m

4 m                                    P = 28 m

This perimeter problem is similar to a 

10 m                   problem in which we must combine like 

terms in a polynomial where all of the 

 variables  are m.

4m + 10m + 4m + 10m = 28m

Notice that if the variables were different, such as 4cm + 10m + 4cm + 10m, we would not be able to combine the terms with different variables. In a similar way, we cannot combine measurements with different units. If the width were 4 cm and the length 10 m, the perimeter would no longer be 28 m because cm and m represent different distance measurements.

4 cm + 10 m + 4 cm + 10 m ⬆ 28

 

Do Your Turn 7

 

Sometimes there are several like terms in the same polynomial.

 

Example 8 Simplify and write the resulting polynomial in descending            Your Turn 8

order of degree. Simplify and write the resulting 

 

9 2                      2                                                    polynomial in descending order x + 5 + 7 x + 2 x-8-7 x of degree.

Solution:                                                                                           4       3        4 a.  7 x-4 x-13 x + 12 +

 

=   2                                                                                                               3 2 9 x + 2 x + 7 x-7 x + 5 s s f-8 Collect like terms as needed. 4 x-15 4        2 b. 12 k-19 k + k +

19          2        4 k-6-5 k + 2 k

=     2 11 x                 Notice that x and 7x have a sum of 0. +  0 7- 3 

=    2 11 x-3                   We can drop 0 and bring the terms together.     VISUAL

Alternative Solution: Some people prefer to combine like terms without first               Learning Strategy

collecting them, as shown next.  When combining like terms, 

 

9 2                      2                                                                            mark through the terms that you x 2 2 2 + 5 + 7 x + 2 x 8 7 x THINK  9 x + 2 x = 11 x combine so that you know what  7 x + 1-7 x 2 = 0 you’ve combined and what you = 2 11 x + 0 3 5 + 1-8 2 =-3 have left. Also, combine the =    2 11 x-3                                                  terms in order of degree, com-

bining the highest-degree terms 

Do Your Turn 8

first, and so on. This will put the 

resulting polynomial in descend-

ing order of degree.

 

Answers to Your Turn 8

a.       4-6 x-3 b.    4        2 14 k-4 k-6

160   Chapter 3  Expressions and Polynomials

PORTFOLIO

 

3.2             For Exercises

Extra

Help

 

Objective 1

Prep Exercise 1  What is a monomial? Give three examples.

 

For Exercises 1–12, determine whether the expression is a monomial. Explain.

 1.  3                                        2                                                                               2 3.  5 x 2.  7 y 8 m + 5 4.  3 t + 5t-6

 

 5.  -x                      6.  y                       7.  -7                      8.  19

 

4 2 x                          -mn

 9.                                                             2                                      3 7 10.   11.  -9 x y 12.  5 m np

5y                         k

 

Objective 2

Prep Exercise 2 What is the coefficient of a monomial?          Prep Exercise 3 What is the degree of a monomial?

 

For Exercises 13–24, identify the coefficient and degree of each monomial.

 13.      8                                       2                                 15.  3 x 14.  5 t-9x                              16.  -m

 

 17.                                                                                        2                                        2 3 8 18.  -7 19.  xy 20.  -a bc

 

 21.       3 4                                15mnp                          23.  1                              24.  k-2 t u 22.  -

 

Objective 3

Prep Exercise 4 What is a polynomial? Give an example.

 

For Exercises 25–30, identify the terms in the polynomial and their coefficients.

 25.      2                                                     3                                             27.  5 x + 8 x-7 26.  4 y-2 y-96t-1

 

 28.      4        2                                              3       2                                              2 9 n-8 n + 7 n-1 29.  -6 x + x-9 x + 4 30.  -9 x-x + 5
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Prep Exercise 5 A binomial has             terms, and a trinomial has             terms.

For Exercises 31–42, indicate whether the expression is a monomial, binomial, or trinomial or has no special name.

 31.                                                             2                                                      2 5 x + 2 32.  9 y + 5 y-6 33.  18 x

 

 34.                                                             3          2 2 35.  6 x-14 x                                  36.  2a + 9 x-8-6b

 

 37.       2                                                  5        3        2                              39.  16 t-8 t-5 38.  a-6 a + 7 a 5-a + 2-

 

 40.  3        2                                            3                                                      4         3        2 b + 7 b-12 b 41.  y-8 42.  m-5 m + m + 6m-9

 

Objective 4

Prep Exercise 6 What is the degree of a polynomial?

 

For Exercises 43–48, identify the degree of each polynomial.

 43.      3        2                                                                       4                6       3 6 x-9 x + 8 x + 2  44.  8 y + 2 y-5 y + y + 4 

 45.       3         5         2         6                                                              3        2      5-m-8 m + 3 m-2 m 46.  5 + 6 a + 3 a + 4 a-a

 47.       9        3         12         5                                                  2          8        3        4 19 t + 4 t + 25 t-11 t 48.  -b-16 b + 5 b + 2 b-22 

Objective 5

Prep Exercise 7 How do you write a polynomial in descending order of degree?

 

For Exercises 49–54, write each polynomial in descending order of degree.

 49.       6        3        2        4                                                                     3        2 14 t + 9 t + 5 t-8 t-1 50.  6 x + 19-4 x + 3 x

 

 51.             3                  2       5                                                        7         2                5 9-18 y + 12 y-10 y + y 52.  21 m-6 m + 9 m + 13-8 m

 

 53.     3        5              2                                                         4        3                   6        8 7 a + 9 a-6 + 2 a-a 54.  2 n-5 n-n + 2 + n-7 n

 

Objective 6

Prep Exercise 8 What are like terms? Give an example of a pair of like terms.

 

For Exercises 55–66, determine whether the monomials are like terms.

 55.  8x and -5x                           56.  3y and y                              57.  -5m and -7n

 58.                                                             2          2                                          3         3 2 a and 2 b 59.  4 n and 7 n 60.  8 h and h

 61.  -9K and -10K                      62.  T and -T                            63.  5n and 9N

 64.  6xY and 5xy                          65.  14 and -6                             66.  1 and -5 

Prep Exercise 9                                                        Prep Exercise 10 What does it mean for an expression to be How do you combine like terms? in simplest form?

 

For Exercises 67–82, simplify by combining like terms.

 67.  3x + 9x                     68.  5a + 2a                     69.  3y + y                      70.  b + 7b

 71.  12m-7m                72.  10x-2x                  73.  9t-12t                   74.  7k-18k

 75.      3        3                                4      4                                   2        2                                3          3 7 x-2 x 76.  17 c-c 77.  -10 t + 9 t 78.  -14 u + 13 u

 79.         5         5                           3      3                                 2        2                                 2        2-4 m-4 m 80.  -j-j 81.  2 b-2 b 82.  -9 x + 9 x 162   Chapter 3  Expressions and Polynomials

 

For Exercises 83–94, simplify and write the resulting polynomial in descending order of degree.

 83.      2                2                                                               2                2 9 x + 5 x + 2 x-3 x + 4  84.  7 y + 4 y-3 y-y

 85.             3                    3                                                            4        4 7 a-8 a-a + 4-5 a 86.  3 b-9 b + 4 b-7b

 87.        2              2                                                                7         5           5         7-9 c + c + 4 c-5 c 88.  4 m-9 m-12 m + 7 m

 89.        2                      2                                                     3        2                2-3 n-2 n + 7-4 n 90.  p + 9 p-17 + 3 p

 91.        2         3           2               3                                                       2                       2 12 m + 5 m-11 m + 3 + 2 m-7  92.  4 y + 15-y-16 + 5 y + 6 y

 93.   4              4                       2                                   3        4            3        2              4 -7  x  + 5  x -2  + 3  x  + 7  x  + 10 -3  x  94.   -10  b  + 7  b  + 1  + b -2  b -12  + b

 

Review Exercises

For Exercises 1–4, simplify.

[2.2] 1. -7 + 5                                               [2.3] 2. -9-7 

[2.3] 3. 8-15                                               [2.3] 4. -15 + 8-21 + 2 

[2.3] 5. Is 3-5 the same as 5-3? Explain.                 [2.3] 6. Is -5 + 3 the same as 3 + 1-52? Explain.

 

[2.4] 7. Is 1-32152 the same as 1521-32? Explain.           [1.6] 8. Find the perimeter of the shape. 

 

4 m

 

10 m
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3.3  Adding and Subtracting Polynomials

 

Warm-up Combine like terms and write the polynomial in descending order of degree.        Objectives [3.2]         2                      2 1. 3 x + 5 x + 2 + 2 x + 3x + 1

1 Add polynomials in one 

[3.2]         2                      2 2. 8 x-9 x + 4-6 x-x + 7                                                          variable.

2 Subtract polynomials in one 

Objective 1 Add polynomials in one variable.                                   variable.

We can add and subtract polynomials in the same way we add and subtract num-bers. However, instead of adding digits in like place values, we add like terms. Consider the following comparison:

Numeric addition:          Polynomial addition:

352                           2                                                2 2 + 231 = 583 1 3 x + 5 x + 2 2 + 2 1 x + 3 x + 1 2 = 5 x + 8x + 3

We can stack like place      We can stack like terms values to find the sum:      to find the sum:

352                      2 3 x + 5x + 2

+ 231                    2 + 2 x + 3x + 1

583                      2 5 x + 8x + 3

Actually, we do not have to stack polynomials to add them as long as we combine all of the like terms.

 

Procedure

To add polynomials, combine like terms.

 

Example 1 Add and write the resulting polynomial in descending order of        Connection  As we saw in 

degree. Section 3.2, a polynomial 

a. 1 3                                                                                                                        + 5 such as 3 2 x   + 2 can be  2  1  2

5       2                        3 x + 9 x + 2 x + 3 + 3 x + 5x + 1

transformed to the number 

Solution:      3 1       2                    3 5 x + 9 x + 2 x + 3 2 + 1 3 x + 5x + 12                                    352 by replacing x with 10.

3 2 x + 5x + 2

=   3     2 8 x + 9 x + 7x + 4                                      11022 Combine like terms. 3 + 51102 + 2

Explanation:                                                                                             300 = + 50 + 2 We combined like terms in order of degree.

First, we combined the degree-three terms. 5x + 3x = 3        3        3                                           = 352 8x

The second polynomial had no degree-two term; so we brought down the 9 2 x.

Next, we combined the degree-one terms. 2x + 5x = 7x

Finally, we combined the degree-zero terms. 3 + 1 = 4

 

Connection If we stack the polynomials in Example 1, we must leave a blank space under the 9 2 x because there is no degree-two term in the second polynomial. It’s like adding 5923 + 3051.

5 3        2 x + 9 x + 2x + 3         5923

+  3 3 x        + 5x + 1      + 3051

8 3        2 x + 9 x + 7x + 4         8974

As the polynomials get more complex, these blanks become more common,           Answers to Warm-up which is why stacking is not the best method for all cases of adding polynomials.        1.     2  5 x + 8x + 3

2.     2  2 x-10x + 11
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Your Turn 1                       b. 1   5                    5 4 x-9 x + 6 2 + 1 2 x-3x-22

Add and write the resulting           Solution:                          5 1 5 4 x-9 x + 6 2 + 1 2 x-3x-22 polynomial in descending order 

 

of degree.                                                    5 = 6 x-12x + 4 Combine like terms. a. 1 2 x + 8 2 + 1 6 x + 1 2 5      5      5 3 Explanation:  First, we combined the degree-five terms. 4 x + 2 x = b. 1 6 x 6 t + 4 t + 2 2 + 1 4 2 t + t + 1 2 Then, we combined degree-one terms. -9 x + 1-3 x 2 =-12 x 1 c. 2 9 x-2 x + 5 2 + 1 2 Finally, we combined degree-zero terms. 6 + 1-2 2 = 4 3 x-8 x-4 2

 d.       3          2 1 9 m + 14 m

4             3 m-8 + 2 1 m

2 +               Note We determine the signs in the answer based on the outcome of combining. 

3 2 m-4m-1

2 +            Remember, the sign to the left of the term is the sign of the term.

If the outcome is positive, as with 4, we place a plus sign to the left of the term. Although 6 5 x is positive, it is the first term in the answer; so no plus sign is needed to its left.

If the outcome is negative, as with -12x, we place a minus sign to the left of the term.

 

Do Your Turn 1

 

Your Turn 2                       Example 2    Write an expression in simplest form for the perimeter of the 

Write an expression in simplest        rectangle shown.

form for the perimeter of the          Solution:  To find the perimeter, we need to find the total shape shown.                      distance around the shape. Instead of numerical mea-

 

x    1            x    1               surements for the length and width, we have expres-       2x    5 sions. In this case, the length is the expression 3 x-1 

3                       and the width is the expression 2x + 5. We can only x 2

write an expression for the perimeter; we cannot get a                   3x    1 numerical answer until we have a value for the variable.

 Perimeter =  length + width + length + width

= 13x-12 + 12x + 52 + 13x-12 + 12x + 52

= 3x + 2x v + 3x + 2x-1 + 5-1 + 5 v Collect like terms.

=   10x         + 8      Combine like terms.

Answer: The expression for the perimeter is 10x + 8.

Warning 10x + 8 is in simplest form. It might be tempting to try to write it as 18x, but 10x and 8 are not like terms and cannot be combined.

Do Your Turn 2

 

Objective 2 Subtract polynomials in one variable.

Subtracting polynomials is tricky because they have signs involved, like the in-

tegers. Recall that when we subtracted integers, we found it simpler to write the 

subtraction statements as equivalent addition statements. We can apply this same 

principle to subtracting polynomials.

Let’s compare polynomial subtraction to numeric subtraction.

Answers to Your Turn 1

Numeric subtraction:       Polynomial subtraction:

a.  8x + 9

b.   4        3                                                                                         2                        2 2 t + 6 t + 5 t + 3 896-254 1 8 x + 9 x + 6 2-2 1 x + 5x + 42 c.       2 12 x-10x + 1

3          2                            Like addition, we can align the like place values or like terms in a stacked form.

d. 11m + 17m-9

896                         2 8 x + 9x + 6

Answer to Your Turn 2

5                                                                  2 x-254-2 x + 5x + 4

642                         2 6 x + 4x + 2
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In the numeric subtraction, we subtracted digits in the like place value. In the polynomial subtraction, we subtracted like terms. Note that subtracting 4 from 6       Connection We use 

 

is the same as adding 6 and -4, subtracting 5x from 9x is the same as adding 9x the distributive property to  2  2  2  2  and  - 5  x  , and subtracting 2  x  from 8  x  is the same as adding 8  x  and  - 2  x  . There- change all of the signs in a 

fore, we would write the following equivalent addition: polynomial. If we disregard 

8 2 the first polynomial, we have  x  +  9  x  +  6

2                                                                the following:

+-2x-5x-4 6 2                                                                     1 2 2 x + 5x + 42 x

+ 4x + 2

or in sentence form: = 11 2 2 x + 5x + 42

 

1 2 The distributive property  2  2  8  x  +  9  x  +  6  2  +  1 - 2  x - 5  x - 4  2  =  6  x  +  4  x  +  2  tells us that we can distrib-

ute the -1 (or minus sign) 

Conclusion: We can write polynomial subtraction as equivalent polynomial addi-      to each term inside the tion by changing the signs of each term in the subtrahend (second) polynomial.          parentheses.

Change the operation  1   2                     2 8 x + 9 x + 6 2 1 2 x 5x 42   Change the sign        = 1 #   2 2 x 1 # 5x 1 # 4

 

from                                                           of each term in                  2 to = .-2 x-5x-4 the subtrahend. = 1 2 2 8 x + 9 x + 6 2 1 2 x 5 x 4 2

Our exploration suggests the following procedure:

 

Procedure

To subtract polynomials:

  1.  Write the subtraction expression as an equivalent addition expression.

a.  Change the operation symbol from a - to a +. b.  Change the subtrahend (second polynomial) to its additive inverse by 

changing the sign of each of its terms.

  2.  Combine like terms.

 

Example 3 Subtract and write the resulting polynomial in descending order 

of degree.

a. 1 2 Connection The polyno- 2  7  x  +  8  x  +  5  2 - 1  3  x  +  7  x  +  1  2  mial subtraction in part a is 

Solution: equivalent to the following    Write an equivalent addition expression; then combine like terms.

 

Change the operation 1   2                                                                                numeric subtraction: 2 7 x + 8 x + 5 2 1 3 x + 7 x + 1 2 Change the sign 785 of each term in from  to .-371 the subtrahend. = 1 2 2 7 x + 8 x + 5 2 1 3 x 7 x 1 2 414 = 2 4 x + x + 4 Combine like terms.

Notice that the numeric 

Explanation:  After writing the equivalent addition, we combined like terms in          result, 414, corresponds 

order of degree. to the polynomial result, 

First, we combined the degree-two terms.                                              2 4 x + x + 4.

7 2            2          2                                                Although we could use the x + 1-3 x 2 = 4 x

stacking method for sub-

Second, we combined the degree-one terms. tracting polynomials, it is 

8x + 1-7x2 = x not the best method because 

we sometimes have missing 

Third, we combined the degree-zero terms. terms or terms that are not 

5 + 1                                       like terms.-1 2 = 4




166   Chapter 3  Expressions and Polynomials

 

Your Turn 3                       b. 1    3                     3 12 x + 10 x-9 2-1 4 x-5x + 32

Subtract and write the resulting       Solution:  Write an equivalent addition expression; then combine like terms.

 

polynomial in descending order                             3                      3 12 1 x + 10 x-9 2 1 4 x-5x + 32   Change the sign of degree. Change the operation  of each term in  a. 1 7 x + 3 2-1 3 x + 1 2 from  to . the subtrahend. = 1 3 3 12 x + 10 x-9 2 1 4 x 5 x 3 2 b. 1 2 8 t + 9 t + 3 2-1 2 + t + 2 2 = 3 8 x Combine like terms. 7 t + 15 x-12

 

 c. 1   2 9 x-7x + 52-                 Explanation:  After writing the equivalent addition, we combined like terms in 2 1 2 x-3 x + 8 2 order of degree. 1 4 d. 3 2 17 x + 9 x-10 x-12 2-3 3 First, we combined the degree-three terms. 12 x 1 4 3 2 + 1-4 x 2 = 3 8 x 13 x + 9 x-3 x + 2 2

Then, we combined the degree-one terms. 10x + 5x = 15x

Answers to Your Turn 3                  Finally, we combined the degree-zero terms. -9 + 1-32 =-12 a.  4x + 2

b. 2                                                Do Your Turn 3 t + 8 t + 1

c.     2  7 x-4x-3

d.    4        2 4 x-7 x-14

 

3.3             For Exercises

Extra

Help

 

Objective 1

Prep Exercise 1 Explain how to add two polynomials. 

For Exercises 1–18, add and write the resulting polynomial in descending order of degree.

 1.  1 2x + 52 + 13x + 12                                2.  1 5x + 22 + 13x + 72

 3.  1 7y-42 + 12y-12                                4.  1 9m-32 + 14m-62

 5.  1 10x + 72 + 13x-92                               6.  1 7p + 42 + 19p-72

 7.  1 4t-112 + 1t + 132                                 8.  1 3g-42 + 1g + 22

 9.  1 2 2 x + x + 32 + 15x + 72                            10.  1   2 7 x + 2x + 12 + 16x + 52

 11.  1    2                          2 9 n-14 n + 7 2 + 1 6 n + 2n-42                        12.  1   2                      2 8 t + 12 t-10 2 + 1 2 t-8t-22

 13.  1   2                        2                                                     2 4 p-7 p-9 2 + 1                      2 3 p + 4 p + 5 2 14.  1 9 a + 3 a-5 2 + 1 5 a-7a-62

 15.         3        2                    3        2                                       3        2                   2 1-3 b + 2 b-9 b 2 1 +-5 b-3 b + 11 2 16.  1 9 c-4 c + 5 2 +-7 1 c-10c + 72

 

 17.       3      2                          2                                                       2                        2 3 1 3 a-a + 10 a-4 2 + 6 1 a-9 a + 2 2 18.  1 9 x + 4 x + x-11 2 + 3 1 x-8x-52

 

For Exercises 19–22, write an expression in simplest form for the perimeter of each shape.

 19.                                                                                20.  

a     2                                           2 x    7

3a  4 

5x    1

 

 21.                                                                                22.  

x    3                  x    3

                                8m   3

m 3

 

2x   1                                                             5m 2
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For Exercises 23–26, explain the mistake and work the problem correctly.

 23.  1    3        2                 3        2                                             4 9 y + 4 y-6 y 2 + 1 y-2 y 2 24.  1       3                 4-11 2 + 1       2 10 a + 5 a 5 a + 3 a-42

=    3     2                                    =    4     2 10 y-2 y-6 y 15 a + 3 a-15

 

 25.  1    6        4         3               5        3 8 x-9 x + 15 x-1 2 + 1 x-8 x-32                 26.  1 3       2               3 n + 2 n-19 2 + 1 n-2n + 42

=   6     4     3 x-4                              =   3 9 x-9 x + 7 2 n-15

 

Objective 2

Prep Exercise 2 Explain how to write a subtraction of two polynomials as an equivalent addition. 

 

For Exercises 27–42, subtract and write the resulting polynomial in descending order of degree.

 27.  15x + 92-13x + 22                                    28.  17m + 42-12m + 12

 29.  18t + 32-15t + 32                                      30.  16a + 72-16a + 52

 31.  110n + 12-12n + 72                                  32.  19x + 82-13x + 102

 33.  15x-62-12x + 12                                   34.  12m + 52-17m-32

 35.  1    2                                                                              2 6 x + 8 x-9 2-1 9 x + 2 2 36.  1 8 n-7n-52-12n-32

 37.       2                            2                                                  2                           2 1 8 a-10 a + 2 2--4 1 a + a + 8 2 38.  1 y + 3 y-9 2--6 1 y + 8y-12

 39.       2                        2                                                      2                      2 1 7 x + 5 x-8 2-7 1 x + 9 x + 2 2 40.  1 2 t-t + 7 2-3 1 t-t-62

 41.  1       3         2                             3 -8 m + 9 m-17 m-2 2-1        2-8 m + 5 m + m-62

 42.  1    3        2                          3 5 u-4 u + u-10 2-1       2-2 u + 4 u + u + 72

For Exercises 43–46, explain the mistake and work the problem correctly.

 43.       2                  2                                                              2                 2 1 5 x-6 x 2-3 1 x-4 x 2 44.  1 10 y-5 y 2-y 1 + 3y2

= 1 2             2 5 x-6 x 2 + 1-3 x-4x2                          = 1   2 10 y-5y2 + 1   2-y-3y2

=   2 2 x-10x                                      =   2 9 y + 8y

 

 45.  1     2            112                2-1 3-9 t + 4 t + 5 t + 9 t + 62                        46.  1 4       2               4 x-6 x + 3 x 2-1       3 x + 2 x-4x2

= 1   2                3-9 t + 4 t + 11 2 + 1     2-5 t-9 t-62                 = 1 4     2 x-6 x + 3x2   1   4     3 +-x-2 x + 4x2

=    3                                       =    4     3     2-5 t + 4 t + 5-2 x-2 x-6 x + 7x

 

For Exercises 47–50, complete the table. The first row will contain variable expressions only. To find the sum, add the two given expressions. To find the difference, subtract the second expression from the first. After finding the variable expressions for the sum and difference, evaluate each variable expression using the given values.

 47.            Expression 1    Expression 2    Sum    Difference

x      5x + 4         3x-7

4

-2

 48.            Expression 1    Expression 2    Sum    Difference

t           2t-1             6t-3

3

-5
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 49.                                                                                                                     TACTILE    VISUAL   AUDITORY Expression 1 Expression 2 Sum Difference

Learning Strategy

n    2              2 n + 3 n-1 4 n-n-7                                          After completing an assignment, 

2 without using your notes or study 

-3 sheet, quiz yourself by doing ad-

ditional exercises like those as-

 50.            Expression 1    Expression 2        Sum        Difference                      signed. Monitor how quickly you 

 

y     2              2                                                        recall the solution process for 2 y-5 y-3 3 y-5 y + 2 each problem. If you have trouble 

5 recalling the process, you need 

-1 to spend more time studying the 

procedures.

[image: ]

Puzzle Problem A trog is a mythical creature that reproduces in a peculiar way. 

[image: ]

An adult trog will produce one newborn every hour. A newborn trog spends 

[image: ]

its first hour growing to an adult. If we place one newborn trog in a cage, how 

[image: ]

many trogs will exist after six hours? After seven hours? Explain the pattern.

[image: ]

 

Review Exercises

[image: ]

For Exercises 1–4, evaluate.

[image: ]

[2.4] 1. 2 # 1-341 2                                            [2.4] 2. 1-324

[image: ]

[2.4] 3. 1                                                                 3    4-2 2 5 [1.3] 4. 2 # 2 [1.6] 5. A rectangular swimming pool is 25 meters           [1.3] 6. A lunch menu has a choice of five main dishes 

[image: ]

long by 15 meters wide. What is the area of the  and four side dishes. How many different meals 

pool?                                                        can a customer order? 
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3.4    Exponent Rules; Multiplying 

Polynomials

 

Warm-up                                                      Objectives

 

 [2.4]  1. Multiply.                                                                                      1 Multiply monomials. a.-7 # 9 b. 1-821-62                                                      2 Simplify monomials raised  [2.5]  2.                                                                                   3    4 Simplify using the order of operations agreement. 2 # 2

to a power.

3 Multiply a polynomial by a 

Objective 1 Multiply monomials.                                             monomial.

To multiply monomials, we need to understand how to multiply exponential forms      4 Multiply polynomials. that have the same base, as in 2 3    4                                3    4 # 2 . One way to simplify 2 # 2 is to use the order of operations agreement.

 23    4              Evaluate exponential forms. # 2 = 8 # 16

= 128 Multiply.

However, there is an alternative. We can express the result in exponential form by expanding each of 23         4 and 2 into its factored form.

 

2 3            4 # 2 f

¶

= 2 # 2 # 2 # 2 # 2 # 2 # v 2      Because a total of seven 2s are multiplied, we 

=                                7 can express the product as 2. 27

Note that 27 = 128. Notice in the alternative method that the resulting exponent is the sum of the original exponents.

23    4       3 4       7 + # 2 = 2 = 2

Our example suggests the following rule:

 

Rule

To multiply exponential forms that have the same base, we can add the expo-

nents and keep the same base.

In math language:    m   n       n m + a # a = a

 

Example 1             2   3 Multiply. 1 x 21 x2                                              Your Turn 1

Solution:                2 1 2        5 x 21 3 3 x 2 = x + = x   Add the exponents and keep the same base.       Multiply.

 

Check:  We can expand the exponential forms into their factored forms.                    6 b.  a.    3    4 x # x

1      3 x 21 x2                                                  5 c. m1m2 2                                                                         1      2 n 21 n2

x2                                                   3 means two x ’s. x means three x’s. f ¶

= 1x # x2 1x # x # x2   A total of five x’s are multiplied 

 together; so we can express the 

product as 5 x.

= 5 x

Do Your Turn 1

Answers to Your Turn 1

a. 7         8         6 x b.  n c. m

Answers to Warm-up

1. a. -63 b. 48 2. 128
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Let’s apply this rule to monomials that have coefficients, such as 1   4 2 x21   6 3 x2. We 

can use the commutative property of multiplication to separate the coefficients and 

variables. We can then multiply the coefficients and use our rule for exponents.

1   4     6                6 2 x 21 3 x 2 = 2 # 4 3 # x # x

=   4 6 6 x +       Multiply coefficients and add exponents of the 

like bases, x.

=   10 6 x

We can confirm our result by expanding the original expression so that the 

 exponential forms are in factored form.

1   4     6 2 x 21 3 x2 = 2 # x # x # x # x # 3 # x # x # x # x # x # x      Note There 

= 2 # 3 # x # x # x # x # x # x # x # x # x # x    are 10 factors 

=   10                                           . of x 6 x

 

Connection                              4  Multiplying monomials such as 1    6 2 x 21 3 x2 is similar to multi-plying numbers in expanded form. If we replace the x’s with the number 10, we have expanded form.

1   4     6 2 x 21 3 x 2

1     4 2 # 10213 #   6 102

Multiplying numbers in expanded form must work the same way as multi-plying monomials. We can multiply the 2 # 3 to get 6 and add the exponents of the like bases.

2      4 6 +           10 # 3 # 10 = 6 # 10

To confirm our result, we can write the expanded forms in standard form and then multiply.

12 #    4        6 10 21 3 # 102 = 120,000213,000,0002

= 60,000,000,000 = 6 #   10 10 The product has a 6 followed by ten 0s.

 

Our example suggests the following procedure:

 

Procedure

To multiply monomials:

  1.  Multiply the coefficients.

  2.  Add the exponents of the like variables.

 

Your Turn 2                       Example 2                5    2 Multiply. -3 x 1 4 x215x2

Multiply.                                          5                         2 Solution:-3 x 1 2 4 x 21 5 1 5 x 2 =-3 # 4 # 5 x + +   Multiply coefficients and add 

a.     5      8                                                                                                 exponents of the like bases,   4 x # 2 xx.

 b.                                                                            =     8 1 8 4 # 5 10 21 2 # 10 2-60 x

c.        2    8 12 m 1 m2

Check: We can expand the original expression so that the exponential forms are 

d.      2           4-2 y 1 4 y 21 9 y2                     in factored form.

e.     3       2      5  2 b 1-4 b 21 3 b2

 

Answers to Your Turn 2

a.     13             13 8 x b. 8 # 10

c.        10             7 12 m d. -72 y

e.         10-24 b
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-3 5     2 x 1 4 x215x2 =-3 # x # x # x # x # x # 4 # x # x # 5 # x

=-3 # 4 # 5 # x # x # x # x # x # x # x # x   Use the commutative property 

of multiplication.

=     8-60 x                    Multiply the numbers and 

count the factors of x, which we write as an exponent, 8.

Do Your Turn 2

 

Connection Multiplying distance measurements in area and volume is like 

multiplying monomials.

 

6 m

4 m

3 m

8 m                                  5 m

The area of the rectangle shown is        The volume of the box shown is

A = bh                       V = lwh

A = 18 m216 m2                  V = 15 m213 m214 m2

A =    2                          3 48 m V = 60 m

The area calculation is similar             The volume calculation is similar  

to multiplying two monomials           to multiplying three monomials  

with m as the variable.                   with m as the variable.

Multiply:                   2                                                            3 1 8 m 21 6 m 2 = 48 m Multiply: 1 5 m 21 3 m 21 4 m 2 = 60 m

 

Objective 2 Simplify monomials raised to a power.

To simplify a monomial raised to a power, we need to understand how to simplify an exponential form raised to a power, as in 1 3 2                     3 2 2 . To simplify 1 2 2 2 , we could use the order of operations agreement and evaluate the exponential form within the parentheses first.

1 3 22 = 12 # 2 # 222

= 2 8

= 64

However, there is an alternative. The outer exponent, 2, indicates to multiply 23 by itself.

1 3 2 2 2 =   3   3 2 # 2   Note Because this is a multiplication of exponential forms 

= 3 2 +3      that have the same base, we can add the exponents.

= 6 2

Note that 26 = 64 and that the exponent, 6, in the result is the product of the origi-nal exponents, 3 and 2.

1 3 2       # 2 2 = 32      6 2 = 2
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Our example suggests the following rule:

 

Rule

To simplify an exponential form raised to a power, we can multiply the expo-nents and keep the same base.

In math language:    m n     mn 1 a 2 = a

 

How might we simplify a monomial raised to a power, as in 1   3 4 2 x 2? The expo-

nent, 4, means that 2 3 x is a factor 4 times.                           

1   3 4       3          3 2 x 2 = 2 x # 3 2 x # 2 x #    3 2 x      Note 1   3 4 2 x 2 is read “two x to the third power, 

 

=             3 2 # 2 # 3 3 2 # 3 2 # x + + +   raised to the fourth power.” Both 3 and 4 are exponents and are referred to as 3rd power and = 12 16 x 4th power , respectively. However, in an effort 

to make the explanations easier to follow, we 

will use the word power to refer to the exponent outside the parentheses and the word exponent to refer to the variable’s exponent.

 

Notice that the final coefficient is the result of evaluating 24 and that the final 

exponent is the product of the power and the variable’s initial exponent; so we 

could write

1   3 4 2 x 2 =   4 3#4        12 2 x = 16 x

Our example suggests the following procedure:

 

Procedure

To simplify a monomial raised to a power:

  1.  Evaluate the coefficient raised to that power.

  2.  Multiply each variable’s exponent by the power.

 

Your Turn 3                       Example 3                 2 3 Simplify. 1-4 x 2

 

 b. a.      2 4                                                                        6 1 3 x 2 =         power, 3, and multiply the variable’s exponent, -64 x 6 Simplify.                                                      4 23 2# 2 3 Solution: 1-4 x 2 = 13 x    Evaluate the coefficient, 4, raised to the -

1    3 5 a 2                                                            2, by the power, 3.

c. 1      4-2 m25                              Do Your Turn 3

d.       3 6 1-2 t 2

Objective 3 Multiply a polynomial by a monomial.

To multiply numbers such as 2 # 34, we stack and use the distributive property to 

multiply each digit in the 34 by 2.

Connection In Chapter 1,                                               34

we learned that the distribu-                                               * 2

tive property is                                                                 68

a 1b + c2 = ab + ac.          Now let’s multiply 2 # 34 without stacking. We can write 34 as 30 + 4 so that the 

expression looks more like the distributive property.

2 1342 = 2130 + 42

Answers to Your Turn 3 Using the distributive property to distribute the 2 to the 30 and the 4, we have

a.       8              18 81 x b. 125 a                                                        2 130 + 42 = 2 # 30 + 2 # 4

c.           20           18-32 m d. 64 t                                                                 = 60 + 8 = 68

3.4  Exponent Rules; Multiplying Polynomials      173

 

Now let’s look at a product involving a polynomial such as 2 13x + 42. We use the distributive property just as we did for 2 130 + 42. Compare the numeric and algebraic versions.

 Numeric:  2 130 + 42 = 2 # 30 + 2 # 4    Algebraic: 213x + 42 = 2 # 3x + 2 # 4

= 60 + 8                     = 6x + 8

= 68 

Notice that if we let x = 10 in the algebraic version, we get the numeric version.

 

Procedure

To multiply a polynomial by a monomial, use the distributive property to mul-

tiply each term in the polynomial by the monomial.

 

Example 4 Multiply.                                                      Your Turn 4

a.        2                                                                                                   Multiply.  2 x 1 3 x + 4 x + 1 2

 

Solution:  We multiply each term in the polynomial by 2x.                                  2    2 b. a.         2  2 x 1 4 x + 32

2                                                                                                     5a 16a-7a + 22

2x     13x    +  4x      +   12                                        3 c.-4 n18n-92

2x #    2                                                                                                               2 3 x d.-7 m1    2 4 m-m + 32

2x # 4x

 

=         2x # 1                       Note 2x =   1            1 2 x and 4 x = 4 x; so 2 2 x # 3 x Distribute. 2 1 1 2 + 2 x # 4 x + 2 x # 1 2 x #3 3 x = 2 x # 2 3 x = 6 x + = 6 x and        Connection Multiplying 1 2 x # 4 x = 1 1 1 2 = 3 2 6 x + 8 x 2 x # 4 x = 8 x + = 8 x . 2 + 2 x Multiply. 2 x 1 3 x + 4 x + 1 2 is es-

b. 2     2                                                                                                  sentially the same as this  - 3  x  1  4  x  +  5  x - 6  2  numeric  multiplication:

 

Solution:                                                   2  Multiply each term in the polynomial by -3 x . Watch the signs  because        201300 + 40 + 12 we are multiplying by a monomial with a negative coefficient. = 20 # 300 + 2 2 3 x 1 4 x + 5 x-6 2 Note Remember, the sign to 20 # 40 + 20# 1 the left of a term indicates ad-2 3 x # 2 4 x = 6000 + 800 + 20 dition or subtraction and the 

 2 3 x # 5x                   sign of the term. For example,                    3 If you think of x as thou-

 

=  + 5x means that we add 5x                         2 sands place, x as hundreds,  2  3  x  #  1 - 6  2  and that 5  x  is positive. Simi- and  x  as tens, the algebraic   2  3  x  #  2  4  x   2  2  3  x  #  5  x   3  x  #  1 - 6  2  larly,  - 6 means that we sub- result is the same.  tract 6 and that the term is  - 6 .  =  4  3  2 - 12  x - 15  x  +  18  x  2  2  x  1  3  x  +  4  x  +  1  2

Note                                                                                    =   3     2 6 x + 8 x + 2x When we multiply a polynomial by a monomial with a negative coefficient, the signs of the terms in the resulting polynomial will be the opposite of the signs of the terms in the original polynomial.

-3 2     2 x 1 4 x + 5x   -62

 

=     4     3      2-12 x-15 x + 18 x

 

Do Your Turn 4

 

Answers to Your Turn 4

a.     3 8 x + 6x b.     4          3          2 30 a-35 a + 10 a c.          4          3-32 n + 36 n d.        4         3          2-28 m + 7 m-21 m 174   Chapter 3  Expressions and Polynomials

 

Objective 4 Multiply polynomials.

Multiplying two binomials is like multiplying a pair of two-digit numbers. For 

example, 1x + 221x + 32 is like (12)(13). To see how to multiply polynomials, let’s 

consider the procedure for multiplying (12)(13).

12    Note We think to ourselves “3 times 2 is 6, then 3 times 1 is 3,” which 

* 13 creates 36. We then move to the 1 in the tens place of the 13 and do the 

36 same thing. Because this 1 digit is in the tens place, it really means 10; 

+ 12    writing the 0 in the ones place and write 12 in the next two places. so when we multiply this 10 times 12, it makes 120. We usually omit 

156

Remember, we are using the distributive property. We multiply each digit in one 

number by each digit in the other number and shift underneath as we move to 

each new place.

The same process applies to the binomials. We can stack them as we did the pre-

vious numbers. However, we’ll stack only to see how the method works. You’ll 

find that as the polynomials get more complex, the stacking method becomes too 

tedious.

x + 2    Note We think “3 times 2 is 6, then 3 times x is 3x.” Now move to x the                                                    2 x and think “ x times 2 is 2 x , then x times x is x.” Notice how  + 3

3x + 6 like terms. It is the same as lining up the tens column when we  we shifted so that the 2x and 3x line up. This is because they are 

+ x2 + 2x

work with whole numbers. Note that the numeric result, 156, is 

x2                                                                        2 basically the same as the algebraic result, x + 5 x + 6 + 5x + 6 .

Our examples suggest the following procedure:

 

Procedure

To multiply two polynomials:

  1.  Multiply each term in the second polynomial by each term in the first 

polynomial.

  2.  Combine like terms.

 

Your Turn 5                       Example 5    Multiply.

Multiply.                             a. 1x + 521x + 12

 

b. a. 1x + 421x + 22                  Solution:  Multiply each term in x + 1 by each term in x + 5. 1 t + 3 21 4 t-1 2 # x 1 c. 1 2 y-5 21 3 y + 1 2 x # x d. 1 n-6 21 7 n-3 2 1 x + 5 2 1 x + 1 2

5 # x

5 # 1

 

= x # x + x # 1 + 5 # x + 5 # 1   Distribute x to x and 1, then 5 to x and 1.

= 2 x   + x ¶ + 5x + 5      Multiply.

= 2 x                                              6x + 6 x Combine like terms. x + 5 5 x 

Explanation:  First, we multiplied x #           2 x to get x .

Answers to Your Turn 5                               Then we multiplied x # 1 to get x.

a.    2 x + 6x + 8                                    Next, we multiplied 5 # 2                                                                                           x to get 5x.

b. 4t   + 11t-3                                                          # 1 to get 5. 2                                                            Finally, we multiplied 5

c. 6y-13y-5

d.     2                                                            To finish, we combined like terms x and 5x to get 6x. 7 n-45 n + 18
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b. 1x + 421x-32

Solution:  Multiply each term in x-3 by each term in x + 4.

x # 1-32

x # x

1x + 42    1x-32

4 # x

4 # 1-32

= x # x + x # 1-32 + 4 # x + 4 # 1-32 Distribute x to x and 3, then 4 to x and 3.

= 2 x    -3x u   + 4x     -12    Multiply.

= 2 x                         Combine like terms. 3x + x-12 4x x

Explanation:  First, we multiplied x #           2 x to get x .

Then we multiplied x # 1-32 to get -3x.

Next, we multiplied 4 # x to get 4x.

Finally, we multiplied 4 # 1-32 to get -12.

To finish, we combined the like terms -3x and 4x to get x.

 Do Your Turn 5

 

TACTILE      VISUAL    AUDITORY

 Learning Strategy

Depending on your learning style, you may use different techniques to remember the procedure for multiplying two polynomials.

Tactile learners might imagine a party where two groups of people (two polyno-mials) meet each other. Every member of one group must shake hands with (mul-tiply) each member of the second group.

Visual learners might want to draw arrows or lines connecting the terms that are multiplied, as we did in the two examples.

Auditory learners might want to use the word FOIL, which stands for First Outer I nner Last. We can use Example 5a to demonstrate.

F               2 irst terms: x # x = x

(x + 5)( x + 1)

Outer terms: x # 1 = x

(x + 5)( x + 1)

I nner terms: 5 # x = 5x

(x + 5)( x + 1)

Last terms: 5 # 1 = 5

(x + 5)( x + 1)

 

Warning FOIL makes sense only when multiplying two binomials. When multiplying polynomials with more than two terms, follow the original procedure of multiplying each term in the second polynomial by each term in the first polynomial.
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Now let’s multiply special binomials called conjugates.

Definition Conjugates: Binomials that differ only in the sign of the second term.

 

Examples of conjugates: x                      Note + 9 and x-9 In conjugates, the first 

-5 terms are the same and the second  y -7 and  -5  y  + 7

terms are additive inverses.

 

Your Turn 6                       Example 6    State the conjugate of each binomial.

State the conjugate of each             a. x-2 b. 3 x + 5 c. -4 n + 3 binomial.

a.     + 7 x                            Answer: x + 2           Answer: 3x-5            Answer:-4n-3 b.                                       Do Your Turn 6  2 a-5

c.-9t + 1

d.-6h-5                     When we multiply conjugates, a special pattern emerges. Consider 13x + 5213x-52.

13x + 5213x-52 = 3x # 3x + 3x # 1-52 + 5 # 3x + 5 # 1-52 Distribute. 

(Use FOIL.)

=   2 9 x-15x + 15x-25      Multiply.

=   2 9 x                    Combine like terms. + 0-25

 15x 15x 0

=   2 9 x 25            Simplify.

 

 Square Difference Square gates, the like terms are additive Note When we multiply conju-

 of 3 x of 5 inverses; so the product is a differ-

ence of squares.

Our example suggests the following rule:

 

Rule

The product of conjugates is a difference of two squares.

In math language:                     2       2 1 a + b 21 a-b 2 = a-b

 

Your Turn 7                       Example 7    Multiply. 12x + 7212x-72

Multiply.                             Solution:  We are to multiply conjugates; so we can use the rule 1a + b21a-b2 =

a. 1x + 921x-92                   2     2 a-b.

b. 14n-1214n + 12                       1                  2     2 a + b 21 a-b 2 = a-b

c. 1-2y + 521-2y-52                   1     7212x-72 = 12x2                                2     2 2 x +-1 7 2 2 Use 1 a b 2 1 a b 2 a b, 

where a is 2x and b is 7.

=   2 4 x-49      Square 2x and 7.

Do Your Turn 7

Answers to Your Turn 6

a. x-7

b. 2a + 5

c. -9t-1

d. -6h + 5

Answers to Your Turn 7

a.    2 x-81

b.      2 16 n-1

c.      2 4 y-25
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Example 8 Multiply. 1          2 x + 4 21 2 x + 5x-32                                  Your Turn 8

Solution:                                 2                                                   Multiply.  We multiply each term in 2 x + 5 x-3 by each term in x + 4.

x # 1                                                                   a.                2 1 x + 3 21 4 x-5x-3 2 + 12

x b. 1            2 2 n-1 21 3 n-7n-52  #  5  x  Wa r n i n g   FOIL does  not

x #    2 2 x                          make sense here because 

1              2                   there are too many terms. x + 4 2 1 2 x + 5 x-3 2

4 #    2                              Remember, FOIL describes 2x

how to  multiply only two 

4 # 5x                    binomials.

4 # 1-32

 

= x #   2 2 x + x # 5x + x # 1            2-3 2 + 4 # 2 x + 4 # 5x + 4 # 1-32

=   3       2               2 2 x + 5 x-3 x + 8 x   + 20x     -12

=   3      2 2 x + 13 x + 17x-12

Explanation:  We first multiplied each term in the trinomial by x. We then multi-

plied each term in the trinomial by 4. Finally, we combined like terms. Notice 

that we had two pairs of like terms. The 5 2          2                               2 x and 8 x combined to equal 13 x , 

and -3x and 20x combined to equal 17x.

Do Your Turn 8

 

Connection One of the ways to quickly check whether you have the cor-

rect number of terms in your resulting unsimplified polynomial is to use the 

knowledge you developed in Chapter 1. Recall that to get the total number of 

possible combinations in a problem with multiple slots to fill, you can multi-

ply the number of items that can fill the first slot by the number of items that 

can fill the next slot, and so on.

Let’s look at the resulting unsimplified polynomial from Example 8.

Slot 1 contains                                                                Slot 2 contains 

one of the two                                                                one of the three  2 x # 2 x + x # 5 x + x # 1 2-3 2 + 4 # 2 x + 4 # 5 x + 4 # 1-3 2 terms from  terms from  

x                                                                         2 4 . 2 x 5x 3.

Each term has two slots, one for a term from the binomial 1x + 42 and the 

other for a term from the trinomial     2 1 2 x + 5x-32. The binomial has two 

possible terms that can fill the first slot; the trinomial has three. To find 

the  total number of possible combinations, we multiply 2 # 3 and get 6, the 

 number of terms in the resulting unsimplified polynomial.

If we multiply a trinomial by a trinomial, we should have 3 # 3 = 9 terms in 

the resulting polynomial before simplifying.

 

Example 9             2 Multiply. 3 x12x-321x + 42

Solution:  As with multiplying three numbers, we can multiply three expressions 

from left to right. 

 3 2 x12x-321x + 42

= 3 2         2 3 x #                               2 2 x-3 x # 3 41 x 3 x    x and + 4 2  Distribute  to 2 3.

= 3 3     2 6 x-9 x41x + 42               Multiply.

 

=   3       3       2 6 x #       2 x + 6 x #                                   Answers to Your Turn 8 4-9 x # x-9 x # 4 Distribute. (Use FOIL.) 3 2 a. 4 x + 7 x = 4 3 3 2-14 x + 3 6 x + 24 x-9 x-36 x  Multiply. 3 2 b. 6 n-17 n-3 n + 5 = 4 3 2 6 x + 15 x Combine like terms.-36 x
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Your Turn 9 Alternatively, because of the associative property of multiplication, we can 

 multiply the two binomials first, then multiply the result by the monomial.

 

Multiply.                                        2 3 x12x-321x + 42 a.  2 x 1 3 x-2 21 x + 1 2 = 2 2 3 x 3 2 x # x + 2 x # 4-3 # x-3 # 44 Distribute. (Use FOIL.) b.-a 1 a + 3 21 2 a-1 2

c.    3                                                                  2     2 3 t 1 t-1 21 t + 1 2 = x 3 2 x + 8x-3x-124             Multiply.

d.      4                                                              2     2                                    Combine like terms.-2 p 1 2 p-3 21 3 p + 1 2 = 3 x 3 2 x + 5 x-12 4

=   2   2     2 3 x # 2 x + 3 x #        2                    2      2 5 x + 3 x # 1 Distribute 3 to 2 x-12 2 x, 

5x, and    12. 

=   4      3      2 6 x + 15 x-36 x              Multiply.

Do Your Turn 9

 

Your Turn 10                     Example 10    Write an expression for the area of the rectangle shown.

Write an expression for the area 

of the rectangle shown.

 

2x   3

 

2g   6

3x   1

 

Solution:  To find the area of a rectangle, we multiply length times width. In this case, the length and width are expressions; so we can write only an expression 

g   5                      for the area. We cannot get a numerical answer until we are given a value for x.

 Area = length # width

= 13x + 1212x-32

= 3x # 2x + 3x # 1-32 + 1 # 2x + 1 # 1-32 Distribute. (Use FOIL.)

=   2 6 x-9x + 2x-3                 Multiply.

=   2 6 x                            Combine like terms.-7 x-3

Answer:                                               2  The expression for the area of the rectangle is 6 x-7x-3.

Do Your Turn 10

Your Turn 11

 

Write an expression for the            Example 11 

 volume of the box shown.                            Write an expression for the volume of the box shown.

 

n   2

y

n

3n                                                                       y    4

5y    2

 

a.     3                                           Solution: 2  To find the volume of a box, we multiply the length, width, and 6 Answers to Your Turn 9

x + 2x-4x

4        3        2                        height. As in Example 10, these dimensions are expressions; so we can write 

b. -2a-5a + 3a

5      3                                      only an expression for the volume.

c. t   -t

d.        6          5        4-12 p + 14 p + 6 p

Answer to Your Turn 10

2 2 g + 16g + 30

Answer to Your Turn 11

3 3        2 n + 6 n
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 Volume = length # width # height                                                 Note When multiplying three = 1 5 y + 2 21 y-4 21 y 2 expressions we use the associative 

 

= 15y + 221y # y-4 # y2                   Distribute y to y and 4.       property, multiplying two of them first and then multiplying the = 1 2 5 y + 2 21 y-4 y 2 Multiply. result by the third. = 5 y # 2 y + 5 y # 1 2-4 y 2 + 2 # y + 2 # 1-4 y 2 Distribute. (Use FOIL.)

=   3      2     2 5 y-20 y + 2 y-8y                Multiply.

=   3      2 5 y-18 y                        Combine like terms.-8 y

Answer:                                             3          2  The expression for the volume of the box is 5 y-18 y-8y.

Do Your Turn 11

 

3.4             For Exercises

Extra

Help

 

Objective 1

Prep Exercise 1 To multiply exponential forms that have        Prep Exercise 2 Explain how to multiply monomials. the same base, we can               the exponents and keep the same base.

For Exercises 1–18, multiply.

1. 3    4                                   3    5                                     9                                      4 x # x 2. y # y 3. t # t 4. m # m

5.     2                                        3                                        3      4                                 5      3 7 a # b # 3 a 6. 9 4 b 7. 2 n # 5 n 8. 4 x # 3 x

9.       4      2                               2                                        5                                         4        6 2-8 u # 3 u 10. 9 x 1-4 x 2 11. -y 1-8 y 2 12. -3 n 1-7 n2

13.        2                                                                                                              2 4 2 5 x 1 9 x 21 2 x 2 14. 2 a 1 5 a 21 3 a 2 15. 3 m 1-3 m214m2

16. 3     4         3                                       4        3         2                                      5             2 u 1 7 u 21-8 u 2 17. 3 y 1-5 y 21-4 y 2 18. -6 k 1 2 k 21-4 k2

For Exercises 19 and 20, explain the mistake and work the problem correctly.

19.    3                                                                                   2 4        5 9 x # 5 x 20. -3 m # 10 m

=    12                                               10 45 x =-30 m

 

Objective 2

Prep Exercise 3  To simplify an exponential form raised to a    Prep Exercise 4 Explain how to simplify a monomial power, we can               the exponents and keep the     raised to a power. same base.

 

For Exercises 21–34, simplify.

21. 1   3 x2                               4 3                                 5 2                                2 2 22. 1 3 a 2 23. 1-7 m 2 24. 1 2-4 n 2

25. 1     6                                          3                                                                              3 4 5 7-2 y 2 26. 1-3 t 2 27. 1 5 4-4 x 2 28. 1-5 y 2

29. 1   6 2                                4 3                                  6 3                                  5 5 y 2 30. 1 6 6 a 2 31. 1-5 v 2 32. 1-2 j 2

33. 1        3 4                         3 3 x 21 2 x 2       2 34. 7 a # 1 6 a 2
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For Exercises 35 and 36, explain the mistakes and work the problem correctly.

35.      4 4                                                                                  3 4 1 3 x 2 36. 1-2 b 2

=   8                                              7 3 x =-6 b

 

Objective 3

Prep Exercise 5 Explain how to multiply a polynomial by a monomial.

 

For Exercises 37–56, multiply.

37. 412x + 32                38. 913x + 12                39. 513x-72                40. 812t-32

41. -3 15t + 22               42. -614y + 52              43. -417a-92               44. -215m-62

45. 6u13u + 42               46. 3x17x-12               47. -2a13a + 12             48. -5y12y-42

 

49.       3                                     2                                                                                    2 2 1-2 x 5 x-8 2 50. 7 y 1 4 y-3 2 51. 8 x 1 2 x + 3 x-4 2 52. 2 n 1 7 n-5n + 32

 

53.     2     2                                  3                                                                                  2     2 2 2 2-x 1 5 x-6 x + 9 2 54. -t 1 3 t + t-8 2 55. -2 p 1 3 p + 4 p-5 2 56. -3 a 1 4 a-a + 32

 

Objective 4

Prep Exercise 6 Explain how to multiply two polynomials.

 

For Exercises 57–70, multiply.

57. 1x + 421x + 22                     58. 1a + 321a + 12                     59. 1m-321m + 52

60. 1t + 721t-22                       61. 1y-821y + 12                     62. 1u + 421u-92

63. 13x + 2214x-52                  64. 15t-4213t + 12                   65. 14x-1213x-52

66. 12a-721a-62                    67. 13t-5214t + 12                   68. 1h + 2214h-32

69. 1a-7212a-52                    70. 12x-5213x-12

Prep Exercise 7 What are conjugates? Give an example of a pair of conjugates.

 

For Exercises 71–78, state the conjugate of each binomial.

71. x-7  72. y + 2  73. 2 x + 5  74. 3 t-8 

75. -b + 2  76. -u + 4  77. -6 x-9  78. -8 y-1 

Prep Exercise 8 The product of two binomials that are conjugates is a(n)               of squares.

For Exercises 79–84, multiply.

79. 1x + 321x-32                    80. 1a-421a + 42                     81. 15t + 6215t-62

82. 12m + 7212m-72                83. 1-6x-121-6x + 12              84. 1-h + 921-h-92

For Exercises 85 and 86, explain the mistakes and work the problem correctly.

85. 12x-5213x + 12                                    86. 1a-621a-62

=                                        = 2 6 x + 2 x-15 x + 5 a + 36

=-7x + 5

For Exercises 87–96, multiply.

87. 1            2                                                                   2 x + 5 21 2 x-3 x + 1 2 88. 1 a + 2 21 5 a + 3a-42

89.                2                                                                                2 1 2 y-3 21 4 y + y-6 2 90. 1 3 m-7 21 m-5m-22

91. 2a 1a-121a + 22                                      92. 3c1c + 421c-22

93.     2                                                                                3-x 1 2 x + 3 21 x + 1 2 94. -p1p + 2214p + 12

95.      2                                                                               3-3 q 1 3 q-1 21 3 q + 1 2 96. -2 t15t + 2215t-22
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For Exercises 97 and 98, write an expression for the area of each rectangle.

 97.                                                           98.

 

8y                                                          4x    1

 

3y    1                                                                3x    5

For Exercises 99 and 100, write an expression for the volume of each box.

99.                                                            100. 

 

a 4 

a

3x

2a   1

 

x    1 

x     2 

For Exercises 101–104, complete the table. To find the product in the first row, multiply the two variable expressions. After finding the variable expressions for the product, evaluate each variable expression using the given values.

101.                                                               102. Expression 1 Expression 2 Product        Expression 1    Expression 2    Product

x          5x            -3x                                  t         4t             t + 3

  2                                                                     3

-3                                                   -2

103. 104. Expression 1 Expression 2 Product Expression 1 Expression 2 Product

n      n + 3         n-7                            y     2y + 3        3y-1

1                                                        10

-3                                                    -1

[image: ]

 

Puzzle Problem                        11                                    11 If there are about 10 stars in a galaxy and about 10 galaxies in 

[image: ]

the visible universe, about how many stars are in the visible universe? 

[image: ]

 

Review Exercises

[image: ]

[1.4] 1. Divide. 846 , 2 

[image: ]

[2.4] 2. Find the missing factor. -6 # 1?2 = 24 

[1.6] 3. A rectangular room has an area of 132 square feet. If one wall is 12 feet 

long, find the length of the other wall.                                          6 ft.

[1.6] 4. The packing crate shown has a volume of 210 cubic feet. Find the missing 

length. 

[3.3] 5. Combine like terms. 3x-7x                                                            7 ft.          ? 182   Chapter 3  Expressions and Polynomials

 

3.5    Prime Numbers and GCF

 

Objectives                    Warm-up

1                                    [1.3] 1. Multiply. 2 # 2 # 3 # 5 # 7 Determine whether a num-

ber is prime, composite, or       [1.4] 2. Divide. 91 , 7

neither.

2 Find the prime factorization      Objective 1 Determine whether a number is prime, composite, or neither.

of a given number.              In this section, we learn about special numbers called prime numbers.

3 Find all factors of a given 

number.                      Definition Prime number: A natural number that has exactly two different fac-

4 Find the greatest common       tors: 1 and the number itself.

factor of a given set of num-

bers by listing.

Let’s look at the first few natural numbers to develop a partial list of primes.

5 Find the greatest com-

mon factor of a given set        Is 1 prime? No, because a prime number must have exactly two different factors 

of numbers using prime         and 1’s factors are the same—1 and 1.

factorization. Is 2 prime? Yes, because 2 is a natural number whose only factors are 1 and 2 (itself).

6 Find the greatest com- Is 3 prime? Yes, because 3 is a natural number whose only factors are 1 and 3 (itself).

mon factor of a set of  Is 4 prime? No, because 4 has factors other than 1 and 4 (2 is also a factor of 4).

monomials.

Continuing in this way gives the following list of prime numbers:

2, 3, 5, 7, 11, 13, 17, 19, 23, 29, 31, 37, 41, 43, c

Notice that 2 is the only even prime number and that the list of prime numbers 

continues without end. Numbers greater than 1 that are not prime, such as 4, 6, 

and 9, are called composite numbers.

 

Definition Composite number: A natural number that has factors other than 1 

and itself.

 

Here is a list of composites:

4, 6, 8, 9, 10, 12, 14, 15, 16, 18, 20, 21, 22, 24, 25, c

Notice that 1 is neither prime nor composite because its only factors are 1 and 

itself (1), the same factors. Also notice that every composite number is divisible 

by at least one prime number. This suggests a method for determining whether a 

given number is prime or composite. We divide the given number by each prime 

number sequentially until we find a prime that goes evenly into the number, or 

determine that no prime divides it evenly. It may seem rather tedious, but the di-

visibility rules for 2, 3, and 5 that we learned in Section 1.4 help. Also, as we shall 

see, you don’t have to go as far along the list of primes as you might think.

To demonstrate, let’s consider the number 91, which we will see is composite. The 

first three prime numbers are 2, 3, and 5. We can determine whether 91 is divisible 

by 2, 3, or 5 using the divisibility rules from Section 1.4.

 91 is not divisible by 2 because 91 is not an even number.

 91 is not divisible by 3 because the sum of its digits is 9 + 1 = 10,

 and 10 is not divisible by 3.

 91 is not divisible by 5 because the digit in the ones place is not 0 or 5.

 

Answers to Warm-up

 1. 420 2. 13
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Now test 7. Because 7 does not have a simple divisibility rule, we use long division.

13

7 冄91

-7

21

-21

0

Answer: Because 91 is evenly divisible by 7, it is a composite number.

Now consider 127, which we will see is prime. First, we can determine whether 127 is divisible by 2, 3, or 5 using the divisibility rules from Section 1.4.

 127 is not divisible by 2 because 127 is not an even number .

 127 is not divisible by 3 because the sum of its digits is

1 + 2 + 7 = 10 and 10 is not divisible by 3.

 127 is not divisible by 5 because the digit in the ones place is not 0 or 5.

Now test 7 using long division.

18

7 冄127

-7

57

-56

1

Because 7 didn’t go into 127 evenly, we try the next prime, 11.

11

11冄127

-11

17

-11

6

It seems like this process of division could go on forever. However, we can stop at dividing by 11 because the quotient is equal to the divisor. Continuing to a larger divisor would only produce a smaller quotient than 11. We already tried the primes less than 11 and found no prime less than 11 that divides 127 evenly. It is therefore pointless to continue.

Answer: Because we found no prime number that divides 127 evenly, it must be a prime number.

From what we’ve learned in testing 91 and 127, we can write the following proce-dure for determining whether a given number is prime or composite:

 

Procedure

To determine whether a given number is prime or composite, divide it by each 

prime number sequentially in ascending order and consider the results.

•  If the given number is divisible by the prime, stop. The given number is a 

composite number.

•  If the given number is not divisible by the prime, consider the quotient.

 If the quotient is greater than the current prime divisor, repeat the pro-

cess with the next prime in the list of prime numbers.

 If the quotient is equal to or less than the current prime divisor, stop. 

The given number is a prime number.
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Your Turn 1                       Example 1    Determine whether 157 is prime or composite.

Determine whether the number       Solution:  Divide by the list of primes. is prime, composite, or neither.

Is 157 divisible by 2? No, because 157 is odd.

a. 39 b. 119 c. 1 d. 107         Is 157 divisible by 3? No, because 1 + 5 + 7 = 13 and this sum is not divisible by 3.

Is 157 divisible by 5? No, because 157 does not end in 0 or 5.

Is 157 divisible by 7?

22    No, 157 is not divisible by 7. 

7冄157       Notice that the quotient, 22, -        is greater than the divisor, 7. 14 

This means that we need to 

17

repeat the process with the 

-14      next prime, which is 11.

3

Is 157 divisible by 11?

14    No, 157 is not divisible by 11. 

11冄157        Because the quotient, 14, is 

-        greater than the divisor, 11, 11 

we must go to the next prime, 

47

which is 13.

-44

3

Is 157 divisible by 13?

12    No, 157 is not divisible by 13. 

13冄157       Notice that the quotient, 12, 

-        is less than the divisor, 13. 13 

27      testing and conclude that  This means that we can stop 

-26      157 is a prime number.

1

Answer:  157 is a prime number.

Do Your Turn 1

 

Of Interest

Eratosthenes (about 276–296 B.C.) was a Greek mathematician who lived in the an-

cient city of Alexandria, in what is now northern Egypt. One of his contributions 

was a method for finding prime numbers. He referred to the method as a sieve

because it sifted out the composite numbers leaving only prime numbers. The 

idea of the method is to write odd natural numbers beginning with 3, and mark 

through those that are divisible by each number in the list. For instance, start with 

3 and mark out all odd numbers divisible by 3. Then write 5 and mark out all odd 

numbers divisible by 5, and so on.

3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, c

Source: D. E. Smith; History of Mathematics, 1953

 

Objective 2 Find the prime factorization of a given number.

We have learned that every composite number is divisible by at least one prime 

number. It turns out that we can write any composite number as a product of only 

prime factors. We call this expression a prime factorization. Answers to Your Turn 1

a. composite b. composite        Definition Prime factorization: A product written with prime factors only. c. neither d. prime
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For example, the prime factorization of 20 is 2 # 2 # 5, which we can write in expo-nential form as 22 # 5.

There are several popular methods for finding a number’s prime factorization. The factor tree method is one of the most flexible. We will use 20 to demonstrate. First, draw two branches below the given number.

20

 

At the end of these branches, we place two factors whose product is the given number. For 20, we could use 2 and 10 or 4 and 5. It is helpful to circle the prime factors as they appear.

20                                  20

 

2        10            or            4         5

 

We then keep breaking down all of the composite factors until we have only prime factors.

20                                  20

 

2        10                          4         5

or

 

2         5                2         2

 

All of the circled prime numbers in the factor tree form the prime factorization;  so 20 = 2 #         2 2 # 5 = 2 # 5. Notice that it didn’t matter whether we used 2 and 10 or 4 and 5 to begin the factor tree. Either way, we ended up with two 2s and one 5 circled.

 

Procedure

To find the prime factorization of a composite number using a factor tree:

  1.  Draw two branches below the number.

  2.  Find two factors whose product is the given number and place them at the 

end of the two branches.

  3.  Repeat steps 1 and 2 for every composite factor.

  4.  Write a multiplication expression containing all of the prime factors.

 

Example 2 Find the prime factorization. Write the answer in exponential form.       Your Turn 2

a. Find the prime factorization.   84

Write your answer in exponen-

Solution:  Use a factor tree.                                                                  tial form.

84                                                                       a. 64 b. 105 c. 560 d. 910

 

2     42            Because 84 is even, we know it is divisible by 2; so 

let’s start with 2 and 42.

 

2     21         Because 42 is even, let’s use 2 again. It breaks down to 

2 and 21.

 

3              Finally, break down 21 to 3 and 7. Because there are no           Answers to Your Turn 2 7 more composite numbers to break down, we’re done. 6 a.  2 b.  3 # 5 # 7

c.   4  2 # 5 # 7    d.  2 # 5 # 7 # 13

Answer:   2  2 # 3 # 7
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We could have started the factor tree for 84 many different ways and ended up with the same result. For example, we could have started with 4 and 21, 7 and 12, or 3 and 28.

84                 84                84

 

4         21   or      7    12    or      3    28

 

2     2     3     7          2     6            2    14

 

2     3           2     7

 

No matter how we start, we end up with the same result each time: The prime factorization of 84 is 2 2 # 3 # 7. In fact, no other number has that prime factoriza-tion because the product of 2 2 # 3 # 7 is always 84.

Conclusion:  No two numbers have the same prime factorization. In math lan-guage, we say that prime factorizations are unique.

b. 3500

Solution:  Use a factor tree. Because 3500 is divisible by 10, let’s start by dividing out the tens.

3500

 

10      350

 

2     5

10      35

 

2      5

5     7

Note We can check the prime factorization 

Answer: 2 by multiplying the prime factors together.  3   2  #  5  #  7   The product should be the given number.

Do Your Turn 2

 

Objective 3 Find all factors of a given number.

In mathematics, we often need to consider the factors, or divisors, of a number. Recall 

that factors of a given number are numbers that divide the given number with no 

remainder. Let’s consider how to find all possible factors of a given number.

 

Your Turn 3                       Example 3    List all factors of 24.

List all factors of each number.        Solution:  To list all of the factors, we’ll divide by the natural numbers 1, 2, 3, and 

a. 36 b. 60 c. 84 so on, until we have them all. We can start with 1 and 24, then go to 2 and 12, 

and so on.

 1 # 24

Answers to Your Turn 3                                                          2 # 12

a. 1, 2, 3, 4, 6, 9, 12, 18, 36                                                                3 # 8

b. 1, 2, 3, 4, 5, 6, 10, 12, 15, 20,                                                            4 # 6

30, 60

c.  1, 2, 3, 4, 6, 7, 12, 14, 21, 28, 

42, 84
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Explanation:  Once we establish 2 and 12, all remaining factors must be between       VISUAL   TACTILE

2 and 12. When we establish 3 and 8, all remaining factors must be between 3   Learning Strategy

and 8. When we establish 4 and 6, any remaining factors must be between 4 and 

6. The only natural number between 4 and 6 is 5. Because 24 is not divisible by  If you write the factor pairs in 

5, we have found all factors. column form, as illustrated in 

Example 3, to avoid excluding a 

Answer:  1, 2, 3, 4, 6, 8, 12, 24 factor in your final list, imagine 

Do Your Turn 3 traveling down the left column, 

then up the right column, writing 

the factors in that order.

Objective 4  Find the greatest common factor of a given                                  1 # 24

set of numbers by listing.

2 # 12

Suppose a fence company                             40 ft.                                      3 # 8 has a job to enclose three                                                                            4 # 6 sides of a yard. The left 

side is 32 feet long, the 

center is 40 feet, and the 

right side is 24 feet. The                                                      24 ft.

company is to use prefab-           32 ft.

ricated sections. What is 

the longest section it can 

use so that no partial sec-    Prefabricated

tions are needed?            section

 

Notice that several sizes would work. The company could use 2-foot sections, 4-foot sections, and 8-foot sections because 32, 40, and 24 are divisible by those numbers. But the longest possible section would be the 8-foot section. The num-ber 8 is the greatest number that divides 32, 40, and 24 with no remainder and is therefore called the greatest common factor.

 

Definition Greatest common factor: The greatest number that divides all given numbers with no remainder.

 

Note The greatest common factor is sometimes called the greatest common divisor.

We abbreviate greatest common factor as GCF. One way to find the GCF for a set of numbers is by listing factors.

 

Procedure

To find the greatest common factor by listing:

  1.  List all factors for each given number.

  2.  Search the lists for the greatest factor common to all lists.

 

Example 4 Find the GCF of 24 and 60.                                         Your Turn 4

Solution:  We listed all factors of 24 in Example 3, and you listed all factors of 60       Find the GCF by listing.

in Your Turn 3b.                                                                         a.  36 and 54

Fators                                                                 b.  32 and 45 of 24: 1, 2, 3, 4, 6, 8, 12, 24

c.  28, 32, and 40

Factors of 60: 1, 2, 3, 4, 5, 6, 10, 12, 15, 20, 30, 60

Notice that 12 is the greatest factor common to both lists.

Answer: GCF =                                                         Answers to Your Turn 4 12

a. 18 b. 1 c.  4
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We can check the greatest common factor by dividing it into the given numbers.

These quotients share no common factors except the number 1.

 

2                                 5

12冄24                                   12冄60

-24                               -60

0                                 0

Notice that 12 divides 24 and 60 with no remainder; so it is a common factor. We can tell that 12 is the greatest common factor because 1 is the only common factor of the quotients.

Conclusion:  If you divide each given number by the GCF, each remainder will be 0 and the only common factor of the quotients will be 1.

Suppose we had mistakenly concluded that 6 was the GCF of 24 and 60. When we check 6 by dividing it into 24 and 60, we see that it is a common factor because the remainders are 0, but not the GCF because the quotients have a common factor other than 1.

Both of these quotients are divisible by 2. This means that 6 is not the greatest common factor.

4                              10

6 冄24                                 6冄60-24                             -60

0                               0

This technique for checking the GCF also offers a very easy way to fix a mistake. Multiplying the incorrect answer by the greatest common factor of the quotients in the check produces the correct GCF. For example, multiplying our incorrect answer, 6, by the greatest common factor of the quotients, which is 2, produces the GCF: 6 # 2 = 12.

Do Your Turn 4

 

Objective 5  Find the greatest common factor of a given set 

of numbers using prime factorization.

For smaller numbers, listing is a good method, but for larger numbers, there is 

a more efficient method to find the GCF using prime factorization. Consider the 

prime factorizations for the numbers from Example 4.

 

24             60               Connection  You may wonder why we 

learn several methods for solving the 

2     12        2     30            same type of problem. Think of methods 

as if they were tools. A good analogy is 

2      6        2     15         a saw. For small jobs where you need to 

cut through only a few pieces of wood, a 

2 hand saw is a great tool and simple to use.  3  3  5

 However, for a big job involving a great 

 

 24 = 2 # 2 # 3 deal of cutting or large pieces of wood, a  2  #  3  =  2  #  3  power saw, although it takes more effort 

 60 = 2 #              2 2 # 3 # 5 = 2 # 3 # 5         to set up, is more efficient to use. The list-

ing method for GCF, like the hand saw, is a 

good method for simpler problems involv-

ing small numbers. The prime factorization 

method is like the power saw. It’s a good 

method for the bigger problems involving 

large numbers or many numbers.
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We already know the answer is 12 from our listing method in Example 4. Let’s look at the prime factorization for 12 to see if we can discover a rule for finding the primes to get the GCF.

12

 

2     6         12 = 2 #         2 2 # 3 = 2 # 3

2      3

 

Notice that 12 contains two factors of 2 and one factor of 3, which are the factors common to the factorizations of 24 and 60. This suggests that we only use primes that are common to all factorizations involved. The factor 5 is not common to both 24’s and 60’s factorizations; so it is not included in the GCF.

 24                            3 = 2 # 2 # 2 # 3 = 2 # 3

 60 = 2 # 2 # 3 # 5 =   2 2 # 3 # 5

 

 GCF = 2 #               2 2 # 3   = 2 # 3 = 12

We could also compare exponents for a particular common prime factor to determine how many of that factor should be included in the GCF. For example, 22 is included instead of 23              2 because 2 has the lesser exponent. This suggests the following:

 

Procedure

To find the greatest common factor using prime factorization:

  1.  Write the prime factorization of each number in exponential form.

  2.  Create a factorization for the GCF that has only those prime factors 

 common to all factorizations, each raised to the least of its exponents.

 3. Multiply.

Note If there are no common prime factors, the GCF is 1.

 

Example 5 Find the GCF of 3024 and 2520 using prime factorization.              Your Turn 5

Solution: Find the GCF using prime    First, we write the prime factorization of 3024 and 2520 in exponential form.

 

 3024      4                                                          factorization. 3 = 2 # 3 # 7 a.  84 and 48 = 2520 3 2 # 2 3 # 5 # 7 b.  28 and 140

The common prime factors are 2, 3, and 7. Now we compare the exponents of        c.  60 and 77

each of these common factors. For 2, the least exponent is 3. For 3, the least ex-       d.  42, 63, and 105 3 2 ponent is 2. For 7, the least exponent is 1. The GCF is the product of 2 , 3 , and 7.

 GCF = 3 2 # 2 3 # 7

= 8 # 9 # 7

= 504

Let’s check by dividing 504 into 3024 and 2520. We should find that 504 divides 

both with no remainder and that 1 is the only factor common to both quotients.

The only factor common to both quotients is 1.

 

6                              5

504冄3024                            504冄2520

-3024                           -2520

0       No remainder              0

504 checks. It is the GCF.                                                                Answers to Your Turn 5
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Your Turn 6                       Example 6    The floor of a 42-foot by 30-foot room is to be covered with 

A rectangular kitchen floor  colored squares like a checkerboard. All of the squares must be of equal size 

measures 18 feet long by 16 feet  with whole number dimensions and may not be cut or overlapped to fit inside 

wide. What is the largest-size  the room. Find the dimensions of the largest possible square that can be used.

square tile that can be used to          Solution:  Because we want the largest possible square, we must find the GCF of cover the floor without cutting        42 and 30.

or overlapping the tiles?

42                30

 

2     21          2     15

3      7           3      5

 

 42 = 2 # 3 # 7

 30 = 2 # 3 # 5

 GCF = 2 # 3 = 6

Answer:  The largest square that can be used is 6 ft. by 6 ft.

Do Your Turn 6

 

Objective 6 Find the greatest common factor of a set of monomials.

Now let’s find the greatest common factor of a set of monomials. We use the same 

prime factorization method that we have learned and treat variables as prime factors.

 

Your Turn 7                       Example 7    Find the GCF of the monomials.

Find the GCF of the monomials.            4         3 a. 18 x and 12 x

 

b. 4 Solution:  Find the prime factorization of each monomial. Treat the variables as  2  36  a.                3 20 x and 32 x  c.      m and 12m                 prime factors. 3 16 x and 30 4 2   4                                     4 18 5

d. 4            3                                                  Write the prime factorization of 18 x = 2 # 3 # xx in exponential form.  24  h  , 16  h  , and 48  h  3  2  3  12  x  =  2  #  3  #  3  x   Write the prime factorization of 12  x  in exponential form.

The common prime factors are 2, 3, and x. The least exponent for 2 is 1; so we have a single factor of 2 in the GCF. The least exponent for 3 is also 1. The least exponent for x is 3.

GCF = 2 #    3        3 3 # x = 6 x      Connection  In Section 3.6, we will learn how 

to factor the greatest common monomial factor 

out of the terms in a given polynomial.

 

b.      2            5  24 n and 40 n

Solution:      2       3        2                                               2 24 n = 2 # 3 # n Write the prime factorization of 24 n in exponential form.

40 5       3        5                                               5 Write the prime factorization of 40 n = 2 # 5 # n n in exponential form.

The common prime factors are 2 and n. The least exponent for 2 is 3, and the least exponent for n is 2.

GCF = 3 2 # 2 n =   2 8 n

c.       4 14 t and 45

 

Answer to Your Turn 6                                4 Solution: 14 t = 2 # 7 # 4                                      4 t  Write the prime factorization of 14 t in exponential form. 2 ft. by 2 ft. 2 45 = 3 # 5  Write the prime factorization of 45 in exponential form. Answers to Your Turn 7

a.                2                   3            There are no common prime factors; so the GCF is 1.  4 x b. 12 m c. 2 d. 8 h

3.5  Prime Numbers and GCF      191

 

d.     4       3             2 18 y , 27 y , and 54 y

Solution:      4          2 18 y = 2 #    4 3 #                                        4 y Write the prime factorization of 18 y in exponential form.

27 3       3    3                                                   3 Write the prime factorization of 27 y = 3 # y y in exponential form.

54 2          3    2                                                2 Write the prime factorization of 54 y = 2 # 3 # y y in exponential form.

The common prime factors are 3 and y. The least exponent for 3 is 2, and the 

least exponent for y is 2. Although 2 appears in two of the factorizations, it is 

not in all three; so it is not included in the GCF.

GCF = 2    2 3 # y =    2 9 y

Do Your Turn 7

 

3.5             For Exercises

Extra

Help

 

Objective 1

Prep Exercise 1 What is a prime number? Give three            Prep Exercise 2 What is a composite number? Give three examples.                                               examples.

 

For Exercises 1–18, determine whether the number is prime, composite, or neither.

 1.  49                         2.  93                         3.  89                         4.  71 

 5.  1                           6.  0                           7.  151                        8.  179 

 9.  153                        10.  187                         11.  247                         12.  253 

 13.  311                              14.  389                              15.  409                              16.  421 

 17.  Are all prime numbers odd? Explain.                     18.  Are all odd numbers prime? Explain.

 

Objective 2

Prep Exercise 3 Give three pairs of factors that can be used to start the following factor tree.

30

?    ?

For Exercises 19–34, find the prime factorization. Write the answer in exponential form.

 19.  80                                20.  72                               21.  156                              22.  120 

 23.  268                             24.  180                             25.  200                             26.  324 

 27.  343                             28.  220                             29.  975                             30.  462 

 31.  378                             32.  875                             33.  952                             34.  1404 

Objective 3

For Exercises 35–40, list all factors of each number.

 35.  90                                                                     36.  40 

 37.  81                                                                     38.  80 

 39.  120                                                                  40.  54 
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Objective 4

Prep Exercise 4 What is the greatest common factor of a set of numbers?

 

For Exercises 41–46, find the GCF by listing.

 41.  24 and 60                                                      42.  40 and 32 

 

 43.  81 and 65                                                      44.  48 and 77 

 

 45.  72 and 120                                                    46.  80 and 100 

 

Objective 5

Prep Exercise 5 The prime factorization of the GCF of a set of numbers contains only those prime factors common to all factorizations, each raised to the           of its exponents.

For Exercises 47–58, find the GCF using prime factorization.

 47.  140 and 196                                                 48.  240 and 150

 

 49.  130 and 78                                                   50.  324 and 270

 

 51.  336 and 504                                                 52.  270 and 675

 

 53.  99 and 140                                                   54.  252 and 143

 

 55.  60, 120, and 140                                              56.  120, 300, and 420

 

 57.  64, 160, and 224                                              58.  315, 441, and 945

 

For Exercises 59–62, solve.

 59.  A painter sections a 60-inch by 70-inch canvas into        60.  The ceiling of a 45-foot-long by 36-foot-wide lobby 

a grid of squares to be painted individually. What is  of a new hotel is to be sectioned into a grid of square 

the largest square possible so that all are of equal size  regions by wooden beams. What is the largest square 

and no overlapping or cutting of any region occurs? region possible so that all regions are of equal size and 

no overlapping or cutting of any region takes place?
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 61.  A landscaper is planning a sprinkler system that will      62.  A professor has three classes. The first class has 30 

require precut PVC pipe to be connected and placed  people, the second class has 42 people, and the third 

in the ground. The trenches he will dig are to be 40  class has 24 people. She wants to break the classes 

feet, 32 feet, and 24 feet in length. What is the longest  into project groups so that all groups are the same 

length of PVC pipe he can use that will fit the length  size no matter which class they are in. What is the 

of each trench exactly and not require any further  largest-size group she can make? How many groups 

cutting? How many of the precut pipes will he use in        will be in each class? each trench? 

 

40 ft.

 

24 ft.

 

32 ft.

 

Objective 6

For Exercises 63–76, find the GCF of the monomials.

 63.                                                                                                                    2            5 20 x and 30  64.  18 and 9 t 65.  8 x and 14 x

 66.       5                                                     3            4                                          5             4 12 a and 15 a 67.  24 h and 35 h 68.  55 m and 36 m

 69.       4                                                              3                                            9            7 27 n and 49  70.  15 and 42 r 71.  56 x and 72 x

 72.      5            8                                          2       3             4                                3       4             6 48 t and 60 t 73.  18 n , 24 n , and 30 n 74.  20 y , 30 y , and 40 y

 75.       4       6             3                                 5        4              6 42 x , 35 x , and 28 x 76.  36 m , 48 m , and 60 m

 

Review Exercises

[1.3] 1. Write 5,784,209 in expanded form using powers     [1.4] 2. Divide. 34,328 , 17 

of 10.

 

[1.3] 3.             7                                                      [1.3] 4. Evaluate. 2A college has 265 employees. The college wants 

to assign an ID to each employee. The proposed 

ID would contain one of the digits 0–9 and one 

of the letters A–Z. Is the proposed ID system 

sufficient?

 

[2.4] 5. A company must produce square plastic panels 

that have an area of 36 square feet. What must be 

the dimensions of the square panels?
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3.6  Exponent Rules; Introduction 

to Factoring

 

Objectives                    Warm-up 

[3.5]                               3 1. Find the GCF of 48 x and 60x.

 1 Divide monomials.              [1.4, 2.4] 2. Solve for the unknown factor. 40 = 8 # 1?2 2 Divide a polynomial by a 

monomial.

 3                                 Objective 1 Divide monomials. Find an unknown factor.

 4 Factor the GCF out of a  In Section 3.4, we learned how to multiply exponential forms. We concluded that 

polynomial. when we multiply exponential forms that have the same base, we can add the 

exponents and keep the same base. For example,

23    4       3+ 4       7 # 2 = 2 = 2

Now let’s consider how to divide exponential forms. Because multiplication and 

division are inverse operations, we can write a related division statement for the 

preceding multiplication statement by dividing the product by one of the factors.

 

Connection                                      3    4       7                        7      4       3 2 # 2 = We could 2  implies  2 , 2 = 2 7 4 simplify 2 , 2 using the Because the exponents were added in the multiplication problem, it follows that order of operations. they should be subtracted in the division problem.

27      4 , 2 = 128 , 16 = 8

27      4       7-4       3 , 2 = = 2 2

The prime factorization of 8 

3 Note that we subtracted the divisor’s exponent from the dividend’s exponent. 

is 2 .

This order is important because subtraction is not commutative.

 2 7      4 , 2 = 128 , 16 = 8

= 3 2        Rule

To divide exponential forms that have the same base, we can subtract the divi-

Note                            sor’s exponents from the dividend’s exponent and keep the same base. Remember that division 

 

can be written in fraction form.                                                 m a m n      m-n 7 In math language: a , a = 2 n = a when a ⬆ 0 7 4 a 2 , 2 = 4 2 m 0 Note a ⬆ 0 because if a were replaced with 0, we would have . In Section 1.4, we n 0

learned that when both the dividend and divisor are 0, the quotient is indeterminate.

 

Your Turn 1                       Example 1            6     2 Divide. x , x

Divide.                                        6     2     6 2     4 Solution: x , x = x-= x   Subtract the divisor’s exponent from the  a. 9      2                                                                                 dividend’s exponent and keep the same base.   3  ,  3

 b. a 12                                                                             4                    2                                   6 Check:  Multiplying the answer, x , by the divisor, x , should equal the dividend, x.

a3                                                                             = x     = x x4            4 2 2       6 + # x

 c.    6       5 y , y

Do Your Turn 1

 

Now let’s look at exponential forms that have the same base and the same 

 

exponent, as in  . Using the rule that we developed, we subtract the divisor’s  3  2  2 3

Answers to Your Turn 1                exponent from the dividend’s exponent. a.   7         9  3 b. a   c. y

23

Answers to Warm-up                                                 3 = 3      0 2-3 = 2

2

1.  12x   2.  5
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What does it mean to have 0 as an exponent? To answer that question, we could 

23                                                                              Connection In Section 

evaluate                                                               0 using the order of operations. The result must be equal to 2.

23                                                                                                     1.3, we looked at a pat-

3                                                                   tern in the powers of 10 

 

2    8                                                 0 to see that 10 = 1. In = = 1 3 2 8 3 2 10 = 1000, 10 = 100, and 

0                                                                                                101 = 10, we see that the 

Because both 2 and 1 are correct results of the same problem, they must be equal.

 exponent corresponds to  

20 = 1 the number of 0 digits after 

the 1 in the product. There-

Conclusions:                                                                    0 In the division of exponential forms that have the same base and fore, 10 has no 0 digits the same exponent, the result is 1. The result of raising any nonzero number to the  after the 1 in its product;  

exponent 0 is 1.                                                                                0 so 10 = 1.

Note that the situation 00 would arise from a division situation where two expo-nential forms have 0 as the base and both have the same exponent.

0 n

n = 0    = 0

n-n      0

0

 

In Section 1.4, we learned that 0                         0 is indeterminate; therefore, 0 is indeterminate. 0

 

Conclusion: 0  0 is indeterminate.

 

Rules

The result of raising any nonzero number to the exponent 0 is 1.

In math language:    0 a = 1 when a ⬆ 0

0 is indeterminate.

 

Example 2 Simplify.                                                       Your Turn 2

 

a.         1 n 3                                                                                                         Simplify. Assume that n ⬆ 0. 2

n 3                                                                                                                6 x a.    6 x

Solution:        n =   3 =   0                                                                   0 n = 1 b.  5 3 n 3     3                     Subtract the divisor’s exponent from the dividend’s -

n                   exponent. Because n    0, the result is 1. 3

c. 1       0-71 2

b.    0 9

Solution:   0  9 = 1   The result of raising a nonzero number to the exponent 0 is 1.

Do Your Turn 2

 

In Example 2a, we had to assume that n ⬆ 0 to avoid the potential for an indeter-minate quotient. In all future division problems involving variables, assume that the divisor’s variables do not equal 0.

20 2 m

Now let’s divide monomials that have coefficients, such as       . When we mul-

4m

tiplied monomials, we multiplied the coefficients and added the exponents of the like bases. Because multiplication and division are inverse operations, it follows that to divide monomials, we divide the coefficients and subtract the exponents of the like bases.

 

20 2 m    20 4    =    2 m-1 = 5m m

4                                      Answers to Your Turn 2

a. 1 b. 1 c. 1
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Note that we can check by multiplying the quotient by the divisor. The result 

should be the dividend.

5             1 1           2 + m # 4 m = 5 # 4 m = 20 m

 

Procedure

To divide monomials that have the same variable:

  1.  Divide the coefficients.

  2.  Subtract the exponent of the variable in the divisor from the exponent of 

the variable in the dividend.

Note If the variables have the same exponent, they divide out.

 

Your Turn 3                       Example 3    Divide.

Divide.                                   7 a. 8 a , 1-4a2

a.      7        3 10 u , 2 u                          Solution:    7                                  7  8 a , 1-4 a 2 = 3 8 , -1 Divide the coefficients and subtract  - 4  1  24  a

28 3 x

b. the exponents of the like bases.

-4x                                                6-= 2 a Simplify.

16 2 m

Connection                     b.        2 We can check 8 m

 

Example 3a by multiplying                      2 6 16 m    16-2 a by -4 a to see if we Solution: =   2-2     Divide the coefficients and subtract the m 2 7 exponents of the like bases. 8 m 8 get 8 a .

 

-6                                                        =   0 2 m Simplify.                  Note Because the quotient of 2 a # 1-4 a 2 2 2 = 0 m and m is 1, no m appears = 1 6-2 21-4 2 a + 1 2 1 1 2 Replace m with 1. in the result. Consequently, = 2 Multiply. = 7 2 8 a we say that m “divides out.”

Try checking Example 3b.            Do Your Turn 3

 

Objective 2 Divide a polynomial by a monomial.

Recall that every multiplication operation can be checked using division. Consider 

the following multiplication:

13x + 42 # 2 = 3x # 2 + 4 # 2   Note We used the distributive property 

= 6              to multiply each term in 3x x + 4 by 2. + 8

To check our result, we would divide 6x + 8 by 2 and the result must be 3x + 4.

 

16x + 82 2 = 6x 2 + 8 2    Note To get 3x + 4, we must divide = 3 x + 4 each term in 6 x + 8 by 2.

We can also write the division using a fraction bar.

 

6x + 8   6x   8 =

2         + 2 2

= 3x + 4

 

Procedure

To divide a polynomial by a monomial, divide each term in the polynomial by the monomial.

 

Answers to Your Turn 3

a.     4             2  5 u b.-7 x
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Example 4 Divide.                                                      Your Turn 4

 

Solution:                                                                                     a. 19x + 212 1 2 14 x + 16 x 2 1 2 x 2 , 3 4 2 52 a.         2                                                                                                     Divide. 1 14 x + 16 x 2 , 1 2 x 2

 

=    2                                                                                               y-39y 14 x 1 2 x 2 + 16 x 1 2 x 2 Divide each term in the polynomial,  b. 2 2 13 y 14 x 16 x , by the monomial, 2 x . 4 3       2 = 1 2 1 14-1 Divide the coefficients and , 2 2 x-1 c. 1 18 x-12 x + 6 x2 + 1 16 , 2 2 x 1 ,-3 x 2 subtract the exponents of the like 

bases.                                      13         8         5-28 b + 49 b-63 b

= x                                                         -7b + 8

7                                                          d.                     5

15 3          2 x-10 x

b.            2                                                                                                    Connection We can check 5 x

 

Solution: 15 3 Example 4a by multiplying  2  3  2  x - 10  x  15  x  10  x  3  2  2  the quotient, 7  x  +  8, by the  Divide each term in 15  x  10  x -   by 5  x  .  2  =  2  2  5  x  5  x  5  x  divisor, 2  x  . The result should 

 

=    3                       Divide the coefficients and subtract 15 be the dividend, 14 2 x + 16x.  10  5 x-2          2-2-x    the exponents of the like bases. 5

17x + 82 # 2x

= 3x-2                                                = 7x # 2x + 8 # 2x

c.          4          3        2                                                                                                      2 14 1 18 x-12 x + 6 x 2 , 1-6 x 2 = x + 16x

Solution:               3 1 4       2 18 x-12 x + 6 x2 1 6x2                                            Try checking parts b–d.

 

= 6 2                                                    4          3        2 18 x 1 6 x 2 x 12 x 6 x by 6x.      Note Dividing by a monomial 4 =    4 18 x 1 6x2     3-12 x 1 6x2     Divide each term in + 3    , 1        -1 18                     --6 24 3 1 x + 3-12 , 1-6 24 x +                             with a negative coefficient, as in 3              2 1 6-, 1-6 24 x                                                         Example 4c, causes the signs in 

=    3     2                                             the resulting polynomial to be -3 x + 2 x-x opposite the signs in the divi-

3                                                 dend polynomial.

Note The coefficient of -12x is -12; so when we divide that term by -6x, we get positive 2 2 x, which is written as + 2 2 x in the resulting polynomial.

24 9          7        6 x-20 x + 4 x

d.               6 4 x

Solution:

 

24 9          7        6          9          7        6 x-20 x + 4 x 24 x 20 x 4 x 6                    6   -      6   +     6         9                 6        6 24 = Divide each term in 

4                                x        7 x 4 x 4 x 4 x 20 x 4x by 4x .

 

= 24        20        4 9 7 6 6 x-6--x-6 + x 4 4 4

=   3 6 x-5x + 1

Do Your Turn 4

 

Warning Remember that although multiplication is commutative, division is not.

2 # 13x + 42 is equivalent to 13x + 42 # 2.

16x + 82 , 2 is not equivalent to 2 , 16x + 82.

You will learn how to divide polynomials by polynomials in other courses.

Answers to Your Turn 4

 

Objective 3                                                               a. 3x Find an unknown factor. + 7 2 b. 4 y-3 Now let’s use what we’ve learned about dividing monomials to find unknown           3      2 c. -6 x + 4 x-2x factors. Remember that we find an unknown factor by dividing the product by         8      3 d. 4 b-7 b + 9 the known factor.
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Your Turn 5                       Example 5                             3 Find the unknown factor. 6 x # 1?2 =     5 24 x

Find the unknown factor.            Solution:  We solve for a missing factor by writing a related division sentence. a.      2                 6 7 m # 1 ? 2 = 21 m

 b.                         2                                                                                                                      3 ?-8 y # 1 24 5 x ?2 =                     1 40y                         2 =                       5 Divide the product, 24 x, by the known factor, 6x . 3

6x

 

1      24        Divide the coefficients and subtract the exponents 5 ? 2 = x-3 of the like bases. 6

1        2 ? 2 = 4 x Simplify.

Check:                           3         2              5  Verify that multiplying 6 x by 4 x gives 24 x.

6 3                  3 2 2          5 + x # 4 x = 6 # 4 x = 24 x    Multiply the coefficients and add 

the exponents. It checks.

Do Your Turn 5

 

Now let’s find unknown factors that are multiple-term polynomials.

 

Your Turn 6                       Example 6    Find the unknown factor.

 

 a. 8x-10 = 2 # 1?2                 Solution:  To find an unknown factor, we divide the product by the known factor. 2 b. Find the unknown factor.            a. 3 # 1?2 = 6x + 15

12h + 18h = 1?2 # 6h

 

 c.     5        4        3           3                             6x + 15 9 y-7 y + 2 y = 1 ? 2 y 1 ? 2 =     Divide the product, 6x 15, by the known factor, 3. 5 3 2 3 d. 24 n-30 n-12 n 1 = 2 6 n ? 2 6 x 15 1 ? 2 = Divide each term in the polynomial by the monomial. + 3 3

1?2 = 2x + 5 Simplify.

Check: Verify that multiplying 2x + 5 by 3 gives 6x + 15.

 3 # 12x + 52 = 3 # 2x + 3 # 5 Use the distributive property.

= 6x + 15     Simplify. It checks.

b.       4          3        2        2 16 x-12 x + 8 x = 4 x # 1?2

 

Solution:                            ? = 1 16 4          3        2 x-12 x + 8 x2 Divide the product by the known factor.

4 2 x

16 4          3        2 x 12 x 8 x     1 2

-     +       ?    Divide each term in the polynomial =

4 2          2         2              by the monomial. x 4 x 4 x

 4 2 x-3x + 2 = 1?2  Simplify.

Check: 2                      2              4          3        2   Verify that multiplying 4  x - 3  x  +  2 by 4  x  gives 16  x - 12  x  +  8  x.

 4 2       2                              2                           2 2 2 x # 1 4 x-3 x + 2 2 = 4 x # 4 x + 4 x # 1-3 x 2 + 4 x # 2   Use the distributive 

property.

=    4      3     2 16 x-12 x + 8 x            Simplify. It checks.

Do Your Turn 6

 

Answers to Your Turn 5

a.      4 3 m b. -5y                    Objective 4 Factor the GCF out of a polynomial.

Answers to Your Turn 6 All of the work we’ve done to this point has been to develop the concept of factor-

a. 4x-5 ing. When we rewrite a number or an expression as a product of factors, we say 

b. 2h + 3                          that we are writing the number or expression in factored form. c.       2 9 y-7y + 2

d.      3 4 n-5n-2
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Definition Factored form: A number or an expression written as a product of factors.

 

For example, 312x + 52 is factored form for the polynomial 6x + 15. We can check that it is its factored form by multiplying.

 312x + 52 = 3 # 2x + 3 # 5 Use the distributive property.

= 6x + 15

When we factor, we begin with the product, 6x + 15, and try to find the factored form, 312x + 52. First, notice that the monomial factor, 3, is the GCF of the terms in 6x + 15. Our first step in factoring will be to find the GCF of the terms in the polynomial. That GCF will be one of two factors. Suppose we didn’t already know that the other factor in the example is 2x + 5. We could write the following statement with an unknown factor:

6x + 15 = 3 # 1?2

Notice that the preceding statement is the same as in Example 6a. Look back at 

how we found the unknown factor. We said 1     6x + 15 ? 2 =; so in our factored

3

6x + 15

form, we can replace the unknown factor with         . Finding that quotient

3

reveals the unknown factor to be 2x + 5.

 

6x + 15 =     6x         Replace the unknown + 15 Note The unknown factor 3 # a b 3                 6x    15      is the quotient of the given factor with . 3

polynomial and the GCF.

=    6x   15 3 # a b

+      Divide each term by 3.

3    3

= 3 12x + 52   Divide to complete the factored form.

Our example suggests the following procedure:

 

Procedure

To factor a monomial GCF out of a polynomial:

  1.  Find the GCF of the terms in the polynomial.

  2.  Rewrite the polynomial as a product of the GCF and the quotient of the 

polynomial and the GCF.

 

Polynomial =       polynomial GCF a b

GCF

 

Connection  Keep in mind that when we factor, we are simply writing the origi-

nal expression in a different form, called factored form. The factored form expres-

sion is equal to the original expression. If we were given a value for the variable(s), 

it wouldn’t matter which version of the expression we used to evaluate that value. 

Both the factored form and the original polynomial form will give the same result.

For example, let’s evaluate 6x + 15 and 3 12x + 52 when x = 4 (any number 

would do).

6x + 15 312x + 52

6 # 4 + 15 312 # 4 + 52

= 24 + 15                = 3 18 + 52

= 3 1132

= 39   Same result      = 39
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Your Turn 7                       Example 7 Factor.

Factor.                                  a. 12y-8

 a.                                                Solution: 12 y-9  First, we find the GCF of 12y and -8, which is 4.

 b.        3 10 x + 15x                                              12y-8 c.      4          3          2                          12y                               Rewrite the polynomial as a product of the GCF 20a + 30a-40a                     -8 = 4 a b

4 and the quotient of the polynomial and the GCF.

 

=   12y    8 4 a- Divide each term in the polynomial by the GCF.  b

4    4

= 413y-22     Simplify in the parentheses to complete 

the factored form.

Check: Verify that the factored form multiplies to equal the original polynomial.

 4 13y-22 = 4 # 3y-4 # 2 Use the distributive property.

= 12y-8      It checks.

Connection                           2 In Section 3.5, b. 18 n + 45n

 

we learned that the GCF con-                               2 Solution:  The GCF of 18 n and 45n is 9n. tains common prime factors 

 

each raised to its least expo- 18 2  Rewrite the polynomial as a product of the  n  45  n  2  +  18  2  n  +  45  n  =  9  n  a  b  GCF and the quotient of the polynomial and  nent. In the case of 18  n  and  9  n  the GCF.  45  n  , the common primes are  2  18  n  45  n  3 and  n  . The least exponent  =  9  n  a  +  b  Divide each term in the polynomial by the GCF.  for 3 is 2 and for  n  is 1; so the  9  n  9  n

GCF = 2 3 # n = 9n.                        = 9n12n + 52       Simplify in the parentheses to complete the 

factored form.

We can check by multiplying the factored form to verify that the product is the original polynomial. The check will be left to the reader.

c.        6          4          3 24 x + 18 x-30 x

Solution:                   6       4               3        3  The GCF of 24 x , 18 x , and -30 x is 6 x.

 

 24 6 24 6          4          3         Rewrite the polynomial as x 18 x 30  4  3  3  + - x  x  +  18  x - 30  x  =  6  x  a  b  a product of the GCF and  3  6  x  the quotient of the polyno-

mial and the GCF.

 

=   3                    Divide each term in the 24 6          4          3 x 18 x 30 x 6x a b

6 3   +     -3    3      polynomial by the GCF. x 6 x 6 x

=   3 6 x 1 3 4 x + 3x-52         Simplify in the parentheses 

to complete the factored 

form.

The check will be left to the reader.

Do Your Turn 7

 

Answers to Your Turn 7

a. 314y-3 2

b.        2 5 x 1 2 x + 32

c.       2     2 10 a 1 2 a + 3a-42
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3.6             For Exercises

Extra

Help

 

Objective 1

 Prep Exercise 1 To divide exponential forms that have the         Prep Exercise 2 Explain how to divide monomials that same base, we can                  the exponents and          have the same variable. keep the same base.

 

For Exercises 1–16, divide.

 

 1. 9                                                                              m7                                       5 y 2 11 5 x , x 2. a , a 3.  4. m y

 5. 4       4                                6      6                                    7          4                              5          2 u , u 6. k , k 7. 12 a , 3 1 a 2 8. 18 w , 9 1 w2

 9.     9                                        12                                    5                                        7             4-40 n ,-2 1 n 2 10. -33 h ,-11 1 h 2 11. 12 x ,-4 1 x 2 12. 38 m ,-2 1 m2

-36 7                                      5 b 54 x                                        1     2                 16. -25h   , h 1 2

 13.                                                                                       4          4                               7        7 14.  15. 14 b ,-b

9 5                                          4 b-27 x

 

Objective 2

 Prep Exercise 3 Explain how to divide a polynomial by a monomial.

 

For Exercises 17–32, divide.

 17. 19a + 62 , 3                                              18. 14x + 102 , 2 

14c-8                                              9t-18

 19.                                                                              20. 

-2                                             -9

 21.        2                                                                                2 1 12 x + 8 x 2 , 4 1 x 2 22. 1 20 y + 10y2 , 5 1y2

-63 2                                                                                2 d + 49 d-15 R + 25R

 23.                                                                              24. 

7d                                                 5R

 25.        5                     2                                                          6          4 3           3 1 16 a + 24 a 2 , 4 1 a 2 26. 1 21 b-36 b 2 , 3 1 b2

 

 27.                                                                              28. 3           5 6 30 4          3                                                                      7          5 a-24 a 55 p-66 p

a                                                       11p

 

 29.                                                                              30. 4 x            5 16 4        3        2                                                              5          3 x-8 x + 4 x 20 y-15 y-25y y

 

 31.                                                                              32. 2                 2-32 9          5          3                                                            8          5          3 c + 16 c-40 c 24 n-12 n + 30 n 4c                                                       -6n

Objective 3

 Prep Exercise 4 Explain how to find an unknown factor. 

For Exercises 33–48, find the unknown factor.

 33.                    3                                                                  2                 5 5 a # 1 ? 2 = 10 a 34. 7 m # 1 ? 2 = 21 m

 35. 1?2 # 1      3          7                                                            4           9-6 x 2 = 42 x 36. 1 ? 2 # 10 y =-40 y

 37.         5                  4                                                            4-36 u = 1 ? 2 # 1-9 2 u 38. -48 x =-6x # 1?2

 39. 8x + 12 = 4 # 1?2                                         40. 12y-6 = 6 # 1?2

 41.     2                                                                                  4        3             3 5 a-a = a 1 ? 2 42. 10 m + m = 1 ? 2 m

 43.       3          4        3                                                            3          6          3 18 x-30 x = 6 x 1 ? 2 44. 44 n + 33 n = 11 n 1?2

 45.     5        4         2        2                                                       7          5          2        2 6 t-9 t + 12 t = 1 3 t ? 2 46. 25 k-30 k-20 k = 5 k 1?2

 47.       4          3          2        2                                                            3          2        2 5 45 n-36 n-18 n = 1 ? 2 9 n 48. 28 y-56 y + 35 y = 7 y1?2
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For Exercises 49–52, find the unknown side length.

 49. A =      2                                                              5 63 m 50. A = 24 x

?

7m

6 2 x

 

?

 51. V =     5 60 t                                                  52. V =      7 120 a

?

4a

5                                                                   2 t 6 a

3 2 t                                                                         ?

 

Objective 4

 Prep Exercise 5 Explain how to factor a monomial out of the terms of a polynomial.

 

For Exercises 53–70, factor.

 53. 8x-4                                                        54. 14y + 7 

 55. 10a + 20                                                     56. 8m-20 

 57.     2                                                                                3          2 2 n + 6 n 58. 5 x-10 x

 59.     3        2                                                                        2 7 x-3 x 60. 12 t + 5t

 61.       5         3                                                                      8          4 20 r-24 r 62. 32 b + 24 b

 63.       3          2                                                                     4          3          2 12 x + 20 x + 32 x 64. 28 y-42 y + 35 y

 65.     7          5          3                                                             5          3 9 a-12 a + 18 a 66. 20 x-15 x-25x

 67.       8          6         5                                                          2 5          2 3          2 2 14 m + 28 m + 7 m 68. 15 a b + 25 a b-30 a b

 69.       9          5          3                                                           9          6          3 10 x-20 x-40 x 70. 45 u-18 u + 27 u

 

Review Exercises

[1.2] 1. Find the perimeter of the shape.                      [1.6] 2. Find the area of the parallelogram. 

4 ft.

5 ft.

8 m

1 ft.

18 m

7 ft.               3 ft.

 

[1.6] 3.                                                                                 3        2                        3 Find the volume of a box with a length of [3.3] 4. Subtract. 1 6 x-9 x + x-12 2-1 4 x + x + 52

9 inches, a width of 3 inches, and a height of  

4 inches. 

[3.4] 5. Multiply. 1x + 421x-62
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3.7    Additional Applications and 

Problem Solving

 

Warm-up                                                      Objectives

[3.6] 1. Factor. 2l + 2w                                                                  1 Solve polynomial problems [3.1] 2.                  2 Evaluate -16 x + y                                                                involving perimeter, area, 

when x = 3 and y = 200.                                             and volume.

 2 Solve surface area 

Objective 1  Solve polynomial problems involving perimeter,                 problems.

area, and volume.                                          3 Solve problems involving 

We can use mathematics to describe situations. If we can write an expression        a falling object. that describes the situation, we can experiment with numbers without hav-     4 Solve net-profit problems. ing to do real experiments. To illustrate this process, let’s write expressions for perimeter, area, and volume, then evaluate those expressions using given numbers.

 

Example 1  Write an expression in simplest form for the 

perimeter of the triangle. Find the perimeter if x is 7 feet.

Understand  We are to write an expression for the perim-

eter of a triangle given expressions for its side lengths. We     2x   5       2x    5 

must then find the perimeter if x is 7 feet.

Plan  Because perimeter is the sum of the side lengths, we              x

will add the expressions for the side lengths. Then we will 

evaluate the perimeter expression with x = 7.

Execute Perimeter = x + 2x + 5 + 2x + 5

= 5x + 10             Combine like terms.

Now evaluate 5x + 10 when x is 7.

5172 + 10      Replace x with 7.

= 35 + 10   Multiply.

= 45       Add.

Answer  The perimeter expression is 5x + 10; when x is 7 ft., the perimeter is 

45 ft.

 

Connection Because x + 2x + 5 + 2x + 5 and 5x + 10 are equivalent, they produce the same result when x = 7, but the simplified expression is easier to evaluate.

Evaluating the unsimplified                 Evaluating the simplified expression x + 2x + 5 + 2x + 5            expression  5x + 10

7 + 2 172 + 5 + 2172 + 5                   5172 + 10

= 7 + 14 + 5 + 14 + 5                   = 35 + 10

= 45                                 = 45

 

Check  Evaluate the expressions for the side lengths with x = 7 to get numeric 

values for each side length. Then verify that the perimeter is 45 feet by adding 

those side lengths.

Answers to Warm-up

1.  2 1l + w2   2. 56
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Your Turn 1                          Replace x with 7 in each        Now find the perimeter.

Solve. expression. Add the side lengths.  P  =  7  +  19  +  19

 a.                                                                                        P  Write an expression in sim-= 45 feet          The result is the same.

plest form for the perimeter 

of the shape. Find the perim-          2(7) 15       2(7)15

eter if d is 9 meters.                      5 19 ft.       5 19 ft.

d 7 

d

d 1                        7 ft. 

Do Your Turn 1

2d 1 

b.  Write an expression in sim-      Objective 2 Solve surface area problems.

plest form for the area of the 

shape. Find the area if  In Section 1.6, we developed the formula for the volume of a box. Now let’s de- w  is 

4 inches.                          velop a formula for the surface area of a box.

Definition Surface area: The total number of square units that completely 

w                    cover the outer shell of an object.

 

3w 2 Think of surface area as finding the area of the skin or outer shell of an object. To  

develop a formula for the surface area of a box, we will cut and unfold a box as 

c.  Write an expression in sim-      shown below so that we can see all of its surfaces.

plest form for the volume of 

the box. Find the volume if  

h                                       top is 2 centimeters.

back                                      top      w

area = lw

h

h                      

h 1

5h                      left side          front                 right side

h     front      left side      back       right side

area        area          area        area = lh        = wh         = lh       = wh

w

l

bottom

l                    w                                       w

bottom     w

area = lw

l

Notice that a box has six rectangular surfaces: top, bottom, front, back, left side, and 

right side. To find the surface area, we add the areas of the six rectangular surfaces.

Surface area = top + bottom + front + back + left side + right side

Connection                        of a box         area     area      area    area      area        area Remember, 

like terms have the same                         SA = lw   +    lw    +   lh   +   lh   +    wh    +     wh

variables raised to the same  We can simplify the polynomial that describes the surface area of a box by com-

exponents. The two lw terms       bining like terms.

are like, as are the two lh

terms and the two wh terms.                                   SA = 2lw + 2lh + 2wh

We could also factor out a common factor, 2.

Answers to Your Turn 1                                               SA = 21lw + lh + wh 2 a. 5d + 7; 52 m

b.     2                 2 3 w-2 w ; 40 in.

c.      3        2          3 5 h-5 h ; 20 cm

3.7  Additional Applications and Problem Solving      205

 

Example 2 A company produces metal boxes that are 2 feet long by 3 feet wide        Your Turn 2

by 1 foot high. How many square feet of metal are needed to produce one box? A carpenter builds wooden 

 

Solution: chests that are 2 feet wide by  SA  =  2  1  l  w  +  l  h  +  w  h  2  3 feet long by 2 feet high. He  SA  =  2  31  2  21  3  2  +  1  2  21  1  2  +  1  3  21  1  24  In  SA   2  1  lw   lh   wh  2  ,  finishes the outside of the chests   replace  l  with 2,  w  with 3, and  with stain. What is the surface  h  with 1.

SA = area of the chest? What total  2 3  6 + 2 + 3 4

SA = 2 3 Multiply in the brackets. area must he plan to cover if  114

Add in the brackets. he intends to put three coats of 

SA = 22                      Multiply.                       stain on the box?

Answer:                           2  Each box will require 22 ft. of metal.

Do Your Turn 2

 

Objective 3 Solve problems involving a falling object.

The polynomial      2-16 t + h describes the height in feet of a falling object at any 

0

time during the fall. The variable h0 represents the initial height of the object in feet from the ground. The variable t represents the number of seconds after the object is dropped from that initial height.

If we choose h to represent the height of the object after falling for t seconds, we can write the following formula:

h =     2-16 t + h0

Galileo Galilei discovered that all objects fall at the same rate. Therefore, our for-mula for the height of an object after falling for t seconds is true for all objects regardless of their weight. Note, however, that the formula does not take into account air resistance. If we drop a feather and a lead weight at the same time, air resistance will keep the feather from reaching the ground at the same time as the lead weight. However, if we perform the same experiment in a vacuum, the feather and lead weight will reach the ground at the same time.

Of Interest

Galileo Galilei (1564–1642) was an Italian mathematician and astronomer. He contrib-uted to the study of pendulums, falling objects, projectile motion, and astronomy. Us-ing the newly invented telescope, he discovered moons around Jupiter, sun spots, and the phases of Venus. His observations affirmed the recently published Copernican view that the planets orbit the sun. This view was in opposition to the prevailing view sup-ported by the Catholic Church that the sun, planets, and stars orbit a stationary Earth. Because Galileo publicly supported the Copernican system, he was accused of heresy and in 1633 was put on trial. Offered leniency if he would recant his support of the Co-pernican system, he did so and spent the remainder of his life under house arrest.

 

Example 3 A skydiver jumps from a plane at an altitude of 10,000 feet and         Your Turn 3

deploys her parachute after 20 seconds of free fall. What was her altitude upon  A marble is dropped from a 

deploying the parachute? 100-foot tower. How far is the 

 

Solution:  marble from the ground after  h  =  2 - 16  t  +  h  0  2 seconds?  2  h  = - 16  1  20  2  2  +  10,000  In  h  16  t   h  0  , replace  t  with 20 

and h0 with 10,000.

h =-1614002 + 10,000  Square 20.

h =-6400 + 10,000      Multiply. 16 14002      6400                 Answers to Your Turn 2

h                                                                 2        2 = 3600 Add.                                        32 ft. ; 96 ft.

Answer:                                                                         Answer to Your Turn 3  The skydiver deployed her parachute at an altitude of 3600 ft.

36 ft.

Do Your Turn 3
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Objective 4 Solve net-profit problems.

In Section 2.3, we developed the formula for net profit or loss given revenue and cost.

N = R-C

Let’s consider the situation where we are given expressions for revenue and cost. 

We can write an expression for net by subtracting the cost expression from the 

revenue expression.

 

Your Turn 4                       Example 4    The expression 7b + 9d + 1265 describes the revenue for a toy

A business sells two types of small  manufacturer, where b represents the number of toy bears sold and d represents 

motors. The revenue from the  the number of toy dogs sold. The expression 8b + 3d + 742 describes the cost of 

sales of motor A and motor B is          producing the toy bears and toy dogs.

described by 85A + 105B + 215.      a. Write an expression in simplest form for the net. The total cost of producing the 

two motors is described by              Solution: N = R-C

 

45A + 78B + 345.                        N = 17b 9d 12652-18b 3d 7422 In N R C, a.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 replace R with   Write an expression in sim-7 b 9 d 1265 plest form for the net.

Note Use parentheses when replacing a         and C with 

b.                                                    variable with a value or an expression.  In one month, the business           8b 3d 742.

sells 124 of motor A and 119                  N = 17b + 9d + 12652 + 1-8b-3d-7422   Write as an equivalent 

of motor B. Using the ex-                                                                     addition.

pression for net from part a,                  N =-b + 6d + 523                             Combine like terms. find the net profit or loss.

Answer:  The expression that describes net is -b + 6d + 523.

We can check by adding the expression for net with the expression for cost. We should get the expression for revenue.

R = N + C

R = 1-b + 6d + 5232 + 18b + 3d + 7422

R = 7b + 9d + 1265

b.  In one month, the company sold 2345 bears and 3687 dogs. Using the expres-

sion for net from part a, find the net profit or loss.

Solution:-b + 6d + 523

-2345 12 + 6136872 + 523   In b 6d 523, replace b with 2345 

and d with 3687.

=-2345 + 22,122 + 523 Evaluate the additive inverse of 2345 

and multiply 6(3687).

= 20,300                  Add from left to right.

Answer:  The business made a profit of $20,300.

 

Connection  Think about the terms in the expressions for revenue, cost, and net. In the revenue expression, 7b + 9d + 1265, the 7b term represents the revenue from selling toy bears and 9d represents the revenue from selling toy dogs. The coefficient, 7, means that each toy bear sells for $7 and the  9 means that each toy dog sells for $9. The constant, 1265, is an income that does not depend on the number of toy bears or dogs sold. It could be interest or fees of some kind.

In the cost expression, 8b + 3d + 742, the 8b term represents the cost of pro-ducing the toy bears and 3d represents the cost of producing the toy dogs. The coefficient, 8, means that each bear costs $8 to produce and 3 means 

Answers to Your Turn 4 that each dog costs $3 to produce. The constant, 742, is a cost that does not 

a. 40A + 27B-130 depend on the number of toy bears or dogs produced. It could be utility and 

b. $8043 profit                         operation costs for the plant.
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When we developed the expression for net by subtracting the cost expres-sion from the revenue expression, we combined like terms. In combining like terms, we subtracted the coefficients. Subtracting 8b from 7b equals -b. Because the $8 cost of producing each bear is more than the $7 revenue from the sale of each bear, the resulting -1 coefficient means that the company has a net loss of $1 for each bear sold. Subtracting 3d from 9d equals 6d. Because the $3 cost is less than the $9 revenue, the company has a net profit of $6 for each toy dog sold. Subtracting 742 from 1265 equals 523. Because the constant cost of $742 is less than the constant revenue of $1265, the $523 is a profit.

Putting it all together:

17b + 9d + 12652-18b + 3d + 7422 =-b    +   6d    +   523

Net loss of $1     Net profit     Net profit of for each toy       of $6 for      $523 from bear sold        each toy      constant 

dog sold    revenue and  

costs

 

Do Your Turn 4

 

3.7             For Exercises

Extra

Help

 

Objective 1

Prep Exercise 1 Explain how to find the perimeter of a shape.

 

For Exercises 1–6, write an expression in simplest form for the perimeter of each shape.

 1.                                          2. 

 

x

 

3y       3y

x     7 

 

y

  3.                                                                            4.                                   

n                                          h   3 

n   4 

 

h   6 

n   2 
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  5.                               b 3                                    6.                               m 3

2b                                                                         m b 2

m 2 

b   2

                                m

2b                                                            m 3

b   3 

 7. Find the perimeter of the rectangle in Exercise 1 if x is     8. Find the perimeter of the triangle in Exercise 2 if y is

a. 19 inches                                                  a. 15 miles 

b. 27 centimeters                                            b. 22 meters 

 9. Find the perimeter of the triangle in Exercise 3 if n is      10. Find the perimeter of the parallelogram in Exercise 4 

a.                                                                       if h is 12 feet 

b. 8 yards                                                     a. 6 kilometers 

b. 15 centimeters 

 11. Find the perimeter of the shape in Exercise 5 if b is        12. Calculate the perimeter of the shape in Exercise 6 if m is

a. 10 inches                                                  a. 14 miles 

b. 20 feet                                                         b. 32 meters 

Prep Exercise 2 Explain how to find the area of a parallelogram.

 

For Exercises 13 and 14, write an expression in simplest form for the area of each shape.

13.                                             14. 

 

n 4                                                  k    2

 

k     3

2n

 15. Find the area for the parallelogram in Exercise 13 if n is      16. Find the area of the rectangle in Exercise 14 if k is

a. 6 kilometers                                              a. 8 inches 

b. 12 feet                                                         b. 13 centimeters 

Prep Exercise 3 Explain how to find the volume of a box.

 

For Exercises 17 and 18, write an expression in simplest form for the volume of each box.

17.                                             18. 

 

d

d     1 

3m

d     6 

 

m    2 

m

 19. Find the volume of the box in Exercise 17 if d is            20. Find the volume of the box in Exercise 18 if m is

a. 3 inches                                                   a. 7 miles 

b. 5 feet                                                           b. 14 inches 
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Objective 2

Prep Exercise 4 What is the formula for the surface area of a box?

 

For Exercises 21–32, solve.

 21. A company produces cardboard boxes. Each box is 2 feet long by 2 feet wide 

by 3 feet high. What is the area of the cardboard required for each box?

 

 22. A cube that is 5 centimeters along each side is to be covered with paper. What 

is the total area that will be covered by the paper?

 23. Therese designs and builds metal sculptures. One particular sculpture is to 

be a large cube that will rest on one of its corners. She will cover the cube with panels that are 1 square foot in size. If the cube is to be 16 feet on each side, how many panels will she need to cover the cube? 

[image: ]

 24. The main body of the GOES-10 satellite is a box that measures 6 feet wide by 

7 feet long by 8 feet high. The box is covered with a skin of a thin metal alloy. What is the area covered by the metal alloy? 

Of Interest

GOES stands for Geostationary Operational Enviromental Satellite. Geostationary means that these satellites orbit the earth along the equator at the same speed as the earth’s rotation so that they remain over the same position at all times. They are used to monitor the weather.

Objective 3

 Prep                                                     2 Exercise 5 What is the formula h =-16 t + h0 used for, and what does each variable represent?

 

 25. The leaning tower of Pisa is 180 feet tall. When Galileo dropped a cannonball      Of Interest

from the top of the leaning tower of Pisa, what was the height of the cannonball Construction on the tower at after 2 seconds? After 3 seconds?  Pisa began in 1173 and continued 

 26. Victoria Falls is a waterfall on the Zambezi river in south central Africa that is  for more than 200 years due to 

355 feet high. If a coin was dropped from the top of the falls, how high would  continuous structural problems 

the coin be after 3 seconds? After 4 seconds?  and soft, unstable soil. Because of 

 27.  the soft soil, one side of the tower  A skydiver jumps from a plane at 12,000 feet and deploys her parachute 

 after 22 seconds of free fall. What is her altitude at the time she deploys her  began sinking before the first 

parachute?  three stories were completed, 

creating a noticeable lean. The 

 28. Two skydivers jump from a plane at an altitude of 16,000 feet. One skydiver  lean is estimated to be increasing 

deploys his parachute after 27 seconds; the other, 2 seconds later. What were  at a rate of 1 millimeter per year.

their respective altitudes at the time each deployed his parachute?

 

Objective 4

Prep Exercise 6 Given polynomials for revenue and cost, how is net profit or loss determined? 

 29. A company produces two different tables, a round top and a square top. If 

r represents the number of round-top tables and s represents the number of square-top tables, then 145r + 215s + 100 describes the revenue from the sales of the two types of table. The polynomial 110r + 140s + 345 describes the cost of producing the two types of table.

a.  Write an expression in simplest form for the net. b. In one month, the company sells 120 round-top tables and 106 square-top 

tables. Find the net profit or loss. 
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30. Calvin installs tile. The expression 9lw + 45 describes the revenue in dollars he 

receives for tiling a rectangular room, where l represents the length of the room 

and w represents the width. The expression 3lw + t describes his cost in dollars 

for tiling a rectangular room, where t represents the number of tiles required.

a.  Write an expression in simplest form for the net. 

b. Calvin gets a job to tile a 12-foot-wide by 14-foot-long room. He uses 672 tiles. 

Find his net profit or loss. 

31. Candice makes reed baskets in three sizes: small, medium, and large. She sells 

the small baskets for $5, medium for $9, and large for $15. Each small basket 

costs her $2 to make; each medium, $4; and each large, $7.

a.  Write a polynomial that describes the revenue she receives from the sale of all 

three baskets. 

b. Write a polynomial that describes her cost to produce all three 

baskets. 

c.  Write an expression in simplest form for her net. 

d. In one day, she sells 6 small, 9 medium, and 3 large baskets. Find her net profit 

or loss. 

32. Devon paints portraits in three sizes: small, medium, and large. He receives $50 

for a small, $75 for a medium, and $100 for a large portrait. It costs him $22 for 

each small, $33 for each medium, and $47 for each large portrait.

a.  Write a polynomial that describes the revenue he receives from the sale of all 

three sizes of portraits. 

b. Write a polynomial that describes his cost for all three sizes.

c.  Write an expression in simplest form for his net. 

d. In one month, he sells 4 small, 6 medium, and 2 large portraits. Find his net 

profit or loss. 

[image: ]

 

Puzzle Problem How many cubic feet of dirt are in a hole 

[image: ]

4 feet wide, 6 feet long, and 3 feet deep? 

[image: ]

 

Review Exercises

[image: ]

[3.1] 1.                           3                                                                                      3 [3.2] 2. Evaluate 2 What is the coefficient of x 2 a + 7-b when a = 21 and  -? 

[image: ]

b =-2. 

[3.2] 3. What is the degree of 5?                              [3.2] 4. Combine like terms. 

8 3        2                 2                3 x-9 x + 11-12 x + 2 x-9 x + 3-2x

 

[3.4] 5.                                                                               0 Multiply. -4 1 3 a + 7 2 [3.6] 6. Evaluate. 6
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Learning Strategy

Create a “master” study guide for each exam and incorporate your text-book, notebook, homework, and anything else used for class. Include all of  the concepts you need to know and make it detailed enough so that you won’t have to go back to your books or notes. Share study guides with your friends so that you can find things that you’ve missed or didn’t understand. Before each exam,  create a list of concepts you need to know. Meet with friends to create sam-ple questions for each concept and test each other until you complete the list.

—Kim D.

 

Complete each incomplete definition, rule, or procedure, study the key examples, and then work the related exercises.

3.1 Translating and Evaluating Expressions

Definitions/Rules/Procedures                          Key Example(s)

 

An                                                                         2 expression is a constant; a variable; or any combi-Example of an expression:  3 x + 7x + 5

nation of constants, variables, and arithmetic symbols       Example of an equation:  9x + 7 = 4x-8

that                        .

Translate to a variable expression.

An equation is a mathematical relationship that 

.                                                                a.   nine subtracted from the product of four and some 

number 

To translate a word phrase to an expression, identify 

the unknowns, constants, and                             Answer:  4n-9 ; then write 

the corresponding symbolic form.                         b. the sum of x and two divided by the difference of 

y squared and three 

To evaluate an expression,

 

1.                                                                                              x + 2 2 with the corresponding given Answer: 1 x + 2 2 , 1 y-3 2 or 2 y-3 values.

2.                 using the order of operations agreement.      Evaluate -2x + 8 when x = 3.

Solution:-2 132 + 8    Replace x with 3.

=-6 + 8    Multiply.

= 2        Add.

 

[3.1] For Exercises 1 and 2, translate to a variable expression.

1. eight less than negative two times m                      2. the product of five and the difference of some 

 number and twelve 

[3.1] For Exercises 3 and 4, evaluate the expression using the given values.

 

3. 5n   -9n + 2; n = 2                                                                              -3ab + 4-2                                     4.           ; a = 2, b = 2                    -4 

a-b
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3.2 Introduction to Polynomials; Combining Like Terms

Definitions/Rules/Procedures                          Key Example(s)

 

A                                                       2 monomial is an expression that is a(n) 5 x is a monomial. Its coefficient is 5, and its degree is 2.

whole number powers.  that are raised to                   3-mn is a monomial. Its coefficient is -1, and its degree 

is 4.

A coefficient is the                 in a monomial.

9x + 2 is not a monomial because it contains a sum.

The degree of a monomial is the 

7h

 in the monomial.  is not a monomial because it contains division by a 

k

variable.

 

[3.2]          3 5.  Is 9 x a monomial? Explain.                           [3.2] 6.  Is 4x-5 a monomial? Explain. 

 

[3.2] For Exercises 7–10, identify the coefficient and degree of each monomial.

7.                                                                             3 18 x 8. y

9.                                                                                 5-9  10.-3 mn

 

Definitions/Rules/Procedures                          Key Example(s)

 

A                                                       2 polynomial is a(n)  or a(n) . 9 x-11x-16 is a polynomial in one variable. More 

specifically, it is a trinomial because it has three terms.

A polynomial in one variable is a polynomial in which 

.                                        7xy + 13 is a multivariable polynomial. More specifi-

cally, it is a binomial because it has two terms.

A multivariable polynomial is a polynomial with 

.                                                                                  2                3 20 x + 9 x-16 + 5 x is a polynomial in one variable. It 

has no special name because it has more than three terms.

The degree of a polynomial is the                of any 

of the terms in the polynomial.                                                                2                3 Determine the degree of 20 x + 9 x-16 + 5 x and 

write it in descending order of degree.

To write a polynomial in descending order of degree, 

write the term with the                 degree first, then     Degree: 3

the term with the                 degree, and so on.                               3        2 Descending order: 5 x + 9 x + 20x-16

 

[3.2] For Exercises 11–14, indicate whether the expression is a monomial, binomial, or trinomial, or has no special name.

11.                                                                        3        2 9 y-5 12. 4 x + 9 x-x + 7 

13.                                                                   2-3 a 14. x + 5x-4 

[3.2] 15.                                                                                   4                       6      2 What is the degree of  [3.2] 16. Write  7 a-9 a + 13 + 5 a-a in descending 

7 4                       6      2 a-9 a + 13 + 5 a-a?                                       order of degree. 

 

Definitions/Rules/Procedures                          Key Example(s)

 

An expression is in simplest form if it is written with  Simplify and write the resulting polynomial in descend-

the               symbols possible.                           ing order of degree.

Like terms                                                        3                2        3 are  terms or variable terms that 7 x + 15 x-12 + 4 x-5 x-6-8x

have                                       .              =     3      3      2 15 x-5 x + 4 x                      Collect like + 7 x-8 x-12-6

To combine like terms terms.  , add the   and keep 

the               and their               the same.               =     3       2 10 x + 4 x                                Combine -x-18

like terms.
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[3.2] 17.                     3          3                                                                      2 Explain  why  4 y and 9 y are like terms. [3.2] 18.   Explain why 7 a and 7a are not like terms.

 

[3.2] For Exercises 19 and 20, simplify and write the resulting polynomial in descending order of degree.

2               2                                                         20.     2              7                       7 3 x-5 x + x + 13 + 5 x-6 x

19. 3a + 2a-4a-1 

 

3.3 Adding and Subtracting Polynomials

Definitions/Rules/Procedures                          Key Example(s)

 

To add polynomials,                 .                   Add.

1   2                   2 3 x-5 x + 1 2 + 1 7 x-4x-62

=   2     2 3 x + 7 x-5x-4x + 1-6

=    2 10 x-9x-5

 

[3.3] For Exercises 21 and 22, add and write the resulting polynomial in descending order of degree.

21. 1                                                                     4        3                     4 x-4 2 + 1 2 x + 9 2 22. 1 y + 2 y-8 y + 5 2 + 1 3 y-2y-92

 

Definitions/Rules/Procedures                          Key Example(s)

 

To subtract polynomials:                                 Subtract.

Write the subtraction expression as an equivalent addi-              1   3                 3 5 a-9 a + 2 2-1 a-6a-72

tion expression.                                                         = 1   3 5 a-9a + 22 + 1   3-a + 6a + 72

a.  Change the operation symbol from a                                =   3    3 5 a-a-9a + 6a + 2 + 7- to a + .

b.   Change the subtrahend (second polynomial) to its                    =   3 4 a-3a + 9

 additive inverse by                                  .

 

[3.3] For Exercises 23 and 24, subtract and write the resulting polynomial in descending order of degree.

23. 1 2 a-a2    1     2                                                  3      2                   3     2--2 a + 4 a 2 24. 1 19 h-4 h + 2 h-1 2-1 6 h + h + 7h + 22

 

3.4 Exponent Rules; Multiplying Polynomials

Definitions/Rules/Procedures                          Key Example(s)

 

To multiply exponential forms that have the same         Multiply.

base, we can                the exponents and                  5   4     5       9 a. t # t = t + 4 = t

.                                                                               4       3 b.-6 a # 5 a =-6 #     4 5 a+ 3

In math language: m   n                                                  7 a # a = . =-30 a

To multiply monomials,

1. Multiply the              .

2.                          of the like variables.

 

[3.4] For Exercises 25–28, multiply.

25.    3     4                                            4                                      4                                  3        5 m # m 26. 2 x # 1-5 x 2 27. -4 y # 3 y 28. -6 t # 1-t2
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Definitions/Rules/Procedures                          Key Example(s)

 

To simplify an exponential form raised to a power, we     Simplify.

can                                                                     # the exponents and . 2 a. 1 x 2 4 = 24 x =   8 x

In math language:    m                                        3 1 5 a 2 n = . b. 1-4 k 2 = 1-423 5#3 k

To simplify a monomial raised to a power:                           =      15-64 k

1. Evaluate the            raised to that power.

2. Multiply each                   by the power. 

 

[3.4] For Exercises 29–32, simplify.

29.      4                                            2 3                                                                               3 3 3 3 4 1 5 x 2 30. 1-2 y 2 31. 1 4 t 2 32. 1-2 a 2

 

Definitions/Rules/Procedures                          Key Example(s)

 

To multiply a polynomial by a monomial, use             Multiply.

the  distributive property to multiply                                   4       2 a.  2 m 1 m-5 m + 32

.                                                                                  4 2 = m # m + 2m # 1        2-5 m2 + 2m # 3

To multiply two polynomials:                                =   5      3 2 m-10 m + 6m

1.  Multiply            in the second polynomial by         b. 12x + 3215x-12

 in the first polynomial.                              = 2x # 5x + 2x # 1-12 + 3 # 5x + 31-12

2.                                                                                     =    2 like terms. 10 x-2x + 15x-3

Conjugates                                               =    2 10 x + 13x-3 are  that differ only in the 

.                                                                c. 1                                         2 3 x + 5 21 3 x-5 2 = 1 3 x 2-152

The product of conjugates                                                   =   2 9 x-25 is a(n) .

In math language: 1a + b21a-b2 =           .

 

[3.4] For Exercises 33–40, multiply.

33. 2 13x-42                                              34. -4y14y-52

35.         2 3 n 1 5 n-n + 72                                          36. 1a + 521a-72

37. 12x-321x + 12                                      38. 12y-1215y-82

39.                                                                                    2 1 3 t + 4 21 3 t-4 2 40. 1 u + 2 21 u-5u + 32

[3.4] For Exercises 41 and 42, state the conjugate of each binomial.

41. 3y-4                                                    42. -7x + 2 

 

3.5 Prime Numbers and GCF

Definitions/Rules/Procedures                          Key Example(s)

 

A prime number is a(n)            number that has         Determine whether 37 is prime or composite.

two different factors:          and                 .

Divide by the list of primes.

A composite number is a(n)            number that 

Is 37 divisible by 2?      No, because 37 is odd.

has                             .

Is 37 divisible by 3?       No, because 3 + 7 = 10 and 

this sum is not divisible by 3.

Is 37 divisible by 5?   No, because 37 does not end 

with 5 or 0.
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Definitions/Rules/Procedures (continued )               Key Example(s)

 

To determine whether a given number is prime or         Is 37 divisible by 7?

composite, divide it by each prime number sequen-

5

tially in ascending order and consider the results.

7 冄37

• If the given number is divisible by the prime number,                                -35

stop. The given number is a(n)                number.

2

• If the given number is not divisible by the prime 

number, consider the quotient. 37 is not divisible by 7. The quotient is smaller than the 

divisor. Stop test! 37 is prime.

 If the quotient is greater than the current prime di-

visor, repeat the process with the next prime in the 

list of prime numbers.

 If the quotient is equal to or less than the current 

prime divisor, stop. The given number is a(n) 

 number.

 

[3.5] For Exercises 43 and 44, determine whether the number is prime, composite, or neither.

43. 119                                                             44. 97 

 

Definitions/Rules/Procedures                          Key Example(s)

 

A prime factorization is a product written with             Find the prime factorization.

 factors only.

2400

To find the prime factorization of a composite number 

using a factor tree:                                                                100            24

1.  Draw two branches below the number.

10         10     2      12

2.  Find two                                      and 

place them at the end of the two branches.                          2       5     2       5     2       6

3.  Repeat steps 1 and 2 for every composite factor.

2       3

4.   Write a multiplication expression containing all of 

the prime factors.                                                         2400 = 2 # 2 # 2 # 2 # 2 # 3 # 5 # 5

= 5 2 # 3 # 2 5

 

[3.5] For Exercises 45 and 46, find the prime factorization. Write the answer in exponential form.

45. 360                                                           46. 4200 

 

Definitions/Rules/Procedures                          Key Example(s)

 

The greatest common factor of a set of numbers is          Find the GCF of 32 and 40 by listing.

the                 number that                all given 

Factors of 32: 1, 2, 4,  8,  16, 32

 numbers with no remainder.

Factors of 40: 1, 2, 4, 5,  8 , 10, 20, 40 

To find the greatest common factor by listing:

1. List                                                        GCF = 8 factors for each given number.

2.   Search the lists for the              factor common to 

all lists. 
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Definitions/Rules/Procedures (continued )               Key Example(s)

 

To find the greatest common factor using prime           Find the GCF.

factorization:                                                a.  84 and 120

1.   Write the prime factorization of each number in ex-

ponential form.                                                   84                    120

2.   Create a factorization for the GCF that has only 

those prime factors                            , each               2     42              10          12

raised to the             of its exponents.

3. Multiply.                                                           2     21       2      5      2      6

Note: If there are no common prime factors, the GCF  

is               .

3      7                   2      3

 

 84 =   2 2 # 3 # 7

 120      3 = 2 # 3 # 5

 GCF = 2 2 # 3 = 2 # 2 # 3 = 12

b.      3             2  36 m and 54 m

36             54

 

2     18        2     27

 

2     9         3     9

 

3      3        3      3

 

 36   3       2    2     3 m = 2 # 3 # m

 54   2          3     2 m = 2 # 3 # m

 GCF = 2 # 2            2 3 # 2 m = 18 m

 

[3.5] For Exercises 47–50, find the GCF.

47. 140 and 196                                               48. 45 and 28 

49.      5            6                                                                    2      4             3 48 x and 36 x 50. 18 a , 30 a , and 24 a

 

3.6 Exponent Rules; Introduction to Factoring

Definitions/Rules/Procedures                          Key Example(s)

 

To divide exponential forms that have the same base ,      Divide.

we can            their exponents and                 .        9     2     9 2 a. t , t = t-= 7 t

In math language: m    n                                       -a , a = n a m                           6 y =         when      b.     = y6 2       4 = y

a                                2 y

a ⬆ 0.

Evaluate.

 

The result of raising any nonzero number to the                 0 a. 245 = 1 exponent  0 is . 1 b. 0-5 2 = 1
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Definitions/Rules/Procedures (continued )               Key Example(s)

 

In math language: 0 a =         when a ⬆ 0.               Divide.

To divide monomials                                 a.         3                              3-1 18 m 2 m that have the same variable:-     ,      -18 = , 2 # m

1. Divide the                                                              =    2-9 m .

2.                     of the variable in the divisor from     b.        =      4 x-4 4 30 4 x    30

the exponent of the variable in the dividend.                 5x      5

 

To divide a polynomial by a monomial,                          =   0 6 x divide 6 = 12 in the polynomial by the monomial. = 6

Divide.

a.       3          2           2 1 20 x + 28 2 1 x   , 4 x2

=    3     2       2      2 20 x , 1 4 x 2 + 28 x , 1 4 x2 = 1       3 2 20-, 4 2 x + 128 , 42 2 x-2 = 5x + 7

14 4          3          2 y-28 y + 35 y

b.             2 7 y

 

=     -     + 2 2   2 7 14 4          3          2 y 28 y 35 y y     7y     7y

 

= 14        28        35 4 2 3 2 y--y-2 2 + y-7 7 7

=   2 2 y-4y + 5

 

[3.6] For Exercises 51–54, divide.

20 5 x

51.    8      2 r , r                                                          52. 

-5 2 x

53. 1                                                                   -30 6          4          2 x + 24 x-12 x 2

14 2 t + 18t   , 2t                                     54. 

-6 2 x

 

Definitions/Rules/Procedures                          Key Example(s)

 

To find an unknown factor, divide the             by       Find the unknown factor.

the               .                                                   3        2 30 x-45 x + 10x = 5x 1 ? 2

30 3          2                            Divide the product by x-45 x + 10 x = 1 ? 2

5                    the known factor. x

30 3          2 x 45 x     10x-     +        ? = 12

5x     5x     5x            the polynomial by the Divide each term in 

monomial.

 6 2                                Simplify. x-9 x + 2 = 1 ? 2
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[3.6] For Exercises 55–58, find the unknown factor.

55.      3                   8                                                              6        4        4 6 m # 1 ? 2 =-54 m 56. 12 x + 9 x = 3 x # 1?2

57.      6          4          2          2 40 y-30 y-20 y = 10 y 1?2                              58. Find an expression for the unknown length in the 

rectangle shown if its area is 42 6 b. 

 

3 5 b

 

?

 

Definitions/Rules/Procedures                          Key Example(s)

 

A number or an expression is in factored form if it is        Factor.

 

written as a(n)                     .                                               24x-15 a. 24 x-15 = 3 a b To factor a monomial GCF out of a polynomial: 3

 

1.  Find the GCF of the terms in the polynomial.                               24x    15 = 3 a-b 3 3 2.   Rewrite the polynomial as a product of the GCF and = the  of the polynomial and the GCF. 3 1 8 x-5 2

b.    7          5          3 9 u + 27 u-18 u

Polynomial                                     =    3      + 9 7          5          3 u =                                    27u-18u 9u a b

9 3 u

=   3 9 u a 9 7          5          3 u 27 u 18 u b

9 3 +      -3    3 u 9 u 9 u

=   3 4     2 9 u 1 u + 3 u-22

 

[3.6] For Exercises 59–62, factor.

59.                                         2                                      4          3                               3          2 30 x + 12  60. 12 y + 20 y 61. 9 n-15 n 62. 18 x + 24 x-36x

 

3.7 Additional Applications and Problem Solving

Definitions/Rules/Procedures                          Key Example(s)

 

Surface area is the total number of square units that  A 20-inch by 15-inch by 3-inch box is to be gift wrapped 

 of an object.                       with paper. How much paper is required?

Formulas                                          Solution:

Area of a parallelogram: A =                              SA = 2lw + 2lh + 2wh

Volume of a box: V =                                        = 2 12021152 + 21202132 + 21152132   Replace l with 

Surface area of a box:  20, w with 15,  SA  =

Height of a falling object: h = and h with 3.

= 600 + 120 + 90 Multiply.

Net profit or loss: N =                                         =        2 810 in.                              Add.
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[3.7] 63. a. Write an expression in simplest form for the       [3.7] 64. a. Write an expression in simplest form for the 

perimeter of the rectangle shown.                            area of the parallelogram shown. 

b.  Find the perimeter if x is 9 meters.                           b.  Find the area of the parallelogram if m is 

8 inches. 

 

3x    8                                                                           m    5

m    3

5x    2

[3.7] 65. a.  Write an expression in simplest form for the  volume of the box 

shown. 

b.  Find the volume of the box if n is 4 feet. 

 

8n

 

2n

3n    2

[3.7] 66. A company produces cardboard boxes that are 4 feet long by 3 feet 

wide by 2 feet high. How many square feet of cardboard are needed to produce one box? 

[3.7] 67. A coin is dropped from 150 feet. What is the height of the coin after 

2 seconds? 

[3.7] 68. A company produces two different tennis racquets, a normal size 

and an oversize version. If n represents the number of normal-sized racquets and b represents the number of oversize racquets, the poly-nomial 65n + 85b + 345 describes the revenue from the sales of the two racquets. The polynomial 22n + 42b + 450 describes the cost of producing the two racquets.

a.  Write an expression in simplest form for net. 

b.  In one week, the company sells 487 normal-size racquets and 246 

oversize racquets. Find the net profit or loss. 
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Chapter 3  Practice Test Step-by-step test solutions are found on the Chapter Test Prep Videos available via the Video Resources 
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on DVD, in                  , and on             (search “CarsonPrealgebra” and click on “Channels”).

 

1. ______________________         [3.1] 1. Translate to a variable expression. 

Negative seven times the difference of some number and five.

 

2. ______________________                              3        2 [3.1] 2. Evaluate 2 n-3 p when n =-2 and p =-3.

 

3. ______________________                                                          4 [3.2] 3. Identify the coefficient and degree of -y .

 

4. ______________________                                      3 [3.2] 4. Indicate whether 4 x-9 is a monomial, binomial, or trinomial or has 

no special name.

 

5. ______________________                                         2                4       3 [3.2] 5. What is the degree of x-9 x + 5 x-x?

 

6. ______________________         [3.2] 6. Simplify and write the resulting polynomial in descending order of 

degree. 10 4        2               2                 4 a + 3 a-5 a + 2 a + 5 a-11 a

 

7. ______________________         [3.3] 7. Add and write the resulting polynomial in descending order of degree. 

1   3                   3 2 y-8 y + 5 2 + 1 3 y-2y-92

 

8. ______________________         [3.3] 8. Subtract and write the resulting polynomial in descending order of 

degree. 1    5       3 12 y + 5 y-7y-32-1   5     2 6 y + y-7y + 12

 

9. ______________________         [3.4]                        5           2 9. Multiply. 1-4 u 2 # 1-5 u2

 

10. ______________________         [3.4] 10. Simplify. 1    3 5-2 a 2

 

[3.4] For Exercises 11–13, multiply.

 

11. ______________________                        3 11. -2 t 1 t-3t-72

 

12. ______________________               12. 1x-621x + 62

 

13. ______________________                      2 13. -2 a1a + 1212a-12

 

14. ______________________         [3.4] 14. What is the conjugate of 6x-5?

 

15. ______________________         [3.5] 15. Determine whether 91 is prime, composite, or neither.

 

16. ______________________         [3.5] 16. Find the prime factorization of 340.

 

17. ______________________                                      5            7 [3.5] 17. Find the GCF of 60 h and 48 h .
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[3.6] For Exercises 18 and 19, divide.

 

18.    6        4 m , m                                                                        18.  _____________________

 

16 5          3          2 x-18 x + 22 x

19.   19.  _____________________

-2x

 

20.                                    4                  7 Find the unknown factor. -8 x # 1 ? 2 =-40 x                                  20.  _____________________

 

[3.6] For Exercises 21 and 22, factor.

 

21. 12x-20  21.  _____________________

 

22.      4          3          2 10 y-18 y + 14 y                                                                22.  _____________________

 

[3.7] 23. a. Write an expression in simplest form for the area of the    23. a.   ___________________

parallelogram.

b.  Calculate the area if n is 7 centimeters. b.  ___________________

 

n     4

2n    1

 

[3.7] 24. An artist creates a metal box that is 10 inches long by 8 inches wide by   24.  _____________________

4 inches high. How many square inches of metal are needed to make the box?

 

[3.7] 25. A company makes two different styles of frames for eyeglasses. One         25. a. ____________________

style allows for round lenses; the other, for rectangular lenses. If a rep-resents the number of round-style frames and b represents the number  b. ____________________

of rectangular-style frames, then 145a + 176b describes the revenue from the sale of the frames. The polynomial 61a + 85b describes the cost of producing the frames.

a.  Write an expression in simplest form for the net. b. In one month, the company sold 128 round frames and 115 rectan-

gular frames. Find the net profit or loss.
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Chapters 1–3  Cumulative Review Exercises

For Exercises 1–4, answer true or false.

[1.1] 1. 0 is a natural number.                                [2.1] 2. The absolute value of 8 is -8. 

[2.1]                                                                              2 3. The additive inverse of 7 is 7. [3.2] 4. 15 y is a monomial. 

For Exercises 5–8, complete the rule.

[2.2] 5. The sum of two negative numbers is a(n)            [2.4] 6. The product of a negative number and a positive 

  number.                                       number is a(n)            number.

[3.2]                                                                              m   n 7. To combine like terms, add the  and [3.4] 8. a # a =

keep the             and their             the same.

[1.3] 9. Estimate 682 # 246 by rounding to the nearest        [2.1]  10. Graph -9 on a number line.

hundred. 

 

[3.2]                                      2                                                                         2               5 11.   What is the coefficient of -x ? [3.2]  12. What is the degree of 7 t-9 t + 4 t + 12? 

For Exercises 13–16, simplify.

[2.2]                                                                                3 13. -20 + 1-8 2 [2.4]  14. 1-5 2

[2.5] 15. 216 # 25                                               [2.5] 16. 2 39 + 13-1624-35 , 5 

[3.1] 17. Evaluate 2                                                              3        2 x-y when x = 100 and y = 36. [3.3] 18. Subtract. 1 4 y-6 y + 9y-82-

1   2 3 y-12y-22

[3.4] 19. Multiply. 1b-8212b + 32 [3.5] 20. Find the prime factorization of 360. 

18 5 n

[3.6]                                                                                       4          3          2 21. Divide. [3.6] 22. Factor. 12 m-18 m + 24 m

3 2 n

For Exercises 23 and 24, solve and check.

[1.2] 23. x + 19 = 25 [2.4] 24. -16x =-128 

[1.6] 25. Find the area of the                                     [3.7]   26. Write an expression in simplest form for the pe-

parallelogram.                                              rimeter of the rectangle.

w

17 cm

7w

 

15 cm

For Exercises 27–30, solve.

[1.5]  27. The graph to the right shows the monthly cost                         Monthly Natural Gas Cost

 

of natural gas over one year for the Jones family.     300       280 Find the mean, median, and mode monthly cost.

250

250

226

200

160

Cost                                                                      150           140

98

100                86

50                       40           48 40 36 60

0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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[2.2]   28. Carla has a balance of -$353 in a credit card         [3.7] 29. A 10-foot-wide by 12-foot-long by 7-foot-high 

account. If she makes a payment of $150, then  box is to be made out of plastic. What is the sur-

makes two purchases at $38 each, what is her                face area of the box? new balance? 

[3.7] 30. A company produces two different car alarm 

systems, basic and advanced. If b represents the number of basic alarms and a represents the number of advanced alarms, 225b + 345a + 200 describes the revenue from sales of the two 

types of alarm systems. The polynomial 

112b + 187a + 545 describes the 

cost of producing the two alarm systems.

a. Write an expression in simplest form for the 

net. 

b. In one month, the company sells 88 basic 

and 64 advanced alarm systems. Find the net 

profit or loss. 
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Chapter Overview                             4.1 Equations and Their Solutions
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 4.2 The Addition Principle 
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In Chapter 3, we learned about expressions, which are like 
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of Equality

[image: ]

phrases, or incomplete sentences. We learned to evaluate or re-write an expression. In Chapter 4, we will combine expressions   4.3 The Multiplication Principle 

[image: ]

with the equal sign to form equations, which are like complete           of Equality

[image: ]

sentences. We will learn to   4.4 Translating Word Sentences  solve  equations.

to Equations

 4.5 Applications and Problem 

Solving
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4.1  Equations and Their Solutions

 

Warm-up [3.1] Evaluate.                                                           Objectives

 1. 21a + 62; a =-5                                                                  1 Differentiate between an  2. 6a-4 13a + 72; a =-5  expression and an equation.

 2 Check to see whether a 

Objective 1  Differentiate between an expression and an equation. number is a  solution for an 

In Section 3.1, we considered the difference between an expression and an equa-        equation. tion. We learned that an equation contains an equal sign, whereas an expression does not.

 Expressions: 3 x + 5 Equations: 3 x + 5 = 9

7 2                                       2 x-8 x + 1 7 x-8x + 1 = 5x-2          Learning Strategies

Think of expressions as phrases and equations as complete sentences. The  Before class, read the material 

 expression  3x + 5 is read “three x plus five,” which is not a complete sentence.  to be covered. It is much easier 

The equation 3x + 5 = 9 is read “three x plus five is equal to nine” or simply  to understand your teacher hav-

“three x plus five is nine,” which are complete sentences. Notice that the equal  ing read the new material rather 

sign translates to the verb is. than hearing it all for the first 

 3x + 5                               time in class. 9 —Kim D.

;Three x plus five is nine.< During lectures, I think it is 

helpful to have your book open 

Example 1  and read along with what your 

Determine whether each of the following is an expression or an  teacher is saying. This can make 

equation. both the book and your teacher 

a.      2                                                                                                        easier to understand. 7 x + 9 x + 5

—Hannah J.

Answer:    2  7 x + 9x + 5 is an expression because it does not contain an equal sign.

b. 9x-10 = 3x + 1

Answer:  9x-10 = 3x + 1 is an equation because it contains an equal sign.

Do Your Turn 1                                                                       Your Turn 1

Determine whether each of the 

Objective 2 following is an expression or an    Check to see if a number is a solution for an equation.

equation.

In Chapter 3, we learned that we can perform two actions with expressions:           a.  5x-8

  1. Evaluate (replace each variable with a given number and perform the arithmetic).     b.  7y + 9 = 15  2. Rewrite (simplify, distribute, or factor).                                                 c. P = 2l + 2w

 d.    2  4 + 3 19-12 +   25 2

With an equation, our goal is to solve it, which means to find its solution or solutions.

 

Definitions Solve: To find the solution or solutions for an equation.

Solution:  A number that makes an equation true when it replaces the variable in the equation.

 

For example, 5 is a solution for the equation x + 3 = 8 because the equation is true when 5 replaces x.

x                                            Answers to Your Turn 1 + 3 = 8

a. expression b. equation

5 + 3 = 8  True                             c. equation d. expression

Showing that x + 3 = 8 is true when x is replaced by 5 serves as a check for the     Answers to Warm-up solution.                                                                                1. 2 2. 2
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Of Interest

The modern form of the equal sign is attributed to English mathematician Robert 

Recorde in his book Wetstone of Witte, published in 1557. He wrote,

I will sette as I doe often in woorke vse, a paire of paralleles, or Gemowe [twin] lines  of one lengthe, thus: =, bicause noe .2. thynges, can be moare equalle.

Recorde’s symbol was not immediately popular. The popular symbol of the time was 

, which was used into the eighteenth century.

Source: D. E. Smith, History of  Mathematics, 1953

 

Procedure

To check to see if a number is a solution for an equation:

  1.  Replace the variable(s) with the number.

  2.  Simplify both sides of the equation as needed. If the resulting equation  

is true, the number is a solution.

 

Your Turn 2                       Example 2    Check to see if the given number is a solution for the given 

Check to see if the given num-        equation.

 

ber is a solution for the given          a. 2x-5 = 1; check x = 3 equation. = Solution: 2 x-5 1 a. 12 = 9 b-5; check b = 2                     Note The symbol means that 2 2 1 3 2-5 1 b. m + 5 = 21; check m = Replace x with 3. we are asking whether the left side -4 of the equation equals the right side. 6-5 1 Simplify.

1 = 1 True; so 3 is a solution.

 b.          2 13 = y + 7; check y =-2

Connection In previous                          2 Solution:  13 = y + 7 chapters, we placed results 

below the expression from                    13 1   2               y with 2.-2 2 + 7  Replace 

which they came.                          13 4 + 7      Simplify.

We wrote:     2132-5                   13 = 11          False; so 2 is not a solution.

= 6-5             Do Your Turn 2

= 1

By bringing results down,  Now let’s consider equations that have variable expressions on both sides of the 

we prepared for this checking       equation, as in -3n + 8 = 2n-17. With these equations, a number is a solution 

technique, which compares         if both expressions produce the same numeric result.

the result of the left-hand 

 expression with the result of          Example 3 

Check to see if the given number is a solution for the given equation.

the right-hand expression.

a. -3n + 8 = 2n-17; check n = 4                   Note We simplify each 

Solution:     -3n + 8 =                                    side of the equation 2n-17 separately until we can 

-3142   8 2142-17  Replace n with 4. +     determine whether it is 

-                                 true or false. 12 + 8 8-17  Simplify.

-4 =-9       False; so 4 is not a solution.

b. 3x + 6 = 2 1x-12; check x =-8

Solution:      3x + 6 = 21x-12

3 1-82 + 6 211-82-12   Replace x with 8.

-24 + 6 21-92        Simplify.

Answers to Your Turn 2                                   -18 =-18                     True; so 8 is a solution.

a. 2 is not a solution.

b.-4 is a solution.
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c. 21a + 62 = 6a-413a + 72; check a =-5                                      Your Turn 3

Solution:  2 1a + 62 = 6a-413a + 72 Check to see if the given num-

2 1-5 + 62 61-52-4131-52 + 72   Replace a with 5.             ber is a solution for the given 

21 2 61-52-41-15 + 72     Simplify.                      equation.

 

Note                                                                                    a.  5m-29 =-8m-3; We 2 6 1-5 2-4 1-8 2 check keep bringing m = 2 2 -30-1-32 2 down 2 until b.  5 x-6 = 4 1 x + 2 2 ; 2 -30 + 32 we resolve the check x =-2 other side. 2 = 2 True; so 5 is a solution. c.  5 x-2 1 x + 3 2 = 7 1 x+ 22; 

Do Your Turn 3                                                                         check x = 4

 

VISUAL

Learning Strategy

Instead of writing to separate the left and right sides, you may prefer to draw a straight line down from the equal sign in the original equation.

3x + 6 = 2 1x-12

3-182 + 6  211-82-12                                  Answers to Your Turn 3

-24 + 6  2 1-92                                     a. 2 is a solution.

-18  -18      so   True;                                   b.-2 is not a solution. 8 is a solution. c.  4 is not a solution.

 

4.1             For Exercises

Extra

Help

 

Objective 1

Prep Exercise 1 What is the difference between an expression and an equation?

 

For Exercises 1–6, determine whether each of the following is an expression or an equation.

 1. 9x + 7 = 5                                      2. 7x-8

 3.        3                                                                          2 2 n + 8 m 4. 10 x = 12x + 1

 5.       5                                                                    6. 14 + 2-2 1 3 + 7 2 y = 16

Objective 2

Prep Exercise 2 What is a solution to an equation?              Prep Exercise 3 What does it mean to solve an 

 equation?

 

Prep Exercise 4 Explain how to check to see if a number is a solution for an equation.

 

For Exercises 7–26, check to see if the given number is a solution for the given equation.

 7. x + 9 = 14; check x =-5                            8. c + 7 =-2; check c =-9

 

 9. 3t =-9; check t =-9                                 10. 2p =-18; check p =-8
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 11. 3y + 1 = 13; check y = 3                                 12. 5d-1 = 19; check d = 4

 

 13. 6x-7 = 41; check x = 8                                14. -5a + 19 = 9; check a = 2

 

 15. 3m + 10 =-2m; check m = 5                          16. 18-7n = 2n; check n =-2

 

 17.    2                                                                                 2 x-15 = 2 x ; check x =-3 18. x-15 = 2x; check x = 5

 

 19.    2                                                                                 2 b = 5 b + 6; check b =-3 20. b = 5b + 6; check b =-1

 

 21. -5y + 20 = 4y + 20; check y = 0                       22. 10n-14 =-n + 19; check n = 1

 

 23. -21x-32-x = 41x + 52-21; check x = 3            24. 31x-52-1 = 11-21x + 12; check x = 5

 

 25. 3                    2                                                                              3 a-5 a + 6 = a + 3 1 a-1 2 ; check a =-2 26. 2 t 1 t + 1 2 = t-5t; check t =-3

[image: ]

 

Puzzle Problem  A farmer has a fox, a goat, and a large head of cabbage to transport across a river. His boat is so small 

[image: ]

that it can hold only the farmer and the fox, goat, or cabbage at a time. If the farmer leaves the fox with the goat, the 

[image: ]

fox will eat the goat. If he leaves the goat with the cabbage, the goat will eat the cabbage. Somehow he transports 

[image: ]

them all across safely in the boat. Explain the process. 

[image: ]

 

Review Exercises

[image: ]

For Exercises 1 and 2, simplify.

[image: ]

[3.2] 1. 2x-19 + 3x + 7                                   [3.2] 2. 7y + 4-12-9y

[image: ]

For Exercises 3 and 4, multiply.

[image: ]

[3.4] 3. 5 1m + 32                                          [3.4] 4. -113m-42

[image: ]

[1.2] 5. Solve and check. x + 8 = 15 

[image: ]
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4.2 The Addition Principle of Equality

 

Warm-up                                                      Objectives

[4.1] 1. Check to see if -2 is a solution for 7x-9 = 6x-11.                           1 Determine whether a given  [3.2,  3.4] 2. Simplify. 3 1y-52-2y                                                             equation is linear.

 2 Solve linear equations in 

Objective 1  Determine whether a given equation is linear. one variable using the addi-

There are many types of equations. We will focus on  tion principle of equality.

linear equations.

 3 Solve application problems.

Definition Linear equation: An equation in which each variable term is a monomial of degree 1.

 

This means that linear equations contain constants and variable terms that have a sin-gle variable raised to an exponent of 1. All other equations are called nonlinear equations.

 

Example 1 Determine whether the given equation is linear or nonlinear.          Your Turn 1

a.  Determine whether the given  5  x  +  9  =  24

Answer:  5x + 9 = equation is linear or nonlinear.

24 is a linear equation because the variable term, 5x, is a            a. 2x-8 = 14

monomial of degree 1.                                                            b. 7y = 21

b.             2                                                                                                       3 2 x-9 x = 15 x + 7 c. x = 5x + 2

Answer:          2                                                                               2                      2 2 x-9 x = 15 x + 7 is nonlinear because it has a variable term, -9 x ,  d. y = x-5

with a degree other than 1. The degree of      2-9 x is 2.                                    e. y = 2x + 1

Do Your Turn 1

 

If an equation has the same variable throughout, we say that it is an equation in one variable.

 2x + 9 = 5x-12 is a linear equation in one variable, x.

y2-2y + 5 = 8 is a nonlinear equation in one variable, y.

If an equation has two different variables, we say that it is an equation in two vari-ables. Such an equation is linear as long as the degree of every variable term is 1.

 2x-3y = 6 is a linear equation in two variables, x and y.

y = 3 x is a nonlinear equation in two variables.

 

Objective 2 Solve linear equations in one variable using the addition 

principle of equality.

In Chapters 1 and 2, we solved equations such as x + 7 = 9 by writing a related subtraction equation. Now we will build on what we learned and develop a method, called the balance method, for solving more complex equations. To un-derstand this method, imagine an equation as a balanced scale with the equal sign acting as the pivot point.

Answers to Your Turn 1

a. linear b. linear c. nonlinear

 

x                                                                                      d. nonlinear 1 7 9 5              because 2 + Note                                     e. linear The solution to x + 7 = 9 is 2 

7 = 9.                        Answers to Warm-up

 1. -2 is a solution. 2. y-15 230   Chapter 4  Equations

 

Like a scale, adding an amount to one side unbalances the equation. For example, 

adding 4 to the left side of the equation tips it out of balance.

 

Note The equation is now unbalanced 

9 because its solution is no longer 2. Sim-

 plifying the left side gives x + 11 = 9, 

x    7                                     2 1 + and 2 is no longer the solution because 

1 4                                  11 ⬆ 9. 5

 

However, if the same amount is added to both sides, like a scale, the equation 

stays balanced.

 

Note The equation is now balanced 

 

x because its solution is still 2. Simpli-  7  1  9   fying both sides gives  x  1  4  1  4  +  11  =  13,  and 2 is the solution because  5  2  +  11  =  13.

 

We say that the equation is balanced because adding 4 to both sides of the equa-

tion did not change the solution. This rule is called the addition principle of 

equality.

 

The Addition Principle of Equality

Adding the same amount to both sides of an equation does not change the equation’s solution(s).

 

Connection  Now let’s use the principle more strategically to solve equations. When solving an  The balance 

method is an extension of the  equation in one variable, the goal is to manipulate the equation so that the vari-

related equations method we  able is isolated on one side of the equation and the solution appears on the other 

used in Chapters 1 and 2. side. To isolate x in x + 7 = 9, we need to eliminate 7; so let’s add -7 to both 

Related equations method:        sides.

 

x                                   x + 7 =  9 + 7 = 9 x                                  7    Note Adding 7-7 to both sides elim-= 9-7 inates 7 from the left side, isolating x + 0 =  2 x

= 2                                    the variable x. On the right side, we 

With both methods, we                              x =  2    see the solution, 2.

subtract 7 from 9 to get the          Notice that + 7 and -7 are additive inverses, which is the key to using the addi-

 solution  2.                               tion principle of equality.

 

Note                                 Procedure

Adding an additive inverse 

is equivalent to subtraction; so we  To use the addition principle of equality to eliminate a term from one side 

can also say that we subtract the         of an equation, add the additive inverse of that term to both sides of the term we want to eliminate from          equation.

both sides.




4.2  The Addition Principle of Equality      231

 

Example 2 Solve and check.                                                Your Turn 2

a. x-8 =-15                                                              Solve and check.

 

Solution:                                                                                     a. 16 = x-5 To isolate x , eliminate -8 by adding 8 to both sides. b. n + 13 = 20 = Note x Because the sum of additive -8-15 c. -13 = y-7 inverses is always 0 and the sum 8  8 Add 8 to both sides. d. 21 =-9 + k of the variable and 0 is always the x + 0 =-7 variable, many people skip this step = and go straight to the solution step. x The sum of -7 x and 0 is x .

Check:     x-8 =-15

 7-8 -15 In the original equation, replace x with 7.

-15 =-15  True; so 7 is the solution.

b. 14 = m + 5

Solution: To isolate m, eliminate 5 by adding                                           VISUAL-5 to both sides (or subtracting 5 

from both sides).                                                                         Learning Strategy

 14 If you are a visual learner, try  =  m  + 5

 writing the amount added to or  5       5  Add 5 to both sides. (Subtract 5 from both sides.) subtracted from both sides of 

 9 = m + 0 an equation in a different color 

 9 = m       The sum of m and 0 is m.                                    than the rest of the equation. 

Check:  14 = These steps are shown in blue  m + 5 in the text to illustrate how this 

 14 9 + 5 In the original equation, replace m with 9.                      looks.

 14 = 14       True; so 9 is the solution.

Do Your Turn 2

 

Some equations contain expressions that can be simplified. If like terms appear on the same side of an equation, we combine the like terms before isolating the variable.

 

Example 3 Solve and check. 5n-14-4n =-12 + 7                        Your Turn 3

Solution:                                                                                    Solve and check.  On the left side of the equation, we have the like terms 5 n and -4 n . 

On the right side, we have the like terms -12 and 7. We will combine those like       a. 4x + 5-3x = 12-13

terms first, then isolate n.                                                                 b. 25-18 = 6c + 2-5c

 5n-14-4n =-12 + 7                                   Note It may be tempting to check 

Combine 5n and          n-14 =-5       Combine 12 and 7 to get 5.      a solution using an equation that 

 occurs in one of the solution steps  4  n  to get  n  .   14    14  Add 14 to both sides to isolate  n  .  instead of the original equation. 

n + 0 = 9 For example, in Example 3, it 

n would be easier to check 9 using  =  9  n - 14  = - 5 instead of using 

Check:        5n-14-4n =-12 + 7                                           5n-14 - 4n =-12 + 7. How-

 

 5 192-14-4192 ever, remember that we are solv-  - 12  +  7  In the original equation, replace  n  with 9.  ing the original equation; so we   45 - 14 - 36   - 5  Simplify each side.  always check using the original 

 31-36 -5                                           equation.

-5 =-5       True; so 9 is the solution.

Answers to Your Turn 2

Do Your Turn 3                                                                     a. x = 21 b. n = 7

c. y =-6 d.  k = 30

Answers to Your Turn 3

a. x =-6 b.  c = 5 232   Chapter 4  Equations

 

If an equation contains parentheses, we can use the distributive property to 

 eliminate them. After using the distributive property, we usually have to simplify 

further by combining like terms that are on the same side of the equation.

 

Your Turn 4                       Example 4    Solve and check. 31y-52-2y =-20 + 2

Solve and check.                     Solution:  Use the distributive property, combine like terms, and then isolate y.

 

 a. 14-17 = 41u-32-3u                                 31y-52-2y =-20 + 2    b. 7 h-2 1 3 h + 4 2 = 15-12 Distribute to clear  3 y-15-2 y =-18 Combine 20 and 

parentheses.                                        2 to get    18. 

Combine 3y and 2y           y -15 =-18

to get y. Add 15 to both sides   15   15

y                 to isolate y. + 0 =-3

y =-3

Check:             31y-52-2y =-20 + 2

 3 11 32-52-21 32 -20 + 2 In the original equation, replace y

with    3. 

 3 1-82-21-32 -18      Simplify each side.

-24-1-62 -18

-24 + 6 -18

-18 =-18       True; so 3 is the solution.

Do Your Turn 4

 

Objective 3  Solve application problems.

Let’s put what we’ve learned about using the addition principle of equality into 

the context of solving problems involving an unknown addend. You may recall 

that the way to recognize a missing addend problem is to look for key words such 

as How much more is needed?

 

Your Turn 5                       Example 5    Laura wants to buy a car stereo that costs $275. She currently has 

Translate to an equation; then          $142. How much more does she need?

solve.                                  Understand We are given the total required and the amount she currently has, 

a.  A patient must receive 350  and we must find how much she needs. Adding the amount needed to her cur-

cubic centimeters of a medi- rent amount, $142, should equal the total required, $275. The amount needed is 

cation in three injections. He       an unknown addend.

has received two injections 

of 110 cubic centimeters  Plan We will translate to an equation with an unknown addend, where x repre-

each. How much medication      sents the unknown addend, and then solve.

should the patient receive in       Execute  Current  amount + needed amount = 275

the third injection?                            142      +        x         = 275

b.  Daryl has a balance of                                                     142 + x = 275

-$568 on a credit card. How                                       142     142

much must he pay to bring  Subtract 142 from both 

his balance to                                                                 0                         sides. + x = 133-$480?

x = 133

Answers to Your Turn 4

a. u = 9 b.  h = 11

Answers to Your Turn 5

a. 110 + 110 + x = 350; 130 cc

b. -568 + x =-480; $88
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Answer Laura needs $133 more to buy the stereo.

Check Does $142 plus the additional $133 equal $275?

 142 + 133 275

 275 = 275  It checks.

Do Your Turn 5

 

Of Interest

The word algebra first appeared in a book by Arab mathematician Mohammed ibn Musa al-Khowarizmi (about A.D. 825), entitled al-jabr w’al-muqabalah. The word al-jabr translates to the reunification. Al-jabr went through many spelling changes and finally emerged as our modern word algebra. When the Moors brought the word to Spain, it came to mean the reunification of broken bones, an algebrista being one who sets broken bones.

Source: D. E. Smith, History of Mathematics, 1953

 

PORTFOLIO

 

4.2             For Exercises

Extra

Help

 

Objective 1

Prep Exercise 1  Explain why 6x + 2 =                                                        2 5 x + 12 is a linear Prep Exercise 2  Explain why x + 4 = 13 is a nonlinear equation.                                                       equation. 

 

For Exercises 1–12, determine whether the given equation is linear or nonlinear.

 1.                                                                    2 9 x-7 = 4 x + 3 2. 7 y = 14 3. t-5 = 20 

 4. 2n-9 = 3                                  2 n                                 5 + 6 n-1  5. 5 u n    3 -17 = u 6. 14 n + 1 -9 = n +

 7.                                       2                                                    3 2 x + y = 5 8. y = x-5 9. t = u + 2 

 10. x =-6                              11. y = 3x + 2                          12. 1y-52 = 31x-12

Objective 2

Prep Exercise 3 What does the addition principle of           Prep Exercise 4 Explain how to use the addition principle equality say?                                                  of equality to solve x + 9 = 16. 

 

For Exercises 13–32, solve and check.

 13. n + 14 = 20                          14. 25 = m + 9                          15. 10 = c + 17 

 16. d + 28 = 16                          17. x + 10 =-7                         18. -6 = y + 19 

 19. h-14 = 2                          20. 13 = k-6                          21. -7 = x-15

 22. -5 = t-11                         23. 10 = 5x-2-4x                   24. 6y-8-5y = 4

 25. 9y-8y + 11 = 12-2             26. 3r-2r + 13 = 16-7             27. 6-19 = 4y-11-3y

 28. 2x-3-x = 9-17               29. 7 1m-22-6m =-13 + 5         30. -19 + 12 = 51n-42-4n

 

 31. -4-17 = 16y-3 15y + 62        32. 13x-413x + 22 =-6-13
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Objective 3

For Exercises 33–46, translate to an equation and solve. 

 33. Yolanda is to close on her new house in three weeks.      34. Nikki has a balance of -$457 on her credit card. 

The amount she must have at closing is $4768. She  What payment should she make to get the balance  

currently has $3295. How much more does she              to -$325?

need?

 35. A patient is to receive 450 cubic centimeters of a med-     36. An entry in a chemist’s notebook is smudged. The 

ication in three injections. The first injection is to be  entry is the initial temperature measurement of a 

200 cubic centimeters; the second injection, 180 cubic  chemical in an experiment. In the experiment, a sub-

centimeters. How much must the third injection be? stance was introduced to the chemical, decreasing its 

temperature by 19C. The final temperature is listed as 165C. What was the initial temperature?

 37. Use the following graph, which shows the national average tuition and fees in 

public two-year colleges for each school year from 2004/2005 to 2008/2009.

National Average Tuition and Fees

in Public Two-Year Colleges

2200

$2137

2100                            $2061

$2018

2000

$1935

1900   $1849

1800

'04–'05    '05–'06   '06–'07    '07–'08    '08–'09

Source: U.S. Department of Education.

a.  Complete the following table. In the row labeled “Equation,” write an 

equation that can be used to find the amount of increase in tuition for the 

years indicated. Use the variable x to represent the increase in tuition. Solve 

the equation and write the amount the tuition increased in the row labeled 

“Tuition increase.”

’04/’05 to ’05/’06    ’05/’06 to ’06/’07    ’06/’07 to ’07/’08    ’07/’08 to ’08/’09

Equation

 Tuition  

increase

b. Which school year had the greatest increase in average tuition from the 

previous school year? 

 38. The following graph shows the low and high temperatures for each day from March 1 

through March 4 in Fairbanks, Alaska. 

30

23

20                                  17 High Low

10

10                                          5

0

 

2           2 10        227        29 2 20

230

2    232 40

3/1            3/2            3/3            3/4

Source: The Weather Underground, Inc.
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a.  Complete the following table. In the row labeled “Equation,” for each day, 

write an equation that can be used to find the temperature increase from the low to the high temperature. Use the variable t to represent the temperature increase for each day. Solve the equation and write the temperature increase in the row labeled “Temperature increase.”

March 1      March 2     March 3     March 4

Equation

Temperature  

increase

 

b. Which day had the greatest increase in temperature? 

 39. Jerry sells medical equipment. The company quota is set at $10,500 each month. 

[image: ]

The spreadsheet below shows Jerry’s sales as of the end of the second week of July. How much more does Jerry need to sell to make the July quota? Do you think Jerry will meet the quota? Why or why not?

 

Date   Item No.   Quantity   Price   Total Sale

 7/3    45079        2      $800      $1600

 7/8    47002        1      $4500     $4500

7/13    39077        3      $645      $1935

 40. Marc is a server at a restaurant. His rent of $675 is due at the end of the week. 

Currently, he has $487 in the bank. At the end of his shift, he finds that he made $85. How much more does he need in order to pay his rent? If he has two more shifts before rent is due, do you think he will make enough to pay the rent? Explain. 

 

 41. Connie is considering a new apartment. The kitchen and dining area are shown 

below. What is the length of the dining area? Is this area large enough to accom-modate a 4-foot by 4-foot square table and four chairs?

3 ft.       4 ft.

x

 

Dining area        8 ft.

 

17 ft.

 

 42. At an archaeological dig, the archaeologists suspect that there may be a secret 

passage or small chamber between two chambers of a tomb. The archaeologists have mapped and documented distances. What is the distance between the two chambers? 

30 m

 

Chamber 1                        Chamber 2

 

9 m             d               12 m
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 43. The perimeter of the triangle shown is 84 centimeters. Find the length of the 

missing side. 

 

23 cm                  l

 

35 cm

 44. The perimeter of the shape shown below is 255 inches. Find the length of the side 

labeled n. 

80 in.

n

42 in.

54 in.

45 in.

 45. For a person to take more than the standard deduction     46. The Smith family will be filing their tax return jointly. 

on taxes, his or her itemized deductions must exceed  They have the following itemized deductions. How 

the standard deduction. Because the Colemans’ filing  much are they lacking to reach the level of the stan-

status is married filing jointly, their standard deduc-           dard deduction, which is $11,400?

tion is $11,400 in 2010. If the Colemans already have                Mortgage interest: $5600

the following itemized deductions, how much are they             Medical and dental expenses: $1650

lacking to reach the level of the standard deduction?               Taxes paid: $1538

Medical and dental expenses: $2420                        Charitable donations: $450

Taxes paid: $2447

Charitable donations: $1200

 

Review Exercises

For Exercises 1–4, evaluate.

[2.4] 1. 5 1-82                                              [2.4] 2. 24 , 1-32

 

[2.5] 3. 12 + 3 1-5-22                                  [2.5] 4.     2 16 + 213-52

-5 12 + 4

[1.4] 5. Solve and check. 5x = 15 
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4.3  The Multiplication Principle 

of Equality

 

Warm-up Solve and check.                                                         Objectives

 [4.2]  1. 4 12n-32-7n =-4                                                          1 Solve equations using the  [2.4]  2. 6x =-30 multiplication principle of 

equality.

Objective 1  Solve equations using the multiplication principle of equality.        2 Solve equations using both 

In Section 4.2, we learned that the addition principle of equality states that adding  the addition and multiplica-

the same amount to or subtracting the same amount from both sides of an equa- tion principles of equality.

tion does not change the equation’s solution. Likewise, we can multiply or divide      3 Solve application problems. both sides of an equation by the same number without affecting the equation’s solution. This rule is called the multiplication principle of equality.

 

The Multiplication Principle of Equality

Multiplying (or dividing) both sides of an equation by the same amount does 

not change the equation’s solution(s).

 

While the addition principle of equality is used to eliminate terms from one side 

Connection In Chapter 5, 

of an equation, the multiplication principle of equality is used to eliminate a vari-able’s coefficient. For example, to solve  2n = we will see that dividing by 

10,  we need to eliminate the coeffi-

2 is equivalent to multiply-

cient 2 to isolate the variable n. Dividing both sides of the equation by 2 eliminates the 2 but leaves the variable, n.                                                             ing by 1. Because division 

2

 

2n    10                                                 can be written as multiplica-= Divide both sides by 2. 2 2 tion, it is simpler to call the 

 1n = 5     Divide.                                                 principle the multiplication

n = 5   The product of 1 and                                    principle of equality. n is n .

We can summarize how to use the multiplication principle of equality to elimi-nate a coefficient with the following procedure:

 

Procedure

To use the multiplication principle of equality to eliminate a coefficient, divide 

both sides of the equation by the coefficient. Connection The balance 

method is an extension of 

the related equations method 

Example 1  we used in Chapters 1 and 2. 

Solve and check.

 Related equations method:

a. 7x = 21                                                                                 7x = 21

Solution: To isolate x, eliminate the coefficient 7 by dividing both sides by 7.                     x = 21 , 7

 

7x    21                                                       x = 3 Divide both sides by 7. = 7 7 With both methods, we  1x = 3     Divide.                                                 divide 21 by 7 to get the 

x                                                     solution  3. = 3 The product of 1 and x is x .

Check:      7x = 21

7132 21 In the original equation, replace x with 3.

 21 = 21   True; so 3 is the solution.                                          Answers to Warm-up

 1. n = 8 2. x =-5 238   Chapter 4  Equations

 

Your Turn 1                       b. -6m = 30

Solve and check.                     Solution:

 

 a.  5y = 45                               Note The quotient of a nonzero         -6m     30   Divide both sides by = 6. number and itself is always 1, b.  6 n =-24 6 6 and the product of that 1 and the c.-2 x = 16 1 m =-5 variable is always the variable; so = d.-a-6 many people skip this step and go m =-5

straight to the solution step.

Check:      -6m = 30

-61-52 30 In the original equation, replace m with 5.

30 = 30   True; so 5 is the solution.

c. -y = 8

Solution:  As we learned in Chapter 3, the minus sign in front of the variable is understood to mean that the coefficient is -1.

 

-1y    8 =      Divide both sides by    1. 1    1

 1y =-8    Divide.

y =      The product of 1 and y is y.-8

Check:       -1y = 8

-                                  y with the solution, 1 1-8 2 8 In the original equation, replace 8.

 8 = 8    True; so 8 is the solution.

Do Your Turn 1

 

Objective 2 Solve equations using both the addition and multiplication 

principles of equality.

Now let’s solve equations that require both the addition principle and the multi-

plication principle of equality. First, we consider equations of the form ax + b = c. 

Our method is to use the addition principle of equality to isolate the variable term. 

Then we use the multiplication principle of equality to eliminate the variable’s co-

efficient, which isolates the variable.

 

Your Turn 2                       Example 2    Solve and check.

Solve and check.                     a. -2x-9 = 7

 

 b. a.  4x-1 =-21                   Solution:                        -2x-9 =   7-7 b + 1 = 22 9 9     Add 9 to both sides to  c. 12 = Connection After 17 + 5 x isolate the 2 x term. adding 9 to both -2 x + 0 =  16 d.-4 = 32-9 y sides, we have -2 x = 16 =-2 x 16, which is 2 to -2 x 16 Divide both sides by the  equation in Your = eliminate the 2 2 2 coefficient. Turn 1c. = 1 x-8

x =-8

Answers to Your Turn 1

a. y = 9 b. n =-4

c. x =-8 d. a = 6

Answers to Your Turn 2

a. x =-5 b. b =-3

c. x =-1 d. y = 4
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Check:      -2x-9 = 7

-2 1 82-9 7 In the original equation, replace x with 8.

 16-9 7   Simplify.

 7 = 7    True; so 8 is the solution.

b. 12 = 26-7x

Solution:      12 =    26-7x

 26 26    Subtract 26 from both sides to isolate the 7x term.

-14 =    0-7x

 

-14    -7x       Divide both sides by 7 to eliminate the = 7 7 7 coefficient.

 2 = 1x

 2 = x

Check:  12 = 26-7x

12 26-7 122 In the original equation, replace x with 2.

12 26-14    Simplify.

12 = 12         True; so 2 is the solution.

Do Your Turn 2

 

Suppose variable terms appear on both sides of the equation, as in 7x-1 = 3x-21. We use the addition principle of equality to get the variable terms together on the same side of the equation so that it is in the form ax + b = c. We choose one of the variable terms (it does not matter which one) and then use the addition principle of equality to eliminate that term. Although it does not matter which term we choose, eliminating the variable term with the lesser coefficient has its advantages. The rest of the steps are just like Example 2.

 

Example 3 Solve and check. 7x-1 = 3x-21                               Your Turn 3

Solution:                                                                                    Solve and check.  Because like variable terms appear on opposite sides of the equation, 

we use the addition principle of equality to clear one of them.                         a.  9b + 2 = 5b + 26

Note                                                                              b. n + 12 = 6-2n Choosing to   7 x-1 = 3 x-21

 eliminate  3x instead of            3x       3x      Subtract 3 x from both sides.

7x avoids getting a nega-         4x-1 =   0-21                                        Connection After clear-like terms are combined. ing the 3x term, we have the   4  x - tive coefficient after the 

1 =-21                               

 same equation as in Your  1    

1      Add 1 to both sides to isolate the 4                               Turn 2a. x

 4                                             term. x + 0 =-20

4x    -20       Divide both sides by 4 to =

4             eliminate the 4 coefficient. 4

 1x =-5

x =-5

Check:       7x-1 = 3x-21

 71 52-1 31 52-21 In the original equation, replace x with 5.

-35-1 -15-21     Simplify.

-36 =-36          True; so 5 is the solution.

 

Answers to Your Turn 3

a. b = 6 b. n =-2 240   Chapter 4  Equations

 

Alternative Solution: Subtracting 7x from both sides instead of 3x as the first step does not change the solution. Afterwards, we add 21 to both sides and then divide both sides by -4 instead of 4 in the last step.

 7x-1 =   3x-21

7x    7x   Subtract 7 x from both sides. Note  Choosing 

 0-1 =                                             to  eliminate 7x-4 x-21

-1 =                                   instead of 3x-4x-21 gives a negative 

 21     21 Add 21 to both sides.         coefficient after 

 

 20 20 the like terms are  = - 4  x  +  0  combined. - 4  x  =  Divide both sides by   4.  4   4

-5 = 1x

-5 = x

Do Your Turn 3

 

As we learned in Section 4.2, sometimes the expressions in an equation can be 

simplified before we use the addition principle of equality. First, let’s consider 

equations that have like terms on the same side of the equation.

 

Your Turn 4                       Example 4    Solve and check. 9n + 6-2n = 16 + 10n-4

Solve and check.                     Solution:  Because like terms are already on the same sides of the equation, we 

a. 5t + 13-t = 3 + 6t-12       combine those like terms first.

 

 b. 15-2y + 6 =                     9n + 6-2n = 16 + 10n-4 12 y + 30-5 y 7 n + 6 = 12 + 10 n   Combine like terms.

 7n       7n     Subtract 7n from both sides.

0 + 6 = 12 + 3n

 12  12           Subtract 12 from both sides to isolate 3n.

-6 = 0 + 3n

-6   3n =            Divide both sides by 3.

3     3

-2 = 1n

-2 = n

Check:           9n + 6-2n = 16 + 10n-4

 91 22 + 6-21 22 16 + 101 22-4 In the original equation, 

 replace n with   2. 

-18 + 6-1-42 16 + 1-202-4

-12-1-42 -4-4

-12 + 4 -8

-8 =-8              True; so 2 is the solution.

Do Your Turn 4

 

Finally, we consider equations that contain parentheses.

 

Answers to Your Turn 4

a. t = 11 b. y =-1
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Example 5 Solve and check. 15-21y-32 = 612y + 52-5y

Solution:  We simplify each side first by using the distributive property to elimi-

nate  the parentheses and combining like terms.

 15-21y-32 = 612y + 52-5y                          Connection  After  distribut-

 15-2y + 6 = 12y + 30-5y    Distribute 2 and 6.    ing, we have the same equa-

 21                                                                         tion as in Your Turn 4b.-2 y = 7 y + 30 Combine like terms.

 2y 2y         Add 2 y to both sides. 

 21                                                                        Your Turn 5 + 0 = 9 y + 30

 30                        Solve and check. 30 Subtract 30 from both 

 

- sides to isolate 9 . y          a.  313t-52 + 13 = 41t-32  9  =  9  y  +  0 -                                      b.  9-51x + 42 = 9 9 y = Divide both sides by 9. 7 x-1 6 x + 5 2 9

9

-1 = 1y

-1 = y

 

Check:        15-2 1y-32 = 612y + 52-5y

15-211 12-32 6121 12 + 52-51 12 In the original  equation, 

replace y with    1. 

15-2 1-42 61-2 + 52-51-12      Simplify.

15-1-82 6132-51-12

15 + 8 18-1-52

23 18 + 5

23 = 23                     True; so 1 is the 

solution.

Do Your Turn 5

 

We can summarize everything we have learned about solving linear equations in one variable with the following procedure:

 

Procedure

To solve a linear equation in one variable:

  1.  Simplify each side of the equation.

a.  Distribute to eliminate parentheses.

b.  Combine like terms. 

  2.  Use the addition principle of equality so that all variable terms are on one side 

of the equation and all constants are on the other side. Then combine like terms.

Note Eliminate the variable term with the lesser coefficient to avoid negative coefficients.

  3.  Use the multiplication principle of equality to eliminate the coefficient of 

the variable.

 

Objective 3  Solve application problems.

In Section 4.2, we revisited many of the application problems that we solved ear-lier in the text and used the addition principle of equality to solve those problems. 

 

Answers to Your Turn 5

a. t =-2 b. x =-1 242   Chapter 4  Equations

 

Now we will solve application problems using the multiplication principle of 

equality. The formulas we will use involve multiplying variables.

Area of a parallelogram: A = bh Volume of a box: V = lwh

 Distance: d = rt

 Voltage: V = ir

Notice that in all of these formulas, we multiply numbers to achieve the result. 

In fact, the area of a parallelogram, distance, and voltage are all mathematically 

identical because they are found by multiplying two numbers together. The only 

difference with volume is that we multiply three numbers.

 

Your Turn 6                       Example 6    Juanita is driving at a rate of 59 feet per second (about 40 miles 

A building code in a certain re- per hour). A sign is 177 feet ahead. How much time until she passes the sign?

 

gion requires that upstairs win-       Solution:   d = rt dows have a minimum area of 177 = 59t In d rt, replace d with 177 and r with 59, then solve for t. 864 square inches. Doris wants 

 

an upstairs window that is 18                  177    59t   Divide both sides by 59 to isolate =t. inches wide. What must the 59 59

length be?                                       3 = 1t

 3 = t

Answer:  Juanita passes the sign after 3 sec. (The time is in units of seconds be-cause the rate was in terms of feet per second.)

Do Your Turn 6

Your Turn 7

Solve. Some problems involve using both the addition and multiplication principles of 

a.  The length of a rectangle is        equality. If a formula has multiplication and addition or subtraction, then we will 

207 centimeters. Find the  likely have to use both principles to solve for the unknown amount. Some formu-

width of the rectangle if the       las where this would apply are listed below.

 

b. The formula C = 8f + 50                       Surface area of a box: perimeter is 640 centimeters.                       Perimeter of a rectangle: P = 2l + 2w

describes the total cost of                                                      SA = 2lw + 2lh + 2wh

a fence with a gate, where 

C is the total cost and f is  The total material allotted for the construction of a metal box  Example 7 

the number of feet to be  is 3950 square inches. The length is to be 25 inches, and the width is to be 40 

enclosed. If Mario and Rosa       inches. Find the height.

have a budget of $1810, how 

many feet of fence can they        Solution:

afford?                            3950 = 212521402 + 21252h + 21402h In SA 2lw 2lh 2wh , replace SA

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            with 3950, I with 25, and w with 40; then 

Note                                                                         solve for h. In the formula C = 8 f + 50, 

the coefficient 8 represents the                3950 = 2000 + 50h + 80h               Simplify.

price per foot of fence. It costs                 3950 = 2000 + 130h                      Combine like terms.

$8 for each foot of fence. The 50 

represents the cost of the gate that         -2000    -2000              Subtract 2000 from both sides.

was mentioned. Therefore, the              1950 =     0 + 130h

total cost is $8 times the number 

of feet of fence plus the $50 cost of           1950    130h =

Divide both sides by 130.

the gate.                                      130      130

 15 = 1h

Answers to Your Turn 6                       15 = h

48 in.                                    Answer:  The height must be 15 in. Answers to Your Turn 7

Do Your Turn 7

a. 113 cm b. 220 ft.
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4.3             For Exercises

Extra

Help

 

Objective 1

Prep Exercise 1                                                      Prep Exercise 2 What does the multiplication principle of Explain how to use the multiplication equality say?                                                   principle of equality to solve -3x = 18.

 

For Exercises 1–10, solve using the multiplication principle and check.

 1. 3x = 21                         2. 5t = 20                         3. 4a =-36

 4. 8m =-48                     5. -7b = 77                      6. -9x = 108

 7. -14a =-154                    8. -11c =-132

 9. -12y =-72                     10. -15n = 45

Objective 2

Prep Exercise 3 What is the first step in solving 3x-7 = 20?

 

For Exercises 11–16, solve and check.

 11. 2x + 9 = 23                                            12. 5k-4 = 31

 13. 29 =-6b-13                                         14. 45 = 15-10h

 15. 9u-17 =-53                                        16. -7t + 11 =-73

Prep Exercise 4 In solving 5x-10 = 3x + 4, why might adding -3x to both sides be a better choice than adding -5x to both sides of the equation?

 

For Exercises 17–24, solve and check.

 17. 7x-16 = 5x + 6                                     18. 3b + 13 = 7b + 17

 19. 9k + 19 =-3k-17                                   20. -4y + 15 =-9y-20

 21. -2h + 17-8h = 15-7h-10                       22. 5-8x-24 = 7x + 11-5x

 23. 13-9h-15 = 7h + 22-8h                        24. -4m-7 + 13m = 12 + 2m-5

Prep Exercise 5 What is the first step in solving                 Prep Exercise 6 In 10x-13x + 22 = 14x-6 + x, what 4y + 21y-42 = 13 + 31y-52? number is distributed to eliminate the parentheses? 

 

For Exercises 25–30, solve and check.

 25. 31t-42 = 51t + 12-1                               26. -21x + 72-9 = 5x + 12

 27. 9-2 13x + 52 = 4x + 31x-92                       28. 11n-412n-32 = 18 + 51n + 22

 29. 15 + 313u-12 = 16-12u-72                      30. 8y-13y + 72 = 14-41y-62

For Exercises 31–34, the check for each equation indicates that a mistake was made. Find and correct the mistake.

 31.  5x-11 = 7x-9     Check:       5x-11 = 7x-9

 11 = 2x-9             5 1102-11 71102-9 20 = 2x                    50-11 70-9

 

20    2x                      39 ⬆ 61 2 = 2

 10 = x
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 32.  6y + 11 =-3y + 38     Check:     6y + 11 =-3y + 38

-11        -11           6 132 + 11 -3132 + 38

 6y + 0 =-3y + 27             18 + 11 9 + 38

 6y =-3y + 27                   29 ⬆ 47

 9y =     0 + 27

9y    27 =

9     9

 1y = 3

y = 3

 33.  6-2 1x + 52 = 3x-1x-82     Check:  6-21x + 52 = 3x-1x-82

 6-2x-10 = 3x-x-8             6-2 11 + 52 3112-1-82

-4-2x = 2x-8                   6-2 162 3-1-72

+ 2x + 2x                         6-12 3 + 7

-4 + 0 = 4x-8                       -6 ⬆ 10

-4 = 4x-8

 4 = 4x + 0

4    4x =

4    4

 1 = 1x

 1 = x

 34.  2x + 3 1x-32 = 10x-13x-112     Check: 2x + 31x-32 = 10x-13x-112

 2x + 3x-9 = 10x-3x + 11          2 1102 + 3110-32 101102-131102-112

 5x-9 = 7x + 11                         20 + 3 172 100-130-112

-2x-9 = 0 + 11                        20 + 21 100-19

-2x-9 = 11                                41 ⬆ 81

+ 9   + 9

-2x + 0 = 20

-2x    20 =

2     2

x = 10

Objective 3

For Exercises 35–52, solve for the unknown amount.

 35. A standard sheet of blueprint paper has an area of        36. The Star Spangled Banner flown over Fort McHenry 

864 square inches. If its length is 36 inches, what is its  during the Battle of Baltimore in 1814 for which the 

width? (Use A = lw.)  song that became the U.S. national anthem was written 

has an area of 1260 square feet. If the width of the flag 

is 30 feet, what is the length? (Use A = lw.)

Of Interest

Major George Armistead was the commander of Fort McHenry during the battle for Baltimore in 1814. Despite heavy bombardment by British ships in the harbor, he re-fused to remove the flag. Francis Scott Key, an American being held aboard one of the British ships, was so moved by seeing the flag still flying in the morning that he wrote the poem that became the U.S. national anthem. The flag became an heirloom of the Armistead family and was displayed rarely until it was donated to the Smithsonian by Eben Appleton, George Armistead’s grandson, in 1907.

 37. King Tut’s burial chamber is a box with a volume of      38. A fish tank is to have a volume of 4320 cubic inches. 

1683 cubic feet. The height of the chamber is 9 feet,  The length is to be 20 inches; the width, 12 inches. 

and the width is 11 feet. Find the length of the                 Find the height. (Use V = lwh.)

chamber. (Use V = lwh.)

 39. Margaret is driving along a highway at 30 feet per        40. The Jones family is planning a 455-mile trip. If they 

second. Her exit is 120 feet in front of her. How much  travel at an average speed of 65 miles per hour, what 

time until she reaches the exit? (Use d = rt.)                  will their travel time be? (Use d = rt.)
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 41. The voltage in a circuit is -220 volts. If the current is      42. The voltage in a circuit is -110 volts. If the resistance 

-5 amps, find the resistance. (Use V = ir.)                  is 55 ohms, find the current. (Use V = ir.)

 43. The U.S.S. Arizona memorial is a rectangle with a          44. The reflecting pool in Washington, D.C., is a rectangle 

perimeter of 1218 feet. If the width of the memorial is  with a perimeter of 4392 feet. If the length of the pool 

88 feet, find the length. (Use P = 2l + 2w.)                  is 2029 feet, find the width. (Use P = 2l + 2w.)

Of Interest

Completed in 1962, the U.S.S. Arizona memorial was built upon the central part of the sunken remains of the U.S.S. Arizona in Pearl Harbor, Hawaii. It was built to honor all those who died in the attack on Pearl Harbor on December 7, 1941. The attack prompted the United States to enter World War II.

 45. The surface area of a large cardboard box is to be          46. An aluminum box with a surface area of 392 square 

11,232 square inches. The length is to be 36 inches,  inches is used as a chassis for all of the electronics 

and the width is to be 28 inches. Find the height.  in an amplifier. If the length of the box is 18 inches 

(Use SA = 2lw + 2lh + 2wh.) and the height is 2 inches, what is the width? (Use 

SA = 2lw + 2lh + 2wh.)

 47. The formula C = 28h + 40 describes the total cost for     48. The formula C = 6h + 32 describes the total cost of 

a plumber to visit a home, where C is the total cost           renting a tiller, where C is the total cost and h is the and h is the number of hours on site. How long can  number of hours rented. How many hours can the 

the plumber work for Li if Li has $152?                      tiller be rented for $50?

 

 49. The formula v = vi + at describes the final velocity       50. A sports car is said to be able to go from 0 to 60 miles 

(speed) of an object after being accelerated, where  per hour in 4 seconds. What acceleration is required? 

vi is the initial velocity, a is the acceleration, t is the             (Use v = vi + at.) number of seconds the object is accelerated, and v is the final velocity. Suppose the initial velocity of a car 

is 30 miles per hour and the car accelerates at a rate 

of 2 miles per hour per second. How long will it take 

the car to reach a speed of 40 miles per hour?

 51. The expression 54b + 1215 describes the cost of           52. Two different circuits operate in a television. The equa-

materials for a certain computer chip, where b is the          tion V = 7i + 8-4i describes the output voltage number of chips produced. The expression 25b + 4200       of the first circuit. The equation V = 313i-12-13 describes the labor costs. How many chips can be pro-  describes the output voltage of the second circuit. The 

duced with a total cost budget of $54,000?                     variable i represents the current. The design calls for 

both circuits to have the same output voltage. What 

must the current in amperes be?

[image: ]

 

Puzzle Problem

[image: ]

The letters below correspond to digits. Find the digit 

[image: ]

that corresponds to each letter.
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F O R T Y
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T E N
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   T E N
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S I X T Y

 

Review Exercises

[1.1] 1. Write the word name for 6,784,209.                                    0 [3.6] 2. Evaluate 7. 

 

[3.1] 3.             2                                                                  Find the prime factorization of 240. Evaluate x-9 x + 7 when x =-3. [3.5] 4. 

[3.6] 5.             5          4          3 Factor. 24 x-30 x + 18 x
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4.4  Translating Word Sentences to 

Equations

 

Objective                     Warm-up [3.1] Translate to a variable expression.

 1                                  1 .  twelve less than a number Translate sentences to 

equations using key words;       2. seven more than the product of three and r

then solve.

Objective 1 Translate sentences to equations using key words; then solve.

In Section 3.1, we learned to translate word phrases to expressions. Once translated, 

the expression could be evaluated if we were given numbers for the variables. Now 

we will translate complete sentences to equations. After translating, we will solve 

the equation. Because we have learned to solve only equations containing addition, 

subtraction, and multiplication, we will translate sentences with only those key 

words. The following table reviews some basic phrases and their translations.

 

Addition                Translation        Subtraction                  Translation

the sum of x and three       x + 3           the difference of three and x       3 -x

h plus k                      h + k            h minus k                         h-k

Note  t added to seven            7 + t           seven subtracted from t           t- 7  Remember,  some number  or 

a number means an unknown num-        three more than some                      three less than a number         n- 3    number

ber; so we use a variable. We can                                        n + 3            two decreased by y                2 -y

select any variable we like.                y increased by two           y + 2

 

Note  Addition is commutative; so the          Note  Subtraction is not commutative; order of the addends does not matter. so the order of the translation matters. 

the sum of x and three We must translate each key phrase ex-  can be writen as 

x actly as shown above.  Notice that the  +  3 or 3  +  x  .  amount before  subtracted from  and  less 

than is the subtrahend; so it appears after the minus sign.

 

Multiplication                Translation         Multiplication         Translation

the product of three and x        3x              twice a number            2n

four times k                       4k              triple some number        3n

some number multiplied  

by five                        5n

 

Note  Multiplication is commutative; so the order of the factors does not matter. 

four times k can be 4k or k # 4. However, remember that coefficients are written to the left of a variable; so 4k is more appropriate.

In addition to the key words for addition, subtraction, and multiplication from 

Section 3.1, we also need to know the key words that indicate an equal sign.

 

Key Words for an Equal Sign

is equal to                   produces is the same as               yields is                                     results in

Answers to Warm-up

 1. n- 12

2. 7 + 3r
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Procedure

To translate a word sentence to an equation, identify the unknown(s),  

constants, and key words, then write the corresponding symbolic form.

 

Example 1 Translate to an equation; then solve.                                    Your Turn 1

a.  Translate to an equation; then  The sum of seventeen and a number is equal to fifteen.

solve.

Solution:  a.  Fifteen more than a number   Translate:  The  sum  of seventeen and a number  is equal to  fifteen.

is forty.

 

17 r                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          b.  The difference of some n 15 number and twenty-one  

Solve: 17 + n =   15                                               is negative six.

-17     =-17 Subtract 17 from both sides to isolate n.        c.  Twelve times some number 

 0 is negative seventy-two.  +  n  = - 2

n =-2

Check:

 17 + 1-22 15 Verify that the sum of         Note If you have translated 

17 and    2  is equal to 15.     correctly, the check relates to the 

15 = 15 True; so 2  is correct.       original problem. In this case, the 

check answers this question: Is  

the sum of seventeen and negative 

two equal to fifteen? That is true; 

so -2 is the solution not only to the equation, but also to the 

original problem.

b. Twelve less than some number is ten.

Solution: Translate: Twelve less than some number is ten.

 

n   r                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      Note                           The key 12 10 words less than

Solve: n-12 = 10                                       require careful 

 

n +        Add 12 to both sides to isolate           translation. In the n 12   . + 12 sentence, the word 0 + = 22 twelve comes before 

n = 22                                  the words less than

Check:  22-12                                        and the words some 

10 Verify that 12 less than 22 is 10.        number come after. 

10 = 10 True; so 22 is correct.                This order is reversed 

in the translation.

c. The product of seven and y is negative thirty-five.

Solution: Translate: The product of seven and y is negative thirty-five.

r

7 ~ y -35

 

Solve:  7y    -35 Divide both sides by 7 to isolate =y. 7 7

 1y =-5

y =-5

Check: 7                                                                              Answers to Your Turn 1 # 1-52 -35 Verify that the product of 7 and 

-35 =-35  True; so 5  is correct.                               b. 5  is     35.                     a. n + 15 = 40; n = 25

n-21 =-6; n = 15
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Now let’s translate sentences that involve more than one operation.

 

Your Turn 2                       Example 2  Seven more than the product of three and r is equal to nineteen. 

Translate to an equation; then          Translate to an equation; then solve.

solve.                                  Solution: Translate: Seven more than the product of three and r is equal to nineteen.

a.  Eight less than the product                                         r                             r

of three and x is equal to                                          7                         3 ~ r           19

thirteen.

 b.                                              Solve: 7 + 3r = 19  Negative five times n plus 

eighteen is twenty-eight.                           -7              -7    Subtract 7 from both sides to isolate 3r.

 0 + 3r = 12

3r    12 = Divide both sides by 3 to isolate r.

3    3

 1r = 4

r = 4

Check: 7 + 3 # 4 19   Verify that 7 more than the product of 3 and 4 is 

equal to 19.

 7 + 12 19   Multiply.

19 = 19  True; so 4 is correct.

Do Your Turn 2

 

Finally, let’s translate sentences that require parentheses.

 

Translate to an equation; then Your Turn 3                                    Twice the difference of five and Example 3n is the same as seventeen sub-tracted from seven times n . Translate to an equation; then solve. solve.

a.                                            Solution: Translate:  Negative six times the sum 

of y and three is equal to            Twice the difference of five and n is the same as seventeen subtracted from seven times n .

forty subtracted from five                     u               u                          u          u

times y.                                      2 ·           (5-n 2         =  7 n -17

b.  The difference of eight times             Solve:  2 15-n2 = 7n-17

b and nine is the same as 

triple the sum of b and two.                       10-2n = 7n-17    Distribute 2.

+ 2n      +2n Add 2n to both sides.

 10 +  0 = 9n-17

 10 = 9n-17

+ 17       + 17 Add 17 to both sides to isolate 9n.

 27 = 9n + 0

27    9n =      Divide both sides by 9 to isolate n.

9    9

3 = 1n

3 = n

Answers to Your Turn 2 Check:  215-32 7132 Verify that twice the difference of 5 and 3 is the  - 17

a.  3x-8 =                                                             same as 17 subtracted from 7 times 3. 13; x =

b.-5n + 18 =     7                        2 122 21-17 28; n =

-2

4 = 4     True; so 3 is correct.

Answers to Your Turn 3

a.                                               Do Your Turn 3-6 1 y + 3 2 = 5 y-40; y = 2

b. 8b-9 = 3 1b + 22; b = 3
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4.4             For Exercises

Extra

Help

 

Objective 1

Prep Exercise 1  List five key words/phrases that indicate         Prep Exercise 2  List five key words/phrases that indicate addition.                                                      subtraction.

 

Prep Exercise 3  List three key words/phrases that indicate        Prep Exercise 4  List three key words/phrases that indi-multiplication.                                                  cate an equal sign.

For Exercises 1–24, translate to an equation and solve.

 1. Five more than some number is equal to negative         2. The difference of some number and nine is equal to 

seven.                                                    four.

 3. Six less than a number is fifteen.                          4. The sum of a number and twelve is negative 

twenty-seven. 

 5. Some number increased by seventeen is negative         6. Some number decreased by twenty-four is negative 

eight.                                                               seven. 

 7. The product of negative three and some number is        8. Negative eight times some number is equal to 

twenty-one.                                               forty.

 9. A number multiplied by nine is negative                 10. Negative seven times a number is equal to negative 

thirty-six.                                                          forty-two.

 11. Four more than the product of five and x yields           12. Eighteen subtracted from the product of negative 

fourteen.                                                    seven and y is equal to three.

 13. The difference of negative six times m and sixteen is       14. The sum of eight times b and twenty is negative 

fourteen.                                                    four.

 15. Thirty-nine minus five times x is equal to the product     16. Forty less than the product of three and y is equal to 

of eight and x.                                                 seven times y.

 17. The sum of seventeen and four times t is                  18. The difference of ten times n and seven is equal to 

the same as the difference of six times t and                   twenty-five less than the product of four and n. nine.

 19. Two times the difference of b and eight is equal to         20. Nine more than the product of eight and m is the 

five plus nine times b.                                       same as three times the sum of m and thirteen.

 

 21. Six times x plus five times the difference of x and          22. Two times r subtracted from seven times the sum of r

seven is equal to nineteen minus the sum of x and  and one is equal to three times the difference of r and 

six.                                                                     five.

 23. Fourteen less than negative eight times the difference     24. The sum of n and three subtracted from twelve times 

of y and 3 is the same as the difference of y and 5 sub-        n is the same as negative eleven plus the product of 2 tracted from the product of negative two and y.             and the difference of r and five.

 

For Exercises 25–30, explain the mistake in the translation. Then write the correct translation.

 25. Seven less than some number is fifteen.                   26. Nineteen subtracted from some number is eleven. 

Translation: 7-n = 15                                     Translation: 19-n = 11

 

 27. Two times the sum of x and thirteen is equal to            28. Twelve subtracted from five times x is the same as 

negative ten.                                                 three times the difference of x and four. Translation: 2x + 13 =-10                                 Translation: 5x-12 = 3x-4
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 29. Sixteen decreased by the product of six and n is the       30. Negative three times the sum of y and five is equal 

same as twice the difference of n and four.                   to twice y minus the difference of y and one. 

Translation: 6n-16 = 21n-42                           Translation:-31y + 52 = 2y-11-y2

 

Review Exercises

[3.6] 1.  3 5              7                                                                        5         3          2  Find the GCF of 30  x  y  and 24  xy  z  .  [3.6] 2.  Factor the polynomial. 18  b -27  b  + 54  b

 

[3.7] 3. Write an expression in simplest form for the          [3.1] 4. Evaluate the perimeter expression from Review 

perimeter of the rectangle.                                     Exercise 3 when w is 6 feet.

 

w

 

3w

[1.6] 5. Jasmine sells two sizes of holly shrub, large and 

small. One day she sold 7 large holly shrubs at 

$30 each and some small holly shrubs at $20 

each. If she sold a total of 16 holly shrubs, how 

many of the small shrubs did she sell? How 

much money did she make from the sale of the 

holly shrubs altogether? 
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4.5 Applications and Problem Solving

 

Warm-up [4.4] Translate to an equation; then solve.                                         Objectives

 1. Ten more than twice some number is thirty-four.                                   1 Solve problems involving  2. The sum of four times x and seven is the same as eight less than x. two unknown amounts.

 2 Use a table in solving prob-

Objective 1  Solve problems involving two unknown amounts. lems with two unknown 

Let’s extend what we learned about translating sentences to problems that have         amounts. two or more unknown amounts. In general, if there are two unknowns, there will be two relationships. We will use the following procedure as a guide.

 

Procedure

To solve problems with two or more unknowns:

  1.  Determine which unknown will be represented by a variable.

Note Let the unknown that is acted on be represented by the variable.

  2.  Use one of the relationships to describe the other unknown(s) in terms of 

the variable.

  3.  Use the other relationship to write an equation.

  4.  Solve the equation.

 

Example 1  One number is six more than another number. The sum of the          Your Turn 1

numbers is forty. Find the two numbers. Translate to an equation; then 

Understand                                                                      solve. We are to find two unknown numbers given two relationships.

a.  One number is five more 

Plan Select a variable for one of the unknowns, translate to an equation, and  than another number. The 

solve the equation. sum of the numbers is forty-

Execute  seven. Find the numbers.  Use the first relationship to determine which unknown will be repre-

sented by the variable.                                                                b.  One number is twice another. 

The sum of the numbers is 

Relationship 1:  One number is six more than another number.

thirty. Find the numbers.

 one  number = 6 + another number     Note Because “another number” is the 

=                  unknown that is acted on (6 is added to 6 + n 

it), we let it be represented by n.

Now we can use the second relationship to write an equation.

Relationship 2:  The sum of the numbers is forty.

 one  number + another number = 40

6 + n    +       n       = 40

 6 + 2n = 40   Combine like terms.

-6       -6 Subtract 6 from both sides.

 0 + 2n = 34

 

2                                        Answers to Your Turn 1 n 34 2 =    Divide both sides by 2.              a.  5 + n + n = 47; 21 and 26 2

b. 2n + n = 30; 10 and 20

 1n = 17

n = 17                                 Answers to Warm-up

 1. 10 + 2n = 34; n = 12 2. 4x + 7 = x-8; x =-5 252   Chapter 4  Equations

 

Answer The second number, “another number,” is 17. To find the first number, we use relationship 1.

 one  number = 6 + n

= 6 + 17  Replace n with 17.

= 23

Check Verify that 17 and 23 satisfy both relationships: 23 is 6 more than 17, and the sum of 23 and 17 is 40.

Do Your Turn 1

 

Sometimes the relationships needed to solve a problem are not stated in an obvi-

ous manner. This often occurs in problems in which the definition of a geometry 

term provides the needed relationship. For example, perimeter indicates to add the 

lengths of the sides of the shape.

 

Your Turn 2                       Example 2  A carpenter is asked to make a rectangular frame out of an 8-foot 

Translate to an equation; then  strip of wood. The length of the frame must be three times the width. What 

solve.                                  must the dimensions be?

A TV is to have a rectangular         Understand Draw a picture. screen with a length that is  

5 inches less than twice the                                                                                width width and a perimeter of  

44 inches. What are the dimen-                                                     length sions of the screen?

List the relationships:

Relationship 1:  The length is three times the width.

Relationship 2: The total frame material is 8 feet. (This means that the perimeter 

must be 8 feet.)

There are two unknown amounts, the length and the width. Because we know how to solve linear equations in only one variable, we must choose the length or width to be the variable and write our equation in terms of that variable.

Plan Translate to an equation using the key words; then solve the equation.

Execute Remember that there are two amounts missing, length and width, and we’ll have to select one of those amounts to be our variable.

Relationship 1:  Length must be three times the width.

 length = 3 # width     Note Because width is mul-

= 3 #          tiplied by 3, we will let width w 

=          be represented by w 3w

Now we use the second relationship to write an equation to solve.

Relationship 2:  The perimeter must be 8 feet.

Note Recall           length + width + length + width = 

8

that perimeter           3w    +    w    +   3w   +    w   = 8

indicates to add                                               8w = 8 the lengths of all  Combine like terms.

of the sides.                                                     8w     8     Divide both sides =

8 by 8 to isolate w.  8

Answer to Your Turn 2                                   3w                                   1w = 1

2w-5 + w = 2w-5 + w +                                                      w = 1 44;                     w                               w

9 in. wide by 13 in. long

3w
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Answer The width, w, is 1 ft. To determine the length, we use relationship 1.

 length = 3w

= 31 2   Replace w with 1.

= 3

The frame must have a length of 3 ft. and a width of 1 ft.

Check Verify that the length is three times the width and that the perimeter 

is 8 feet. A length of 3 feet is three times a width of 1 foot. The perimeter is 

3 + 1 + 3 + 1 = 8 feet.

Do Your Turn 2

 

Let’s consider problems involving isosceles and equilateral triangles.

 

Definitions Isosceles triangle: A triangle with two sides of equal length.

 

Note This triangle is isosceles 

6 cm       6 cm   because two sides are of equal 

length.

 

3 cm

Equilateral triangle: A triangle with all three sides of equal length.

 

Note This triangle is equilateral 

4 in.                 4 in.     because all three sides are equal 

in length.

 

4 in.

 

Example 3  Suppose the length of each equal-length side of an isosceles tri         Your Turn 3

angle is twice the length of the base. If the perimeter is 75 centimeters, what are  Translate to an equation; then 

the lengths of the base and the sides of equal length?                                solve.

Understand Isosceles triangles have two sides of equal length. Suppose each of the equal-

length sides of an isosceles tri-

angle is 3 inches more than the 

base. The perimeter is 30 inches. 

Note These two sides are of equal  What are the lengths of the base 

length. We are told that the length of 

and the sides of equal length?

each is twice the length of the base.

 

base

 

We are also told that the perimeter is 75 centimeters.

Plan Translate the relationships, write an equation, and solve.

 

Answer to Your Turn 3

b + 3 + b + 3 + b = 30; 8 in., 11 in., and 11 in.
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Execute

Relationship 1:  The length of each equal-length side is twice the length of the base.

 each  equal@length side = 2 # length of the base

= 2b



Note                                        2b       2b Because the length of the base is acted on (multiplied by 2), we will use 

the variable b to represent its length.

b

Now we use relationship 2 to write an equation we can solve.

 

Relationship 2:      The perimeter                      is 75 centimeters. * )+++++ (+++++

length of one        length of the other      length of +                 +            75 =

equal@length side      equal@length side      the base 

2b    +   2b    +   b   = 75

 5b = 75 Combine like 

terms.

 

5b    75     Divide both sides =

5 by 5 to isolate b.  5

 1b = 15

b = 15

Answer The length of the base is 15 cm. To determine the length of each equal-length side, we use relationship 1.

 

 each  equal@length side = 2b                             30 cm       30 cm = 2 1 15 2 Replace b with 15.

= 30

The length of each equal-length side is 30 cm.                     15 cm 

Check Because 30 centimeters is twice 15 centimeters, the equal-length sides are in fact twice the length of the base, which verifies relationship 1. The perimeter is 30 + 30 + 15 = 75 centimeters, which verifies relationship 2.

Do Your Turn 3

 

Let’s consider problems involving angles. Angles are formed when two lines or 

line segments intersect or touch. Line segments AB and BC form an angle in the 

following figure. The measure of the angle is 40°.

 

A        Note The symbol  means angle. To name this 

angle, we can write all three letters with B in 

 the center (for example, ABC or CBA). Or 

40                   we can simply write B. To indicate the mea-

 B                      C       sure of the angle, we write B = 40.

 

Problems involving angle measurements may indicate that two unknown angles 

are congruent, complementary, or supplementary.
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Definition Congruent angles: Angles that have the same measurement.

 

A                   X

 

60°                       60°

B                   C     Y                             Z

 

In the two triangles, B is congruent to Y because they have the same measure-ment of 60°. The symbol for congruent is ⬵ .

B ⬵ Y

 

Definition Complementary angles: Two angles whose measurements sum to 90°.

 

In the following figure, ABD and DBC are complementary angles because 32 + 58 = 90.

A         D

 

32

58

 

B               C

 

Definition Supplementary angles: Two angles whose measurements sum to 180°.

 

A straight line forms an angle that measures 180°. Any line that intersects a straight line cuts that 180° angle into two angles that are supplementary. For example, ABD and DBC are supplementary angles because 20 + 160 = 180.

 

D

 

20                160 

A     B     C

 

Let’s look at a problem containing one of these terms.

 

Example 4 In designing a roof frame, the architect wants the angled beam 

to meet the horizontal truss so that the outer angle measurement is 30° more 

than twice the inner angle measurement. What are the angle measurements?

Understand We must find the inner and outer angle measurements. The sketch 

for this situation is shown. (Notice that it is similar to the preceding figure.)
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Your Turn 4

Translate to an equation; then 

solve.

a.  Two angles are to be con-

structed from metal beams 

so that when they are joined,                                 Inner angle        Outer angle

they form a 90° angle. One 

of the angles is to be 6° less 

than three times the other          Relationship 1:  The outer angle measurement is 30° more than twice the inner 

angle. What are the angle          angle measurement.

measurements?   Looking at the picture, we see that the inner and outer angles are  Relationship 2:

b.  Two electric doors are              supplementary, which means that the sum of the measurements is 180°.

designed to swing open 

simultaneously when acti-        Plan Translate the relationships to an equation; then solve.

vated. The design calls for         Execute

the doors to open so that the 

angle made between each  Relationship 1:  The outer angle measurement is 30° more than twice the inner 

door and the wall is the            angle measurement.

 

slightly different in weight,  is multiplied by 2, we let the variable repre- =  30  +  2  a   the  expression 15  i - 1  sent the inner angle measurement. Let’s   same.  Because the doors are        outer  angle = 30 + 2 # inner angle     Note Because the inner angle measurement 

 describes the angle for one                                                   use the letter a.

of the doors and 14i + 5 

describes the angle for the         Now we use relationship 2 to write an equation we can solve.

other door, where i repre-         Relationship 2: inner angle + outer angle = 180

sents the current supplied to 

the controlling motors. What                          a      +   30 + 2a   = 180

current must be supplied so                                         3a + 30 = 180   Combine like terms.

that the door angles are the                                               -30    -30    Subtract 30 from both sides 

same?                                                                 to isolate 3a. 3a + 0 = 150

3a    150   Divide both sides by 3 to =

3         isolate a. 3

 1a = 50

a = 50

Answer Because a represents the inner angle measurement, we can say that the inner angle measures 50°. To find the outer angle measurement, we use relationship 1.

 outer  angle = 30 + 2a

= 30 + 2 1502   Replace a with 50.

= 30 + 100

= 130

The inner angle measurement is 50°, and the outer angle measurement is 130°.

Check Verify the relationships. The outer angle measuring 130° is 30° more than twice the inner angle measuring 50°. The sum of the inner and outer angle measurements is 50 + 130 = 180, which means that they are in fact supplementary.

Do Your Turn 4

 

Answers to Your Turn 4

a.  3a-6 + a = 90; 24° and 66°

b. 15i-1 = 14i + 5; 6 A
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Objective 2  Use a table in solving problems with two unknown amounts.

We have seen how drawing a picture, making a list, and using key words have helped us understand a problem. Let’s now consider problems in which a table is helpful in organizing information. These problems will describe two items. We will be given the value of each item and asked to find the number of items that combine to yield a total amount. Our tables will have four columns, as shown below.

 

Categories   Value   Number   Amount

 

In the first column, categories, we describe each item. In the second column, value, we list the given value of each item. In the third column, number, we de-scribe the number of each item. Each entry in the amount column is found using the following relationship:

Value # number = amount

For the number column, you will be given either a relationship about the number of items or a total number of items to split. Let’s consider an example to see how it all fits together.

 

Example 5  Salvador is an artist. A company produces prints of two of his           Your Turn 5

paintings. The first print sells for $45; the second print, for $75. He is told that  Complete a four-column table, 

during the first day of sales, the company sold six more of the $75 prints than  write an equation, and solve.

the $45 prints, with a total income of $1410. How many of each print were sold?      a.  A marketing manager wants 

Understand  to research the sale of two  We know that the total income is $1410. From this we can say the 

following: different sizes of perfume. 

 

income from    income from                                 $35; the large bottle, for $50. + The small bottle sells for 

first print                      = 1410 second print                               The report indicates that the 

How can we describe the income from each print? If we knew the number of  number of large bottles sold 

prints sold, we could multiply that number times the selling price to get the  was 24 less than the number 

income from that particular print. of small bottles sold and that 

Selling price # number of prints = the total sales were $4070. 

income from the print How many bottles of each 

Because the problem describes two items (two prints), gives their value (selling          size were sold?

price), and asks us to find the number of each print, we will use a four-column        b.  A bottling company 

table to organize the information. The amount column contains the income  produces 12-ounce and 

from each print. 16-ounce bottles. In one day, 

the company produced three 

Number   times as many 12-ounce 

Categories bottles as 16-ounce bottles.  Selling price  of prints  Income

If the company produced 

First print             45             n           45n                                                a total of 7280 ounces of Second print         75          n + 6     75(n + 6)                                        the beverage, how many 

 12-ounce and 16-ounce  

bottles were filled?

We were          We selected n        We multiplied straight across because:

 

given these.        to represent the         selling      number       income from # number of the first a b a b = a b price of prints each print        Answers to Your Turn 5 print, then trans-a.  35 n + 50( n-24) = 4070; lated six more of the 62 small bottles, 38 large $75 print than the 

$45 print                                                                      bottles to n + 6.

b. 12(3x) + 16x = 7280; 

The expressions in the last column in the table describe the income from the sale        420 12-oz. bottles,  
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Plan Translate the information in the table to an equation; then solve.

Execute Now we can use our initial relationship.

 

income from     income from +              1410 =  first print          second print

45n    + 75(n + 6) = 1410

 45n + 75n + 450 = 1410   Distribute.

 120n                   Combine like terms. + 450 = 1410

 120n + 450 = 1410

-450   -450 Subtract 450 from both sides.

 120n + 0 = 960

120n    960 =   Divide both sides by 120 to isolate n.

120    120

 1n = 8

n = 8

Answer Use the relationships from the table about the number of each print. Because n represents the number of $45 prints, 8 of the $45 prints were sold. Because n + 6 represents the number of $75 prints, 8 + 6 = 14 of the $75 prints were sold.

Check The number of $75 prints sold, 14, is six more than the number of $45 prints sold, 6. Also, 8 of the $45 prints and 14 of the $75 prints make a total income of $1410.

 Total  income = 8 1452 + 141752

= 360 + 1050

= 1410            It checks.

Do Your Turn 5

 

Your Turn 6                       Example 6  Jasmine sells two sizes of holly shrubs. The larger size sells for 

Complete a four-column table,  $30; the smaller size, for $20. She knows that she sold 16 shrubs for a total of 

write an equation, and solve. $390, but she forgot how many of each size. How many of each size did she sell?

a.  A farmer has a total of 17 pigs       Understand We are given the price or value of two different-sized shrubs. We 

and chickens. The combined  are also given a total amount of income from the sale of the two different shrubs 

number of legs is 58. How          and a total number of shrubs to split up. We can say:

many pigs and how many                   income from small + income from large = total income

chickens are there?

 b.  A tire factory produces two  Because the problem describes two items (large and small shrubs), gives their 

different-size tires. Tire A  value (selling price), and asks us to find the number of each size shrub, we will 

costs $37 to produce while  use a four-column table to organize the information. The tricky part is filling in 

tire B costs $42. At the end          the number column.

of the day, management gets 

Because Jasmine sold a total of 16 shrubs, we can write the following equation:

the following report:

tires produced                                     number of small + number of large = 16 = 355 

total cost = $13,860 If we knew one of the numbers, we could find the other by subtracting it from 

How many of each tire            16. We can write a related subtraction equation.

were produced?                     number of small = 16-number of large   Note We could also say:

 

a.  4n + 2 1 Answers to Your Turn 6 number number  17-n 2

= 58;                                                              of     = 16-   of

12 pigs, 5 chickens                                                                         large             small

b. 37 1355-B2 + 42B = 13,860;                                                      Either way works.

210 of tire A, 145 of tire B
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Choosing L to represent the number of large shrubs, we can complete the table.

 

Categories   Selling price   Number    Income

Small             20         16-L    20(16-L)

Large             30           L         30L

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        

We were       In general, if you are given    Because selling price # number = income, given these.     a total number of items,       we multiply straight across the columns to 

select one of the categories    get each expression in the income column. to be the variable. The 

other will be:

total number-variable

Plan Translate to an equation; then solve.

Execute We can now use our initial relationship.

 income from small + income from large = total income

20 116-L 2   +     30L      = 390

 320-20L + 30L = 390  Distribute.

 320 + 10L = 390   Combine like terms.

 320 + 10L = 390

-320        -320   Subtract 320 from both 

 0                             sides to isolate 10L. + 10 L = 70

10L    70    Divide both sides by =

10          10 to isolate L. 10

 1L = 7

L = 7

Answer Number of large shrubs sold: L = 7

Number of small shrubs sold: 16-L = 16-7 = 9

Check Verify that Jasmine sold 16 shrubs for $390. Because she sold 7 large-

size shrubs and 9 small-size shrubs, she did indeed sell 16 shrubs. Now verify 

that 7 large-size shrubs at $30 each and 9 small-size shrubs at $20 each is a total 

income of $390.

 total  income = 71302 + 91202

= 210 + 180

= 390            It checks.

Do Your Turn 6

 

Tips for Table Problems

You could be given a relationship about the number of items in each category, 

as in Example 5, or a total number of items to split up, as in Example 6. If you 

are given a relationship, use key words to translate to expressions. If you are 

given a total number of items to split up, choose one of the categories to be the 

variable; the other will be total number - variable.
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4.5             For Exercises

Extra

Help

 

Objective 1

Prep Exercise 1  Suppose a problem gives the following information: The length of a rectangle is five more than the width. Which is easier, representing the length or the width with a variable? What expression describes the other unknown?

For Exercises 1–22, translate to an equation and solve.

 1. One number is four more than a second number.        2. One number is eight less than another number. 

The sum of the numbers is thirty-four. Find the  The sum of the numbers is seventy-two. Find the 

numbers.                                           numbers.

 3. One number is three times another number. The sum     4. One number is four times another number. The sum 

of the numbers is thirty-two. Find the numbers.             of the numbers is thirty-five. Find the numbers.

 

 5. An architect believes that the optimal design for a         6. Miriam hangs 84 feet of wallpaper border around 

new building is a rectangular shape where the length  a rectangular room. The width of the room is 4 feet 

is four times the width. Budget restrictions force the          less than the length. What are the dimensions?

building perimeter to be 300 feet. What will be the 

dimensions of the building?

 

 7. After completing the wood trim on her kitchen  cabinets,     8. The Johnsons can afford 220 feet of fence material. 

Candice has 48 inches of trim left. She  decides to make          They want to fence in a rectangular area with a 

a picture frame out of the wood. She wants to make the  length that is 20 feet more than twice the width. What 

frame so that the length is 4 inches less than three times         will the dimensions be?

the width. What must the dimensions be?

 

Prep Exercise 2  What is an equilateral triangle?                Prep Exercise 3  What is an isosceles triangle?

 

 9. A frame section for the roof of a building is an             10. A section of a public park is in the shape of an isos-

isosceles triangle. The length of each equal-length  celes triangle. The length of each equal-length side is 

side is 11 meters less than twice the length of the  three times the length of the base. If the perimeter is 

base. The perimeter is 18 meters. What are the  210 feet, find the lengths of the base and the sides of 

lengths of the base and the sides of equal length?             equal length.
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 11. A corporate logo has an equilateral                        12. A refrigerator magnet is to have the shape 

triangle sitting atop a rectangle. The                           of an isosceles triangle sitting atop a rect-length of each side of the equilateral                           angle. The length of the base of the triangle triangle is equal to the length of the                            is equal to the width of the rectangle. The rectangle. The width of the rectangle is                       other two sides of the triangle are 2 centi-10 feet less than three times the length.                        meters more than the base. The length of the The perimeter of the triangle is equal to the perimeter        rectangle is twice its width. If the perimeter of the rectangle. What are the dimensions of each            of the magnet is 39 centimeters, what are all shape?                                                    of the dimensions?

 

Prep Exercise 4  What are complementary angles?             Prep Exercise 5   What are supplementary angles?

 

Prep Exercise 6  Suppose a problem gives the following infor-mation: One angle is 20 less than a second angle. Which is easier, representing the first angle measurement or the sec-

ond angle measurement with a variable? What expression 

describes the other unknown?

 13. A security laser is placed 3 feet above the floor in the      14. A security camera is placed in the corner of a room in 

corner of a rectangular room. It is aimed so that its  a museum. The camera is set so that the measure of 

beam contacts a detector 3 feet above the floor in the  the angle between it and one of the walls is 16° less 

opposite corner. The beam forms two angles in the  than the measure of the angle made with the other 

corner as shown. The measure of the angle on one  wall. Find the angle measurements. (Assume that the 

side of the beam is four times the measure of the an-         angle formed by the walls is 90°.) gle on the other side. Find the angle measurements. 

(Assume that the angle formed by the walls is 90.)

?

[image: ]

?

Detector

 

?

[image: ]

 

Laser

?

 

 15. In an experiment, a laser contacts a flat detector          16. A suspension bridge has a steel beam that connects 

so that one angle between the laser beam and the  to the flat surface of the bridge, forming two angles. 

 detector measures 15° more than four times the  The measure of the smaller of the two angles is 38° 

 measure of the other angle. What are the two angle  less than the measure of the other angle. What are the 

measurements?                                        two angle measurements?

Laser

 

?                                      ?            ? ?

Detector
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 17. A laser beam strikes a flat mirror, forming an angle        18. A billiard ball strikes the bumper at an angle. Because

with the mirror. The beam is deflected at the same  the ball has side spin, it is deflected at an angle that 

angle. The angle between the entering and exiting  measures 6° less than the initial angle. The measure 

beams measures 10° more than three times the mea- of the angle formed between the initial and deflected 

sure of the angle formed between the beam and the  lines of travel is 10° more than twice the measure of the 

mirror. What are the three angle measurements? initial angle. What are the three angle measurements? 

 

Laser

?                                                    ?         ?

?

?            ?

Mirror

 

 19. The sum of the angle measurements in any triangle is     20. The sum of the angle measurements in any triangle is 

180°. One of the angles measures 43°; the measure of  180°. Suppose one of the angle measurements of a tri-

the second is two more than twice the measure of the  angle measures 5° more than three times the measure 

third. Find the two unknown angle measurements. of another angle. The third angle measures 115°. Find 

the two unknown angle measurements.

 

 21. A decorative shelf is to be in the shape of a triangle,       22. A mounting apparatus for a telescope is to be in the 

with the second angle measuring 10° more than the  shape of a triangle. The measure of the second angle 

first and the third angle measuring 7° less than the  in the triangle is to be twice the measure of the first 

first. What are the three angle measurements? angle. The third angle is to measure 12° less than the 

first. What are the three angle measurements?

 

Objective 2

For Exercises 23–26, complete each table. Do not solve.

 23. At a craft fair, Ellyn sold ornaments that she had           24. A movie theater sells two sizes of popcorn: large 

created. She sold small ornaments for $3 and large  boxes and small boxes. A large box sells for $8 and a 

ornaments for $7. In one day, she sold 8 more small  small box, for $6. In one day, the theater sold 50 more 

 ornaments than large ornaments.                           small boxes of popcorn than large boxes.

Selling        Number of                                                           Number of  

Categories         price    ornaments sold   Income           Categories Selling price boxes sold    Income

Small ornament                                               Small box

Large ornament                                               Large box

 25. Ellyn from Exercise 23 also sold charms for necklaces.     26. The movie theater in Exercise 24 offers a discount for 

The large-sized charms sold for $6; the small-sized  children under 12. The regular price of a ticket is $10, 

charms sold for $4. In one day, she sold 36 charms. and the children’s ticket is $6. For one movie, the the-

ater sold 45 tickets.

 Number of  

Categories Selling price charms sold Income                                 Number of 

Small charm Categories Selling price tickets sold Income 

Large charm                                               Regular ticket

Children’s ticket
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For Exercises 27–34, complete a four-column table, write an equation, and solve.

 27. Monique sells makeup products. One of the products     28. Byron is a wedding photographer. He develops two 

is a lotion that comes in two different-size bottles.  different-size prints for a newlywed couple. He sells 

The smaller-size bottle sells for $8; the larger-size  the large prints for $12 each and the small prints for 

bottle, for $12. She remembers that she sold 5 more  $7 each. He develops twice as many small prints as 

smaller bottles than larger bottles that day but  large prints at a total cost of $156. How many of each 

doesn’t remember exactly how many of each. She           size print did he sell? also  remembers that the total sales of the lotion was 

$260. How many of each size did she sell?                        Categories   Value   Number   Amount

Categories   Value   Number   Amount

[image: ]

 

 29. Ian has some $5 bills and $10 bills in his wallet. If he has     30. A paper mill produces two different sizes of paper. It 

19 bills worth a total of $125, how many of each bill is in  costs $5 to produce a box of the smaller size and $7 to 

his wallet? produce a box of the larger size. Management gets a 

report that 455 boxes were produced at a total cost of 

Categories   Value   Number   Amount               $2561. How many boxes of each size were produced?

Categories   Value   Number   Amount

 

 31. Nina has two different types of foreign bills to exchange     32. Cal has two different stocks. He notices in the news-

for American currency. She is told that the more valu- paper that one of his stocks is $3 more valuable than 

able bill is worth three times that of the other bill. She  the other. He has 24 shares of the more valuable stock 

has 12 of the more valuable bills and 18 of the other bills  and 22 shares of the other stock. His total assets in 

and receives a total of $108. What is the value of each  the stocks are $348. How much is each stock worth?

foreign bill?

 33. A pet store sells cockatiels at two different prices.          34. Andre sells furniture. Two different chairs go with a 

Hand-fed cockatiels are more expensive than parent- dining set, a chair with arms or a chair without arms. 

raised cockatiels. If a customer buys one of each,  One armchair and one chair without arms sell to-

the combined price is $205. In one month, the store  gether for $350. One day he sold 5 armchairs and 17 

sold 6 hand-fed cockatiels and 9 parent-raised cocka- chairs without arms for a total of $3250. How much 

tiels for a total of $1470. What is the price of each?            does each chair sell for?

 

Puzzle Problem At 3:00:05 P .M., what are the approximate                12 angles made between the second hand and the minute 11    1

and hour hands?                                          10               2

9                  3

8               4

7        5

6

 

Review Exercises

 

[4.1] 1.                                                                       2 Is -3 a solution for 4 x-8 = 5 x-6? [4.2] 2. Is x + 5 = 9 a linear equation? Explain.

 

For Exercises 3–5, solve and check.

 

c 2.3                                                             2.4 d 3. m + 19 = 12                                          cd 4. -15n = 75 

4.2                                                             4.3

[4.3] 5. 9x-7(x + 2) =-3x + 1 
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 Chapter 4  Summary and Review Exercises

Learning Strategy

If I have a reliable friend in the class who is equally as prepared as I am, we study  together by quizzing each other as if we are instructors explaining concepts to new  students. We try to have these study sessions two nights before a test so that we have time to study more if we find our knowledge lacking in a particular area. 

—Alison R.

 

4.1 Equations and Their Solutions

Definitions/Rules/Procedures Key Example(s)

 

To solve an equation means to find the           or          Check to see if -2 is a solution for x-8x = 14.

 for the equation.                                                    x-8x = 14

A solution is a number that makes an equation                    1 22-81 22 14  Replace x with 2.

when it replaces the variable in the equation.                         1-22--16 12 14

To check to see if a number is a solution for an                          -2 + 16 14

equation:                                                                 14 = 14

1.              the variable(s) with the number.

The resulting equation is true; so -2 is a solution.

2. Simplify both sides of the equation as needed. If the      Check to see if 4 is a solution for 2y-9 = 6y-23.

resulting equation is       , the number is a solution.

 2y-9 = 6y-23

 2 142-9 6142-23  Replace y with 4.

 8-9 24-23

-1 ⬆ 1

The resulting equation is false; so 4 is not a solution.

 

[4.1] For Exercises 1–4, check to see if the given number is a solution for the given equation.

 1. -7n + 12 = 5; check n = 1                            2. 14-4y = 3y; check y =-2 

 3. 9r-17 =-r + 23; check r = 5                        4. 5 1x-22-3 = 10-41x-12; check x = 3

 

4.2 The Addition Principle of Equality

Definitions/Rules/Procedures Key Example(s)

 

A linear equation is an equation in which each variable     2x + 3 = 15x-8 is linear because each variable term is 

term is a monomial of degree                               a monomial of degree 1. .

The  2 2  addition principle of equality  says that  adding  5  x  + 2  =  9 is not linear because the degree of 5  x is 2.

change the equation’s solution(s). of an equation does not           Solve and check. t + 15 = 7

To use the addition principle of equality to elimi-          t + 15 =   7

nate a term from one side of an equation -15 -15   Add 15 to (or subtract 15 from) both sides.  , add the 

 of that term to both sides of the              t + 0 =-8

equation.                                                      t =-8

Check:     t + 15 = 7

1-82 + 15 7

 7 = 7  True; so 8 is the solution.
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[4.2] For Exercises 5 and 6, solve and check.

 5. n + 19 = 27                                        6. y-6 =-8 

[4.2] For Exercises 7 and 8, translate to an equation and solve.

 7. The temperature at 5 A.M. was reported to be -15F.       8. Kari has a balance of -$547 on a credit card. How 

By 11 A.M., the temperature had risen to 28°F. How  much should she pay on the account to get a bal-

much did the temperature rise?                             ance of -$350?

 

4.3 The Multiplication Principle of Equality

Definitions/Rules/Procedures Key Example(s) 

 

The multiplication principle of equality says that          Solve and check.

 multiplying (or dividing) both sides of an equation          a.-7x = 42

solution(s).                                                        -7x    42 = by                   does not change the equation’s    Divide both sides by   7. 

-7    -7

To use the multiplication principle of equality to             1x =-6

eliminate a coefficient,           both sides of the 

 equation by the coefficient.                                         x =-6

To solve a linear equation in one variable:                 Check:      -7x = 42

1.  Simplify each side of the equation.                                 -71-62 42

a.  42 = 42  True; so 6 is the solution.  to eliminate parentheses.

b.                                                                     b. 12-12x + 72 = 13x-51x-72 like terms.

 12-2x-7 = 13x-5x + 35   Distribute.

2.   Use the addition principle of equality so that all                      5-2x =   8x + 35

  are on one side of the equation and  Combine like terms.

all constants are on the other side. Then combine like                  + 2x   + 2x        Add 2x to both sides. terms.                                                           5 + 0 = 10x + 35

Note                                                         5 = 10x + 35 Eliminate the variable term 

with the lesser coefficient to avoid  -35       -35          Subtract 35 from

negative coefficients.                                             -30 = 10x +   0         both sides.

 

3.   Use the multiplication principle of equality to elimi-                 -30    10x            Divide both = sides by 10. 10 10 nate the  of the variable.

-3 = 1x

-3 = x

Check:

 12-12x + 72 = 13x-51x-72

 12-121-32 + 72 131-32-51-3-72

 12-1-6 + 72 131-32-51-102

 12-1 -39-1-502

 11 -39 + 50

 11 = 11 True; so 3 is the solution.
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[4.3] For Exercises 9–18, solve and check.

 9. -4k = 36                                          10. -8m =-24 

 11. 2x + 11 =-3                                            12. -3h-8 = 19 

 13. 9t-14 = 3t + 4                                          14. 20-5y = 34 + 2y

 15. 10m-17 + m = 2 + 12m-20                       16. -16v-18 + 7v = 24-v + 6 

 17. 4x-3 1x + 52 = 16-71x + 12                        18. 9y-12y + 32 = 41y-52 + 2 

[4.3] For Exercises 19 and 20, solve for the unknown amount.

 19. A swimming pool is to be designed to have a vol-         20. A box company shapes flat pieces of cardboard 

ume of 5000 cubic feet. The length of the pool is to be  into boxes. The flat pieces have a total surface area 

50 feet, and the width is to be 25 feet. Find the depth  of 136 square feet. Assuming that the length is 3 

(height). (Use V = lwh.)  feet and the height is 4 feet, find the width. (Use 

SA = 2lw + 2lh + 2wh.) 

 

4.4 Translating Word Sentences to Equations

Definitions/Rules/Procedures Key Example(s)

 

To translate a word sentence to an equation, identify       Translate to an equation; then solve.

the              , constants, and key words, then write 

Negative six added to four times some number is equal 

the corresponding symbolic form.

to twenty-two.

Translation:   -6 + 4n = 22 Solve:   +6       +6 Add 6 to both sides.

 0 + 4n = 28

4n    28 = Divide both sides by 4.

4    4

 1n = 7

n = 7

 

[4.4] For Exercises 21–24, translate to an equation and solve.

 21. Fifteen minus seven times a number is                     22. The difference of five times x and four is the same as 

twenty-two.                                               the product of three and x. 

 23. Twice the sum of n and twelve is equal to eight less        24. Twelve minus three times the difference of x and 

than negative six times n.  seven is the same as three less than the product of 

six and x. 

 

4.5 Applications and Problem Solving

Definitions/Rules/Procedures                          Key Example(s)

 

To solve problems with two or more unknowns: The length of a rectangular yard is 15 feet more than the 

width. Assuming that the perimeter of the yard is 150 

1.   Determine which unknown will be represented by a 

feet, find the length and the width.

variable.

Solution:

Note Let the unknown that is 

be represented by the variable. Relationship 1:   The length is 15 feet more than the 

width.

2.   Use one of the relationships to describe the other              Translation: length = 15 + w

unknown(s) in terms of the variable.

Note that w represents the width.

3.  Use the other relationship to write an equation.

4.  Solve the equation.

(continued)
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Definitions/Rules/Procedures (continued )               Key Example(s)

 

An isosceles triangle                                      Relationship 2: The perimeter is 150 feet. is a triangle with 

sides of equal length.                                            Translation:

An equilateral triangle is a triangle with                         length + width + length + width = 150

sides of equal length.                                             15 + w + w + 15 + w + w = 150

Congruent angles have             measurement.             30 + 4w = 150 Combine like terms.

Complementary angles are two angles whose mea-            -30         -30 Subtract 30 from both sides.

surements sum to          .                                      0 + 4w = 120

Supplementary angles are two angles whose measure-                4w    120 =

ments sum to                                                                  Divide both sides by 4. .

4     4

w = 30

Answer: The width is 30 ft.

The length is 15 + 30 = 45 ft.

 

[4.5] For Exercies 25–32, translate to an equation and solve.

 25. One number is twelve more than another num-           26. One number is five times another number. The sum 

ber. The sum of the numbers is forty-two. Find the            of the numbers is thirty-six. Find the numbers. numbers. 

 27. A field is developed so that the length is 2 meters          28. A window over the entrance to a library is an isosce-

less than three times the width. The perimeter is   les triangle. The length of each equal-length side is 

188 meters. Find the dimensions of the field.  38 inches longer than the base. If the perimeter is 256 

inches, what are the lengths of the base and the sides 

of equal length?

 

 29. A security laser is placed in the corner of a room           30. The support to a basketball goal is angled for safety. 

near the floor and aimed at a detector across the  The measure of the angle on the side facing away 

room. The angle made with the wall on one side of  from the goal is 15° less than twice the measure 

the beam measures 16° more than the angle made  of the angle made on the goal side. Find the angle 

with the wall on the other side of the beam. What             measurements. are the angle measurements?

Laser

 

?

?

?

?

Detector

 

 31. Karen has nine more $10 bills than $20 bills.                32. A store sells two different-size bags of mulch. The 

If she has a total of $330, how many of each bill   large bag costs $6, and the small bag costs $4. In one 

does she have? day, the store sold 27 bags of mulch for a total of 

$146. How many of each size were sold?
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For Extra Help




Chapter 4  Practice Test Step-by-step test solutions are found on the Chapter Test Prep Videos available via the Video  
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Resources on DVD, in                  , and on             (search “CarsonPrealgebra” and click on “Channels”).
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 1. ______________________        [4.1] 1. Is 8y-17 = 7 an expression or equation? Why?

 

 2. ______________________        [4.1] 2. Check to see if -4 is a solution for -9 = 3x + 5.

 

 3. ______________________        [4.1] 3. Check to see if 2 is a solution for 3x-11 = 21x-22-5.

 

 4.                   [4.2] 4.  Is 9x + 7 = 2 ______________________ x-4 linear or nonlinear? Why?

 

c 4.2d

For Exercises 5–12, solve and check.

4.3

 

 5. ______________________         5. n-15 =-7

 

 6. ______________________         6. -9 m = 54

 

 7. ______________________         7. -6 y + 3 =-21

 

 8. ______________________         8. 9 k + 5 = 17-3k

 

 9. ______________________         9. -13 x + 26 = 11-8x

 

 10. ______________________         10. 4 t-13 + t = 11 + 6t-3

 

 11. ______________________         11. 7 1 u-22 + 12 = 41u-22

 

 12. ______________________         12. 6 + 3 1k + 42 = 5k + 1k-92

 

For Exercises 13–20, translate to an equation and solve.

 

 13. ______________________        [4.2] 13. Daryl owes $458 in taxes. He currently has $375. How much more does 

he need?

 

 14. ______________________        [4.3] 14. A farmer needs a fenced pasture with an area of 96,800 square yards. 

The width must be 242 yards. Find the length. (Use A = lw.)

 

 15. ______________________        [4.4] 15. Nine subtracted from four times a number is equal to twenty-three. 

Find the number.
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[4.4] 16. Three times the difference of x and five is the same as nine less than          16. ______________________

four times x. Find x.

 

[4.5] 17. One number is three times another number. The sum of the numbers is      17. ______________________

forty-four. Find the numbers.

 

[4.5] 18. An entrance to a new restaurant is an isosceles triangle. The length of        18. ______________________

each equal-length side is 9 inches more than twice the length of the base. The perimeter is 258 inches. Find the lengths of the base and the sides of equal length.

 

[4.5] 19. A microphone is placed on a stand on the floor of a stage so that the          19. ______________________

angle made by the microphone and the floor on one side measures 30° less than the angle made on the other side of the microphone. Find the two angle measurements.

 

?

?

 

[4.5] 20. A music store sells two models of the same guitar. Model A costs             20. ______________________

$450, and model B costs $675. In one week, the store sold 12 of those guitars for a total of $6300. How many of each model did the store sell? (Use a four-column table.)




270   Chapter 4  Equations

 

Chapters 1–4  Cumulative Review Exercises

 

For Exercises 1–4, answer true or false.

[1.2] 1. 15 + 42 + 2 = 5 + 14 + 22 [2.1] 2. -65 … -68 

[3.5] 3.  91 is a prime number.                                [4.2] 4. 4y-9 = 3 1y + 52 is a linear equation.

 

For Exercises 5 and 6, complete the rule.

[2.4] 5. The quotient of two negative numbers is a(n)       [3.4] 6.  To multiply exponential forms that have the 

 number.                                      same base, we can           the exponents and 

keep the same base.

[1.1] 7. Graph 7 on a number line.                        [1.4] 8. Estimate 5826 , 224 by rounding so that there is 

only one nonzero digit in each number. 

 

[3.2]                                                     3                                                         2                5 9. What is the coefficient and degree of -8 x ? [3.2] 10. What is the degree of 4 x-8 x + 9 x-6? 

 

[2.5] For Exercises 11–14, simplify.

 11. 3 + 1 3-4 2                        12. 兩 2-3172兩

 13. 2 1-92-20 , 152                           2 14. 7 + 38-5162436 + 21724

[3.1] 15. Evaluate 2x-5 2x + y when x = 9 and          [3.3] 16. Simplify and write the resulting poly-

y = 16.                                              nomial in descending order of degree. 

7 3                  2            3 t-10 t + 14 t-7 + t-15t

 

[3.3] 17. Subtract. 1    3        2 10 x-7 x-152-1   3 4 x + x-82      [3.5] 18. Multiply. 13x-5213x + 52

 

[3.5]                                                                                       5            3          2 19. Find the prime factorization of 420. [3.6] 20. Factor. 20 n + 15 mn-10 n

 

c 4.2d

For Exercises 21–24, solve and check.

4.3

 21. -7 t = 42                          22. 30 = 2b-14 

 23. 9 y-13 = 4y + 7                      24. 6 1 n + 22 = 3n-9 

For Exercises 25–28, solve.

[1.6] 25. Find the area of the shape.                            [2.2] 26. The following table lists the assets and debts 

for the Goodman family. Calculate their net 

worth. 

6 in.

Assets                Debts

Savings = $985        Credit card balance = $2345

6 in.                            Checking = $1862       Mortgage = $75,189

18 in.                                                Furniture = $12,006    Automobile = $4500
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[3.7] 27. Write an expression in simplest form for the          [4.3] 28. A wooden jewelry box has a lid that is 8 inches 

area.  wide by 9 inches long. The surface area of the 

box is 314 square inches.What is the height of the 

box? (Use SA = 2lw + 2lh + 2wh.) 

x     6

 

x     2

 

For Exercises 29 and 30, translate to an equation and solve.

[4.4] 29. Fifteen more than the product of six and n is          [4.4] 30. The length of a rectangle is 4 feet more than the 

equal to three.  width. If the perimeter is 44 feet, find the length 

and width.
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5.1 Introduction to Fractions

 

Warm-up                                                      Objectives

[1.4] 1. Divide. 385 , 9                                                               1 Name the fraction repre- [2.1]  2. Simplify. 兩-6兩 sented by a shaded region.

 2 Write improper fractions as 

Objective 1 Name the fraction represented by a shaded region.                mixed numbers.

 

We have seen division written in fraction form such as , where 8 is the dividend          improper fractions. 2 and 2 is the divisor. 8  3 Write mixed numbers as 

 4 Graph fractions or mixed 

8 numbers on a number line.

When talking about  as a fraction, we call 8 the numerator and 2 the denominator.

2                                                       5 Write equivalent fractions.

Definitions                                                                    6 Use * , + , or to write a Fraction: A quotient of two numbers or expressions

 

a and b having the form , where b ⬆ 0. b a                                                             true statement.

Numerator: The number written in the top position of a fraction.                                                  8        numerator

Denominator:                                    2      denominator The number written in the bottom 

position of a fraction.

 

8                                     8

Notice that because  is division, it can be simplified to 4. Also, in , the numerator

2                                     2

value is greater than the denominator value; so it is called an improper fraction. We will learn more about improper fractions later. First, we focus on proper frac-

3

tions such as  in which the numerator value is less than the denominator value.

5

 

Definitions Improper fraction: A fraction in which the absolute value of the numerator is greater than or equal to the absolute value of the denominator.

Proper fraction: A fraction in which the absolute value of the numerator is less than the absolute value of the denominator.

 

A proper fraction describes a part of a whole. For  

example, the figure to the right represents 1 acre of 

land that has been divided into five lots of equal size. 

3

The three shaded lots have been sold; so the fraction 

5

describes the portion of the acre that has been sold.

The two unshaded lots represent the fraction of the acre that has not been sold, 

2

which is .

5

Now let’s identify some fractions.

 

Example 1 Name the fraction represented by the shaded region.

a. 

 

7                                                              Answers to Warm-up

Answer:                                                                          1.  42 r7 2.  6

15
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Your Turn 1                       Explanation:  There are 15 equal-size divisions in the whole region, and 7 are shaded.

Name the fraction represented         b. 

by the shaded region.

a.

 

b.                                              3 Answer:

8

Explanation:  There are 8 equal-size divisions in the whole region, and 3 are shaded.

Do Your Turn 1

 

Your Turn 2                       Example 2    In a group of 35 people at a conference, 17 are wearing glasses. 

Write the fraction for each  What fraction of the people at the conference are wearing glasses? What fraction 

situation.                               are not wearing glasses?

a.  According to a pamphlet, 1        Answer:  The fraction of the people at the conference that are wearing glasses is 

in 5 teenagers smokes ciga-        17                                                                            18 . The fraction of the people at the conference that are not wearing glasses is . 35 35

rettes. What fraction of teen-

agers smoke? Explanation:  Because a person can either wear or not wear glasses, there are only 

two possible categories. This means that if 17 out of the 35 people are wearing 

b.  A football quarterback 

glasses, everyone else is not. We can subtract 17 from 35 to get the number of 

 

game and 19 of those passes                                                                      18 wearing glasses out of 35 total people; therefore, the fraction is . 35 throws 28 passes during a          people that are not wearing glasses. There are 35-17 = 18 people who are not 

are completed. What fraction 

of the quarterback’s passes           Do Your Turn 2

were completed? What frac-

tion were not completed?

Objective 2 Write improper fractions as mixed numbers.

c.  Margaret spends 8 hours each 

day at her office. Her com-                                                                                  8

pany allows 1 of those hours                                                                                  2 Now let’s think about what improper fractions mean. We know that  means 

to be a lunch break. What          division; so 8 =

fraction of her time at the of-                      2 fractions.     4. This suggests that we can use division to rewrite improper 

fice is spent at lunch? What 

fraction is spent working?          Example 3 

Simplify.

 

Your Turn 3                          6

a. 

6

Simplify.

 

a.    10                                    6          Note Because fractions also mean division, a negative 2 8 1 Solution: = 1-b. c. d. 6 fraction’s negative sign can be placed by the fraction 2 2 1 0 bar, in the numerator, or in the denominator. 5 b. -5-5 5 1-= = =-5 1 1-1

Solution:-   = 5

-5

1

Answers to Your Turn 1

 

a. 11                                9 1                 Note Undefined expressions are to be avoided. That is c. b. 0 a 12 4 why, in defining a fraction as , we say that b ⬆ 0. b Solution: undefined Answers to Your Turn 2

1     19 9     1 7              Do Your Turn 3

a.      b.     ;       c.    ; 

5     28 28     8 8

Answers to Your Turn 3

a.-5 b. 1 c. 8 d. undefined
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9

Now what if the numerator is not evenly divisible by the denominator, as with  ?

4

Think about money. A quarter is one-fourth of a dollar. If we have 9 quarters and every 4 quarters equals 1 dollar, we have 2 dollars plus 1 quarter left over.

[image: ]

 

4                                                            2 dollars     left over 4 _ 9                                                                        _ 1 

[image: ]

 

We can write the following result and streamline by eliminating the plus sign.

 

9       1     1         1                                           1 = 2 +   =

2        Note 2  is read as “two and one-fourth” and means 2 wholes plus 

4       4     4         4                                           4

of another whole.

1

This result, 2 , is called a mixed number.

4

 

Definition Mixed number: An integer combined with a fraction.

 

Notice that we grouped the 9 quarters into 2 groups of 4 quarters with 1 quarter left over, which is division.

2      quotient

denominator       4 冄9       numerator

-8

1      remainder

So long division can be used to write an improper fraction as a mixed number.

 

Procedure

To write an improper fraction as a mixed number:

  1.  Divide the denominator into the numerator.

  2.  Write the result in the following form:

remainder

quotient

original denominator
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Your Turn 4                       Example 4 Write the improper fraction as a mixed number.

 

Write each improper fraction as           20 a. 3 a mixed number.

 

a. 13     32      37      -79     Solution:  Divide 20 by 3. b. c.-d. 3 5 4 10 quotient

6                          Connection 20 is the same 

3

 

3 冄                                                       as 20 , 3. Mixed numbers are an-20 other way to write quotients that 2-18 20 = 6 have remainders. Instead of 6 r2, 2 3 3 2 we can write 6 . 3 original denominator

remainder

41

b. -

7

Solution:  Divide 41 by 7 and write the negative sign with the integer in the mixed number.

quotient

5

7 冄41

-35            41      6-      -5 =

6            7       7

original denominator

remainder

Do Your Turn 4

 

As we learned in the Connection box in Example 4a, we can write the result of a 

division as a mixed number. Remember, the divisor is the denominator.

 

Your Turn 5                       Example 5    Divide -2035 , 1-192 and write the quotient as a mixed 

Divide and write the quotient as       number.

a mixed number.                   Solution:  Because the quotient of two negative numbers is positive, we can 

a. 49 , 2                           divide as we would with two positive numbers.

b. 139 , 13                                                    quotient 107

d.-3249 , 1 c.-920 , 9                                           19 冄2035-16 2

-19

2

13                  107

divisor    19

-0 135

-133

2    remainder

Answers to Your Turn 4                    Do Your Turn 5

1      2       1        9

a.  4       b.  6       c.-9      d.-7 

3      5       4       10

Objective 3 Write mixed numbers as improper fractions.

 

Answers to Your Turn 5                                            20      2                             2 In Example 4a, we wrote  as 6 . How can we verify that 6 is correct? Because 1 9 2 3 3 3 2 a. 24 b. 10 c.-102 we divided 20 by 3 to get 6 , we can check the division by multiplying. 2 13 9 3

1

d. 203 

16
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quotient # divisor + remainder = dividend

6    #    3    +      2          20

18    +     2         20

20     =    20      Yes, it checks.

In mixed-number format, it looks like this:

1. Multiply. 3 6    18    2. Add the product to the numerator. 18    2    20 ~ 

 

6 2    3 # 6 + 2    20 3 =        = 3 3

3. Keep the same denominator.

 

Procedure

To write a mixed number as an improper fraction:

  1.  Multiply the absolute value of the integer by the denominator.

  2.  Add the product from step 1 to the numerator. The result is the numerator 

of the improper fraction.

  3.  Keep the same denominator and sign.

 

Example 6 Write the mixed number as an improper fraction.                     Your Turn 6

7 Write the mixed number as an 

a. 5                                                                                                               improper fraction. 8

 

Solution:    7                            Note                                        5         2 We have shown the steps. 8 # 5 + 7 40 + 7 47 a. 10 b.-11    c. 19  5 = = = However, many people perform the 6 9 8 8 8 8 multiplication and addition mentally.

3

 b. -9 

7

 

Solution:      3     7 # 9 + 3      63 + 3     66 9 -=-=-=-7 7 7 7

 

Warning  Do not make the mistake of thinking that we multiply 7 times -9 to 

get -63, then add 3 to get -60. Think of the negative sign as applying to the 

entire mixed number.

 

-9    = 3        3        66      66-9 a b = a b =

7             -        -7 7 7

Do Your Turn 6

 

Every number we have learned about so far is a rational number.

 

Definition Rational number: A number that can be expressed as a ratio of integers.

a

b                                                            b are integers and b ⬆ In math language:  A number that can be expressed in the form , where a and 0.

 

Examples: 3

 is a rational number because 3 and 5 are integers.

5

2                                         14

4     is a rational number because it can be written as     and 14 

3                                         3                Answers to Your Turn 6

and 3 are integers.

-7              a.       b.-      c. 6 65       101     19

-                                                              9      1 7 is a rational number because it can be written as  and

1

-7 and 1 are integers.
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As our examples suggest, every integer, fraction, and mixed number is a rational 

number and is therefore contained in the set of rational numbers. It might seem that 

every number is a rational number. However, when we learn about circles, we 

will discover a number that is not rational.

 

Objective 4 Graph fractions or mixed numbers on a number line.

To graph fractions or mixed numbers on a number line, we can use the following 

procedure:

 

Procedure

Graphing Fractions or Mixed Numbers on a Number Line

Connection The fractional          Proper fraction: Draw evenly spaced tick marks between 0 and 1 (if positive) 

marks on a number line are           or 0 and -1 (if negative) to divide that segment into the number of equal-sized 

like the marks on a ruler. A  divisions equal to the denominator. Then draw a dot on the tick mark indi-

typical ruler is marked so             cated by the numerator.

that halves, quarters, eighths, 

Improper fraction:  Write it as a mixed number and follow the process for a 

and sixteenths of an inch 

mixed number.

are shown.

Mixed number:  Draw evenly spaced tick marks between the integer and the 

1  next greater integer (if positive) or next lesser integer (if negative) to divide that   2    3    4  5

segment into the number of equal-sized divisions equal to the denominator. Then draw a dot on the tick mark indicated by the numerator.

Hint:  The number of tick marks needed is always one less than the denominator.

 

Your Turn 7                       Example 7    Graph the fraction on a number line.

Graph each fraction on a                 1

number line.                        a. 4

3       5      3        4

a.        b.  2      c.-      d.-1          Solution:                               The denominator is 4; so draw 3 evenly spaced 4       6      8        5                   1 _               marks to divide the segment between 0 and 

0            1 4

1 into 4 equal spaces. The numerator is 1; so 

draw a dot on the first mark to the right of 0.

5

 b. -

8

Solution: The denominator is 8; so draw 7 evenly spaced 

   5 _         marks to divide the segment between 0 and 1 0 8

1 into 8 equal spaces. The numerator is 5; so draw a dot on the fifth mark to the left of 0.

5

 c. -3 

8

 

Solution:          5 _            3                    The denominator is 8; so 8 draw 7 evenly spaced marks 

to divide the segment be-

 

Answers to Your Turn 7                                                                                    5 tween 3 and  4 into 8  4  _  3   3   2  8   1  0  equal spaces. The numera- a.  tor is 5; so draw a dot on the  3  _  0  1  4  fifth mark to the left of   3.  b.

2         5 _                              Do Your Turn 7 2 3 6

c.

      3 _ 1   0 8           Objective 5 Write equivalent fractions.

 

d.  __ Look at the following rulers aligned vertically. They show how the same position  

2     4 1       1

5                                                           can be named using equivalent fractions.
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Definition Equivalent fractions: Fractions that name the same number.

 

1                       1

 

1         2                                 1        2 2         2                                 2        2

 

1    2    3    4                             1    2    3    4 4    4    4    4                             4    4    4    4

 

1 2 3 4 5 6 7 8                          1 2 3 4 5 6 7 8 8 8 8 8 8 8 8 8                          8 8 8 8 8 8 8 8

                

Note This dashed line                Note This dashed line shows fractions equiva-              shows fractions lent to 1.                                                   1

equivalent to .

1 =   =   = 2 2                                    2 4 8

4    8                      1    2    4 = =

2    4    8

 

Equivalent fractions are produced by multiplying or dividing the numerator and denominator of a fraction by the same number. For example, if we multiply the 

1                                   2

numerator and denominator of   by 2, we produce the equivalent fraction .

2                                   4

 

2 =    = 2 1    1 # 2    2

# 2       4

2

Similarly, dividing the numerator and denominator of  by 2 gives the equivalent

4

1

fraction .

2

 

2    2 , 2    1 = =

4    4 , 2    2

 

Procedure

To write an equivalent fraction, multiply or divide both the numerator and de-

nominator by the same nonzero number.

 

Example 8 Fill in the blank so that the fractions are equivalent.                    Your Turn 8

 

a.      = 3    ?       Note We are given both denominators. Multiplying 8 by 2 produces        Fill in the blank so that the frac-

8          16; so multiplying 3 by 2 will produce the unknown numerator.           tions are equivalent. 16

 

Solution:                    Multiply the numerator and denominator of  by 2.             9 = =    36        4    12 8 8 # 2 16 8 28 3    3 # 2    6                                          3             a.    = 5    ?       3    ? b. -   =

 

b. 20    5    Note We are given both numerators. Dividing 20 by 4 gives 5; so              35     ?       42       ? = 24 dividing 24 by 4 will give the unknown denominator. ? c.       = 4     -24    -4 d.       =

 

Solution: 20    20 4   5                                 20  Divide the numerator and denominator of = = by 4.      Answers to Your Turn 8 24 24 4 6 24 a. 20 b.-9 c. 5 d. 7 

Do Your Turn 8
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Objective 6 Use * , + , or to write a true statement.

We can easily compare fractions that have the same denominator by looking at 

their numerators. For example, 2                 3 is less than  because 2 is less than 3. In symbols, 

5                 5

we write the following:

2    3 5 6 5

1     1 _ =

 

But what if the fractions have different denominators as in     2 2 1 and  ? We could draw pictures to compare. 3 1 _ =

From the pictures, we see that 1                                           3 1 is greater than . In symbols, 

2                     3

we write the following:

1    1 2 7 3

Alternatively, we could write fractions equivalent to 1        1 and  with a common 

2        3

 denominator, then compare their numerators. Because we multiply to write 

equivalent fractions, the common denominator must have both 2 and 3 as factors. 

That is, the common denominator must be a multiple of the denominators.

 

Definition Multiple: A number that is evenly divisible by a given number.

 

 Multiples of 2 are 2, 4, 6, 8, 10, c

 Multiples of 3 are 3, 6, 9, 12, 15, c

Note                             

We will discuss common  Notice that a common multiple for 2 and 3 is 6, which we can find by multiply-

 

multiples in more detail later.                                       1 ing 2 times 3. To write  with a denominator of 6, we multiply its numerator and 2 1 For now, we will find a common denominator by 3. To write  with a denominator of 6, we multiply its numerator 3 denominator by multiplying the and denominator by 2. denominators.

 

2 =    = and =    = 2 1    1 # 3    3        1    1 # 2    2 # 3       6             3      3 # 2      6

Comparing the numerators of the equivalent fractions, we see that 3 is greater than 2; 

so 3     2                          1     1 6 7 , which means that .

6                          2 7 3

 

Procedure

To compare two fractions:

  1.  Write equivalent fractions that have a common denominator.  2.  Compare the numerators of the equivalent fractions.

 

Example 9 Use 6 , 7 , or = to write a true statement.

 

a.       ?  8 5    4

7

Solution:  Write equivalent fractions that have a common denominator; then compare numerators. A common multiple for 8 and 7 is 56; so the common  denominator is 56.

 

5    5 # 7    35         5 Write  with a denominator of 56 by multiplying 8 = = 8 8 # 7 56 its numerator and denominator by 7.

 

4    4 # 8    32         4 Write  with a denominator of 56 by multiplying 7 = = 7 7 # 8 56 its numerator and denominator by 8.
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Comparing numerators, we see that 35 is greater than 32; so 5                     4 is greater than .         Your Turn 9 8                     7

 

Answer: 5    4                                                          Use 6, 7, or = to write a true 7 8 7 statement.

 

Connection                                                          a.      ?       b.  2      ?  2   When comparing fractions, we compare only the rewritten 3    4       5      4

7    9      11      9

 

rewritten numerator is the product of the original numerator and the other          c.-  ?  -7 42 fraction’s denominator. Because that multiplication forms an X pattern, those numerators and don’t really need to know the common denominators.  Each            2       12

rewritten numerators are often called cross products. Consider Example 9a           d.      9        8-3      ?  -3 10 again.                                                                                              9

 

56 =    = ?   =     = 8 35    5 # 7    5   4    4 # 8    32 # 7      8    7      7 # 8      56

Because 35 is the greater cross product and is the rewritten numerator of 5 5 , 

8 8

is the greater fraction.

 

 b.       ?   -7     -9

8      11

Solution:  Write equivalent fractions that have a common denominator. Multi-

plying the denominators gives us a common denominator of 88.

 

-7    -7 # 11    -77          7 Write = =  with a denominator of 88. 8 8 # 11 88 8

 

-9    -9 # 8    -72           9 Write = =  with a denominator of 88. 11 11 # 8 88 11

Now compare the numerators. Because                                                                                                                                                                            Note -72 is closer to 0 than to -77, -72 is the Remember that when you 

greater of the two numerators. Therefore, -72, or -9, is the greater fraction. are comparing two negative num- 88  11  bers, the greater number has the 

Answer:-7    -9                                                    smaller absolute value. 6 8 11

Using the cross products method described in the connection box gives the 

same result.

 

-77    -7 # 11      -7   -9      -9 # 8    -72 ? = = = = 88 8 # 11 8 11 11 # 8 88

Comparing cross products,                            -9-72 is greater than -77; so  is the greater fraction.

11

 

 c. 4   ?  4 5      7

6      9

Solution:  Because the integers are equal, the fractions will determine which mixed 

number is greater. Let’s use the cross products method to compare the fractions.

 

54 =    = ? =     = 6 45    5 # 9    5   7    7 # 6    42 # 9      6    9      9 # 6      54

45    42                5    7                   5     7

Because     7    , we can say that    7    and therefore that 4    7 4 .

54    54                6    9                   6     9

5     7

Answer:  4    7 4 

6     9

Answers to Your Turn 9

Do Your Turn 9

3    4       5     4

a.    6      b.  2      7 2 

7    9      11     9

c.-    = 2     12        9       8-    d.-3     6 -3 
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PORTFOLIO

 

5.1             For Exercises

Extra

Help

 

  Learning Strategy

Doing homework every night is a necessity. Math is a subject that builds on itself and you don’t want to get behind. I learn better by doing, so working through problems, even repeatedly, has proven to be an effective study technique for me. I think repetition is really helpful when it comes to learning material.

—Morgan L.

 

Objective 1

 Prep Exercise 1 Identify the numerator and denominator        Prep Exercise 2 Explain the difference between an im-

3                                                proper fraction and a proper fraction.

of . 

5

 

 Prep Exercise 3 When using a fraction to describe the portion of a figure that has been shaded, if the denominator is the number of equal-sized divisions in a figure, what is the numerator? 

For Exercises 1–6, name the fraction represented by the shaded region.

  1.                                                                    2.                                                                 3. 

 

  4.                                                                    5.                                                                   6. 

 

For Exercises 7–12, write the fraction for each situation.

 7. a. In an experiment, a subject is blindfolded and her      8. a. In a memory experiment, a subject is shown 20 

nose pinned so that she cannot smell. She could  words in sequence. Each word is shown for 3 sec-

accurately identify 5 out of 16 foods by taste. What  onds. The subject is asked to write down all of the 

fraction did she accurately identify?  words he can remember in any order. The subject 

b. Still blindfolded but without her nose pinned, she  was able to remember 11 words. What fraction of 

could then identify 15 out of 16 foods. What frac-            the 20 words was he able to remember? 

tion did she accurately identify?                            b.  The experiment is repeated with new words and the 

c.  What can we conclude from the experiment? subject is asked to write the words in the order in 

which they appeared. The subject was able to write 5 

words in order. What fraction did he get correct? 

d. Are there any flaws in the experiment?                   c.  What can you conclude from the experiment? 

 

d. Are there any flaws in this experiment? 
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 9. A certain fish lays 800 eggs out of which only 17          10. At a certain university, of the 179 entering students 

survive to adulthood. What fraction describes the  that declared premed as their major, only 15 com-

portion that survives to adulthood? What fraction  pleted the premed program. What fraction completed 

describes the portion that does not survive to   the program? What fraction did not? What can you 

adulthood?                                              conclude about this program? 

 

 11. Of the 258 students who have ever taken math with       12. An ad claims that a certain medicine is safe according 

Mrs. Jones, 249 passed. What fraction passed? What  to the FDA. You read an article that claims the medi-

fraction did not pass? What can you conclude about  cine caused cancer in laboratory rats. As you read, 

taking math with Mrs. Jones as the instructor? you see that 9 out of 50 rats got cancer. What fraction 

of the rats got cancer? What can you conclude about 

the claims of the FDA versus the claims of the ad?

 

For Exercises 13–16, use the following graph, which shows the performance of 10th-grade students on a basic skills test at a particular high school.

Performance on Basics Skills Test                  13. What fraction of the students scored at or above 

600                                                      grade level on the fall test? 553

500                                                   14. What fraction of the students scored at or above 451

grade level on the spring test? 

400

 15. What fraction of the students scored below grade 

300                                                      level on the fall test? 

200                                                   16. 149 What fraction of the students scored below grade 

Number of Students                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              level on the spring test? 100 47

0

Fall Test            Spring Test

At or above Grade Level

Below Grade Level

 

Objective 2

 Prep Exercise 4 Explain how to write an improper fraction as a mixed number.

 

For Exercises 17–24, simplify.

23                         -45                        -6                        19

 17.                                      18.                                      19.                                      20. 

1                         1                        -6                       19

0                         0                        -2                       12

 21.                                      22.                                      23.                                      24. 

16                         -18                        0                          0

For Exercises 25–32, write the improper fraction as a mixed number.

30                         52                         85                         19

 25.                                      26.                                      27.                                      28. 

7                        9                        4                         2

64                         97                        103                        -111

 29. -                              30. -                              31.                                  32. 

5                        6                       -8                        20

For Exercises 33–40, divide and write the quotient as a mixed number.

 33. 59 , 6                       34. 73 , 10                      35. 140 , 11                    36. 163 , 15 

 

 37. -839 , 8                   38. -865 , 7                   39. -5629 , 1-142            40. -8217 , 1-162 284   Chapter 5  Fractions and Rational Expressions

 

Objective 3

 Prep Exercise 5 Explain how to write a mixed number as an improper fraction. 

 

For Exercises 41–48, write the mixed number as an improper fraction.

1                        3                                                  1

 41. 5                                    42. 4                                    43. 11                                  44. 13 

6                        8                                                  2

7                                                  9                         3

 45. -9                               46. -24                            47. -1                              48. -15 

8                                                  20                         4

Objective 4

 Prep Exercise 6 When graphing a positive proper fraction on a number line, how many evenly spaced tick marks do you draw between 0 and 1? 

For Exercises 49–60, graph the fraction on a number line.

 

 49. 1                                 3                                   5 50.  51. -3 5 8

 

 52.                                                   53. 1                                                 54. 4 -6 1                                1                                 2

2                                                                  3

 

 55.       3                                 7                              9 57. -1  56. -5 16 10 5

10                                    9                                   17

 58.                                                   59. -                                               60. -

3                                  2                                 6

Objective 5

 Prep Exercise 7 To write an equivalent fraction,             or            both the  numerator and denominator by the same nonzero number.

For Exercises 61–68, fill in the blank so that the fractions are equivalent.

 

 61.     = 5    ?                     3    ?                     21    ?                    12    ? 62.     = 63.       = 64.       =

9    27                    5    35                    36    12                   42    7

 

 65. -     = 9      18                 28     7                 -6    ?                    24    2-              66. -    =-              67.     = 68. -     =

15      ?                   36      ?                  16    80                     60    ?

Objective 6 

 Prep Exercise 8 To compare two fractions:   1.  Write equivalent fractions that have a common denominator. 

2. Compare the           of the equivalent fractions. 

For Exercises 69–80, use 6 , 7 , or = to make a true statement.

 

 69.      ?  4    2                     8     5                   9     12                  15     7 70.       ?   71.       ?   72.       ?  

9    5                    11     7                   16     18                  20     9

 

 73. 2   ?  2                        74. 4       ?  4                       75. -      ?  -                     76. -     ?  -6 5      10                  9      3                   4       6                 7       9 12                   24      8                   15      17                 8      10

 

 77. -      ?  -                   78. -      ?  -                  79. -5   ?  -5                  80. -6   ?  -6 12 9       15                 6       8                  4       5                 2        5 20                 15      20                  7        9                  9       23

 

Review Exercises

[2.4] 1. Divide. -48 , 1-122                              [3.5] 2. Find the prime factorization of 840. 

[3.5] 3.                                                                                         5            2 Find the GCF of 24 and 60. [3.6 ] 4. Find the GCF of 40 x and 56 x. 

[3.6] 5.             5          2 Factor. 40 x-56 x
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5.2  Simplifying Fractions and Rational 

Expressions

 

Warm-up                                                      Objectives

[3.5] 1. Find the prime factorization of 60.                                                1 Simplify fractions to lowest 

 

 [5.1]  2.                 44                                                               terms. Write - as a mixed number. 7 2 Simplify improper fractions 

or fractions within mixed 

Objective 1 Simplify fractions to lowest terms.                                  numbers.

In Section 5.1, we learned how to write equivalent fractions. In this section, we      3 Simplify rational will learn to write equivalent fractions that are in                                            expressions. lowest terms.

Definition Lowest terms: A fraction is in lowest terms when the greatest  common factor of its numerator and denominator is 1.

 

For example, the fraction 2 is in lowest terms because the greatest common factor 

3

of 2 and 3 is 1. The fraction 8 is not in lowest terms because the greatest common 

12

factor of 8 and 12 is 4 (not 1).

Recall from Section 5.1 that we can write an equivalent fraction by dividing both its numerator and denominator by any common factor. The process of writing an equivalent fraction in lowest terms is often called simplifying or reducing the fraction. A fraction written in lowest terms is also said to be in                       8 simplest form . So for , dividing by 

12

4, which is the greatest common factor, gives the equivalent fraction in lowest terms.

 

12 8    8 4   2     This is the equivalent                      Connection In Section 3.5, = = fraction in lowest terms. 12 4 3 we learned that the greatest 

Notice that we could have also divided by the common factor 2 twice to get low- common factor is the great-

est terms. est number that divides all 

given numbers evenly.

 

12 8     8 2    4   4 2   2 = = = = Note Dividing by 2 twice is the 12 2 6 6 2 3 same as dividing by 4, the GCF.

Whether in stages or all at once, when simplifying a fraction to lowest terms, we are dividing out the greatest common factor of the numerator and denominator.

 

Procedure

To simplify a fraction to lowest terms, divide the numerator and denominator 

by their greatest common factor.

 

Example 1           18 Simplify     to lowest terms.                                            Your Turn 1

24

 

Solution:                                                                                              30 = =         24 24 by their GCF, 6. Note is in lowest terms  24 24 6 4 a. b.-4 40 54 because the greatest 18    18 6   3   Divide both 18 and       3                     Simplify to lowest terms.

 common factor for 3 and 

4 is 1.                                    Answers to Your Turn 1

3      4

Do Your Turn 1                                                                     a.      b. -

4      9

Answers to Warm-up

We can also simplify fractions using prime factorization. In Section 3.6, we learned                      2 1.  2 # 2 # 3 # 5 or 2 # 3 # 5 that the GCF contains all of the primes common to the numbers’ prime factoriza-          2 tions; so dividing out all of the common prime factors is a way of dividing out     2.-6 

7
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the GCF. Let’s simplify 18 again, but this time we will replace 18 and 24 with their 

24

prime factorizations and then divide out all of the common prime factors.

18     2 # 1      1 3 #

=      3        Dividing out the common factors, 

24                   2 and 3, divides out the GCF, 6. 2 # 2 # 2 # 3

1          1

 

=        = 1 1 # 3 # 1      3     Multiplying the remaining factors gives #                                                   the equivalent fraction in lowest terms. 2 # 2 # 1 4

 

Procedure

To simplify a fraction to lowest terms using primes:

  1.  Replace the numerator and denominator with their prime factorizations.  2.  Divide out all of the common prime factors.

  3.  Multiply the remaining factors.

 

This method is especially useful for simplifying fractions with large numerators 

or denominators.

 

Your Turn 2                                              72 Example 2

 Simplify - to lowest terms.

90

Simplify to lowest terms.

Solution:  Because 72 and 90 are large numbers, we will use the prime factoriza-

48

a.                                           tion method. We need the prime factorization of 72 and 90.

84

140                                                  72                   90

b.-

196

2     36              2     45

 

2     18              5      9

 

2      9               3      3

 

3      3

 

Now replace 72 and 90 with their prime factorizations, divide out all of the common primes, and multiply the remaining factors.

72     2 # 1          1   1 2 # 2 # 3 #

-     -            -= 90       2 # 3 # 3 # 5       5 1 =         3     4 1   1

Do Your Turn 2

 

Example 3 According to a survey of 182 people, 112 responded that they had seen a particular movie. Write, in lowest terms, the fraction of people in the survey who had not seen the movie. Interpret the results.

Solution:  Because 112 people saw the movie, we first subtract 112 from 182 to find the number of people who had not seen the movie.

Number of people who did not see the movie = 182-112 = 70. If 70 out of 

 

Answers to Your Turn 2                            70 movie is . 182 182 people did not see the movie, the fraction of people who did not see the 

4      5

a.      b.-

7      7
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Now we need to simplify to lowest terms.                                           Your Turn 3 1 1

 

182 =       = 2 70     2 # 5 # 7     5                                  Write each requested fraction in # 7 # 13      13                                              lowest terms.

 

Answer: 5 of the people surveyed had not seen the movie. This means that 5 out 13 1   1                                                           a.  In a survey of 300 people, 252 

responded that they believe 

of any 13 people in the survey did not see the movie. there is life elsewhere in the 

universe. What fraction of 

Of Interest people in the survey believe 

If the survey was given to people of different ethnic groups, genders, and  that life exists elsewhere in 

ages, we should be able to ask any 13 people of those surveyed if they                 the universe?

had seen the movie and we would expect 5 people to say no. If a survey 

is not accurately conducted, we say that the survey’s results are skewed.

Do Your Turn 3

 

Objective 2  Simplify improper fractions or fractions within mixed numbers.

b.  According to the CIA World 

What if an improper fraction is not in lowest terms or a mixed number contains a 

Fact Book, in 2003, about 

fraction that can be simplified?

60,000,000 out of 300,000,000 

people living in the United 

 

Example 4 Write 26 States were between 0 and   as a mixed number.  12  14 years of age. What frac-

Solution: tion of people living in the 

1 United States were between 

 

Method 1: 26    2 # 13     13                                                      0 and 14 years of age? Simplify to lowest terms. = = 12 2 # 2 # 3 6

1

 

= 1            Write the mixed number. Its fraction is in 2                       lowest terms. 6

 

Method 2:     = 26      2

2               Write as a mixed number.

12     12

1

=    2       1 2             =

2 #          2      Simplify the mixed number’s fraction. 2 #

3     6

1                                                                                        Your Turn 4

 Do Your Turn 4

Write each fraction as a mixed 

number and simplify.

Objective 3 Simplify rational expressions.

Let’s apply what we’ve learned about simplifying to a special class of expressions      a.        b. 28     80

6      15

 

called rational expressions.                                                                54      -180 c.-d. 24 24 Definition Rational expression: A fraction in which the numerator and denominator are polynomials.

 

Some examples of rational expressions are as follows:

4 3                         2 x 5 x 2 x-3x + 4

8x     7x + 1       8x-5

Answers to Your Turn 3

Connection A rational number is a number that can be expressed as a ratio of         21      1

integers, whereas a rational expression is a ratio of polynomials.                     a.       b. 25 5

3              Answers to Your Turn 4

We will consider only rational expressions that contain monomials, as in 4x . We 

8x                  2         1           1           1

simplify such rational expressions the same way we simplify fractions.               a.  4     b.  5     c.-2     d.-7 
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Connection Dividing out the                     Simplify  to lowest terms.

Example 5         4 3 x

8x

common factor of x relates to 

the rule for dividing exponen-        Solution:

 

tial forms with the same base.              3 4 x    2 # 2 # x # x # x We can subtract the exponents =   Write the numerator and denominator in factored form. 8 x 2 # 2 # 2 # x and keep the same base. 1 1 1 # 3 2 2 # x # x # x x = Divide out two 2s and one x . = 3 x-1 = 2 x 2 # 2 # 2 # x x 1 1 1

 

=       Multiply the remaining factors. 2 x 2

Your Turn 5                         Do Your Turn 5

Simplify to lowest terms.

 

a.      3                                     better understand the rule we learned in Section 3.6 about dividing exponen-24 9 4                                         Connection x We can use what we have learned about simplifying fractions to x

10 5 tial forms with the same base. The rule read as follows: When dividing expo- a

b. nential forms that have the same base, we can subtract the divisor’s exponent 

20a

3                                        from the dividend’s exponent and keep the same base.

c.                                                                                     3-2 30 4x y

d.-   x                                                 = 3        3 2 , 2 = 2-1 = 2 2 4 2 15 m

 

20 2                                        If we write all of the factors and divide out the common 2, we have m n 1 3 2 2 # 2 # 2 = = 2 2 . 2 2 1

Conclusion:  Subtracting exponents corresponds to dividing out common factors.

We can also get a better understanding of what happens when the exponents are the same.

32

 

3                                1 1 2 3 2 = 2    2      2     0 3 , 3 = 2 3-= 3

If we write all of the factors and divide out the 3s, we have     =       = 1. 2 3 # 3

32                                               3    3 # 3 1 1

Conclusion:                         0                                        0 Because  equals both 3 and 1, we can conclude that 3 = 1.

32

 

What if the variables in the denominator have greater exponents than the like 

Your Turn 6                      variables in the numerator?

Simplify to lowest terms.

 

a. 14 4                                                                                3 2 2 x y r 20 m-16 ps Simplify b. Example 6  to lowest terms. 6 5 5 2 18 x 40 m 28 p r

13 6                  2 a b-10 hk

c.                                                Solution:-       d.

26 4 4              7 a b 5 k

 Write the numerator and 

Answers to Your Turn 5                         5 2       2 28 p # 2 # 7 # p # p # p #               denominator in factored form. r p # p # r # r 4 =-16 3 2 p rs    -2 # 2 # 2 # 2 # p # p # p # r # r # s

a.       b.                                                   -2 # 2 # 2 # 2 # p # p # p # r # r # s     Divide out two 2s, three p’s, 8 3x     a                                     1 1       1 1 1 1 1

2 2                2 x y                                                                                     ’s.-2                                = 3m                       2 # 2 # 7 # p # p # p # p # p # r #     and two r r 1

c.                                                                         1      1   1   1          1   1-d. 15        4n                              -4s                     Multiply the remaining factors. Answers to Your Turn 6                              =   2 7 p

 

a.        b.                                                       2 Note 2 3 p is in the denominator because there were two more 9 7y       1                                  x      2m

a 2                                                          factors of p in the denominator than in the numerator.-2 h

c.-       d. 3    5 2 b k                         Do Your Turn 6
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5.2             For Exercises

Extra

Help

 

Objective 1

Prep Exercise 1  A fraction is in lowest terms when the          Prep Exercise 2 Explain how to simplify a fraction 

 of its numerator and           to lowest terms.

denominator is           .

 

For Exercises 1–20, simplify to lowest terms.

25                         12                         -14                        -16

 1.                        2.                        3.                        4. 

30                         28                          35                         24

26                         15                           24                         20

 5.                        6.                        7. -                      8. -

52                         45                           40                         45

66                         32                         -57                        -51

 9.                        10.                          11.                           12. 

88                         80                          76                         85

120                         196                         182                         221

 13.                                      14.                                      15.                                      16. 

140                         210                         234                         357

-121                        270                      -360                      -210

 17.                                      18. -                                 19.                                     20. 

187                          900                        480                         294

For Exercises 21–24, write each requested fraction in lowest terms.

 21. 35 seconds is what fraction of a minute?                   22. 25 minutes is what fraction of an hour? 

 23. 9 hours is what fraction of a day?                          24. If we consider a year to be 365 days, what fraction of 

a year is 45 days? 

 

Of Interest

A year is the time it takes the earth to make one orbit around the sun, which is actually 365 1 days.

4

 

 25. In a survey, 248 women were asked if they used a         26. A marketing firm conducted an experiment to deter-

certain cosmetic product. 96 responded that they had  mine which of two commercials was more effective. 

used the product. It randomly selected 400 people and paid 200 of them 

a. to watch one of the commercials and the other 200    What fraction of the women surveyed said that 

they used the product?  to watch the other commercial. It then asked those 

b. viewers whether they would buy the product. 180   Interpret the results.

said yes in the first group, while 148 said yes in the 

c.                                                                              second group.  What, if any, flaws do you see in the survey?

a.  What fraction of the first group said yes? b. What fraction of the second group said yes? c.  Which commercial should be used? 

d. What, if any, flaws do you see in the experiment?

 

 27. A bank manager discovers that out of 500 transac-        28. A company produces 540 computer chips on a par-

tions completed by a particular teller, 48 mistakes  ticular day. Quality control inspectors discover 21 de-

were made. In what fraction of the transactions did  fective chips. What lowest-terms fraction of the chips 

the teller make a mistake? In what fraction of the  produced is defective? What lowest-terms fraction is 

transactions did the teller make no mistake?                 not defective?
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 29. Use the following graph, which shows a sales repre-      30. Use the following graph, which shows the amount the 

sentative’s travel expenses for one year. Gardner family spent on transportation in one year.

Travel Expenses                                     Gardner Family Transportation Expenses

 

Airfare                                                                Vehicle loan

$3515                                                      payments

Other           $3822

Hotel                              transportation

$2849                                  $391

Food

$1028

Other vehicle

Gas and oil

expenses

$2300

$1169

Ground transportation

$2450   How much money did the Gardner family spend  a.

a.                                                                           on transportation?   Find the representative’s total travel expenses. 

b. b. What fraction of the money spent on transporta-  What fraction of the travel expenses went toward 

food?                                                      tion went toward loan payments? 

c. c.  What fraction of the money spent on transporta-   What fraction of the travel expenses went toward 

ground transportation?                                     tion was spent on gas and oil? 

d. d. What fraction of the money spent on transporta-  What fraction of the travel expenses went toward 

hotel?                                                          tion was spent on other vehicle expenses? 

e. e.  What fraction of the money spent on transportation    What fraction of the travel expenses went toward 

airfare?                                                           was spent on other transportation? 

Objective 2

For Exercises 31–38, write as a mixed number and simplify.

30                         69                         -50                        -84

 31.                                      32.                                      33.                                      34. 

8                        9                         15                        16

116                         168                         -186                       486

 35.                                      36.                                      37.                                      38. 

28                         105                         36                        -63

Objective 3

For Exercises 39–50, simplify to lowest terms.

 39. 10x                           2                          3                          4 15 y-x-ab

32                      40.                                      41.                                      42.    3 5 27 xy a b

 

 43. -                              44. -                              45.                                  46. 7 4 5 2       2 15 6 4                                        2                                    2                                        3 m n 30 h k 9 t u 7 xy

m               18h k              36t u                35xy

 

 47.                                      48.                                      49.                                      50. 5 2 9 4 10 7          4 3 35 21 6                                          7                                        4 5 2                                 2    3 a bc 10 m n-14 a b c 8 x yz

a b                        30m n p                     28a bc                     -32xy z

 

Review Exercises

[2.4] 1. Multiply. 165 # 1-912                                 [2.4] 2. Multiply. 1-122 1-62

[3.4] 3.                2       3                                                                          3 5 Multiply. 1 5 x 2 1 7 x 2 [3.4] 4. Simplify. 1-2 x 2

[1.6] 5. Find the area of the figure. 

 

9 m

 

11 m
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5.3  Multiplying Fractions, Mixed Numbers, 

and Rational Expressions

 

Warm-up                                                      Objectives

[2.4] 1. Multiply. -7 # 9                                                                     1 Multiply fractions.

 

[5.2]                   36                                                          2 Multiply and simplify 2. Simplify - to lowest terms. 48 fractions.

 3 Multiply mixed numbers.

Objective 1 Multiply fractions.                                                4 Multiply rational Let’s see what we can discover about how to multiply fractions. Suppose a recipe         expressions. calls for 1 of a cup of oil but we want to make only half of the recipe. We must find 4                                                                                                       5 Simplify fractions raised half of 1                                               1 . Consider the following picture of . 4                                               4                                                             to a power.

 6 Solve applications involving 

multiplying fractions.

 7 Find the area of a triangle.

 8 Find the radius and diameter 

of a circle.

 9 Find the circumference 

of a circle.

If we want half of 1, we need to cut the single fourth into two pieces, then shade 

4

one of those two pieces.

 

To name the fraction represented by half of the fourth, we need equal-size divi-sions. Extending the line across makes equal-size divisions.

 

Notice that the darker shaded region is half of the fourth that we originally shaded and is 1 of the whole picture; so we can write the following statement:

8

1   1

Half of  is .

4   8

We can translate this statement to an equation. The word of, when preceded by a fraction, indicates multiplication, and is indicates an equal sign.

 

Half of   is .                                          1.-63 4 1                                    Answers to Warm-up 1 8

1                                        2. 1 1-4 3 2 #            = 4 8
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Our example suggests that to multiply fractions, we multiply numerator by 

 numerator and denominator by denominator.

 

Your Turn 1                       Example 1    Multiply.

 

Multiply.                                3 5 3                            a.     # 7

 a.     #                                                   4 8

4 8                                 3 5    3 # 5    15

1                            Solution:                      Multiply numerator by numerator and denominator 4                                     # = =

 b.     #                                                                                                                                       15 a-                                                                32 4 b 8  is in lowest terms.  4 #  8        by denominator. Notice that 

32

5     9

 

 c.     5                               2 1 1 b. -#-# a-b 3 5 6 6

 

 d.  1     1                               2 1     2 # 1      2     Multiply numerator by numerator and denom--Solution:  #  a  b - #  = - = - inator by denominator. The product is nega- - 4  5  3  5  3  #  5  15   tive because the two fractions have different 

1 signs. Notice that    2-15 is in lowest terms.

Note Remember,     is equivalent 

1     -1                1       c. -   #-4                     5     9 a b

to                                                             -- and  is equivalent to -. 7 11

4      5                 5

 

Solution: -   # a 5     9      5 # 9    45     Multiply numerator by numerator and -  denominator by denominator. The prod- =  b  7                = 11

7 # 11    77

uct is positive because the two fractions 

have the same sign. Notice that 45 is in 

77

lowest terms.

Do Your Turn 1

 

Objective 2 Multiply and simplify fractions.

 

As a rule, fraction answers are expected to be in lowest terms. Let’s multiply  #  5 3

6 4

and then simplify the product.

 

5 3    15 # =             Multiply.

6 4    24

3 # 1

=     5                15 5 Simplify  to lowest terms by dividing = 24

2              out the common factor, 3. # 2 # 2 # 3 8 1

Alternatively, because the original numerators are factors of the resulting numera-

tor and the original denominators are factors of the resulting denominator, we can 

divide out common factors before multiplying.

1

5 3     5    3        Replace each numerator and denominator # = #                                          with its prime factorization, and divide out  6 4    2 # 3 2 # 2

1                   the common factor, 3.

 

=        = 2 5 # 1       5     Multiply the remaining factors to get the #                                                    same product as above. 1 # 2 # 2 8

Or some students prefer to divide out the common factor(s) as follows:

1              Note For now, we will write the numerators and 

5 3    5     denominators in prime factored form so that the # = factors are easier to see. In Sections 5.7 and 5.8, 6 4    8 2                  we’ll leave out the prime factored form.

The following procedure summarizes our methods for multiplying fractions. Answers to Your Turn 1

21       4      5      1

a.      b. -    c.   d. 

32      45     36     20
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Procedure

To multiply fractions:

Method 1:

  1.  Multiply the numerators and multiply the denominators.

  2.  Simplify the product.

Method 2:

  1.  Divide out factors of any numerator with identical factors of any 

denominator.

  2.  Multiply the remaining numerator factors and multiply the remaining 

denominator factors.

 

Example 2           6 10 Multiply    #    . Write the product in lowest terms.                      Your Turn 2

8 15

Multiply. Write the product in 

Solution:                                                                                    lowest terms.

Method 1:   # 6 10    60           Multiply numerators and                            5   3 =

multiply denominators.                            a.     #

8 15    120                                                        9 10

2 # 1   1   1   1 2 # 3 # 5                                                6

=                                                12 Divide out the common factors.                   b.    #

2 # 2 # 2 # 3 # 5                                                                 8 30

 

=           Multiply the remaining factors.                       15 16 2 1 1   1   1   1                                                                             10   6 c. -    #

 

Method 2:    #    =        #                               Connection No            20   -32 numerator and  8 15 2 # 2 # 2 3 # 5 matter which denominator with its 6 10     2 #                                                           -18   30 3   2 # 5   Replace each                                  d.       #

prime factorization.      method we use, 

2 # 1   1     1   1                                      we divide out the 3   2 #

=        5    Divide out the #                                                                                                           same common common factors.

2 # 2 # 2 3 # 5 1 1 1 1                                factors—in this 

= 1            Multiply the             case, two 2s, a 3, 

2            remaining factors.       and a 5.

Do Your Turn 2

 

Objective 3 Multiply mixed numbers.

Now that we know how to multiply fractions, we can multiply mixed numbers by first writing them as improper fractions.

 

Procedure

To multiply mixed numbers:

  1.  Write the mixed numbers as improper fractions.

  2.  Divide out factors of any numerator with identical factors of any 

denominator.

  3.  Multiply the remaining numerator factors and multiply the remaining 

denominator factors.

  4.  Simplify. If the product is an improper fraction, write it as a mixed number 

in simplest form.

 

When multiplying mixed numbers, it is helpful to estimate the product to get an idea of what to expect. As with any estimate, we first round the numbers so that     Answers to Your Turn 2

 

the calculation is easy to perform mentally. 1     3      1     27  a.   b.    c.  -  d.   6  10  4  32  294   Chapter 5  Fractions and Rational Expressions

 

Your Turn 3                       Example 3    Estimate and then find the actual product expressed as a mixed 

Estimate and then find the            number in simplest form.

actual product expressed as a              1     1

mixed number in simplest form.      a. 3 # 10 

6    2

 a. 3    # 1   4 3 1                                            Estimate: Round the numbers so that the calculation is easy to perform mentally. 5

We will round these mixed numbers to the nearest integer.

 b. 5    # 2   1 2                                              1                                                                      1 3 6

3  rounds down to 3 because                  10 rounds up to 11 because it  7  2

2 it is closer to 3 than to 4. is halfway between 10 and 11 and  

 c.     # 12                                                                                               we agree to round up.

5

 

 d.          3                         3    1 _ 3                  4 6                                  1 20 # 3 _ 10 10         11 4 2

 

3 # 11 = 33   The actual product 

should be around 33.

 

Actual:  3    # 1    1    19 21 10    = #                     Write as improper fractions.

6    2    6   2

19   3 # 1

=       7 #                      Divide out a common factor, 3.

2 # 3   2

1

= 133       Multiply.

4

=   1 33            Write as a mixed number.

4

The actual product agrees with our estimate.

 

b. 20 # 3

8

 

Estimate:                          3  The nearest integer to   is 0. But 20 # 0    0, which is not a helpful 8 = 3 estimate. We get a more useful estimate by rounding  to a more “comfortable” 8 1 1 1 fraction near its value, such as  or . We will use . 2 4 2

20 # 3

8

For 20, no rounding           We round  to .         1 _ 0   1 _   3 _   1 _   5 _   3 _   7 _   1 8 3   1 is necessary. 2        8   4   8   2   8   4   8

 

20 # 1 = 10

2

The actual product should be around 10.

 

Actual:  20 # 3    20 3 = #                                             Write as improper fractions.

8    1 8

2 # 1   1 2 #

=     5    3 # Divide out the common factors, which are two 2s.

1    2 # 2 # 2

1   1

= 15            Multiply.

2

= 1 7 Write the improper fraction as a mixed number.

Answers to Your Turn 3                                    2

1                 The actual product agrees with our estimate.

a. 6; 6    b. 12; 12 

4        7                   Do Your Turn 3

c.  6; 4       d. 80; 75

5
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Example 4 Multiply. Write the product as a mixed number in simplest form.      Your Turn 4

 

a. -3    # 1   2                                                            Multiply. Write the product as a 5 2  mixed number in simplest form.  9

 

Solution:                                                                                               5 Write as improper fractions.-1   2     16 20                                               a. -4 # 1   1 3    # 2     =-     #                                                                                          8     2 5 9 5 9 3

 

=           Divide out thecommon factor, 5.-#                      5      4 5 9 4 1 2 c. 16 2 # 2 # 5                                                     b. a 1                                                                                         1-2 b a-7 b

 

= 64                                                        a 2 b a Multiply. The product is negative because -11 b 7 5-the two mixed numbers have different signs. 9-4 d. a b1-21 2 1 Write the improper fraction as a 9 =-7 mixed number. 9

 

b. 2    # 3 1-12 2

8

Solution: 2    # 3          19     12 1-12 2 = #    a-           Write as improper fractions. b

8          8      1

19       2 # 1   1 2 #

=            3     Divide out the common factors, #    a-         which are two 2s. b

2 # 2 # 2         1

1   1

= 57                  Multiply. The product is negative 

-                because the two numbers have 2

different signs.

 

=    1               Write the improper fraction as a -28                    mixed number.

2

Do Your Turn 4

 

Objective 4 Multiply rational expressions.

We multiply rational expressions the same way we multiply fractions. Although we can use either of the methods we have learned, it is usually easier to divide out the common factors first and then multiply (method 2).                            Your Turn 5

2 Multiply. Write the product in 

 

Example 5                                        3a     10ab          lowest terms. Multiply. Write the product in lowest terms. -# a-b 5 b 9 x 9 a. # 2 Solution: 6 x

 

-                             b    Write the prime factorization of           b.        # # 3a     10ab        3 # 2                                                                                                  10 3 a   12 a     2 # 5 # a # b #

5   a-     b =-    # a-           b each numerator and denominator.          3    a b 9 5 # b 3 # 3

 

=                                                    -   4-# a b-5 27 u 5 3 # 1              1      1                                                                 18tu         15 a     2 # 5 # a # b # b     Divide out a common 3, a common       c.       # a b #                                    3 #                             5, and a common b factor. b 3

2a b                     Multiply the remaining numera-                     -2 13 a 1   1             1                                                                        -6         26h 2                                                                                   d.           # hk          b 9

=                                                      k tor and denominator factors. The 3

product is positive because the two 

Answers to Your Turn 4

expressions have the same sign.

11       17

Do Your Turn 5                                                                     a. -22     b.  18 

16       20 11       1

c. -29     d.  9 

Objective 5                                                                     35       3 Simplify fractions raised to a power.

Remember that an exponent indicates the number of times to use the base as a     Answers to Your Turn 5

factor. 3              2t      4  2  a.   b.   40  a  c.  -  d.   33  2  x  u  3  k  296   Chapter 5  Fractions and Rational Expressions

 

Your Turn 6                                               2 4 Example 6 Simplify. a b

3

 

Simplify.                                            4                                      2 2 3 2 2 2 2 16 Write the base  as a factor 2 Solution: a b = # # # = 3 a. a b four times; then multiply. 3 3 3 3 3 81 5

 b. a 1 6 b

In Example 6, we multiplied four 2s to get 16 in the numerator and four 3s to get 

 

 c.  3  is as  , which sug- 4  3  a  2                                                                           4      4 2 2 3                                   81 in the denominator; so another way we can think of a b

-b                                                                              3

4                        gests the following procedure:

 d. a-5 2 b

6

Procedure

To evaluate a fraction raised to a power, evaluate both the numerator and denominator raised to that power.

In math language:   a a n      n a b = when b ⬆ n              0

b      b

 

Warning

2 4             4 2 and a b are not equivalent.

3      3

 

2 4                                             4 2 # 2 # 2 # 2 16 2     2 # 2 # 2 # 2     16 =        =   , whereas a b 3                              =        =   . 3 3           3      3 # 3 # 3 # 3    81

Do Your Turn 6

 

Your Turn 7                                                   2   3 Example 7 Simplify. a b-2x

5y

 

 b.  3 9 b                                 2 3         2 3-2 x 1-2 x 2                   Write both the numerator and a b = 2 3 5 y 1 3 denominator raised to the third power. 5 y x 2  a  a.     7 3                                        Solution: 2 x a Simplify.

 

 c.  4 b                                       1    2                2 z-2 x 2 # 1 2-2 x 2 # 1-2 x2             2 Write 2 x as a factor three times and = 4 4 5 y # 5 y # 5 y as a factor three times. 2 a 5 y  a - b  3  6  3  c - 8  x  Multiply coefficients and add exponents  =  3  5 - m  3  for the like bases.  125  y  d.  a  b  2  p  Alternatively, we could simplify this expression using our procedure for simpli-

fying a monomial raised to a power.

 

a      b = 5-2   3            2 3-2 x 1 2 x 2      Write both the numerator and denominator 

y        1   3      raised to the 3rd power. 5 y 2

1-3 2 # 3 2 2 x     Write the coefficient to the 3rd power and 

=   3 1#3     multiply each variable’s exponent by the power. 5 y

 

Answers to Your Turn 6                                               Simplify. =-8 6 x

125 3 y

8      1      27     25

a.        b.  c. -    d. 

125     64      64     36

Connection In Section 3.5, we learned how to multiply monomials and how 

Answers to Your Turn 7                   to simplify a monomial raised to a power.

49 6            6 x 27 x

a.         b. 3 81 64 z                        Do Your Turn 7

16 16           15 a-m

c.           d. 12   5 81 c 32 p
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Objective 6 Solve applications involving multiplying fractions.

One of the difficulties in translating application problems that involve fractions is identifying the arithmetic operation. To identify multiplication, look for language indicating that we are to find a fraction of an amount. Whenever the word of is directly preceded by a fraction and followed by an amount, we multiply the amount by the fraction. Consider the following sentence:

3

 of the 28 people in the class earned an A.

4

Because                             3 of is preceded by the fraction  and followed by the amount 28, to calcu-

4

late the number of people in the class who earned an A, we multiply 28 by 3.

4

The word of does not always indicate multiplication. Sometimes of indicates a fraction. Consider the following sentence.

21 out of 28 people in the class    and    21 of 28 people in the class earned  earned an A.                                an A.

In                                                21 21 of 28, the word of indicates the fraction . Whenever the word of is preceded 

28

by a whole number, it indicates a fraction.

 

Conclusion: The word of indicates multiplication when preceded by a fraction and indicates a fraction when preceded by a whole number.

The two uses of the word of are related.

3

 of the 28 people in the class earned an A.   21 of 28 people in the class earned an A. 4

3        the number of people in the        21     the fraction of the people in # 28 = =

4       class that earned an A                   the class that earned an A 28

7

3 28                                  21    3 # = 21                                 =

4 1                                 28    4

1

 

Example 8 An advertisement claims that 4 out of 5 dentists choose Crest          Your Turn 8

toothpaste. If you were to visit a dental conference that has 345 dentists in at-        Solve.

tendance, how many would you expect to choose Crest toothpaste based on the      a.  A doctor says that 8 out of 

ad’s claim? 10 patients receiving a 

Understand  4 particular treatment have  4 out of 5 is the fraction  . If the claim of the ad is accurate, we can  5

make the following statement: no side effects. If a hospital 

 

4 treatment, how many can   of the 345 dentists at the conference should choose Crest.  gives 600 patients this 

5 be expected to have no side 

Plan  effects? How many can  We can translate our sentence to an equation and solve.

4 be expected to have side 

Execute   of the 345 dentists at the conference should choose Crest. 5                     effects?

 

4 4 4 b.  A population study finds  Note  The variable  n  represents the number of dentists out  #  345  =  n   1  that there are 2  children for  of the 345 dentists who should choose Crest.  5  3  each household in a given  345  #  =  area. If there are 6252 house- n  5  1  holds in the area, how many  1  #  3  5  #  23  children are there?  #  =  n  5  1

1

 276 = n

Answer  If we were to survey the dentists at the conference, we should find that 

out of the 345 dentists, 276 would choose Crest.                                      Answers to Your Turn 8

a. 480; 120 b. 14,588 298   Chapter 5  Fractions and Rational Expressions

 

Check  276 out of 345 dentists should be the same ratio as 4 out of 5. We can verify by simplifying 276    4 to .

345    5

Do Your Turn 8

 

Your Turn 9                       Example 9    3 of the students taking a particular history course passed the 4

Solve. course. Of these, 1 earned an A. What fraction of all students taking the course 

3

a.                              2               earned an A?  A study estimates that  of 3

 

all Americans own a car and       Understand  The students who earned an A are a fraction of the group that 1 that  of these cars are blue. 4 passed. We can make the following statement:

 

tion drives a blue car?                                       1      3 of the What fraction of the popula-

b. 5                                                                              3          4 of the people in a survey 8 that passed got an A.

said that they watch more         Plan We can translate the sentence to an equation and then solve.

than 2 hours of television 

each day. Of these people, 7         Execute Let a represent the fraction of students who earned an A.

10

 

of all those surveyed were                        of the  that passed got an A. 3 4 females who watch more were female. What fraction                     1        3

than 2 hours of television                         1                Note The variable a represents the 3 3 #                         =          a        fraction of the students in the course 4

each day?                                                      who received an A. 1

1    3 #    =   a

3    4 1

1 = a 4

Answer 1 of all students in the class not only passed but also earned an A.

4

Check  We can use a picture to check.

 

3  that passed 4

Note The fact that there are 

 12 divisions in the picture does 

not necessarily mean that there 

are 12 students in the class.

1               3  of the

3         4

 

The darker shaded region represents 3 1  of the whole picture, which simplifies to .

12 4

Do Your Turn 9

 

Objective 7 Find the area of a triangle.

In Section 1.6, we learned that the area of a parallelogram is A = bh. We can use 

this fact to develop the formula for the area of a triangle. By joining any two iden-

tical triangles as shown, we can create a parallelogram.

 

Answers to Your Turn 9

1     7

a.     b. 

6     16
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Note Because the triangles are identical, their angle measurements 

are identical. Rotating one triangle 

and joining it to the other along 

h                                            their corresponding side forms a 

four-sided figure with opposing 

angles that have the same measure-

ment with  opposing sides that are 

b                                parallel. Therefore, the figure is a 

parallelogram.

TACTILE

Learning Strategy

If you are a tactile learner, try creating the parallelogram just described. To do this, draw a triangle on a sheet of paper. Place a second sheet of paper behind the first. While holding the second paper tightly to the first, cut out the triangle you’ve drawn so that an identical triangle is cut out of the second sheet of paper. By rotating one of the two identical triangles and joining them along the corre-sponding side, you will create a parallelogram similar to the one shown.

 

Because the triangles are identical, one of them occupies half of the area of the parallelogram.

Area of a triangle = half of the area of a parallelogram with the same base and height

 

A = 1

# bh

2

= 1

bh

2

 

Example 10                                                 1 A recycling company produces triangular stickers that are 5         Your Turn 10 2

inches along the base and 4 3 inches high. Find the area. 4 Find the area of each triangle.

Solution:                          1                                                                       a.  Use the formula A = bh . 2

 

A   1   1    3                  1           3                   1 7 = a 5 b a 4 b ft. Replace b with 5 2 and h with 4 4 . 4 2 2 4

4 3in.

4                        1   11     19        Write the mixed numbers as A = a b a b

2             improper fractions. 2 4                              12 ft.

5 1in.                                                                                        b. 209

2                    A =

 Multiply.

16

4 4 m

A =   1                                              5 13                  Write the result as a mixed number.

16

Answer:               1                                                                                                     3 2  The area is 13  in. 16 7 2 m

Do Your Turn 10

 

Objective 8 Find the radius and diameter of a circle.

Now let’s learn about circles. The distance from the center of a circle to any point on the circle is the same for all points on the circle. This distance is called the radius (plural, radii). The distance across a circle along a straight line that passes through the center is the diameter.

Answers to Your Turn 10

 

a.     1          2 2   2 43  ft. b. 18  m 2 5
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Definitions Circle: A collection of points that are equally distant from a central 

point, called the center.

Radius: The distance from the center to any point on the circle.

Diameter: The distance across a circle along a straight line through the center.

 

Center        Radius

 

Diameter

 

We can state the following relationships for diameter and radius:

The diameter is twice the radius.

The radius is half the diameter.

We can translate these relationships to equations.

The diameter is twice the radius.

e

d = 2 # r

The radius is half the diameter.

e

r = 1 # d

2

 

Your Turn 11                     Example 11    Find the diameter of the circle shown.

 

Solve.                                                        5 Solution:  The radius is 3  centimeters. The diameter is twice the radius; so we 8 a.  Find the diameter of a circle        can use d = 2r. 3 with a radius of 2  feet. 5

 

b.                                                                     5                        5 In   Find the diameter of a circle d = 2 # 3 d 2 r , replace r with 3. 8 8 7 with a radius of  of an inch. 8 1 2 5 cm 29 Write the mixed number as an improper 3 8 d = # fraction. Then divide out the common factor, 2. 1 8

4

d = 29 Multiply.

4

d = 1 7            Write the result as a mixed number.

4

Answer:                  1  The diameter is 7  cm.

4

Do Your Turn 11

 

Answers to Your Turn 11

1        3

a. 5  ft. b. 1  in.

5        4
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Example 12 Find the radius of the circle shown.                                 Your Turn 12

 

Solution:  The diameter is 17 feet. The radius is half the diameter; so we can use       Solve. 1 r = d . 2 a.  Find the radius of a circle 

 

r 1 with a diameter of 25 feet.  1   In  =  #  17  r   d  , replace  d  with 17.  2  2  b.   Find the radius of a circle 

with a diameter of 9 3

17 ft.                         1 17                                                            8 r = #                  Write 17 as an improper fraction.                   meters.

2 1

r = 17

  Multiply.

2

r =   1

8          Write the result as a mixed number.

2

Answer:                1  The radius is 8  ft.

2

Do Your Turn 12

 

Objective 9 Find the circumference of a circle.

Now that we have learned how diameter and radius are related, we can learn about circumference.

 

Definition Circumference: The distance around a circle.

 

When ancient mathematicians began experimenting with circles, they found an interesting property. When they measured the circumferences and diameters of different-sized circles and considered the ratio of circumference to diameter, they found that the fractions were nearly identical no matter how large or small the circles. The fractions were so close that mathematicians concluded that the ratio must be the same for all circles and the slight differences could be accounted for by the mathematicians’ inability to accurately measure the circumference and di-ameter. It turns out that the value of this fraction cannot be expressed exactly, only closely approximated. We call such a number an irrational number.

 

Definition Irrational number: A number that cannot be expressed exactly as a fraction.

In math language:                                                   a  A number that cannot be expressed in the form , where a and b are integers and b ⬆                                        b 0.

 

Because the ratio of the circumference to the diameter is an irrational number, mathematicians decided to use a symbol to represent the value. They chose the Greek letter P (pronounced pı¯, as in pie).

 

Definition    : P An irrational number that is the ratio of the circumference of a circle to its diameter.

 

In math language:          , where p C =

C represents the circumference and d repre-

d

sents the diameter of any circle.

 

A circle with a diameter of 7 inches will have a circumference of about 22 inches. 

 

The symbol ⬇ is read “is approximately equal to.”                                      1         11 a. 12  ft. b. 4  m 2 This means that the value of                     22                                    22      Answers to Your Turn 12 p is approximately . Symbolically, we write . 7 p ⬇ 7 16
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Remember, 22 is only an approximation for the value of . If we were to try to p

7

measure the circumference of a circle with a diameter of 7 inches, we would find 

the distance to be close to but not exactly 22 inches. As we wrapped the mea-

suring tape around the circle, we would find that the circumference mark would 

never line up with an exact mark on the measuring tape no matter how precisely 

the tape could measure.

We can now use this approximate value of p to calculate circumference, given the 

diameter or radius of a circle. We can rearrange the relationship and say

C = pd

Or because d = 2r, we can say

C = 2pr

 

Your Turn 13                     Example 13    Find the circumference of the circle shown.

Solve.                                Solution:  We can use the formula C = pd or C = 2pr. Because we are given the 

a.  Find the circumference of          radius, let’s use C = 2pr.

 

feet. 6 22  In  22  2  C   2  P  r  ,  replace  P  with  C  a circle with a radius of 1 1

b. ⬇ 2 #   #                            7 4 2 and r with 4 . 7 3 3   Find the circumference of a  2

 

circle with a diameter of 5 5                                                        2   22   14      Write as improper fractions and 6 C ⬇ # # divide out a common factor of 7. meters. 1 7 3 1

C ⬇ 88

2                                               Multiply.

4 cm 3               3

C ⬇   1 29        Write as a mixed number.

3

Answer:                              1  The circumference is about 29  cm. 3

Note                        22 When we replace p with , the calculation becomes an approximation; so we 

Answers to Your Turn 13                                               7 use the ⬇

 symbol instead of an equal sign.

1         1

a. 7  ft. b. 18  m

3         3                    Do Your Turn 13

 

5.3             For Exercises

Extra

Help

 

Objective 1

 Prep Exercise 1 Explain how to multiply two fractions. 

 

For Exercises 1–8, multiply.

 

 1. # 2 4                      5 1                        1 1                      1 1 2. # 3. -# 4. -#

5 7                      8 4                        6 9                      4 10

 5. -# 3     5                    9      3                 7   7                    6 10 a-               6. b-     -              7. # a b # 8. #

4     7                   10     10                100 10                    11 19
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Objective 2

 Prep Exercise 2 To simplify before multiplying fractions, divide out any factor with any              factor.

For Exercises 9–24, multiply. Write the product in lowest terms.

 9. # 2 5                      3 2                      6 14                     5 12 10.    # 11.     # 12.     #

3 6                      8 7                      7 15                     9 25

 

 13.     8 10                     14 9                    24 26                     15 22 #- 14. -# 15. # 16. # 12 20 18 21 32 30 33 27

 

 17.      # 16    -57                  36     28                  19 16                     25 17 a b 18.      # a-               19. b #                                                                             20.            #

38    80                   42     45                   20 38                      34 30

 

 21. -    # 18     28                   22     15                  36    -30                 -60   45 a-              22. b-     -              23. # a b #    a b 24.        #

40     30                   35     33                 -40    54                   81   -72

Objective 3

 Prep Exercise 3 Explain how to multiply two mixed numbers.

 

For Exercises 25–36, estimate and find the actual product expressed as a mixed number in simplest form.

 

 25. 3    # 1   3                     1   2                    5                            7 1                                 26. 4    # 3                                 27.    1 28 2 28. 12 #

5   4                     6   5                    6                            8

 

 29. 4    # 5                            4                       1 4                     7      1 16                   30. 27 # 2                                 31. -6    # 32. 2      # a-8 b

8                            9                       8 7                     10      3

 

 33. -5    # 2      1                   9      1               -3                            7 a-7 b 34. -3     # a-6 b 35.       1 45 2 36. -18 #

3      5                  16      8               10                            24

 

Objective 4

For Exercises 37–48, multiply. Write the product in lowest terms.

 

 37.      #                                 38.      #                                  39.      #                                  40.        #     2 x 2 2                        3y 2                       4x 3x                       2    5

5 3                      7 5                      9   8                     15a 6a

 41.      #                                 42.        #                               43. -        #                            44.         # a xy    3                                   2                                          3                                                 2 4 y 3 m 7 mn 5 hk 3 9 u 4 tu b

10   9                      14                                                     2     -12                      9   4h                  20 t          15

 

 45. -        # a-      b           46.         #                        47.        # a 10 4                                    4 3       5                              3                                        6            3 x y 22 z-a b 10 c 9 m-15 n 2 t-14 u 2                                                                            b             48. -    # a        b 3

11z                               b                      4           2 14 x 5 c 9 25 n 18 m                   28t    18uv

Objective 5

For Exercises 49–60, simplify.

 

 49. a 5 2                                        2                                          3                                        3 4 3 1 b 50. a b 51. a-                  52. b a b

6                                                                           -9 4 5

 

 53. a-1 6                                        4                                     3                                        4-2 x 3 b 54. a b 55. a b 56. a b

2                         3                        2                        y

 

 57. a 2 2   3                                   4   3                                       3    4                                     4   5 x t m n-2 xy b 58. a b 59. a-                  60. b 3                                                    2                    a       b 4

y                                                   3 3 p z
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Objective 6

For Exercises 61 and 62, use the following graph, which shows the portion of home energy spending that goes toward each category.

Home Energy Spending

Refrigeration

1

—

Heating/                  10

Cooling

Water

–                 heating 2

5    Lighting/

 

Appliances         3 — 20 7 — 20

 

 61. Suppose a family spent $1640 per year on energy for      62. Suppose a family spent $1860 per year on energy for 

their home.                                                their home.

a.  How much was spent heating and cooling their           a.  How much was spent heating and cooling their 

home?                                              home? 

b. How much was spent for lighting and                    b. How much was spent for lighting and 

appliances?                                                 appliances? 

c.  How much was spent heating water?                    c.  How much was spent heating water? 

d. How much was spent on refrigeration?                   d. How much was spent on refrigeration? 

For Exercises 63–70, solve. Write all answers in lowest terms.

 

 63.                                                 1                            64. A shipping company estimates that  of the produce A single share of a certain computer company’s stock 8 3 shipped will go bad during shipment. If a single truck is listed at $6 per share. What is the total value of 8

carries about 12,480 pieces of fruit, how many can be         500 shares of the stock? 

expected to go bad during shipment? 

 65. 5                                                                                3                                      2 of a company’s employees live within a 15-mile  66.  of a lot is to be landscaped.  of the landscaped area 

6                                                                                4                                      3

radius of the company. Of these employees, 3 live  is to be covered in sod. What fraction of the lot is to 

4

within a 10-mile radius. What fraction of all employ-         be covered in sod? 

ees live within a 10-mile radius? 

 67. On Tanya’s phone bill, 24 out of the 30 long-distance      68. 16 out of the 24 people enrolled in a CPR course plan 

calls were in-state. 5                                                                                                 5 of the in-state calls were to her to go into a health-related field.  of the people who 

6                                                                                                 8

parents. What fraction of all of her long-distance calls  intend to pursue a health field plan to go into nurs-

were to her parents? How many calls were to her  ing. What fraction of all of the people enrolled plan 

parents?                                                     to become nurses? How many people is this? 

 

 69.                                                                                                           1 On a standard-size guitar, the length of the strings  70. A recipe calls for 1  cups of sugar. How much sugar 

3

 between the bridge and the nut is 251 inches. Guitar             should be used in making half of the recipe? 

2

makers must place the 12th fret at exactly half the length 

of the string. How far from the bridge or nut should a 

guitar maker measure to place the 12th fret? 

Bridge                                                   Of Interest

Placing one’s finger at the 12th fret on any string pro-

duces a pitch that is one octave higher than the pitch of 

Nut the string. To create an octave on any stringed instrument, 

the length of the string must be halved.

 

12th Fret
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For Exercises 71 and 72, use d = rt.

 71.                                                         2                                                  3 A cyclist averages 16 miles per hour for 2  hours.  72. If a family drove 4  hours at an average rate of 65 

3                                                  4

What distance did the cyclist travel?                          miles per hour, how far did they travel? 

[image: ]

 

Objective 7

 Prep Exercise 4 What is the formula for the area of a triangle, and what does each vari-able represent? 

 

For Exercises 73 and 74, find the area of each triangle.

73.                                                             74.

 

6 5  in.

8

8 1 ft.

2

9 1  in.

4

 

12 ft.

 75. The siding in the triangular portion of a dormer needs     76. A company sells a designer triangular dinner plate. 

to be replaced. What is the area covered by the siding?        Find the area of the plate.

 

3   ft. 1 _                                                                               1 _ 3 9   in. 2

 

11 in.

5   ft. 5   ft. 1 _ 1 _

2 2

 

Objectives 8 and 9

 Prep Exercise 5 What are the radius and diameter of a            Prep Exercise 6 How are radius and diameter related? circle? 

 

 Prep Exercise 7 What is the circumference of a circle?            Prep Exercise 8 What is an irrational number? 306   Chapter 5  Fractions and Rational Expressions

 

Prep Exercise 9 What is p?                                        Prep Exercise 10 What are the two formulas for calculat-

ing the circumference of a circle? 

 

For Exercises 77–80, solve. Use 22 for P.

7

77. A giant sequoia tree has a diameter of 9 meters.          78. Big Ben is the name of the clock in the tower of Lon-

a. don’s Westminster Palace. The face of the clock is a    What is its radius? 

b.                                                            circle with a diameter of 23 feet. What is the circumference? 

a.  What is the radius? b. What is the circumference? 

79.  87  The Fermi National Accelerator Laboratory is a circu- 80.  The radius of the bottom of the Liberty Bell is 22 

88

lar tunnel that is used to accelerate elementary par-          inches.

ticles. The radius of the tunnel is 273 miles.

440                                a.  What is the diameter? 

a.  What is the diameter?                                      b. What is the circumference? 

b. What is the circumference? 

[image: ]

 

Puzzle Problem The Milky Way galaxy in which our solar system exists is a disk 

[image: ]

shape with spiral arms. The diameter of the galaxy is approximately 100,000 light-

[image: ]

years. If our solar system is about 2 of the distance from the center to the edge of the 

[image: ]

3

[image: ]

galaxy, how far is our solar system from the center? 

[image: ]

 

Review Exercises

[image: ]

[2.4] 1. Divide. 1836 , 1-92                               [2.4] 2. Evaluate. 2256 

[image: ]

[3.6] 3.            2 Factor. 9 x-12x                                     [2.4] 4. Solve and check. -6x = 30 

[image: ]

[1.4] 5. A 12-foot board is to be cut into 6 pieces. How 

long will each piece be? 
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5.4    Dividing Fractions, Mixed Numbers, 

and Rational Expressions

 

Warm-up [5.3] Multiply. Write the product in lowest terms.                                 Objectives

 

 1.      9   8                                                               1 -# Divide fractions. 10 21 2 Divide mixed numbers.

 2. a     1      1-5 b a-4 b

 3 Divide rational expressions.

3      2

 4 Find the square root of a 

fraction.

Objective 1 Divide fractions.

 5 Solve equations involving 

Suppose we want change for a $20 bill in $5 bills. We can determine the number of         fractions.

$5 bills we receive using division. Because 20 , 5 = 4, we would receive four $5 bills.      6 Solve applications involving 

Now suppose we want the change in quarters. To determine the number of quar-        division of fractions. ters in $20, we can use a division statement similar to the one we used for finding the number of $5 bills in $20. Remember, a quarter is 1 of a dollar; so we can write 

4

the following division statement:

 

number of quarters in $20 =       1 20 ,

4

Alternatively, because there are 4 quarters in each dollar, we can find the number of quarters in $20 by multiplying 20 by 4.

number of quarters in $20 = 20 # 4 = 80 quarters

This means that 20    1 , and 20 # 4 are equivalent.

4

 

number of quarters in $20 =       1 20 ,   = 20 # 4 = 80 quarters

4

In our example, 1 and 4 are multiplicative inverses, or reciprocals.

4

Definition Reciprocals: Two numbers whose product is 1.

Connection Remember that we use additive inverses 

Notice that the product of 1 and 4 is 1. to write subtraction state-

4

1 ments as equivalent addition 

1      1 4 # 4 = #          =

1 statements. Similarly, we 

4      4 1 1                                     use multiplicative inverses to 

write division statements as 

 

Example 1  equivalent multiplication  Find the reciprocal.    Note To find the reciprocal, invert                   statements. Also, additive 

 

a.                                                 In other words, write the numera-                      that their sum is 0. Similarly, 4 3                            the numerator and denominator.                    inverses undo one another in 

tor in the denominator and the 

4                         denominator in the numerator.                    multiplicative inverses undo

Answer: one another in that their 

3                                                                product is 1.

1   1

Explanation:                  3                          3 4 4  The product of  and is 1.    #    1 4 3 = 4 3

1                                     1   1

b. 

5

Answer:  5

1

Explanation:  The product of  and 5 is 1.           # 1                           1      1 5 5                              5 = #          =

5      5 1 1                          12 1. 1                Answers to Warm-up

-    2. 24

35
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Your Turn 1                       c. 6

Find the reciprocal.                             1 Answer:

 

a.      b.      c.-2    d.-                                                                      1     6 1 1 8 4 11 Explanation:  The product of 6 and is 1.    6 # # 6 = = 1 6 3                                   6 1 5                                       1 1 6

5                                            1

 d. -

7

 

Answer:    7    Note The sign stays the same. The reciprocal of a number has -the same sign as the number. 5

1      1

Explanation:                    5          7                  5    7  The product of - and       1.    7-is 5-a-     1 b =

e.                                                                       7    5 1 1 0

Answer:  0 has no reciprocal.

Explanation:  The product of 0 and any number is 0; hence, the product can never equal 1.

Do Your Turn 1

 

We use reciprocals in our procedure for dividing fractions.

 

Procedure

To divide fractions:

  1.  Write an equivalent multiplication by changing the operation symbol from 

division to multiplication and changing the divisor to its reciprocal.

  2.  Multiply. Use either method described in the procedure for multiplying 

fractions. (Section 5.3)

  3.  Simplify. If the result is an improper fraction, write it as a mixed number 

in simplest form.

 

Example 2 Divide. Write the quotient in lowest terms.

5    3

a.      ,

8    4

 

Solution:    ,    = 5   3    5 4 # Write an equivalent multiplication statement.

8   4    8 3

5    2 # 1   1

=        2 #                        Divide out the common factors.

2 # 2 # 2    3 1   1

= 5          Multiply.

6

 

b.        , 1-4-12 2

9

 

Solution:      , 1-4           -4     1-122 = #    a- Write an equivalent multiplication  b

Connection The quotient of                  9              9      12           statement.

two numbers that have the                                    1   1-2 #

same sign is positive.                                        =      2       1 #    a- Divide out the common factors.  b

9       2 # 2 # 3

1   1

Answers to Your Turn 1                                             1 =

8                                                                    Multiply. 1 11

a.      b. 4 c.-                                                       27 d.-

3            2       5
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Warning  It may be tempting to divide out common factors in the division state-      Your Turn 2

ment, but we can divide out common factors only when multiplying.

Divide. Write the quotient in 

Recall that we can write division using a fraction line. For example, we can write     lowest terms.

18            18 , 3 = 6 as 3                                                                                                 3 = 6. If we express the division of fractions using fraction form,       5

we call the expression a                                                                a. complex fraction.     , 16 12

Definition                                                                        5       2 Complex fraction: A fractional expression with a fraction in the           b. a b

18 ,-9

numerator and/or denominator.

5                                                                                              c.        , 1-1-42

For example,  is a complex fraction equivalent to    ,   . 3 8 8                                                                                                   5 5 3

4                                                      4                           1

 

Because most people prefer the regular division form, if we are given a complex         14 d. fraction, we rewrite it in that form. 1

Do Your Turn 2                                                                          7

 

Objective 2 Divide mixed numbers.

We learned in Section 5.3 that when we multiply mixed numbers, we first write them as improper fractions. The same process applies to division.

 

Procedure

To divide mixed numbers:

  1.  Write the mixed numbers as improper fractions.

  2.  Write an equivalent multiplication by changing the operation symbol from 

division to multiplication and changing the divisor to its reciprocal.

  3.  Multiply. Use either method described in the procedure for multiplying 

fractions. (Section 5.3)

  4.  Simplify. If the result is an improper fraction, write it as a mixed number 

in simplest form.

 

Example 3 Estimate and then find the actual quotient expressed as a mixed 

number in simplest form.

2     1

a. 8     , 2 

5     4

Estimate:  Round each mixed number to the nearest integer; then divide.

8 2                                                          1 rounds down to 8 because 2 rounds down to 2 because

5                                                          4

it is closer to 8 than to 9.                         it is closer to 2 than to 3.

 

8        2 _                                                      1 _ 8 9 2 2               3 5 4

 

8 , 2 = 4 The actual quotient should be 

around 4.

 

Actual: 8    , 2    = 2     1    42    9

,      Write the mixed numbers as improper fractions.

5     4    5    4

 

= 42 4                                                    Answers to Your Turn 2 # Write an equivalent multiplication statement. 5 9 9 5 1 1 a. b.-, or -1 2 # 3 # 7 4 20 4 4 = # Divide out the common factor 3. 1 1 5 3 # 3 c. 1 d. 20 2
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= 56          Multiply.

15

= 11 3  Write the improper fraction as a mixed number.

15

The actual quotient agrees with our estimate.

3

-5 

7

 b. 

1

3 

3

Estimate:  Round each mixed number to the nearest integer; then divide.

 3 5 7 rounds to                     1 5 because 3 3 rounds to 3 because it is closer to    5 than to    6.                it is closer to 3 than to 4. 

 

         3 6 _ 5                  1 _ 5 3 3      4 7 3

 

-5 , 3 =   5      2- The actual quotient  =

3      3   should be around -1 1 2. 3

 

Actual:  3    1     38    10      Write the mixed numbers as improper  -5 , 3 =

7                      fractions.-   , 3 7 3

 

=   38   3- Write an equivalent multiplication statement.  #

7 10

2 # 1

=    19   3-          Divide out the common factor, 2. #

7   2 # 5

1

=   57-      Multiply.

35

 

=   22           Write the improper fraction -1                as a mixed number.

35

The actual quotient agrees with our estimate.

3    3

c. 4     ,

5   10

3

Estimate:  The nearest integer to   is 0. But dividing by 0 is undefined; so we

10

3                                              1

round     to a more comfortable fraction near its value, such as .

10                                                3

4 3                                                                 3     1 rounds to 5 because We round  to .

5                                                                10    3

it is closer to 5 than to 4.

 

4           3                                         __ 1 _      __ 3 1 _      1 _      2 ___ 7       9 4 5 0 __   1 5 10 10 3 2 3 10 10

 

5 ,   = 1 The actual quotient should  5 # 3 =

3          15   be around 15.
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Actual    3    3    23    3                                                 Your Turn 3 :  4 , = Write the mixed number as an improper fractions. , 5 10 5 10 Estimate and then find the 

 

= 23 10 actual quotient expressed as a  #  Write an equivalent multiplication statement.  5  3  mixed number in simplest form.

 

=   #      Divide out the common factor, 5.                                      7 1 23    1                                                                                                        2 2 # 5 46 5                                                              1        7 3 1 a.  5 , 2 b. 4 3 1 =         Multiply.                                                                7 2 3

= 15                                                                              -13    , 5 1                                                   c.     1     1

Write the improper fraction as a mixed number.                5     10

3

The actual quotient agrees with our estimate.                                        d.-4    , a 1        2-11 b

2        5

Do Your Turn 3

 

Objective 3 Divide rational expressions.

To divide rational expressions, we follow the same procedure as with numeric fractions. 

 

Example 4                                       6 3 ab    15a Divide. Write the quotient in lowest terms. -      ,                   Your Turn 4

35 4          2 c 14 c

Divide. Write the quotient in 

 

Solution:    6 3                       3         2                        Write an equivalent a b 15 a 6 a b 14 c          lowest terms.-     ,       -                     multiplication  # = 35 4          2             4    15 c 14 c 35 ca                                                            8      12m statement. a. 1 1 1 1 1 , 13 Write in factored m 5 2 # 3 # a # a # a # b 2 # 7 # c # c =

 

=-                     form and divide out #              3 10 x    15x 5 # 7 # c # c # c # c 3 # 5 # a 1 1 1 1 1 common factors. b. , 14 9 2 4 a b Multiply the remaining 3   3-11 n 33 n 2 factors. 25 c c.-, 4 12 p 18 p

Do Your Turn 4                                                                                            3 21 c 14 bc d.-       , a b

30 3         -      4 a b 20 a

Objective 4 Find the square root of a fraction.

Remember that a square root of a given number is a number whose square is the given number. For example,

 

9                2                 2 3 3 3 3 3     9 = because a b = #   =    =   . 2

A 16   4        4     4 4   4    16

Our example suggests that we can find the square root of a fraction by finding the square root of the numerator and denominator separately.

 

A        4 2 16 =     = 9     29    3 16

Answers to Your Turn 3

 

If a numerator or denominator is not a perfect square, we try simplifying first         1   1      7 34 6 to see if the simplified number is a perfect square. Consider 2 . a.  2 ; 2 b. ; 24 2 4 8 35

 

A    A 4   2 24 =    =    =                        c.-2 ; -2     d.   ; 6      1    21   1                              3    10     5 15 4    2                                5    17     11 38

Answers to Your Turn 4

10         2 3 x

a.          b. 2 39 m   7
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Our examples suggest the following procedure:

 

Procedure

Note Some expressions such as      

2 5                                              To find the square root of a fraction, try the following: 7 cannot be simplified using 

 either technique. You will learn  Find the square root of the numerator and denominator separately; then simplify.

how to simplify those expressions        or

in other courses.

Simplify the fraction; then find the square root of the quotient.

 

Your Turn 5                       Example 5    Simplify.

Simplify.                                    25

4        49                    A a. 

36

a.         b. A 9     A 100                                               Find the square root of the numerator 25

125        392                              =       =      and denominator separately. A Solution:             225   5

c.             d.                                               36                6 2 36 A 5 A 8

45

 b. A 5

 

Solution:     45                                              45 45 and 5 are not perfect squares, but 9 = 2 = 3 5 A 5 simplifies to 9, which is a perfect square.

Do Your Turn 5

 

Objective 5 Solve equations involving fractions.

In Chapter 4, we solved equations such as 2x = 10 by dividing both sides of the 

equation by 2 to eliminate the coefficient. We called that action the multiplica-

tion principle of equality, which seemed odd because we were dividing. Now we  

can make sense of it. Dividing by a number is equivalent to multiplying by its 

 reciprocal; so we could solve 2                                       1 x = 10 by multiplying both sides by .

2

1

Dividing by 2                     Multiplying by

2

1

2x    10                         1 1     1   5                      1 = Divide both sides by 2.        2 ~ x = ~

2    2                         2       2                         2 1 10 Multiply both sides by . 1            1

x = 5                           x = 5

We choose whichever approach seems easiest. For integer coefficients, dividing 

both sides by the coefficient is preferred. However, for a fraction coefficient, mul-

tiplying both sides by its reciprocal is preferred.

 

Example 6                 3      5 Solve and check. x = 2 

4      8

Solution:  First, write the mixed number as an improper fraction, so that the equation is 3       21                                         3 x by multiplying both sides = . Then eliminate the coefficient 

4        8                                           4

by its reciprocal, 4.

3

 

4 3     21 4                           4 Multiply ~ x = ~ both sides by . 3 3 4 8 3

4 3      3 # 1   1          1        1   1 7   2 #

#                                                            2 x = #                      Divide out the common factors.

3 4     2 # 2 # 2   3 1   1        1   1        1

Multiply.

 

a. 2                                               2 7 b. c. 5 d.  7 7     1 3 Answers to Your Turn 5                                    1x = 7

10                                       x =   , or 3 22
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Check:    x = 3      5                                                                 Your Turn 6 2 

4      8

 

4     2            4 = with or 8 2 2 2                             3    2     5     3 2 3 7     5              3     5     7     1 Replace x in x 2 1 3 #                               Solve and check.

8   and verify that the equation is true.                                  a.    a =     b.    y = 4 3 6 10

 

21     5                                                               4        8      -4     1 2 c. k 8 8 =-d. =-n 9 15 15 6

 

2 5     5          7 True; = 2 so  is the solution. 2 8 8

Do Your Turn 6

 

Example 7                 m     1 Solve and check.    =-3                                                   Your Turn 7

5      10

 

Solution:           m                                                      Solve and check. 1 m 1 1 Because  is the same as , and m , the coefficient is . To isolate m , we 5 5 5 5 x y 1 5     5 multiply both sides of the equation by the reciprocal of , which is . 5 1 a. = 6 b. = 10 7 14

 

m    31                             31 Write =-1             -3   n     h      1 3 as an improper fraction, 10 . 10 c. = d. 5 10 =-2 4 8-9 3

5 m     31 5                    5 # =-       Multiply both sides by # 1. 

1 5      10 1

1                     1

5 m     31 5 # =-       Divide out the common factors. # 1 5      2 # 5 1 1 1

 1m =   31

-        Multiply.

2

m = 31        1

-   , or -15 

2        2

 

Check:              -= m     1

3 

5      10

 

-  m with  .  - 2  m  2  1  1  31  Replace  m  in  5  3  10  with   2  1  or   1  15  2  2  Remember, the complex fraction   31 31  when we replace  Note We get a complex fraction 

5     -3        and verify that the equation is true. 10                         means that we divide.

 

-    , 5 31           1

-3 

2           10

-        -3 # 31 1       1 

2 5       10

-      -3 31       1

10       10

-3     = 1       1            31

-3        True; so -2 is the solution.

10       10

Do Your Turn 7

Answers to Your Turn 6

a. a = 8         9 b. y =

9         25

c. k =     1          3-1     d. n = 1 

5          5

Answers to Your Turn 7

a. x =               1 60 b. y = 2 

2
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Objective 6 Solve applications involving division of fractions.

Let’s return to the problem about changing a $20 bill into quarters. At the begin-

ning of this section, we translated the problem to division: 20    1 , . You should 

4

note that $20 is the amount that we split up and that the size of each division is a 

quarter, 1. We can also translate to an equation with an unknown factor.

4

Value of the currency # number of coins >bills = total money

1         #          n          =      20 4

1 n = 20 4                                   Note We end 

1                                                            up multiplying 

 

4 1     20 4                           20 by 4 just as Multiply both sides by 4. # n = # we did earlier in 1 4 1 1

1                                                        this section. n = 80

 

Conclusion: Whenever we are given a total amount and either the size of the 

parts or the number of parts, we can write an equation with an unknown factor 

using the following formula:

Size of each part # number of parts = whole amount

Of course, if you recognize the situation for what it is, go directly to the related 

division equation.

Size of each part = whole amount , number of parts or

Number of parts = whole amount , size of each part

 

Example 8 Solve.

a.                     3 A board is 35  inches long. The board is to be cut into pieces that are each 

4

6 1 inches long. How many pieces can be cut?

2

Solution:  We will write an equation with an unknown factor, then solve.

size of each part # number of parts = whole amount Translate to an equation 

 

6              # 1                              3        where n represents the n        = 2                            35             number of parts. 4

Connection We could check 

 

plying. For example, in 8a,                               n =               improper fractions. Example 8a or 8b by multi-                          13      143           Write the mixed numbers as 

2      4

multiplying 6  by the                              2   13      143   2                             2 Multiply both sides by 1

1   2                               #   n =     #                            . 13 13 2 4 13

solution 5  should produce                       1    1           1    1 2                                2 13     11 #

#                                        13   2 n =

the length of the whole                                              #                  Divide out the common factors. 13 2       2 # 2   13 1

3                                    1         1    1

board, 35 .                                                       11 4                                      1n =          Multiply.

2

 6      # 1   1      3 5     35                                                        1 n

2                                            = 5             Write as a mixed number. 2 4 2

 

13 11      3                                                1 #                     1 35 Answer:  The board can be cut into 5  pieces that are each 6  inches long. 2 2 2 2 4 

 

143       3                                    Note This answer means that we 35 4 4 could cut 5 whole pieces that are 

3      3                                      2 1 each 6 1 inches long and would be 

 35     =                                                                                        1 35 It checks. left with  of another 6 inch piece. 2 2 @ 4 4
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b.                                               3 The circumference of a circle is 20  inches. Find the radius.                             Your Turn 8

7

Solution:         C = 2pr                                                            Solve.

 20     ⬇ 2 a    b r                           3                Note                                 2 Because we 3  In the formula C    2 r,                                a.                1 P How many 4 ounce servings  22   @

7                                       have substituted replace C with 20 7                                              1 and                                 are in 30 P ounces of cereal? 7                                                           4 22 with 

7 , then solve for r.        an approximate         b.  A circle has a circumference 

 

143                                          value for p                      41 , the 2 22 of 25  inches. What is the 56 ⬇ a b r Write improper fractions. equation is an diameter? 7 1 7 approximation.

143    44 ⬇

r         Multiply.

7     7

 

44 7 143     7 44                         7 Multiply both sides by # ⬇ # r . 44 7 44 7

7    111 # 1                       1     1

#                    13     7 44 ⬇

#            r           Divide out the common factors.

2 # 2 # 11      7        44   7

1        1           1     1

13 ⬇ 1r

 Multiply.

4

13        1 or 3 ⬇

r

4        4

Answers to Your Turn 8

Answer:                                          1  The radius of the circle is approximately 3  inches.                              13                 3

4                                            a.  6      servings    b.  8      in.

Do Your Turn 8                                                                          18               16

 

5.4             For Exercises

Extra

Help

 

Objective 1

Prep Exercise 1 What are reciprocals? Give an example of a pair of reciprocals.

 

For Exercises 1–8, find the reciprocal.

2                        3                         1                          1

 1.                        2.                        3.                        4. -

3                        8                         6                          9

 

 5.                                                     5                         9-15  6. 7  7. - 8. -4 7

 Prep Exercise 2 Explain how to divide fractions. 

 

For Exercises 9–20, divide. Write the quotient in lowest terms.

1   1                     5    2                     3    5                    9    3

 9. ,                    10.    ,                     11.     ,                    12.     ,

2   6                     8    3                     10   6                    16    4

 

 13. 14                           10    5                   -7 7                                 3 14. , a-b-, 15. , 1-14 2 16. -6 , a-b 13 12 12 15 12 4

2                        9                                                   3 5                                                                          -10 12 5

 17.                                      18.                                      19.                                      20. 

8                        21                         2                       18

15                                                    -10 3
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Objective 2

Prep Exercise 3 Explain how to divide mixed numbers.

 

For Exercises 21–28, estimate and find the actual quotient expressed as a mixed number in simplest form.

1   4                     1   3                     1     3                    7     1

 21. 5     ,                            22. 7     ,                            23. 9     , 3                          24. 2      , 2 

6   9                     3   8                     2     4                    12     6

 

1 2

-12                            -10 

 25. -2      , 10                    26. 4    , a 9      1                2       1                   2                        3-8 b

 27.                                      28. 

16      4                 9        3                    3                          5

-6                                -2 

4 6

 

Objective 3

For Exercises 29–34, divide. Write the quotient in lowest terms.

 

 29.        ,                                       30.      ,                                        31.        , 3 15 x 6 7                                       3                                              5           2 1 ab 4 b 9 m 12 mn x                          10    25                           20n     25

 

 32. t 2 4              5                                       6              2                                         6              3 u-10 t 14 x-8 x y 13 h-65 hk 34. , a b 33. 3 , a b-, ab 18 v 12 v 4 2 28 y z 18 z 20 hk 25 k

Objective 4

Prep Exercise 4 What are two approaches for finding the square root of a fraction?

 

For Exercises 35–42, simplify.

64                          49                         121                        169

 35.                                      36.                                      37.                                      38. A 81                       A 100                       A 36                       A 100

180                         960                         1053                        3400

 39.                                      40.                                      41.                                      42. A 5                      A 15                       A 13                      A 34

Objective 5

Prep Exercise 5 Explain how to use the multiplication principle of equality to solve an 

equation such as x = 4     7

. 

5     9

For Exercises 43–50, solve and check.

 

 43.     x = 3                                 2                                 5    -3 12                              44.    a = 10                               45.    = y

4                                 5                                 8    16

 

 46.       = 7    -1                          n      3                           1    k x                       47.     =-                       48. -    =

10     5                             12      20                             16    14

 49.          =-5m   -5                       9     3u 50. -     =

6                                      -21 40 10
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Objective 6

For Exercises 51–62, solve.

 51.                              1                                                                                  1 A child is to receive 1 teaspoons of amoxicillin (an  52. A cereal box contains 9 cups of cereal. The label in-

3                                                                                  4

antibiotic). How many doses can be given if the                                          3 dicates that a serving size is  of a cup. How many 

4

bottle contains 40 teaspoons? If the instructions are  servings are in a box of the cereal? The label indicates 

to give the dosage twice a day for 14 days, is the  that there are about 12 servings per container. Is this 

amount of amoxicillin in the bottle correct? Explain.         accurate? 

 

 53.                                                                   1           54. A baker had only enough ingredients to make 10 Ellyn makes curtains. She wants to make 4 curtains 2

cups of batter for muffins. If he is to make a dozen  of equal length from 78 inches of material. How long 

muffins of equal size, how much of the batter should         should each piece be? he place in each cup of the muffin pan? 

 55.                                                     1                                                                       1 A rectangular field has an area of 2805  square feet  56. A photograph has an area of 18  square inches and a 

[image: ]

2                                                                       3

and a width of 30 1                                                                      1 feet. What is the length? length of 5  inches. What is its width? 

2                                                                      2

 57.                                                              1                                                                    3 The desired area for a triangular garden is 14  square  58. A triangular company logo is to be 1  square inches. 

2                                                                    4

feet. If the base is to be 6 1                                                                1 feet, what must the height If it is to be 2  inches high, what must its base be?

2                                                                3

be? 

 59.                                                                                                                                     1 The largest radio telescope in the world is the Arec- 60. A circular track has a circumference of  mile. What is 4

ibo dish located in Puerto Rico. It has a circumference        the radius? 2 of 3111  feet. What is the diameter? 5

 61. Using the odometer in his car, Ron finds that the          62. How much time does it take an F-16 fighter plane 

distance from his home to his office building is 18 3 traveling at Mach 2 to travel 20 miles? Mach 2 is 

10

miles. If it takes him 2                                                            2 hour to drive from home to his about  mile per second, which is twice the speed 

5                                                            5

office building, what is his average rate?                      of sound. 

 

Review Exercises

[3.2] 1.                                                                              2 [3.4] 2. Simplify. 2 # 3 # 5 #   3 Combine like terms. x # y

5 3               2        3 t-8 t + 9 t + 4 t- 16-5t

 

[3.5] 3.                                                                               2 Find the prime factorization of 378. [3.6] 4. Factor. 32 x + 16x

[5.1] 5. Use 6, 7, or = to write a true statement.

 

5    10  ?  

6    12
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5.5 Least Common Multiple

 

Objectives                    Warm-up

 1                                  [3.5]  1. Find the GCF of 36 and 60 using prime factorization. Find the least common 

 multiple (LCM) by listing.                             1       3 [5.4]  2. Divide. 2      , a b

10     -4

 2 Find the LCM using prime 

factorization.

 3                                 Objective 1 Find the least common multiple (LCM) by listing. Find the LCM of a set of 

monomials. In Section 5.1, we learned to compare fractions by writing equivalent fractions with a 

 4 Write fractions as equivalent  common multiple denominator. The common multiple was found by multiplying the 

fractions with the least com- denominators. Although it was a quick method, the common multiples were often large 

mon denominator (LCD).       numbers. When adding and subtracting fractions, we prefer to use the least common 

 5                                 multiple as a common denominator to keep the numbers involved as small as possible. Write rational expressions 

as equivalent expressions 

with the LCD. Definition Least common multiple (LCM): The smallest natural number that 

is divisible by all of the given numbers.

 

For example, look at the multiples of 4 and 6.

Multiples of 4:  4, 8, 12, 16, 20, 24, 28, 32, 36, c

Multiples of 6:  6, 12, 18, 24, 30, 36, 42, 48, c 

Connection                                   Note The least common multiple is 12 because it is the In Section 5.6, 

we will learn that to add or                           smallest number that is evenly divisible by both 4 and 6.

subtract fractions, we must 

make sure they have a com- Our example suggests that to find the LCM of a set of numbers, we list the mul-

mon denominator. If we are  tiples of each number. However, we could speed up the process by listing only 

to add or subtract fractions  multiples of the greatest given number 6, until we find one that is evenly divisible 

that do not have a common        by the other given number, 4. In this case, the LCM of 4 and 6 is 12.

denominator, we will rewrite 

them so that they do. We             Procedure

will use the LCM of the de- To find the LCM by listing, list multiples of the greatest given number until 

nominators as their common        you find a multiple that is divisible by all of the other given numbers.

denominator.

 

Example 1 Find the LCM of 36 and 120 by listing.

Solution:  We list the multiples of the greater number, 120, until we find a num-ber that is also a multiple of 36. Multiples of 120 are 120, 240, 360, and so on.

 120    240     360

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

120 is not evenly divisible      240 is not evenly divisible      360 is evenly divisible by by 36 1120 , 36 = 3 r122;      by 36 1240 , 36 = 6 r242;      36 1360 , 36 = 102; so it so go to the next multiple       so go to the next multiple       is the LCM. of 120.                           of 120.

Answer: LCM 136, 1202 = 360

We can check the LCM by dividing it by the given numbers and considering the quotients’ common factors. 

10        We know that 360 is the LCM            3 Note                              

 

Answers to Warm-up                              36        because 1 is the only common factor 冄 360     120冄360 for the quotients 10 and 3. 36--360

1. 12                                                   00                                                  0

2.-2                                                           -0 4

5

0
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If any factor other than 1 divides all of the quotients evenly, the result is not the         Your Turn 1

least common multiple. For example, suppose we mistakenly get 720 as our  

answer. Look at the check.                                                          Find the LCM by listing.

 

36 20                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    a.  18 and 24 Note The quotients, 20 and 6 b.  21 and 35 6, are both divisible by 2. This 冄 720 120 冄 720 means that we overshot the c.  3, 4, and 10 72--720 LCM by a factor of 2. d.  4, 6, and 9 00 0

-0

0

To correct the mistake, we can divide our incorrect answer by the factor com-

mon to the quotients. In this case, that factor is 2; so dividing 720 by 2 gives the 

correct answer, 360.

Do Your Turn 1

 

Objective 2 Find the LCM using prime factorization.

We can also find the LCM of a set of numbers using the prime factorizations of those numbers. To see how this works, let’s look at the numbers from Example 1: 36 and 120 and their LCM, 360.

 36 = 2 # 2 # 3 # 3

 120 = 2 # 2 # 2 # 3 # 5

 LCM136, 1202 = 360 = 2 # 2 # 2 # 3 # 3 # 5 

Because 36 and 120 are factors of 360, their prime factorizations are in the prime factorization of 360.

120

36    (+)+*                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  (+)+*                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    ( )*

360 = 2 # 2 # 2 # 3 # 3 # 5          360 = 2 # 2 # 2 # 3 # 3 # 5

Therefore, we can build the prime factorization of the LCM out of the prime factorizations of the given numbers. We use each prime factor the most it occurs in the factorizations. Because 120 has the most 2s and 5s, those three 2s and one 5 go into the LCM’s prime factorization. Because 36 has the most 3s, those two 3s go into the LCM’s prime factorization. Multiplying the three 2s, two 3s, and one 5 gives the LCM, 360.

 

36 = 2 # 2 # 3 # 3      120 = 2 # 2 # 2 # 3 # 5                 The two 2s in ()* (+)+* Note ()* 36 are not used because 

*                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            120 has more 2s. Like-(+ )+ ( )*

LCM =                 wise, the one 3 in 120 is 2 # 2 # 2 # 3 # 3 # 5 = ()*    360     not used because 36 has 

more 3s.

It is helpful to write the factorizations in exponential form because we can easily compare the exponents and use the greatest of each prime’s exponents.

36 = 2 # 2                   3 2 3 120 = 2 # 3 # 5 ()* ()* ()*

 

( )*                                                                                                                                                                                                                                                                                                                                                                                                                                                                            ( )*

LCM = 3 2 # 2 3 # 5 = 360 ()*

 

Answers to Your Turn 1
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Warning Don’t confuse LCM     Procedure

with GCF. When we use primes      To find the LCM of a set of numbers using prime factorization: to find a GCF, we include only 

  1.  Find the prime factorization of each given number.

those primes common to all 

  2.  Write a factorization that contains each prime factor the greatest number 

 factorizations. For an LCM, we 

of times it occurs in the factorizations. (If using exponential forms, use 

include each prime factor.

each prime raised to its greatest exponent in the factorizations.)

  3.  Multiply to get the LCM.

 

Your Turn 2                       Example 2    Find the LCM of 24, 90, and 70 using prime factorization.

Find the LCM using prime           Solution:  We find the prime factorization of 24, 90, and 70, then write a factorization. factorization that contains each prime factor raised to the greatest exponent that 

a.  36 and 80                           occurs in the factorizations.

b.  30 and 75                                                     3 24 = 2 # 3

 

d.  26, 40, and 65                                                                     3 2 70 = 2 # 5 # 7 has the greatest exponent for 2, 2 1 c.  20, 35, and 40                                                         2 90 = 2 # 3 # 5

 LCM             3 24, 90, 70 2 =   2         3 has the greatest exponent for 3, 2 # 3 # 5 # 7 5 has the greatest exponent for 5, = 8 # 9 # 5 # 7 and 7 has the greatest exponent for 7.

= 2520

Do Your Turn 2

 

The listing method is simple, direct, and useful when the given numbers are 

small. The prime factorization method is more complicated, but useful, when the 

given numbers are large. Of course, we can use either method to find the LCM, 

but the idea is to select the best method for the situation.

 

Objective 3 Find the LCM of a set of monomials.

To find the LCM of a group of monomials, we follow the same procedure and 

treat the variables as prime factors.

 

Your Turn 3                       Example 3                      3          2 Find the LCM of 18 x y and 24 xz.

Find the LCM.                     Solution:  We use the prime factorization method.

 a.     3 6 a and 12a                                              18 3            2    3                 3 x y = 2 # 3 # x # y 2 has the greatest exponent for 2, 

 

 c.        5          2                                                                                          3 10 hk and 8 h k x has the greatest exponent for x, 3 LCM b.       2              4 9 m n and 12 m                                               2                                 2 3 2 3 = 24  has the greatest exponent for 3,  xz  2  #  3  #  x  #  z

1           2      3   2         2 18 x y , 24 xz 2 = 3 2 # 3 # x # y # z   y has the greatest exponent for y, 

=    3 2              2 72 x yz and z has the greatest exponent 

for z.

Do Your Turn 3

 

Objective 4   Write fractions as equivalent fractions with the least 

common denominator (LCD).

In Section 5.1, we learned that multiplying both the numerator and denominator 

of a fraction by the same nonzero number produces an equivalent fraction. We 

used this rule to rewrite two fractions so that they have a common denominator, 

which allowed us to easily compare the fractions. Now let’s rewrite fractions so Answers to Your Turn 2 that they have the least common multiple of their denominators as their common 

a. 720 b. 150 c. 280 d. 520 denominator. When we use the LCM as a common denominator, we say that we 

Answers to Your Turn 3                are using the least common denominator (LCD).

a.       3            4             2 5 12 a b. 36 m n c. 40 h k
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Definition Least common denominator (LCD): The least common multiple of the denominators.

 

For example, the LCD of 3        5 and  is 12 because 12 is the least common multiple 

4        6

of the denominators, 4 and 6. Now let’s rewrite the fractions so that 12 is their denominator. We need to determine what to multiply each fraction by so that we have equivalent fractions with 12 as the denominator.

 

4 =    =                      =    = 4 3    3 # ?                              5    5 # ? # ?       12                                         6      6 # ?      12

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

Looking at the denominator, we              Here we need to find the unknown have an unknown factor statement,           factor in 6 # ? = 12. To find that 4 # ? = 12. To find the unknown factor,        unknown factor, we divide: we can divide: ? = 12 , 4 = 3. So to         ? = 12 , 6 = 2. So to write a fraction write a fraction equivalent to 3                                   5 with equivalent to  with a denominator 

4                                   6

a denominator of 12, we multiply the         of 12, we multiply the numerator and numerator and denominator of 3                                    5 by 3. denominator of  by 2.

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              4                                    6                                                     

 

4 =    =                      =    = 4 3    3 # 3    9                         5    5 # 2    10 # 3      12                                      6      6 # 2      12

 

Example 4        7     2 Write  and  as equivalent fractions with the least common          Your Turn 4 12 15

denominator. Write as equivalent fractions 

Solution:                                                                                    with the LCD.  The LCD is the LCM of the denominators; so we need to find the LCM 

 

of 12 and 15. We will use the listing method, listing multiples of 15 until we find         2      1 a. and a number that is also a multiple of 12. 3 4

 

15 30 45 60   5     7 b. and 8 12

15 is not evenly         30 is not evenly          45 is not evenly         60 is evenly                2       3 divisible by 12;            divisible by 12;            divisible by 12;            divisible by 12;          c.     and so go to the next                                                                                       5     10 so go to the next so go to the next so 60 is the LCM. multiple of 15.          multiple of 15.          multiple of 15.                                      9        8

 d.       and

20     15

Now we write 7        2 and  as equivalent fractions with 60 as their denominator.

12       15

 

12 =     =                     =     = 12 7    7 # ?                             2     2 # ? # ?       60                                      15      15 # ?      60

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

We must find the factor that multi-           We must find the factor that multiplies plies by 12 to equal 60; so we divide           by 15 to equal 60; so we divide 60  60 by 12.                                       by 15.

? = 60 , 2 = 5                        ? = 60 , 15 = 4

To write the equivalent fraction, we           To write the equivalent fraction, we multiply the numerator and denomi-        multiply the numerator and denomi-nator by 5.                                    nator by 4.

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

 

12 =     =                     =     = 12 7    7 # 5    35                      2     2 # 4     8 #   5        60                                          15       15 # 4       60                         Answers to Your Turn 4

Do Your Turn 4                                                                         8      3

a.      and

12     12

 

Objective 5                                                               b.     and Write rational expressions as equivalent expressions with 24 15     14 24

the LCD.                                                     4      3

c.      and

Rational expressions are rewritten in the same way as numeric fractions.                10      10

27     32

d.     and

60     60
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Your Turn 5                       Example 5         3      5 Write  and  as equivalent rational expressions with the LCD. 8 x 2 6 x

Write as equivalent expressions        Solution:  The LCD is the LCM of the denominators; so we need to find the LCM with the LCD.                                  2 of 8 x and 6 x.

 

b. a. 5     2                                                            2 and The LCM of 8 and 6 is 24. For the variables, x has the greater exponent; so the 9 3 a 2 3 5 2 LCD is 24 x . Now we write  and 2 with 24 x as the denominator. 8 x 6 x 3 7 and 3 3 # ? 5 5 # ? 2 4 x 6 x = = = = 2 2 8 x 8 x # 2 2 ? 24 x 6 x 6 x # ? 24 x m 3 c.- and 4 n mn We must find the factor that multi  plies We must find the factor that multiplies 

 

d.       and                                                                          2      2-2 by 8 x . 24 x by 6 x. 12 t 9 tv 2 11 by 8              2                      2                2                2 x to equal 24 x ; so we divide 24 x by 6 x to equal 24 x; so we divide  7  u

? = 24x , 8x = 3x                     ? =    2     2 24 x , 6 x = 4

Answers to Your Turn 5                    To write the equivalent rational ex-           To write the equivalent rational ex-

 

a.     and                                   and denominator by 3x.                      and denominator by 4. 9 5a      6                          pressions, we multiply the numerator        pressions, we multiply the numerator a      9a

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

 

b.       and                                      3     3 # 9x      14 3x     9x                  5     5 # 2                                                                                                                         4     20 2 12x      12x                               =        =                         =       = 2 2 2     2 8 x 8 x # 3 x 2 3 24 x 6 x 6 x # 4 24 x m

c.-      and 4    4                        Do Your Turn 5 mn 3n

mn

 

d.        and -2    2 36 33v        28tu

t v        36t v

 

5.5             For Exercises

Extra

Help

 

Objective 1

 Prep Exercise 1 What is the least common multiple (LCM)         Prep Exercise 2 Explain how to find the least common of a set of numbers?                                            multiple by listing.

 

For Exercises 1–8, find the LCM by listing.

 1. 10 and 6                   2. 15 and 9                  3. 12 and 36                 4. 8 and 32 

 5. 20 and 30                  6. 16 and 20                 7. 6, 9, and 15                8. 6, 10, and 15 

Objective 2

 Prep Exercise 3 Explain how to find the least common multiple using prime factorization.

 

For Exercises 9–20, find the LCM using prime factorization.

 9. 18 and 24                  10. 24 and 50                  11. 63 and 28                  12. 42 and 56 

 13. 52 and 28                    14. 68 and 56                    15. 180 and 200                 16. 210 and 420 

 17. 26, 30, and 39                18. 42, 56, and 80                19. 28, 32, and 60                20. 36, 49, and 72 

Objective 3

For Exercises 21–28, find the LCM.

 21.                                                                                       3                                       2 12 x and 8 y 22. 9 a and 6 b 23. 10 y and 6 y 24. 14 t and 5t

 25.                                               5 3           2                         2               3                        4              2 16 mn and 8 m 26. 20 h k and 15 h k 27. 18 x y and 12 xy 28. 24 a b and 30 ab
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Objective 4

 Prep Exercise 4 What is the least common denominator           Prep Exercise 5 What do we multiply the numerator (LCD) of two fractions?                                                             5 and denominator of  by to produce an equivalent 

6

fraction with a denominator of 24? 

For Exercises 29–36, write as equivalent fractions with the LCD.

3     5                           2     4                           7     11

 29.      and                                     30.      and                                    31.      and 

10     6                            15     9                            12     36

1     15                            1     17                           3      9

 32.     and                                      33.      and                                    34.      and 

8     32                           20     30                          16     20

3 1     7                         2 5     13

 35.    , , and                                    36.    , , and 

4 6     9                         5 6     15

 

Objective 5

 Prep Exercise 6                                                                        2x What do we multiply the numerator and denominator of  by to 

3

produce an equivalent rational expression with a denominator of 18x? 

For Exercises 37–44, write as equivalent expressions with the LCD.

7      3                          5      2                            9       3n

 37.        and                                    38.      and                                     39.          and 

12x     4                           9b     3b                           16mn     8m

 

 40.        and                                   41.          and                                 42.           and 2 3 5 3     2 14 1      2                           7      5z                        -13       4 t         5                                      10y z       6y                                 20h k       15h k

 

 43.          and                                  44.          and 2 3 4      2 18 z         -5                          5         c x y     12xy                      24a b     30ab

 

Puzzle Problem Planetary conjunctions occur when two or more planets form                   Planet    Orbit Period

a rough line with the sun. Using rough estimates of the orbital periods of the 

Earth  1 year

following planets, calculate the time that will elapse between alignments of these 

planets.  Mars  2 years

Jupiter 12 years

Of Interest                                                                             Saturn     30 years

Because all of the planets do not orbit in the same plane, it is virtually impossible for            Uranus      84 years more than two planets to form a straight line with the sun. However, if we were to view the solar system from above, the planets could form an apparent line (conjunc-tion) with the sun. Theoretically, this type of alignment for all nine planets could occur every 334,689,064 years. When conjunction dates are calculated, we relax the criterion that the planets be in a straight line and choose an acceptable angle of dispersion.

The conjunction that occurred in May 2000 included Mercury, Venus, Earth, the moon, Mars, Jupiter, and Saturn, with an angle of dispersion of about 15 degrees in the sky.

 

Review Exercises

For Exercises 1 and 2, simplify.

[2.2] 1. 16 + 1-282                                        [2.3] 2. -8-1-192

[3.2] 3. Simplify and write the resulting polynomial in descending 

order of degree.

14 2                   2                3 x-16 x + 25 x-12 + 4 x + 9 

For Exercises 4–6, solve and check.

 

[4.2] 4. m + 14 =                                                                         12 6                         [4.2] 5. x-37 = 16                     [4.3] 6. -3a =

5
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5.6  Adding and Subtracting Fractions, 

Mixed Numbers, and Rational 

Expressions

 

Objectives                    Warm-up

 1                                 [2.3] 1. Write -16-1-92 as an equivalent addition, then evaluate. Add and subtract fractions 

with the same denominator.                  3     5

 [5.5]  2. Write  and     as equivalent fractions with their LCD. 2                                               8     12 Add and subtract rational 

expressions with the same 

denominator.                  Objective 1 Add and subtract fractions with the same denominator.

 3 Add and subtract fractions       To see how we add fractions that have the 

with different denominators.     same denominator, consider the fact that 

 4                                                                            1 _               1 _ Add and subtract rational when we add two halves, we get a whole. Pizza Pizza       1 Whole 2 2

expressions with different  Pizza

denominators.

 5 Add and subtract mixed 

numbers. Notice that if we add the numerators and keep the same denominator, we’ll have 

2, which simplifies to 1. 6 Add and subtract negative       2

mixed numbers.                                       1    1    1 + 1    2 +               1 = = =

 7 Solve equations.                                           2    2      2      2 8 Solve applications.

Warning It is tempting to treat addition like multiplication and add numerator 

plus numerator and denominator plus denominator. But when we follow this 

approach, we have a half plus a half equals a half.

 

1   1    1 + 1    2   1 +                  This can’t be true. = = = 2   2    2 + 2    4   2

The only situation where we can add an amount to a number and end up with the 

same number is n + 0 = n.

Our example suggests the following procedure:

 

Your Turn 1                       Procedure

Add or subtract.                      To add or subtract fractions with the same denominator:

 

 a.     +                                       2.  Simplify. 7 5    1                          1.  Add or subtract the numerators and keep the same denominator. 7

3    1

 b.        + 16    16                                     Add or subtract. Example 1 

 c.       -                                       1     3 11 9    3

 d. 7    11                        a.     + 8 8 5

8-8                              1   3    1 + 3    4   1

Solution:    +    =                      Add the numerators and keep the = =

8                       same denominator; then simplify. 8 8 8 2

 

a.                   6     1               9    9 b.   c.   d.  7 Answers to Your Turn 1                     8    2 6                             b.      -1 4    11     4

Solution: 8   2    8-2    6   2    Subtract the numerators and keep = = =

Answers to Warm-up                             -                        the same denominator; then simplify. 9 9 9 9 3

1.-16 + 9 =-7

9                                 Do Your Turn 1 10

2.      and 

24     24
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Example 2 Add.                                                    Your Turn 2

 

a. -    + a 3                                                                Add. 1 b

10     -                                                       -1   -3 10

 a.        +

7     7

Solution:

3       1      -3 + 1                                                     5       5-1 2-                                     b. 4 2 Add the numerators and keep the -    + a b

 

-   +   -                      -    same denominator; then simplify. =         12     -12 a b 10                        =    = 10 Note                  10        10      5                                        11       5 These fractions have the same  c. + a-b sign; so we add their absolute 24 24 Remember, to indicate a negative fraction, 

we can place the minus sign to the left of the        values and keep the same sign.             -7     1 numerator, denominator, or fraction bar. In an                                                 d.        +

16    16

answer, we will place the sign to the left of the 

fraction bar.

-7    5

b.        +

12    12

Solution:

 

-7    5    -7 + 5    -2     1    Add the numerators and keep the same +                   -    denominator; then simplify. These fractions = = =

12    12      12      12      6

have different signs; so we subtract their 

absolute values and keep the sign of the 

number with the greater absolute value.

Do Your Turn 2

 

Example 3 Subtract.                                                       Your Turn 3

 

a.      -                                                                                                   1     5 9 9 a. 5                                                                  Subtract. 7

9-9

Solution:

 

tion statement as an equiv-      9    9       9                                                 1        4 alent addition statement,  c. -a-b 5 + 1-7 2 Write an equivalent addition 7 7 we change the subtraction = expression. 9 sign to an addition sign 9 1 d. Note                                                                               b. -     -5 7 5-3    2 To write a subtrac-                        7       Subtract the numerators and           15    15-= keep the same denominator.

and change the subtrahend                                                                  -   -   -a     b 2 10 10 = Add. to its additive inverse.-9

 

b.        -a-3     -5b

16      16

Solution:

 

-             3 3-5--1-52   Subtract the numerators and -                   keep the same denominator. = a 16        b 16

16

=-3 + 5

Write an equivalent addition expression.

16

= 2

16                                                      Answers to Your Turn 2 Add.

 

= 1                                                       4      5     1      3 Simplify. a. - b.  - c.   d.  -8 7 6 4 8

Do Your Turn 3                                                                     Answers to Your Turn 3

4      1     5      4

a. - b.  - c.   d.-
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Objective 2  Add and subtract rational expressions with the same 

denominator.

To add or subtract rational expressions, we follow the same procedure as for nu-

meric fractions. Keep in mind that we can add or subtract only like terms. Re-

member, like terms have the same variable(s) raised to the same exponent(s). If 

the numerators contain unlike terms, the resulting numerator is a polynomial 

whose terms are those unlike terms.

 

Your Turn 4                       Example 4    Add.

 

 a.    3                           a.       + 7 10 10 + Add.                             3x    x

 

 b. 8m   8m                                           The denominators are 3 x x 3 x + x 4 x Note Because 3x Solution: 5 t 2 + = = the same; so add the  and x are like terms, + 10 10 10 10 u u numerators and keep  they can be com-

 

 c.           +                                                                      2x 9 x the same denominator. bined to equal 4x.  +  7  2 - x

 d. 3 2            9                                                 Simplify. = 2 5 t + 8 4 t-t-10

5    +      5

x    2

b.      +

3    3

 

Solution: x   2    x + 2    The numerators, x and 2, are not like terms; +            so the resulting numerator is the binomial =

3 x 2.   3  3

x 2-3x + 1   x + 4

c.                      +

7          7

 

Solution: x2                                  2      x-3 x     1 + 1 x + 4 1 x-3 +2 + 1x + 42 = + 7 7 7

 

= combine like terms. Because  x2                  Note -2 x + 5 To add polynomials, we 

7          2 x has no like terms, we write 

it as is in the sum. Combining 

-3x with x gives -2x. Com-bining 1 with 4 gives 5.

Do Your Turn 4

 

Now let’s consider subtraction of rational expressions that have the same de-

nominator. We can write subtraction as an equivalent addition. Remember, if the 

numerators contain unlike terms, the resulting numerator is a polynomial whose 

terms are the unlike terms.

 

Example 5 Subtract.

 

a.        -a 4n     -5 b

9      9

Solution:

 

4n     -5     4n-1-52    The denominators are the same; so subtract - the numerators and keep the same denominator.  =  a  9        b 9

9

 

a.  t + 2                                                   addition expression.       4n and 5 because they are 9  b.   c.  1  4  Answers to Your Turn 4                                  4n + 5         Write as an equivalent      Note We cannot combine = 5                                                                         5

m u not like terms. Because 

d. 7 2                                                                                                                      4n    5 cannot be factored, t-t-2 +

5                                                                       simplified. the expression cannot be 
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8 2 x-5x + 3   2x-7                                                  Your Turn 5

b.                      -y           y                                                  Subtract.

 

Solution:                                                                                          7       2 8 2                                                                                                                 15x     15x x-5 x + 3 2 x-7 1 2                                                                       a.         -

y      -                                                      9n      n = y y b. 8x-5x + 32-12x-72

Note To write the              1   2                                       Write as an                    5       5 8 x-5 x + 3 2 + 1-2 x + 7 2 y-   -a b

equivalent addition,       =                        equivalent addition            4 y c. -expression. z z we must find the ad-

 

ditive inverse of the             2 8 x-7x + 10                                                  b + 8    9 2 =-b Note 8 x has no like terms. -5 x d. -subtrahend, 2 x-7. y 7 a 7 a and -2 x combine to equal -7 x , and To write the additive 

inverse of a polyno-                              3 and 7 combine to equal 10. mial, we change all 

of the signs in the 

polynomial.

Do Your Turn 5

 

Objective 3 Add and subtract fractions with different denominators.

To add or subtract fractions that have different denominators, we first need to find a common denominator. We will apply what we learned in Section 5.5 about rewriting fractions as equivalent fractions with the LCD.

 

Procedure

To add or subtract fractions with different denominators:

  1.  Write the fractions as equivalent fractions with a common denominator.

Note Any common multiple of the denominators will do, but using the LCD makes the numbers more manageable.

  2.  Add or subtract the numerators and keep the common denominator.

 3. Simplify.

Your Turn 6

 

Example 6        7    2                                              Add or subtract. Add. + 12 15 3 1 a. + Solution:  We must write the fractions with a common denominator, then add 8 6

60. (See Example 4, Section 5.5.)                                                        b.     + a the numerators and keep the common denominator. The LCD for 12 and 15 is           1       2b

6     -3

 

Note                          7 To write an equiva-152     2142      Note To write an equiva-               5     2 = +  c. --lent fraction with 60 as 1 lent fraction with 60 as the 12 5 2 15 1 4 2 9 15 2 the denominator, we denominator, we rewrite 15 7 35 8 7   5 rewrite  by multiplying by multiplying its numera-12 = + d. --a-b 60 60 18 24 its numerator and de-tor and denominator by 4.

nominator by 5.                 35 + 8 =

Answers to Your Turn 5

 

Do Your Turn 6               =                                      x          z 60 2 b-1 d. 7 43                                           a.      b.  2 n c.  3 60                                            1           y-4 a

Answers to Your Turn 6

13      1      31       13

a.      b. - c. -    d. -
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Objective 4  Add and subtract rational expressions with different 

denominators.

We add and subtract rational expressions using the same procedure as for adding 

and subtracting numeric fractions.

 

Your Turn 7                       Example 7    Add or subtract.

 

 a. 3                            a.       + m 2 5 x + Add or subtract.                         2x    3

4    3m                    Solution:  We write the rational expressions with a common denominator, 

 

 b.  7     9                      then add the numerators and keep the common denominators. Keep in mind  - 3  3  x  6  x  that if the numerators are not like terms, we will have to express the sum as a 

5    3                        polynomial.

 c.      +

6a    4                                                           1 For 5 and 1, the LCD is 5. For the x ’s, x has the greater exponent; so the LCD is 

 

 d.    4     1                        1 5 x, or 5x.-2 5 y 3 y                       2 Note x1x2    3152 To write an equiva-     Note To write an equiva-= + lent fraction with 5 x as the 5 1 x 2 x 1 5 2 lent fraction with 5 x as the 2 x 3 denominator, we rewrite denominator, we rewrite x 5 2 2 x 15 by multiplying its numera-= by multiplying its numera-+ 5 x 5 x tor and denominator by x . tor and denominator by 5.

 

=                       2 Note Because 2 x and 15 are 5 2 2 x + 15

x not like terms, we express 

their sum as a polynomial. 

Because we cannot factor 

2 2 x + 15, we cannot simplify the rational expression.

 

b.       -     2 8 3     5

x   6x

Solution:                                                 2 The LCM for 8 and 6 is 24. For the x ’s, x has the greater exponent; so the LCD is 24 2 x. (See Example 5, Section 5.5.)

 

Note  Note To write an equivalent  3  1  3  x  2  5  1  4  To write an equivalent   2  2  =  2 -  fraction with 24  x  as the  fraction with 24  x  as the  2  8  x  1  3  x  2  6  x  1  4  2  5  3  denominator, we rewrite  2  denominator, we rewrite  6  x  8  x  9  x  20  by multiplying its numera- by multiplying its numera- = - 2  2  tor and denominator by 4.  tor and denominator by 3  x  .  24  x  24  x

= 9x-20    Note Because 9x and 20 are not like 2      

24 terms, we express their difference  x

as a polynomial. Because we cannot 

factor 9x-20, we cannot simplify the rational expression.

Do Your Turn 7

 

Objective 5 Add and subtract mixed numbers.

We will consider two methods for adding and subtracting mixed numbers: (1) We 

can write the mixed numbers as improper fractions, then add or subtract. (2) We 

can leave them as mixed numbers and add or subtract the integers and fractions 

separately. First, let’s look at adding mixed numbers. Consider 2 1       2 5 + 3 . Answers to Your Turn 7                                                                                         5

 

a.              b.      3 12 m 6 x                                         1 9 2                  2 m + 8 14 x-9             Method 1:  Write them as improper fractions.

9a          12                                       2 + 10-5 y + 3   = 2    11    17    28     3 +          5 = =

c.              d.                                                    5      5     5      5      5      5 2 12 a 15 y
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Method 1:  Because mixed numbers are, by definition, the result of addition, we can use the commutative property of addition and add the integers and fractions separately.

 

  2       +   3                                                                    these steps only to illustrate why 1          2                                                        Note We are showing all of 

5          5 (+)+*       (+)+*

we can add the integers and 

 

= 1          2                                                       fractions separately. From here Use the definition of mixed numbers.  a  2  +  b  +  a  3  +  b   on, we will no longer show all of  5  5

these steps.

=       1   2

2                   Use the commutative property of addition. + 3 + +

5   5

=    3

5                   Add the integers and fractions separately. +

5

= 3

5                                  Write the sum as a mixed number.

5

 

Example 8            3     2 Estimate 5    + 4 ; then find the actual sum expressed as a             Your Turn 8

4     3

mixed number in lowest terms. Estimate; then find the actual 

sum expressed as a mixed num-

Estimate:  Round the numbers so that the calculation is easy to perform mentally.     ber in lowest terms.

We will round these mixed numbers to the nearest integer.

2

3                                                           2                                                   a. 4 + 9 

5 rounds to 6 because                        4 rounds to 5 because 4 3                           7

it is closer to 6 than to 5.                           it is closer to 5 than to 4.                        1      5

 b. 6     + 3 

8    8

 

5        3                                                              2 _ _ 5 6 4 4   5 4 3                                 5      1 c. 5 + 7 6 3

 

Actual:                          6 + 5 = 11 The actual sum should be around 11.         3     4 d. 3 + 8 4 5

 

Method 1: 5    + 4    = 3     2    23    14          Write as improper fractions. 

4            +          Notice that the LCD is 12. 3 4 3

 

nator of 12, we             4 132     3142                   14 Note To write  with a 3 69 56 deno mi nator of 12, we multiply the with a denomi-To write 4        =         + Note             23             23132     14142

multiply the            =     +                   numerator and denominator by 4. 12 12 numerator  and 

denominator            125 =

by 3.                                           Add the numerators.

12

=   5

10                  Write the result as a mixed number.

12

 

Method 2: 5    + 4    = 5       + 4          with the LCD, 12. 4 3     2     3 132     2142    Write equivalent fractions 3     4 132     3142                                         Note An improper fraction in a mixed number is not con-9 8 sidered simplest form. Because  

 

= 5     + 4                                                     17     5 12 12 12 = 1 , we add the 1 to the 12 5 9 so that we have 10 . Writing 17 Add integers and fractions 12 = 17 9 all of the steps, we have 9 separately. 12 = 12 17 5 5 9 + 12 = 9 + 1 12 = 10 12 .

=   5             Simplify the improper fraction 10                    within the mixed number. 12

The actual sum agrees with our estimate.                                           Answers to Your Turn 8

2      3

Do Your Turn 8                                                                      a. 13  b. 9 

7      4 1       11

c. 13  d. 12 

6       20
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Now let’s look at subtracting mixed numbers. Consider 6 4       1-2 .

9       9

Method 1: Write the mixed numbers as improper fractions; then subtract.

 

6     -2     = 4     1    58    19    39     3     1-          4 = = = 4 

9     9    9    9    9     9     3

Method 2: Subtract the integers and fractions separately. We will show why here, 

but will leave out these “extra” steps in the future.

4          1

6         -    2 

9          9 (+)+*      (+)+*

=     4          1 a 6 +   b-2 a +      Use the definition of mixed numbers. b

9          9

 

Note We are including these                               4               1 6 = a + b + a-2-b   Change the subtraction to addition. extra steps to show why we can 9 9

subtract the integers and fractions 

separately. 4    1           Use the commutative property of addition  =  6-2 +   -           to separate the integers and fractions. 9

9

 

=    3                   Subtract the integers and 4 +                   fractions separately. 9

 

= 1                     Write the mixed number and 4                                      simplify the fraction. 3

 

Example 9            1     5 Estimate 7    -2 ; then find the actual difference expressed as a 

4     6

mixed number in simplest form.

Estimate:  Round the numbers so that the calculation is easy to perform mentally. We will round these mixed numbers to the nearest integer.

7 1                                                           5 rounds to 7 because it is  2 rounds to 3 because it is

4                                                           6

closer to 7 than to 8.                             closer to 3 than to 2.

 

7    1 _                                                                            5 _ 7 8 2 2   3

4                                                                            6

 

7-3 = 4 The actual difference should be around 4.

Actual:

Method 1:

 

 7                                                               Write as improper fractions.-2 = 1     5    29    17

4            -6 4 6

 

= 29132    17122 Write equivalent fractions with the LCD, 12.-4 1 3 2 6 1 2 2

= 87    34

12-12

= 53            Subtract numerators and keep the LCD.

12

=   5 4                        Write as a mixed number.

12

Method 1:

 

 7 1    5     1132     5122 Write equivalent fractions with the LCD, 12.-2 = 7 -2 4 6 4 1 3 2 6 1 2 2

=   3     10 7       -2 

12     12
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We have a problem now. Although we can subtract the 2 from 7, if we subtract         Your Turn 9 10 3 3 from , we will get a negative number. We need to rewrite 7  so that its frac-12 12 12 10 Subtract. tion is greater than . The steps look like this. 12 7 5 12 Rewrite 7 as 6 3 1. Add  and . Note 12 12 These steps can be per- a. 9 -4 8 8 formed mentally by subtract-* (+ )+ * (+ )+ 9 1 ing 1 from the integer, then 3 3 12 3 15 b. 7 -1 7 = 6 1 + = 6 + = 6 adding the denominator to  10 5 12 12 12 12 12 the original numerator to get 1 3 the new numerator.  c. 10 -3 12 5 4 Rewrite 1 as . 12 3 12 15 7 6 12 = + 3 12 = 6 12 1 Now we can complete the subtraction. d. 8-5 4

 

= 15     10          3     15                                3 Write 6 7 as 6 by taking 1 from 7 and adding it to .-2 12 12 12 12 12

= 5

4                   Subtract the integers and fractions separately.

12

The actual difference agrees with our estimate.

Do Your Turn 9

 

We can summarize how to add or subtract mixed numbers with the following procedure:

 

Procedure

To add or subtract mixed numbers:

Method 1:   Write as improper fractions; then add or subtract those improper 

fractions.

Method 2: Add or subtract the integers and fractions separately.

 

Objective 6 Add and subtract negative mixed numbers.

We have seen that using the second method to add mixed numbers sometimes leads to a mixed number sum that must be simplified because it contains an improper fraction. Similarly, when we subtract using the second method, we sometimes have to rewrite one of the mixed numbers so that the fraction parts can be subtracted. But using the first method avoids these extra steps. Because these extra steps can be distracting in the adding or subtracting of negative mixed numbers, we will use only the first method.

 

Example 10             1       1 Subtract. -9    -a-2 b

6       3

Solution:  First, we will write an equivalent addition. Also, to avoid potential 

extra steps, we will write the mixed numbers as improper fractions.

 

-9    -a 1       1        1     1    Write an equivalent addition using the -2 b = 6             -9    + 2       additive inverse of the subtrahend. 3 6     3

 

=   55    7      Write the mixed numbers as improper 

-   +      fractions. Note that the LCD is 6. 6 3

 

Answers to Your Turn 9

1      7       9      3

a. 5  b. 6     c. 6     d.  2 
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Add or subtract. Your Turn 10                              55                                                                     7 7 Note 55 1 2 2 Note - already To write  as an equivalent 6 = 3-+ fraction with 6 as the denomina-has 6 as its denomi-6 3 1 2 2 nator; so we do not tor, we multiply the numerator 55 14 3 1 and denominator by 2. need to rewrite it. = a. 5 + a-5 b-+ 6 6 4 8

 

 b.     1                                                  41 1 =         Add.-7 -10 6 2 3

 

 c.  7                                                  5 1 =-6          Write the result as a mixed number. - 5  - 2  6  10  4

 d. -8     -a 2      5                    Do Your Turn 10 b

9     -6

Objective 7 Solve equations.

In Section 5.4, we revisited the multiplication principle of equality and used it to elim-

inate fraction coefficients. Now let’s revisit the addition principle of equality. In Sec-

tion 4.2, we learned to use the addition principle of equality to eliminate a term from 

one side of an equation by adding its additive inverse to both sides of the equation.

 

Your Turn 11                                                         3    5 Example 11 Solve and check. x +    =

8    6

Solve and check.

 

 a. 1                                                     3    5 3 Solution: x + = + y = 8 6 3 4

 

 b. a-    =                                                                                   to isolate x. which isolates x 8 8 6 8 5 1                             3                                                                       3 3 3 3 5 3 5 Note               Subtract  from both sides 8 8-8 = 0,         x +     = 8

 

 c.  1                       on the left side.                           5142     313 12     Write equivalent fractions  m  +  3  = - 6  x  +  0  = - 6  1  4  2  8  1  with the LCD, 24.  2  4  3  2

 d. -4     = 1       2                                               20    9 t-                                                    x =

7                                                          -5 24 24

x = 11           Subtract.

24

 

Check:      x +    = 3    5

8    6

 

11    3    5                                    11 In the original equation, replace x with + . 24 24 8 6

 

11    3 132    5     Write equivalent fractions with the LCD, 24. + 24 8 1 3 2 6

11    9     5 24 + 24    6

20    5   Add the fractions.

24    6

 

Answers to Your Turn 10                                  5    5                                     11 Simplify. The equation is true; so = is the solution. 24 5 5 6 6 a.  b. -2 8 6 Do Your Turn 11

19        7

c. -7      d. -7 

20        18

Objective 8 Solve applications. Answers to Your Turn 11

What clues can we look for that indicate that we need to add or subtract? With a. y = 5         33 b. a =

addition, we look for words indicating that we must find a total. For subtraction, 

12         40

c. m =     3           26-9  d. t =

-3 

4           35

5.6  Adding and Subtracting Fractions, Mixed Numbers, and Rational Expressions           333

 

we look for clues indicating that we must find a difference. Another clue for addi-tion/subtraction situations is that the fractions represent distinct categories.

 

Example 12           1 In a poll,  of the respondents said that they agreed with the 4         Your Turn 12

passing of a certain bill, 1 said that they disagreed, and the rest said that they 5                                                                               Solve.

 

had no opinion. What fraction of the respondents had no opinion?                                         3 a.  A report claims that  of all 8 1 Understand There are three distinct ways to respond to the poll: agree, disagree, cars are blue,  are red, and 4

or have no opinion. Because the three categories together make up the whole  the rest are other colors. 

group that responded, we can write the following equation: What fraction of all cars are 

other colors?

 

respondents       respondents       respondents who                        b.  At the opening of the stock   all respondents + + = who agreed   who disagreed  had no opinion   market one day, a com-

pany’s stock was worth $53

Because we are dealing with fractions, all respondents means a whole amount,  per share. At the close of the  8

which is the number 1. The number 1 always represents the whole amount. stock market that day, the 

stock was worth $61. How 

Plan Use the preceding formula to write an equation; then solve.                                           4

much did the stock increase 

Execute Let n represent the number of respondents that had no opinion.                in value?

 

respondents       respondents       respondents who +               +                    all respondents = who agreed        who disagreed        had no opinion   

Note If you are not sure how to 

 

4 +              +        n        =      1          fractions, try replacing the frac- 5  1 approach a problem containing  1

tions with whole numbers and 

 

4     +     + n = 5 1152    1142        1 202       Write equivalent fractions                     read the problem again. Suppose 

1 2    51                      with the LCD, 20.                            Example 12 read as follows: 4 2 1 1 20 2

 

20 +    + n =                                            said that they agreed with the 20 5 In a poll, 25 of the respondents  4  20

20 passing of a certain bill, 20 said 

 

20 9        20                                               that they disagreed, and the rest Combine fractions on the left side. + n = said that they had no opinion. 20

9     9        20     9           9                              How many of the respondents had 

20             Subtract                  n + n =  from both sides to isolate .      no opinion? 20 20 20 20

n 11 people in the poll, to solve, we  =  If we knew the total number of 

20 could add the number that agreed 

Answer    had no opinion. 20                                                        then subtract from the total num-11 plus the number that disagreed, 

Check ber of people polled. With frac-   Add the three fractions together. The whole group should be the sum, 

which is represented by the number 1. tions, we do not need the total 

number because it is always rep-

1    1                                               resented by 1. Therefore, to solve +   + n = 1 our equation, we added the frac-

4    5

 

4 +                         . + 1  Replace n with                      that disagreed, then subtracted the 20 5 20 sum from all respondents, which 1    1   11                    11                        tion that agreed plus the fraction 

 

4    +     +      1 5 1 52    1 42                                                  is represented by 1. 11 Write equivalent fractions 

1 2                      with the LCD, 20. 5 1 4 2 20

5    4    11 +    +      1 

20    20    20

20 1

Add.

20

 1 = 1   Simplify. It checks.                           Answers to Your Turn 12

Do Your Turn 12                                                                       3       7

a.     b. $ 

8      8
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5.6             For Exercises

Extra

Help

 

Objectives 1 and 2

 Prep Exercise 1 Explain how to add or subtract fractions with the same denominator.

 

For Exercises 1–18, add or subtract.

 

 1. +                    2.    +                   3. -   + a 2    3                     1    6                     4      2                  2       8-              4. b a b

7                                                                           -   +   -7 13 13 9 9 15 15

10    4                     9     1                     6    13                    1     4

 5.    -                   6.    -                   7.    -                   8.    -

17    17                    11    11                    35    35                    30    30

9                                                    2        2 3 4 16 8 x 2 x                  x    1

 9. +                    10.     +                    11.      -                    12.    + x x ab ab 9 9 6 6

4                                                                    2              2 m 6 m 4 k 3 x + 4 x x-7x + 1

 13.       -                                        14.      -                                        15.              + n n 5 h 5 h 7 y        7y

 

9                                   2                2                                   2                    2 t-12 6 t + 5 7 n + 12 2 n + 3 h-3 h + 5 h + 4h-1

 16.              +                                   17.               -                                 18.                   -2 2 11 u 11 u 5 m 5 m k         k

 

Objectives 3 and 4

 Prep  Exercise  2 Explain how to add or subtract fractions           Prep Exercise 3 Suppose you are given the problem with different denominators.                                   3     5 4 + and you know that the LCD is 12. Explain how 

6

to write the equivalent fractions so that they have the 

LCD. 

 

For Exercises 19–34, add or subtract.

3    5                    2    4                    7    11                   1   15

 19.       +                            20.      -                            21.      -                            22.     +

10    6                     15    9                     12    36                    8    32

1    17                    3    9                    3   1   7                 2   5    13

 23.       +                            24.      -                            25.     +     +                       26.     +     +

20    30                    16    20                    4    6    9                  5    6    15

7x   3x                   a    2a                     9     3                   7     5

 27.       +                            28.     +                             29.        -                         30.        -

12    8                    9    3                     16m   8m                 10x   6x

 

 31.       +                            32.      +                            33.       -                           34.      -2    2 20 13    4                     7     5                     2     7                    1    3

5h                   4x   12                   3n    9n                  2t   5t

Objective 5

Prep Exercise 4 Explain how to add or subtract mixed numbers. 

 

For Exercises 35–42, estimate and find the actual sum expressed as a mixed number in simplest form.

4                        2   1                     1     1                   1     5

 35. 3     + 7                          36. 4     +                            37. 2     + 5                          38. 6     + 1 

9                        5   5                     4     4                   7     7

5    2                    4     1                   5     7                   1      4

 39. 5     + 1                           40. 3     + 7                           41. 6     + 3                          42. 9     + 10 

6    3                    5     4                   8     12                   2      9
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For Exercises 43–50, estimate and find the actual difference expressed as a mixed number in simplest form.

7   1                     5                          7      5                 3     1

 43. 9     -                            44. 4     -3                          45. 11      -2                       46. 8     -2 

8   8                     9                          12     12                 7     7

1    5                    2     3                   1     5                     5     5

 47. 5     -1                           48. 6     -2                           49. 8     -7                          50. 10      -6 

8    6                    5     4                   3     6                    12     8

 

Objective 6

For Exercises 51–58, add or subtract.

 

 51. 6     + a 3       1                  1    1                    5     2                  4    1-2 b

 52. -5     + 2                       53. -7    -2                       54. -    -3 

4       3                  2    8                    6     3                  5    2

 

 55.     -4                            56. 6     -a 5     1                     7       1                  3       1                 1       1-3 b 57. -7    -a-1 b 58. -2    -a-3 b

8     4                     8       4                  4       8                 6       2

Objective 7

For Exercises 59–66, solve and check.

 

 59. x +    = 3    7                1       5                    4    1                 5       1 60.     + y = 61. n-    = 62.     = k-

5    10                4       8                     5    4                 8       6

 

 63. -    = 1       3                 2       1                  1          1              1        3 b +               64. -   = h-              65. -3    + t =-4              66. -2    = m-

6       4                 3       8                  2          5              6        4

 

Objective 8

For Exercises 67–76, solve.

 

 67.  1                                                   5                     68. Amanda wants to hang a picture frame so that the bot- A  -inch-thick slab of maple is glued to a  -inch-thick  4  8  1  tom of the frame is 54   inches from the floor. The hanger  slab of mahogany to form what will become the body  2  5  on the back of the picture is 11   inches from the bottom  of an electric guitar. After the two slabs are glued  8

together, what is the total thickness?                           of the frame. How high should she place the nail?

 69.                   3                                       1 A tabletop is  inch thick. During sanding,  inch is        70. A class prepares an evaporation experiment. They 

4                                      16

removed off the top. How thick is the tabletop after  place a ruler vertically in a bucket and then fill the 

sanding?                                                                                1 bucket with water to a depth of 10  inches. After sev-

2

eral days, they return to find that the water is 9 7 inches 

8

deep. How much did the water level decrease? 

 71. Students taking a certain introductory course are con-    72. A poll is taken to assess a governor’s approval rating. 

sidered successful if they earn a grade of A, B, or C.  The following graph shows how people responded.

The following graph shows how students taking the 

course performed one semester.                                      Governor’s Rating Poll

Student Performance                                         Poor              1 Excellent

Unsuccessful                                                            Fair   ?                 – 8

1

?                                                                  –

A                           6

C         1                                              Good –            3 1            –

6                                                            – 3

5

B

3

–

8

a.  What fraction of the respondents said “excellent” 

or “good”? 

a.  What fraction of the students who took the course         b. What fraction said “poor”? 

earned an A or a B? 

b. What fraction of the students who took the course 

were unsuccessful? 
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 73.                                       3                         1 A wooden frame is to be 20  inches long by 13  inches wide. What total length of 

4                         2

wood is needed to make the frame? 

9 3  4   mi.  mi.  11

 74. A game preserve is in the shape of the triangle shown. What is the total distance        10                        5

around the park? 

 75. What is the width, w, of the hallway in the following floor plan?                                    1  mi. 15 2

12 1                                      1  ft. w 15 ft.

2                          4

271  in.

4

 

d

5 3                   3 in. 5 in.

8                   8

31 3  ft.

4

 76. What is the diameter, d, of the hubcap on the tire shown? 

 

Review Exercises

[2.5] 1.             2                                                                                2 Simplify. 3-5 3 2 + 18 1 , (-2 224 +   49 2 [3.1] 2. Evaluate x-2x +   x 2 when x = 4. 

[3.1] 3.             2                                                                              2                        2 Evaluate y 2 y + 3 when y = +               -2. [3.3] 4. Add. 1 4 x + 5 x-6 2 + 6 1 x-2x + 12

 

[3.3] 5.               3                        3       2                                                  3 Subtract. 1 8 y-4 y + 2 2-9 1 y + y + 7 2 [3.4] 6. Multiply. 1-6 b219b2

 

[3.4] 7. Multiply. 1                                                             -16 7 x x + 3 21 2x-52

[3.6] 8. Divide.     5 4 x

[3.7] 9. Write an expression in simplest form for the 

volume of the box shown. 

 

y     1                 3 1 y

y
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5.7  Order of Operations; Evaluating 

and Simplifying Expressions

 

Warm-up                                                      Objectives

 [3.1]  1.                     2 Evaluate 4 x-5y when x =-3 and y = 8.

 1 Use the order of operations 

 

 [5.6]  2.  3     3                                                     agreement to simplify ex- Subtract. 7  - 2  5  4  pressions containing frac-

tions and mixed numbers.

Objective 1                                                                2  Use the order of operations agreement to simplify  expressions Find the mean, median, and 

containing fractions and mixed numbers. mode of a set of values.

 3 Evaluate expressions.

Example 1  3    4     5                                       4 Find the area of a trapezoid.  Simplify.    + 2    # a  b

4        -5 6

 5 Find the area of a circle.

Solution:                                                                                     6   Follow the order of operations agreement. We multiply first. Simplify polynomials con-

taining fractions.

3     4     5 + 2 # a b

4        -5 6

 

= 3   14     5            4 Write 2 as an improper fraction so that                 Your Turn 1 # + a-b 5 4 5 6 we can multiply. Simplify. 7 1

= 3   14     5      Divide out a common factor of 2 in 14 and 6; then          5    2 3 a. + # a-b-# 4 5 6 divide out the common 5s. 8 9 4

1        3

 

= 3                                                                 1   4    3 7 b. 3 + , + a-b Multiply the remaining factors. 2 5 10 4 3

 

= 3                                                                1       1    1 1 3 2 7 1 4 2 c. + a-4 b # 2 + a-b Write equivalent fractions with the LCD, 12. 6 3 2 4 1 3 2 3 1 4 2 3 7 7 9 28 d. -5 -, a-b = + a-b 8 10 30 12 12

= 19

-              Add.

12

=    7

-1                   Write as a mixed number.

12

Do Your Turn 1

 

Example 2            1 3      3    2 Simplify. a b-6 a b

2          + 5 3

3     2

Solution:  First, we find the sum in the parentheses. The LCD of  and  is 15.

5     3

 

a 1 3                              3         3 3 2 1 32     2152       Write equivalent fractions 6 b-a + b = a b-6 a + b with the LCD, 15. 2 5 3 2 5 1 3 2 3 1 5 2

= a 1 3       9    10 b-6 a b

+                                  Answers to Your Turn 1

2        15    15

 

= a b                                                      6        3-6 #  Add. 2 15 3 d. 1                                                 a.        b. 6      c. 19-10 24 3                                                                               11       1         2

 

= 1      19                                                 8 Evaluate the expres-                 -2 -6 # sion with the exponent. 8 15 1 1 2 2 3 1 1 1 1 Answers to Warm-up 2 # 2 # 2 8 17 1.-4 2.  4 20
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Your Turn 2                                                2

= 1   6 19- Divide out the common factors.  #

Simplify.                                                     8   1 15 5

 a.                                                                              1   38 1 2        1    3 a b + 16 a +                                                    Multiply. = b

3         4   8                                  -8 5

 

 b. a 1             2 4 2                                 1 52   38182-    -                                                      Write equivalent fractions b a b 25    5      5                                  =      -8

2                                                                     152    51                 with the LCD, 40. 8 2

 c. a   2      1   5 1    b

3      2   8                               = + 2    ,                                        5    304

40-40

 d. a 1    1      3   1 +    ,    -                               299 b a b

2    3      4   8                             =                         Subtract.-40

 

= 19  Write the result as a mixed  -7                              number. 40

Do Your Turn 2

 

Objective 2 Find the mean, median, and mode of a set of values.

Let’s revisit mean, median, and mode from Chapter 1.

 

Example 3 An agricultural student decides to study pumpkin growth in her area. The following table contains the circumference of six pumpkins from  a particular farm. Find the mean, median, and mode circumference.

 

1        3        3        5        3        1

37  in.     34  in.    40  in.    36  in.    40  in.     34  in.

2        4        8        8        8        4

 

Solution:

 

 mean = 1  Divide the sum  3  3  5  3  1  a  37    + 34    + 40    + 36    + 40    + 34 b

, 6 of the measurements 

2      4      8      8      8      4

by the number of 

measure ments, 6.

 

= 4      6      3      5      3      2        Write each fraction  a  37    + 34    + 40    + 36    + 40    + 34 b  8 , 6 with the LCD, 8.  8

8      8      8      8

 

Note                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    23 This = 221                                                                                                                                                                                                                Add the mixed numbers. , 6 8 mixed number 

as an improper             #               improper fraction and write the division  will be written        1791   1             Write the mixed number as an =

8   6

fraction so                                    as multiplication. that we can di-         597

vide; so there          1791 1 = #                                        Divide out the common factor, 3.

is no need               8    6 to simplify                    2 the improper         597          5 = , or 37      Multiply.

fraction.                16          16

5

Answer:  The mean circumference is 37     in.

16

Answers to Your Turn 2                  Median:

a. 10      b. -                                           1     3     5     1     3     3    Write the measurements in order 9 1      23

25                            34 , 34 , 36 , 37 , 40 , 40 

7                                     4    4    8    2    8    8   from least to greatest. 1

c. 6       d. 1 

9      3
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Because there is an even number of measurements, the median is the mean of         Your Turn 3

the middle two numbers, 36  and 37 . A tree farmer measures the cir- 8  5       1

2

cumference of a sample of trees 

 

 median 5      1                                                  after eight years. The following  36  =  a  +  37  b  ,  2  8  2  table contains the circumfer-

 

Answer: = 5 ences of six trees in the farm.  4  Write each fraction with the LCD, 8.  a  36  +  37  b  ,  2  Find the mean, median, and  8  8  mode circumference.  9  =  73  ,  2  Add the mixed numbers.  8  1  3  18   in.  16   in.  2  4  593  1  Write the mixed number as an improper fraction  =  #  8  2  and write the division as multiplication.  3  5  17   in.  18   in.  593  1  4  8  =  , or 37  Multiply.  16  16  1  1  19   in.  17   in.  4  4  1   The median circumference is 37   inches.  16

3

Mode: The mode is the number that occurs most often, which is 40  inches.

8

Do Your Turn 3

 

Objective 3 Evaluate expressions.

Now let’s evaluate algebraic expressions when we are given variable values that are fractions. In Section 3.1, we learned that to evaluate an expression, we replace each variable with the corresponding given value and then use the order of opera-tions agreement to simplify the numeric expression.

 

Example 4             2             3     2 Evaluate 4 xy + z when x = , y 4 =, and z =   1 3 . 3 2                   Your Turn 4

Solution:                                                     3          2                  1 4 b a b +           Replace x with , y 3 4     with , and z with 3 . 3 a 3      2 2     1

Evaluate each expression using 

4                                                  2 3 2     the given values.

 

= 4 3 4    1       Evaluate the expression with                               1 2 a. a b + 3 4 mv ; m = 3 , v = 10 the exponent and write 4 as . 1 4 9 2 1 4

 

= a b   + 3       Divide out the common factors.                                     2 4                                                          2 1    1                                                                                    1                 4 3 4    1                                           b. at ; a =-9 , t =

2           5

1 4 9    2

1   3                                                                                                 3         7 = =

Note We          =                    Multiply. + 3                                                   4      20 3 4                                                        2 1 c. a-5b; a     , b

written 3  as                                                                                                          2m1n + 32; m =    , n = 1 1 1 Write = could have                  2 1 5 1  4  d. 

7                               + 1 2                                                  3 as a mixed number 3                                                                                                                  8          3

2                                                     in order to add. and then 3 2

 

improper frac-                              Write equivalent fractions = 1 + 3 3 added the              1122      1 32

tions. Choose             122     2132     with the LCD, 6.

 

that is easiest        = 1     + 3                                                                                  1 the method                                                                           Answers to Your Turn 3 2 3

 

for you.                 6     6                                              mean: 18     in.; = 5                                                          48  Add. 4 1

6                                                   median: 18  in.; no mode

8

Do Your Turn 4

Answers to Your Turn 4

3

a. 325 b. -19 

5

3       5

c. -1       d. 5 

16       12
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Objective 4 Find the area of a trapezoid.

 

We have learned formulas for finding the area of a parallelogram 1A = bh 2 1 and a triangle 1 A = bh . Now let’s develop a formula for finding the area of a 2 2

trapezoid.

 

Definition Trapezoid: A four-sided figure with one pair of parallel sides.

 

The following figures are examples of trapezoids.

 

In each figure, notice that the top and bottom sides                  a

are parallel but the other sides are not. Because the 

top and bottom sides are different lengths, we will               h

label them a and b.                                                  b

To develop the formula for the area of a trapezoid, 

we use the same process we used for finding the            a          b

formula for the area of a triangle. First, we make         h

two identical trapezoids. By inverting one of the 

trapezoids, then joining the corresponding sides,           b          a

we create a parallelogram, as shown here.

The area of this parallelogram is found by multiplying the base and height. 

 Notice that the base is a + b and the height is h; so the area of the parallelogram is 

h 1a + b2. However, we really want the area of one of the trapezoids, which is half 

the area of the parallelogram.

 

Conclusion: The formula for the area of a trapezoid is A = 1 h1a + b 2.

2

 

Your Turn 5                       Example 5                                                6 ft. Find the area of the trapezoid shown.

 

Find the area of the trapezoid                                          1                               1 2 ft. 2 Solution:  Use the formula A = h 1 a + b 2 . shown. 2

a.               9 m                                                                                                    7 ft.

2                                                                    a + b 2 A = 1 h1

4 m                                               2 3 

12 m                                 1   1                         1 A = a 2 b1 6 + 72 Replace h with 2 2, a with 6, and b with 7.

2   2

 b.             12 ft.

A = 1   1 a 2    b113 2     Add 6 and 7 inside the parentheses.

4 ft.                                                           2     2

6    ft.                                                  A = 1                                                   1 5   13 a b a b        Write as improper fractions.

4                                                                         2    2        1

A = 65           Multiply.

4

A =   1 16 

4            Note Remember, area is always in square 

Answer:  The area is 16   ft.    1     2       units. Because the distance units are in terms 

4            of feet, the area unit is in terms of square feet.

Do Your Turn 5

Answers to Your Turn 5

 

a.        2           1    2 49 m b. 36  ft. 2
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Objective 5 Find the area of a circle.

In Section 5.3, we developed the formula for the circumference of a circle. Now let’s develop a formula for the area of a circle. As we did for triangles and trapezoids, to de-velop the formula for the area of a circle, we will transform a circle into a parallelogram.

To make a circle look like a parallelogram, we cut it up like a pizza. First, we cut the top half into six pizza slices and fan those slices out. Then we cut the bottom half of the circle the same way.

 

Next, we fit the slices together like teeth. The resulting figure closely resembles a parallelogram. This parallelogram has the same area as the circle.

Note If we were to cut more slices, the slight curves

 along the top and bottom would be less prominent. 

In fact, if we were to use extremely slender slices, the 

curves would be almost imperceptible.

Because the area of a parallelogram is found by multiplying base and height, we need to relate the base and height of the parallelogram back to the circle. If our circle is a pizza, the height goes from the center to the crust; so the height corre-sponds to the radius of the circle. The base distance corresponds to the crust of the bottom half of the pizza; so the base is half the circumference of the circle.

 

The height 

r

 corresponds                                         r to the radius.

πr

πr

 The base corresponds to half the circumference.  

The full circumference is found by 2 r; so half P the circumference is r. P

Because the area of a parallelogram is found by multiplying base and height, we can multiply the base, pr, by the height, r, to write the formula for the area of a circle.

A = base # height

A = pr # r

A = p 2 r

Conclusion: The formula for the area of a circle with radius r is A = p 2 r.

 

Example 6 Find the area of a circle with a diameter of 5 meters.

Solution:                                             2  We are given the diameter, but A = p r requires radius; so we must 

first find the radius.

 

r = 1

d

2

r = 1

#   5       Replace d with 5.

2

r = 1 5 #                         Note 

2            Because we must square the 1

radius to find area, we will leave the 

r    5       fraction as an improper fraction. = 2
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Your Turn 6 5 2  Now that we know that the radius is   meters, we can find the area using  A  =  p  r. 2

 

Solve.                                                                    2 A = P r a. Find the area of a circle with       2 a radius of 6 yards. 22 5                                5 A ⬇ # a b 22  Replace P with  and r with Note We approximate p 7 2. b. Find the area of a circle with 22 7 2 as . When we replace 7 a diameter of 7 inches. 22 25 p 22 with 7 , the entire A ⬇ # 5 25  Square  to get . 2 4 calculation becomes 7 4

 

equal sign.  instead of an         A ⬇     #           factor of 2 in 22 and 4. 7 4 2 we use                            22 25      Divide out the common ⬇ an  approximation; so                 11

A ⬇ 275       Multiply.

14

A ⬇   9 19  Write the result as a mixed number.

14

 

Answer:               9        Note Area is always in square units. 2  The area is 19  m .  Because the distance unit for the radius  14 is meters, the area unit is square meters.

Do Your Turn 6

 

Objective 6 Simplify polynomials containing fractions.

We learned in Section 3.2 that we can simplify expressions by combining like 

terms. Like terms have the same variables raised to the same exponents. To com-

bine like terms, add the coefficients and keep the variables and their exponents 

the same.

 

Your Turn 7                                                        1     3    1     1 3 Example 7 3 Combine like terms. a-a + a + a 4 5 6 2

Combine like terms.

 a. 5     1   3     2    1 2          3 x Solution:  Add coefficients for the like terms. Because we cannot combine an 

+   -x +   -   x       a term with an a term, we need to get common denominators only for the 

8     2    4     3    4          fractions we will actually combine.

 

 b. 1           2 2 2 m-3 m + m +                    1     3     1     1 3 3 6 3 a-a + a + a 4 5 6 2 1 1 m-              Use the commutative property 1 1 3 1 7 2 = 3 3 a + a-a + a to group the like terms together. 4 6 5 2 Remember, this is optional.

 

= 1132      1 22      3122     1 52     Write equivalent fractions. 3 3 a + a-a + a 4 1 3 2 6 1 2 2 5 1 2 2 2 1 5 2 3 The LCD for the a coefficients 

3      2      6     5 3            is 12. The LCD for the a coeffi-

=         3                   cients is 10. a + a-a + a 12 12 10 10

 

= 5      1 3 a                       Add or subtract coefficients.-a 12 10

Note          3 Because a and a are not like terms, we cannot combine further. The expression is 

Answers to Your Turn 6                   in simplest form.

 

a.       1           1 2   2             Do Your Turn 7 113  yd. b. 38  in. 7 2

Answers to Your Turn 7

 

a.     3     3    7 2-x + x + 4 8 6

 

b. 5      7     1 2 m-m + 6 2 7
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In Section 3.3, we learned how to add and subtract polynomials. To add poly-nomials, we combine like terms. To subtract, we write an equivalent addition expression using the additive inverse of the subtrahend, which is the second polynomial.

 

Example 8                  3     5      1     2 Add or subtract. a h-b-    h a b                         Your Turn 8

4              -6 3 5

Add or subtract.

Solution:  Write an equivalent addition expression by changing the operation 

to addition and the subtrahend to its additive inverse. To write the additive           a. a 3     2      1     1 n-b +    n a b

8              -3 4 6

 inverse of a polynomial, we change the sign of each term in the polynomial.

 

a 3 2      5       1      3 2  5  1  2  b.  a  x  +  b - a  2  x - b  h - b  5  16  10  4 - a  h - b  4  6  3  5

= 3     5        1    2 a h-b +   -h a +        Write an equivalent addition expression. b

4     6        3    5

= 3    1     5   2

h-h-   +              Collect like terms.

4    3     6   5

 

=    h-     h-     +      Write equivalent fractions with the LCD. 4 3 132     1 42     5152    2162

132     3142     6152    5162

= 9      4     25    12

h-   h-    +

12     12     30    30

= 5     13

h-                      Combine the like terms.

12     30

Do Your Turn 8

 

We can also multiply monomials and polynomials with fractional coefficients. Consider multiplying monomials first. We learned in Section 3.4 that to mul-tiply monomials, we multiply the coefficients and add the exponents of the like bases.

 

Example 9              3      2 4 Multiply. a-m b a mb                                      Your Turn 9 10 9

Multiply.

Solution:  Multiply the coefficients and add the exponents of the like bases.                 1    2 5 a b ab 1    1                                                                             a.       a       a

 

a       4-m b a m b =          4 +-# 1 m   efficients and add the exponents of the 10 3                           Divide out the common factors in the co-2 3 2              4     7 9        10 9                                                     -5      6 variables.   3 5 3 b. a 4 h b a h b 12-11 1 Multiply the coefficients and simplify the ad-=-   m5

15          dition of the exponents.

Do Your Turn 9

 

Next, as we learned in Section 3.4, when we multiply a polynomial by a mono-mial, we use the distributive property and multiply each term inside the polyno-mial by the monomial.

 

Answers to Your Turn 8

 

a. 5     5      3      17 2 n-b. x + 8 6 10 16

Answers to Your Turn 9

 

a. 1        5 6 7 a b. h 14 22
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Your Turn 10                                             3 2 Example 10 Multiply.    a x-10 b

5 3

Multiply.

2 3                         2         3 3 Solution:  We use the distributive property and multiply each term in 

 a.     a             2 a-9 a b                         x    10 by . 3-5 3 7

 

 b.      5                                3 2           3 2     3 10 2 a x-10 b = # x-#            3 2-a 6 m + mn b  Distribute 5 . 5 3 5 3 5 1 12 5

1                2

= 3 2     3 10 #        x   -#                  Divide out the common factors.

5 3     5 1

1        1

= 2 x-6        Multiply.

5

Do Your Turn 10

 

Now let’s multiply polynomials. In Section 3.4, we learned that when we multiply 

polynomials, we multiply each term in the second polynomial by each term in the 

first polynomial.

 

Your Turn 11                                               3        1 Example 11 Multiply. a x-5 b a x + 8 b

4        2

Multiply.

Solution:  We multiply each term in the second polynomial by each term in the 

 a. a        1        1 3a-   b a 2a-   b

8        4                     3 x first polynomial. 4   # 8

 b. a 1         1 m-2 b a m + 2 b

5                                 3    1 5 x # x

4    2

 

a 3         1 x 5 b a x + 8 b

4         2

 1 5 # x 2

 5 # 8

 

= 3   1     3         1           Multiply each term in the second polyno-x #   x + x # 8 5 #   x 5 # 8 mial by each term in the first polynomial.

4   2     4         2

2

= 3   1     3   8   5 1 x #   x + x #    -#        x   -5 # 8 Divide out the common 4 in 4 and 8.

4   2     4   1   1 2

1

 

= 3          5 2 x + 6 x-x-40             Multiply. 8 2

 

= 3     6 122     5                 Write the coefficients of the like terms 2 x + x-x-40 8 1 1 2 2 with their LCD, 2. 2

 

= 3     12     5 2 x + x-x-40 8 2 2

 

Answers to Your Turn 10                     3     7 2 = x + x-40                   Subtract coefficients of the like terms. 8 2 2 3 2 a. a-6 a 7 Do Your Turn 11

 

b.    5      1 2-m-mn 2 6

Answers to Your Turn 11

2            1

a. 6a   -a +

32

 

b. 1   2 m-4 25

5.7  Order of Operations; Evaluating and Simplifying Expressions      345

PORTFOLIO

 

5.7             For Exercises

Extra

Help

 

Objective 1

 

Prep Exercise 1 In    + 2 # 1      5

, which operation is performed first? 

4      8

For Exercises 1–14, simplify.

 

 1. + 2 # 1      5                  1      7                   1   1    5                 1    3    5 2. -5 #

 3. 3    -    ,                 4. 5    +    ,

4      8                  6      10                   5   2    6                 3    4   12

 

 5. 2    -a 1       2                               2 3 2      1                      1    2         1                  2        1    1 b 6. a b + 2                  7. -   a 6-1 b 8. + 9 a b

2                                                                                 + 4 3 6 4 3 2 5 3 6

 

 9. 5    -2                            10. 7    +                                11. a 3                                                                     3 80 1 3 4 1     1      3    1 b + 2    -5 a b

4                                                                                  + A 5 4 4 A 9 2 4 10 5

 12. a 2 2                                                                                                                                2 1 1 5 1 4 1 1 1 1 1 b ,    1 a +                13. b 5 a-3 b-2 a + 4 b 14. 1     -a 2    b a b

3                                                                              + 3 3 6 2 5 6 4 4 3 2

Objective 2

Prep Exercise 2 Explain how to find the mean of a set of numbers. 

 15. A biologist studying trout in a particular stream catches six specimens. The table lists 

the length, in inches, and weight, in pounds, of the fish.

a. Find the mean length and weight.            Length   Weight   Length   Weight

b.                                                                     3             1 Find the median length and weight. 6 9          2

4             4

10 1           1 2           12           3

c.                                                                         4           4 Find the mode length and weight.

8 3            3            1            3 1 9 1 

4            4            4            4

 16. A biologist at a fish farm measures eight specimens at eight months of age. The table 

lists the length, in inches, and weight, in pounds, of each fish.

a. Find the mean length and weight.          Length   Weight   Length   Weight

b.                                                         5                                    3 1 5 Find the median length and weight. 5 8                                    4

4 5           1             1           7 5 

c. Find the mode length and weight.              8        2          4        8

6 1            3                        3 1 6 1 

4            8                        8

4 1           3             5           5 4 

2           8             8           8

 17. In thoroughbred horse racing, times in the quarter mile are expressed to the nearest       Of Interest

fifth of a second. In 1973, Secretariat won the Kentucky Derby with the fastest time 

Generally, horses run 

ever. The table contains his time for each quarter mile of the race.

fastest out of the gate in 

a. What is the total distance of the race?                                       Time           a race and then slow as b. What was Secretariat’s final time?                      Quarter Mile    (in seconds)      they tire. Secretariat’s 

 

c. What was Secretariat’s average time in the                                   1          record-breaking win First 25 5 quarter mile? was all the more remark-Second 24 d. What was his median time in the quarter able because he ran each 

mile?                                                  Third                 4 23 5          quarter mile faster than 

e. What was the mode time?                                                2          the previous one. Fourth 23 5

Fifth                  23
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 18. Secretariat also won the Preakness Stakes in 1973. The table contains                         Time  

his time for each quarter mile of the race.                                   Quarter Mile    (in seconds)

a. What is the total distance of the race?                                                            2 First 24 5

b. What was Secretariat’s final time?                                                            4 Second 23 c. What was Secretariat’s average time in 5

the quarter mile?                                                                             1 Third 23 

5

 

d. What was his median time in the quarter mile?                         Fourth               1 24 5 e. What was the mode time? Fifth 4 18 5

Objective 3

 

Prep Exercise 3 What is the first step in evaluating d when d = 1            3 5 ? 

2            4

For Exercises 19–26, evaluate the expression using the given values.

 

 19. x + vt; x =   1            1                                      4            1 2 , v = 30, t = 20. x + vt; x = 6 , v = 40, t =

2            4                                      5            6

 

 21.      2           1     3                                            1       2 2 mv ; m = 1 , v = 22. mv ; m = 6 , v =-4 4 2 5

 

 23. 1           4     1                                  1            1      1 2 at ; a =-9 , t = 2 24. at ; a =-32 , t = 2 2 5 2 2 5 2

[image: ]

 

 25. 2xyz; x = 1        3       8                                    1        1       10 , y =-1 , z =-                      26. 2xyz; x =-, y =-2 , z =

6                                                                  -4 7 5 3 7

 

Objective 4

Prep Exercise 4 What is a trapezoid?                             Prep Exercise 5 What is the formula for the area of a trap-

ezoid, and what does each variable in it represent?

 

For Exercises 27–30, find the area.

 27.             8 m                                                     28.           7 in.

 

5 1  m                                                                                9 in.

2

 

11 m                                                        1 4 in.

3

 29.               6 ft.                                                      30.              9 cm

 

3 2 ft.

3

13 cm

101  ft. 2

 

13 2 cm

5

Objective 5

 Prep Exercise 6 What is the formula for the area of a circle, and what does each symbol in it represent? 

 

For Exercises 31–34, use 22 for . p

7

 31. Find the area of a circle with a radius of 14 inches.              32. Find the area of a circle with a radius of 3 feet. 

 33.  1 1  Find the area of a circle with a diameter of 2   meters.  34.  Find the area of a circle with a diameter of 10 

2 3

centimeters. 
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 35.   36. Find the area of the shaded region. The diameter of  Find the area of the shape shown.  1  the circle is 4  inches.  2

16 m                                                         5 30 in. 8

7 7 m

  10

3 m                                                 3 m

9 in.

11 m                16 m                11 m

 

19 3 in.

4

 

Objective 6

For Exercises 37 and 38, combine like terms and write the resulting polynomial in descending order of degree.

 

 37. 1     3     1                                       3           1 2 2 3 3 x-x-x-6 x 38. n-3 n--2 2 4 3 8 4

For Exercises 39–42, add or subtract and write the resulting polynomial in descending  order of degree.

 

 39.             4         1                2 2 a 3 5 y-y + y-b + a 3 2 y + 3 y-b 5 6 3

 

 40. a 4     1         1      3          2 2 3 a + a-a-b + a 2 a + a-a + 4b 4 6 10 3

 

 41.    4     2     1      7      1     1 3 2 a 3 2 t + t-b-a t + t +b 5 3 6 10 4 2

 

 42.       4     3     1                1      1    1 2 2 a 2 x + x-x + 1 b-a 4 6 x + x-x-b 5 8 4 2 3

For Exercises 43–48, multiply.

 

 43.       1     3                          -7      5                       5 4     2 3 a-m b a m b 4 44. a x b a 2 x b 2 45. a t-t b 6 5 15-21 8 5 3

 

 46.     1        3                           1       1                      1        1 2-a 2 3 h-k b 47. a x-b a x + b 48. a u-1 b a u + 2b 15 4 2 4 4 2

[image: ]

 

Puzzle Problem   The original size of Khufu’s pyramid in Egypt was 754 feet 

[image: ]

along the base with a start height of 481 feet. It was originally covered with 

[image: ]

blocks cut so that all of the faces were smooth. (Most of these blocks are 

[image: ]

now gone.) What was the total surface area of the four triangular faces of 

[image: ]

Khufu’s pyramid? 

[image: ]

 

Review Exercises

[image: ]

For Exercises 1 and 2, solve and check.

[image: ]

[4.3] 1. 4x-9 = 11                                        [4.3] 2. 51n-32 = 3n + 7 

[image: ]

[4.3] 3. Florence studies a map and finds that her trip         [4.4] 4. Six times the sum of n and 2 is equal to 3 

[image: ]

will be 240 miles. If she averages 60 miles per                 less than n. Translate to an equation and hour, how long will it take her to get to her                    solve. destination? 1Use d = rt.2

[image: ]

[4.5] 5. David has $105 all in tens and fives. If he has 

[image: ]

15 bills, how many tens and how many fives 

does he have? 
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5.8 Solving Equations

 

Objectives                    Warm-up

 1                                  [4.3]  1. Solve and check. 7x + 2 1x-52 = 5x-2 Use the LCD to eliminate 

fractions from equations.                              3     2 [5.7] 2. Multiply. 12 a x-   b

 2                                                      4     3 Translate sentences to 

equations; then solve.

 3                                 Objective 1 Use the LCD to eliminate fractions from equations. Solve applications involving 

one unknown. In Sections 5.4 and 5.6, we reviewed solving equations using the multiplication 

 4 Solve applications involving  principle of equality and the addition principle of equality. Now let’s consider 

two unknowns. equations that require both principles. We will also develop a way to use the mul-

tiplication principle of equality to simplify equations that contain fractions.

 

Example 1                 3     2    1 Solve and check. x-    =

4     3    6

Solution:  First, we use the addition principle to isolate the variable term. Then we use the multiplication principle to clear the remaining coefficient.

 

3     2    1 x-   = 4     3    6

 

2            3    2    2    1    2         2 x-=   Add 3 to both sides. 4 3 3 6 3

 

Note -3 and 2           3           1    2122     Write equivalent fractions with  are additive 3 x + 0 = + the LCD, 6. inverses; so 4 6 3 1 2 2

their sum is 0.                 3      1     4 x =

4       + 6 6

3     5 x =        Add the fractions.

4     6

1   1            2

4 3     5 4                          4 Multiply both sides by  to isolate x. 3 # x = # 3 4 6 3 Divide out the common factors.

Note 3                        1   1        3 4 4 and  are 3 multiplicative                  1x = 10           Multiply.

inverses/recip-                       9

rocals; so their                             1                Write the solution as a x = product is 1.                           1

9         mixed number.

 

Check:         x-    = 3     2    1

4     3    6

 

3   1     2    1                                    1 In the original equation, replace a b 1 x.- with 1 9 4 9 3 6

 

3 10    2    1         1 Write #-1 as an improper fraction. 9 4 9 3 6 1    5

3 10    2    1 #-        Divide out common factors. 4 9    3    6 2    3

5    2    1-        Multiply. 6    3    6

 

Answers to Warm-up

1. x = 2 2.  9x-8
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5   2122    1 Write equivalent fractions with the LCD, 6.-6 3 1 2 2 6

5    4    1 

6-6    6

 

1    1                   1 Subtract. True; so 1 = is the solution. 9 6 6

 

Example 1 illustrates the approach to solving equations that we learned in Chap-ter 4. But working with fractions can be tedious. We can use the multiplication principle of equality to eliminate the fractions, leaving us with integers, which simplifies the process considerably.

Remember, the multiplication principle of equality simply says that multiply-ing both sides of an equation by the same nonzero amount does not change its solution(s). The principle does not say that we have to wait until the last step of the process to use it. If we multiply both sides by a multiple of all of the denomi-nators, they will divide out. To keep the numbers as small as possible, it is best to use the LCD (least common denominator).

Let’s eliminate the fractions in the equation from Example 1 by multiplying both sides of the equation by the LCD, 12.

 

3     2    1 x-   =

4     3    6

12 a 3     2      1 x                Multiply both sides by 12.-b = a b

12

4     3      6

12 3     12 2    1 12 # x-    # =

#                    Distribute.

1 4     1 3    6 1

 

12 3             4               2          Note After dividing out the common factors, 3 12 2 1 12 1 #        x   -         #       =      #                   we are left with an equation that contains only 4

1        1 3    6 1 1 1       integers, which is easier for most people to 

 9x-8 =   2     work with.

 8 8  Add 8 to both sides to isolate 9x.

 9x + 0 =   10

9x    10 =

  Divide both sides by 9 to isolate x.

9    9

 1x = 10

Note                         9 Our alterna-         Simplify.

tive method leads to               1   x =

the same solution.               1            Write the solution as a mixed number.

9

Although we used a different method to solve the equation, the check is the same as in Example 1.

 

Warning  When using the LCD to eliminate fractions, it is tempting to check the solution in the rewritten equation (or another later step). In Example 1, it would certainly be easier to check using 9                       3       2     1 x-8 = 2 instead of x 4    -        , and as long as = we made no mistakes, the solution would check in 9x-8 = 3     6 2. However, suppose 

we made a mistake in getting to 9x-8 = 2 and then made no mistakes thereaf-ter. Our incorrect answer would check in 9x-8 = 2, but it would not check in the original equation. Therefore, always use the original equation to check.

 

We can modify the procedure for solving equations that we developed in Chapter 4 to include this procedure for eliminating fractions.
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Your Turn 1                       Procedure

Solve and check.                     To solve a linear equation in one variable:

 

a.    y-3 =                             a.  Distribute to eliminate parentheses. 8 5                              1.  Simplify each side of the equation. 1 2

b.  Eliminate fractions by multiplying both sides of the equation by the 

 b.                                                     LCD of all of the fractions. (Optional) 1    1      5 + m =

4    8     16                     c.  Combine like terms.

c.-   = 7    2     1                   2.  Use the addition principle of equality so that all variable terms are on one side n +

9    3     6                    of the equation and all constants are on the other side. Then combine like terms.

 d.       =-1        3

7          5                               coefficient to avoid negative coefficients.-2-k                             Note Eliminate the variable term with the lesser 

  3.  Use the multiplication principle of equality to eliminate the coefficient of 

the variable.

 

Do Your Turn 1

 

Example 2                 2          1     2 Solve and check. 1 x-32 = x-

3          2     5

Solution:                                       2  We will begin by distributing the  to eliminate the parentheses. We will 3 then eliminate the fractions by multiplying by their LCD, 30.

 

2          1     2 1 x-32 = x-

3          2     5

 

the LCD as the first step, but this             x-#   = x-          the parentheses. Then di-3 3 1 2 5 vide out common factors. Note                                        2     2 3    1     2                     3 We could have multiplied by 1                                            2 Distribute  to eliminate 

can be tricky with the parentheses;                        1

so we chose to clear the parenthe-                    2        1     2 x-2 = x            Multiply.-

ses first. We will show how to mul-                  3           2      5

 

the first step on the next page.                  30 a x                          multiplying both sides by -2 b = a x-b 30 3 tiply this equation by the LCD in                                                         Eliminate the fractions by 2 1 2

2     5        the LCD, 30.

10                       15            6

30 2            30 1     30 2    Distribute 30 and divide # x-30 # 2 = #        x   -#                  out the common factors.

1 3            1 2     1 5

1                        1             1

 20x                              Multiply.-60 = 15 x-12

 15x     15x         Subtract 15x from both sides.

 5x-60 = 0-12

 5x-60 =-12

 60 60        Add 60 to both sides to 

 5x-0 =                   isolate the 5x term.  48

5x    48              Divide both sides =

5                   by 5 to isolate x. 5

 1x = 48                 Simplify.

5

 

x = 3              Write the solution as a 9                           mixed number. 5

Answers to Your Turn 1

a. y =   3          1 5       b. m =

5          2

c. n =     5            2-1       d. k =

-3 

12            21
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As we mentioned in the previous note, we could have eliminated the fractions         Your Turn 2

in the first step before distributing to clear the parentheses. We show this ap-

proach below.                                                                  Solve and check.

Note                      2            1      2                                         a.   y + 5 = 1        1 2                                      -x 1 Because                                                                                             y + 2 32 =

3    -x 1                                       x-                                    4        6 32

 is a                      3                  2        5

product, when                                                                               2   4     1 2               1    2     Multiply both sides by 30       b.    -   a = we multiply it by        30 #                                                                                          + a 1 x-32 = 30 # a x                                   3   5     5-b

30, we multiply              3               2    5    to eliminate the fractions. 10                                                                                      1          3     2 15 6 1 the first two fac-                                                     Note               2 Because 2   -x 30 2 30 1 30 2 is a          c.    1m + 22 = 5                                    m-

tors, 30 and ,                 # 2                                                                                                     4                4        3 1 x-3 2 = # x-#

to get 20, then                                                                                                                   1 1 1 1 the 30 to each term. d. 1 3                                                             difference, we distribute 1 3          1 2     1 5                             3 multiply the third  x-10 2 = 1x + 62-4  20  1  x - 3  2  =  15  x - 12  Multiply.  5  2

factor, x-3, by               20x-60 = 15x-12         Distribute 20. that result.



Note This equation is the same as the one in the sixth step of our previous solution. The remaining steps would match our previous solution.

 

Check:                                         3 Replace x in the original equation with 9  and verify that the equation is 

5

true. This check will be left to the reader.

Do Your Turn 2

 

Objective 2 Translate sentences to equations; then solve.

We have learned some new key words associated with fractions. In Section 5.3, we learned that the key word of indicates multiplication when preceded by a fraction. Also, the word reciprocal indicates to invert the number.

2                         2

of a number translates to n

5                         5

1

The reciprocal of n translates to 

n

The key words we’ve learned in the past, such as sum, difference, less than, and product, translate the same regardless of the types of numbers involved.

 

Example 3              2     3                         1 The sum of 2  and  of n is the same as 2 less than  of n. 3 5 3

Translate to an equation; then solve for n.

Solution:  We must translate using the key words and solve for n. The word sum

indicates addition. Less than indicates subtraction in reverse order of the sen-

tence. 3            1 of n and of n indicate multiplication because of is preceded by the frac-

5            3

tion in both cases.

Note Remember, when used with the key words sum, difference, product, and quotient, the word and becomes the operation symbol.

 

Translate:                 2       3                                         1 The sum of 2 and of n is the same as 2 less than of n. 3 5 3

s                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                s

2     2    3                    1 n        = n 2

3    5                    3

Answers to Your Turn 2

a. y =                7-36 b. a =

1         27

c. m = 2     d. x = 50 3
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Translate to an equation; then Your Turn 3                                   8    3        1                Eliminate the fractions by multiplying Solve: 15 a + n b = a n-2 b 15 both sides by the LCD, 15. 3 5 3 5 3 5 solve. 15 8 15 3 15 1 15 Distribute 15 and divide out the # 2 5 + # n = # n-# 2 a. of a number is 3 . common factors. 3 6 1 3 1 5 1 3 1 1 1 1 4 b.  The difference of x and 9 40 + 9 n = 5 n Multiply.-30 1 is equal to -3 . 6 5 n 5 n Subtract 5 n from both sides. 3 c.  3 more than  of k is 4 1 40 + 4 n = 0 Subtract 40 from both sides.-30 equal to . 8 1 40 40 d. of the difference of n and 2 2 4 is equal to  of n . 0 + 4 n =-70 5

4n    -70 =           Divide both sides by 4.

4     4

 1n =    35-             Simplify.

2

 

n =                number.-17 2 1              Write the solution as a mixed 

Do Your Turn 3

 

Objective 3 Solve applications involving one unknown.

 

Example 4                                         a a. Find the length a in the trapezoid 

shown if the area is 9 square feet.                                1 1 ft.

2

Solution:  The given area is for a trapezoid; so we use 

A = 1                                                   5 ft. h1 a + b 2 .

2

 

9 = a 1   1           In A = 1 2 h1 a b 2, replace A with 9, 1 b1 a + 5 2

2              h      1 with 1, and b with 5.

2                 2

 9 = 1               Write the mixed number as an 3 a b1 a + 52

2              improper fraction. 2

 

 9      3                     1     3 Multiply = 1 a + 5 2 and . 2 2 4

1

 4 #           4               Eliminate the fractions by multiply-3 9 = #       1 a + 5 2

1              ing both sides by the LCD, 4. 4

1

 36 = 3 1a + 52         Multiply.

 36 = 3a               Distribute 3. + 15

               Subtract 15 from both sides to isolate the 3a term. 15 15

 21 = 3a + 0

21    3a =

Divide both sides by 3 to isolate a.

3    3

Answers to Your Turn 3                          7 = a                Simplify.

a.    n = 2      5       3 3 ; n =

5                 Answer: The length a is 7 feet.

3      6       4

 

b. x-    = 4      1        13         b.  Juan is taking a course in which his grade is determined by the average -3 ; x = 9 -2  (mean) of four tests. He has the following test scores in the course: 68, 85,  6

18

 

c.  3 +   k =   ; k =-3                      What is the minimum score he needs on the last test to get a B? 4 3 and 90. To get a B, he must have a test average (mean) of 80 on the four tests.  1  5

8        6

d. 1 1          2 n-4 2 = n; n =

20

2          5
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Solution:  To calculate a mean, we divide the sum of the scores by the number of        Your Turn 4

scores.

sum of the scores 1  ezoid shown if the area is 4  a.  Find the length a in the trap-

number of the scores = mean 2

square meters.

Let x represent the unknown fourth test score.                                                      a

 

68 + 85 + 90 + x                                                      1  m 80 = 2 4

243                                                                   10 m + x

4    = 80    Add in the numerator.

 b.  Trina’s grade in a course is 

 

 4 #                   = 243 determined by the average  +  x  Eliminate the denominator  80 # 4 (mean) of five tests. Her 

4             by multiplying both sides by 4.

 243 + x = scores on the first four tests 

320

are 80, 92, 88, and 94. To 

-243        -243   Subtract 243 from both sides.                   get an A, she must have a 

 0 + x = 77 final average (mean) of 90 

x or higher. What is the mini- =  77

mum score she needs on the 

Answer:  If Juan scores 77 on the last test, the mean of the four tests will be ex- fifth test to receive an A?

actly 80 and he will receive a B.

Do Your Turn 4

 

Objective 4 Solve applications involving two unknowns.

In Chapter 4, we developed techniques for solving problems that have two unknowns. In general, these problems have two relationships that we translate to an equation.

 

Example 5  A small company has two salespeople. In one particular week, 

Benjamin’s total sales are half the amount sold by Florence. If the total amount 

of sales for the week is $12,000, how much did each person sell?

Understand  We are to find the amount that Benjamin sold and the amount that 

Florence sold. Two sentences describe relationships.

Relationship 1:  Benjamin’s total sales are half the amount sold by Florence.

Relationship 2: c the total amount of sales for the week is $12,000 c

Plan and Execute  Translate the relationships to an equation using f as the 

amount sold by Florence. Then solve.

Relationship 1: Benjamin’s total sales are half the amount sold by Florence.

r

Benjamin >         1 s sales =

# f

2

Relationship 2: cthe total amount of sales for the week is $12,000 c

 Benjamin >s sales + Florence>s sales = $12,000

1 f                +                f           = 12,000 2

2 a 1 f   + f b = 112,000 22   Multiply both sides by 

2                    2 to clear the fraction.

 

Answers to Your Turn 4

a. a = 8 m b. 96
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Two boards are joined. One Your Turn 5                                                      1 2 # f + 2 # f = 12,000 # 2   Distribute the 2. 2 f 2 + 2 f = 24,000 Multiply. board is  the length of the other. 3 = The two boards combine to be  3 f 24,000 Combine like terms. 7 1 feet. What are the lengths of                                                      3f 2                                                                                                              24,000

=  Divide both sides by 3 

both boards?                                                               3      3         to clear the coefficient.

f = 8000

Answer Because f represents Florence’s sales, we can say that her sales amounted to $8000. If Benjamin’s sales were 1 of Florence’s, his sales totaled 

2

only $4000.

Check  Notice that the sum of their sales is in fact $12,000.

$4000 + $8000 = $12,000

Do Your Turn 5

 

In Chapter 4, we solved problems with two unknowns involving geometry terms 

such as perimeter, complementary angles, and supplementary angles. Let’s look at 

these problems again.

 

Example 6                                   A             D Figure ABCD is a rectangle. If  1 DBC is 14 3  less than ABD, what are the angle measurements?

Understand  We must find the angle measurements. It 

seems that we are given only one relationship.              B                  C

      1 DBC is 14          ABD. 3  less than 

The other relationship is implied by the shape. Because the shape is a rectangle, each corner angle measures 90 . Therefore, DBC and ABD are complemen-tary, which means that the sum of their measurements is 90 .

Plan and Execute  Translate the relationships to an equation using a as the mea-surement of ABD. Then solve.

Relationship 1:           1 DBC is 14  less than 3 ABD.

DBC =     1 a-14 3

Relationship 2:  The sum of the angle measurements is 90.

 

ABD + DBC = 90 ¶                                                                                                                                  1

Note                                                a    + a-14    = 90 3 We could have eliminated 

 

the fraction by multiplying both                                           1  2 a                  Combine like terms.-14 = 90 sides by 3. We chose not to as a re-3 minder that eliminating fractions 

from an  equation is optional.                                       1      1          1            1 2a-14    + 14    = 90 + 14   Add 14 3 to both sides.

3      3          3

 2a + 0 =     1 104          Add.

3

1       313 1                       1 # 2a = #                       Multiply both sides by 2 to isolate a.

2        3   2

 1a = 313         Simplify.

Answer to Your Turn 5                                                       6

4     ft., 3 ft.                                                                                    a = 1                                                            1 52  Write the result as a mixed number.

2                                                            6
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Answer Because ABD is represented by the variable a, we can say that               Your Turn 6 1 1 ABD = 52 . Because DBC a 6 =-14 , we can find its value by replacing a 3 1 with 52  and then subtracting. a.  The length of a rectangular 6 1 frame is 3  inches longer 2 1 1 than the width. If the perim-DBC = 52 -14 6 3 eter is 42 inches, what are 

 

 1      1 122                                                  the dimensions of the frame?  Write equivalent fractions with the LCD, 6.  DBC  =  52  - 14  6  3  1  2  2  b.   A piece of steel is welded to 

 

    = 52 -14                                        two angles with the truss. 6 DBC 1 a horizontal truss, forming  2  6  The larger of the two angles 

 

      7      2                                                       1 is 2 1 DBC = 51  so that we can subtract. 2 more than twice the -14 Rewrite 52 6 6 6 smaller angle. Find the angle 

 

      5                                                         measurements. Subtract. DBC = 37  c.  A rectangle has a width that 6

is half the length. The pe-

 

 1                  5                                                      1 rimeter is 37  meters. What  ABD  is 52    and   DBC  is 37   .  2  6  6  are the dimensions of the 

Check  Verify that the sum of the angle measurements is 90                              rectangle? .

ABD + DBC = 90                  Answers to Your Turn 6

 

 52 1      5                                    3        1 + 37 90 a.  8  in. by 12  in. 6 6 4 4

Note 6 6                                          6                                                          1        5 is 1, which                      89    90                             b. 59 , 120 adds to 89 to get 90.                        6                                                    6       6

 

Do Your Turn 6                             90                                                           1       1 = 90 c. 12  m by 6 m 2 4

 

5.8             For Exercises

Extra

Help

 

Objective 1

Prep Exercise 1 Explain how to use the multiplication principle of equality to eliminate fractions from an equation. 

For Exercises 1–20, use the LCD to simplify the equation, then solve and check.

 

 1. x +   = 3    1                             4    2                             1    1 2. y +   = 3. p-   =

4    2                             9    5                             6    3

 

 4. q-   = 2    3                         5       3                         1       3 5. + c = 6. + d =

3    7                         6       5                         3       4

 

 7. a = 3     1                            2     1                            6     8 8. b = 9. f =

4     2                            5     10                           35    15

 

 10.      g = 14     21                                1    1                          2         1 11. 3b-    = 12.    y-8 =

15     20                                4    2                          3         6

 

 13.    x +    = 3     1    1                        1     2                            4    a    3 14.    p +    = 2                               15.     -    =-1 

4     6    2                        5     3                            5   2    4
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 16.     -     = 1    b    1                         1        5     2                    1        3     1-2                      17.    + n = n-                  18.    + m = m +

3    4    2                         8       6     3                    6        4     3

 

 19.    1 1          1     2                 5          1    1 x-62 = x-                20. 1 k-82 = k-

2          4     5                 6          5    3

 

Objective 2

Prep Exercise 2 In the following sentence, the word of translates to which operation of arithmetic?

4                             1 of some number is 2 . 

5                             2

Prep Exercise 3 Explain the mistake in the translation. Then translate correctly, but do not solve.

2                                                    1 of the sum of some number and 6 is 8 .

3                                                    2

Translation:  2               1 n 6 3    +       8 =

2

 

For Exercises 21–28, translate to an equation and solve.

 21. 3                            5                                                                         1                                 1 of some number is 4 .  22. The product of 2  and some number is 4 .

8                            6                                                                         3                             -   2

 

 23.     7                        1                                                       2                        1 8  less than y is 10                 -2 .  24. 6  more than m is 5 . 

2                                                       3                        12

 25.    1                                1                                              5                4               9 3  more than twice n is .  26.  is . 4                             -                                                less than 3  times k

6                                              8                5              16

 27. 3                                                1                                2                                                          1 of the sum of b and 10 is equal to 1  added to b . 28.  of the difference of 1 and h is the same as 1  times h.

4                                                6                                5                                                          4

 

Objective 3

Prep Exercise 4 What are the formulas for the area of a          Prep Exercise 5 How do you find the mean of a set of triangle and the area of a trapezoid?                           scores? 

 

For Exercises 29–42, solve.

 29.                                                                                                                                      a Find the length b in the triangle shown if the area is  30. Find the length a in the

7 41 square centimeters.                                         trapezoid shown if the 

50

area is 122 1 square inches.

2

10 in.

3 2 cm

5

13 1 in.

b                                                                      2

 31. Daniel’s grade in a course is determined by the aver-     32. Heather’s grade in a course is determined by the aver-

age (mean) of five tests. His scores on the first four  age (mean) of six tests. Her scores on the first five tests 

tests are 86, 96, 90, and 88. To get an A, he must have  are 83, 78, 82, 70, and 76. To get a B, she must have a 

a final average of 90 or higher. What is the minimum  final average of 80 or higher. What is the minimum 

score he needs on the fifth test to receive an A?               score she needs on the sixth test to receive a B? 

 33. If Lonnie has a test average (mean) of 94 or higher,        34. If Fernando has a test average (mean) of 90 or higher, 

she will be exempt from the final exam. She has taken  he will be exempt from the final exam. He has taken 

three out of the four tests for the course. Her scores  four out of the five tests for the course. His scores 

on the three tests are 88, 92, and 90. What is the low- on those four tests are 85, 88, 94, and 86. What is the 

est she can score on the last test to be exempt from  lowest he can score on the fifth test to be exempt 

the final exam?                                            from the final exam? 
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Objective 4

Prep Exercise 6 Exercise 35 contains two relationships           Prep Exercise 7 In Exercise 35, what are the two un-used to build an equation. Write the sentence that             known amounts? describes each relationship.

 

Prep Exercise 8 In Exercise 35, which unknown amount should be represented by the variable? Why?

 

 35.                                                                                                                             5 Mary is part of a team of social workers trying to raise  36. Rosa discovers that her salary is  of Rick’s salary, yet 6

funds to build an outreach center for a neighborhood.  they have the same job. The difference in their sala- 1  Mary alone raises 2   times what the rest of the team  2  ries is $4700. What are each of their salaries?

does. The total amount raised was $31,542. How much 

did Mary raise? How much did the rest of the team 

raise? 

 37. Two chemical storage tanks hold the same amount.        38. A computer has two equal-size hard drives. Drive C 

Tank A is 3                            2                                          4                                   1 full, while tank B is  full. The two tanks is  full, while drive D is only  full. If the two drives 

4                            3                                          5                                   4

currently have a combined total of 1700 gallons of                                        3 have a combined total of 6  gigabytes stored, how 

10

CO 2. How much do the tanks hold?                        much does each drive hold? 

 39.                  3                                                                                        2 In a survey,  of the people contacted agreed to an- 40. In a political poll,  of the respondents said that they 

4                                                                                        5

swer a single yes-or-no question. Of these people, 1 would vote for a certain candidate. Of these respon-

5

answered yes and the rest answered no. What frac-                1 dents,  were men. What fraction of all respondents 

3

tion of all people contacted said no?                          that voted for the candidate were women? 

 41. Two boards come together as shown. The smaller         42. At exactly 3:00:10, what are the angles made between 

angle measurement is 1 the measurement of the larger  the second hand and the minute and hour hands of a 

3

angle. Find the angle measurements.                         clock? 

[image: ]

 

Puzzle Problem Two people are in a desert together. They have half 

[image: ]

a gallon (8 cups) of water in a canteen to split between them. They 

[image: ]

decide to divide the water so that they each get 4 cups. The prob-

[image: ]

lem is that one person has a container that holds 3 cups while the 

[image: ]

other person has a container that holds 5 cups. How can they use 

[image: ]

their containers and the canteen to get 4 cups each?

[image: ]

 

Review Exercises

[image: ]

 

[5.1] 1. Use 6 , 7, or = to write a true sentence.                                                9x [5.2] 2. Simplify to lowest terms. 2 6 7 24 x  ?  17 19

[image: ]

 

[5.3] 3. Multiply.      #-4 21                                            14a     21 9                                  [5.4] 4. Divide.        , 4 30

[image: ]

15ab     25ab

[image: ]

7     2

[image: ]

[5.6] 5. Add.    + 5 

[image: ]

8     3
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Chapter 5  Summary and Review Exercises

 

5.1 Introduction to Fractions

Definitions/Rules/Procedures                          Key Example(s)

 

A fraction is a quotient of two numbers or expressions  Name the fraction in lowest terms represented by the 

a and b having the form          , where b ⬆ 0.             shaded region.

The numerator of a fraction is the number written in 

the           position.

The denominator of a fraction is the number written in 

the           position.

 

An                                                        4    2 improper fraction is a fraction in which the abso-Answer: = 10 5 lute value of the numerator is  the 

absolute value of the denominator.                         Simplify.

 

value of the numerator is                                    a.     = 8 b.      = 1 c.      is undefined the absolute value of 1 A proper fraction is a fraction in which the absolute            8           60           14 60          0

the denominator.

 

[5.1] For Exercises 1 and 2, name, in lowest terms, the fraction represented by the shaded region.

1.                                                                               2. 

 

[5.1] For Exercises 3 and 4, simplify.

18                                                     -14

3.                                                                               4. 

1                                                   0

 

Definitions/Rules/Procedures                           Key Example(s)  

 

A                                                          19 mixed number is a(n)  combined with a(n) Write  as a mixed number.

8

.

2

A rational number is a number that can be expressed       8 冄19

 

in the form a                                              16           3 , where a and b are  and b ⬆ 0.-2 b 3 8

To write an improper fraction as a mixed number:

Write 5 7 as an improper fraction.

1.  Divide the denominator into the numerator.                     8

 

2.  Write the result in the following form:                                    7    8 # 5 + 7    40 + 7    47 5 = = = 8 8 8 8 v ? 冷 ? 冷 original denominator Note Many people do not write 

these steps, performing the 

 calculations  mentally.
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Definitions/Rules/Procedures                           Key Example(s)  

 

To write a mixed number as an improper fraction:

1.   Multiply the absolute value of the integer by the 

denominator.

2.   Add the product from step 1 to the          . The re-

sult is the             of the improper fraction.

3.   Keep the same denominator and sign.

 

[5.1] For Exercises 5 and 6, write each improper fraction as a mixed number.

40                                                      29

5.                                                                               6.-

9                                                    4

[5.1] For Exercises 7 and 8, write each mixed number as an improper fraction.

2                                                    1

7. 6                                                                                8. -5 

3                                                    2

 

Definitions/Rules/Procedures                           Key Example(s)  

 

To graph a proper fraction on a number line , draw                7 Graph  on a number line. evenly spaced tick marks between  (if positive) 10

number of equal-sized divisions equal to the denomi-       Solution:                       7 or            (if negative) to divide that segment into the 

nator. Then draw a dot on the tick mark indicated by                     0                  __       1 10

 

the numerator.                                                    13 Graph - on a number line. To graph an improper fraction on a number line , write 5

 

mixed number.                                                 13       3 Solution: it as a                     and follow the process for a 

To graph a mixed number on a number line

, draw                     -     -2 = 55

evenly spaced tick marks between the integer and the 

 (if positive) or                                                                 3 3 _ 2         2 5

(if negative) to divide that segment into the number of 

equal-sized divisions equal to the denominator. Then 

draw a dot on the tick mark indicated by the numerator.

 

[5.1] For Exercises 9 and 10, graph each number on a number line.

1                                                     5

9.                                                                               10. -2 

5                                                                       8

 

Definitions/Rules/Procedures                           Key Example(s)  

 

Equivalent fractions are fractions that  Fill in the blank so that the fractions are equivalent.

 

To write an equivalent fraction .                                                                   4       ?                    12         4 a. = b. -=-, 5 15 15 ?

both the numerator and denominator by the same 

Solution: Solution:

 nonzero  number.

 

5 =    =       -   =-      =-5 4    4 # 3    12       12      12 , 3     4

# 3      15           15        15 , 3       5 360   Chapter 5  Fractions and Rational Expressions

 

For Exercises 11 and 12, fill in the blank so that the fractions are equivalent.

 

11.      = 24     4                                                 9       ? 12.-    =

30                                                           - ? 11 44

 

Definitions/Rules/Procedures                           Key Example(s)  

 

A multiple is a number that is                 by a           Use 6, 7, or = to write a true statement.

given number.                                                               5     4

  ?  

To compare two fractions:                                                       8     7

1.   Write equivalent fractions that have a(n)                   Use cross products to write equivalent fractions with a 

.                                                           common denominator.

 

2.  Compare the                of the equivalent                         35    5 # 7    5   4    4 # 8    32 fractions.                                                                      =       =    ?    =       = 56 8 # 7    8   7    7 # 8    56

35    32           5    4

7   ; therefore,    7   .

56    56           8    7

 

[5.1] For Exercises 13 and 14, use 6 , 7 , or = to write a true statement.

5     7                                               5       3

13.   ?                                                            14.-      ?  -

9    13                                               24      16

 

5.2 Simplifying Fractions and Rational Expressions

Definitions/Rules/Procedures                          Key Example(s)  

 

A fraction is in                                                              70 lowest terms when the greatest com-Simplify  to lowest terms.

182

mon factor of its numerator and denominator is      .

To simplify a fraction to lowest terms                                             or 70     70 , 14     5 = =

, divide the nu-       182     182 , 14    13

merator and denominator by their                     .            1     1

 

To simplify a fraction to lowest terms using primes:           =          = 182 70     2 # 5 # 7     5 2 # 7 # 13    13

1.   Replace the numerator and denominator with their              1 1

 

2. Divide out                                             Simplify -      to lowest terms. 2 . prime factorizations.                                                    3 18 x 24x

3.  Multiply the remaining factors.                                                   1   1      1   1 # # # # #

-       -              -2 = 18 3 x      2 3 3 x x x     3x

A rational expression is a fraction in which the numer-                   24x         # 2 # 2 # 3 # x # x       4 2            =

ator and denominator are                                                        1          1   1   1 .

 

[5.2] Simplify to lowest terms.

15                                                       84

15.                                                                       16.-

35                                                      105

8 3                                                                               2 m n 6 xy

17. -                                                          18. 2     5 26 n 20 y
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5.3 Multiplying Fractions, Mixed Numbers, and Rational Expressions

Definitions/Rules/Procedures                          Key Example(s)  

 

To multiply fractions:                                     Multiply.

Method 1: 1.          the numerators and                     14   9      2 # 1          1 7    3 #

a.-    #                      3       21 = =-              -#

the denominators.                              15 16      3 # 5 2 # 2 # 2 # 2      40

1       1

 

2.  Simplify the product.                                          1     1    1 9a   -16    3 # 3 # a-2 # 2 # 2 # 2 #

Method 2: 1.            factors of any numerator with      b.            =        # 2 10 b 21 a 2 # 5 # b 3 # 7 # a # a identical factors of any denominator. 1 1 1

 

 2.  the remaining numerator                 24 =

 factors and multiply the remaining                            -35ab denominator  factors.

c. -6    # 3      1      51     4 a-1 b = #    a b

To multiply mixed numbers:                                             -     -8 3 8 3

1.  Write the mixed numbers as                   .                                  1          1 1 3 # 17      2 #

2.   Divide out factors of any numerator with identical                          =                  2 a b-        -#

2 # 2 # 2       3

factors of any denominator.                                                   1 1          1

3.   Multiply the remaining factors (numerator by                              = 17

2

 numerator and denominator by denominator).

4.   Simplify. If the product is an improper fraction, write                        =   1 8 

2

it as a mixed number in simplest form.

 

[5.3] For Exercises 19–22, multiply. Write the product in lowest terms.

 

19.    # 4 12                                                10n 14np 20.      # 3

9 20                                                6p    8n

 

21. h3                                                                                   1    2 12 k 22. 4 # a-#-b 2 2 3 4 k 15 h

 

Definitions/Rules/Procedures                          Key Example(s)  

 

To evaluate a fraction raised to a power, evaluate both      Simplify.

 

In math language:                                        a. a   b   =     =            = 4 3 the numerator and denominator raised to that power.              4     4 2 2    2 # 2 # 2 # 2    16 3    3 # 3 # 3 # 3    81

 

a a n                                                        2 ? 3          2 3-b 2 x 1-2 x 2 = when b ⬆ 0 b. a b = b ? 3 5 5

 

=      5 1    2-2 x21    2       2-2 x 21-2 x2 # 5 # 5

 

= 125-8 6 x

 

[5.3] For Exercises 23 and 24, simplify.

 

23. a 1 6                                                                                        2 3 b a b 24.         3-xy

2                                                    5
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5.4 Dividing Fractions, Mixed Numbers, and Rational Expressions

Definitions/Rules/Procedures                           Key Example(s)  

 

To divide fractions:                                        Divide.

 

1.   Write an equivalent multiplication by changing the           9     3     9   10 a.       ,      = operation symbol from division to multiplication                          #

16    10    16 3

and changing                        .                                  1       1

 

2.   Multiply. Use either method described in the proce-                        3 # 3     2 # 5 =        # 2 dure for multiplying fractions. (Section 5.3)                                # 2 # 2 # 2     3

1                1

3.   Simplify. If the result is an improper fraction, write it                      15 =

as a mixed number in simplest form.                                  8

 

To divide mixed numbers:                                            7 1 = 8 1.  Write the mixed numbers as improper fractions.

 

2.   Write an equivalent multiplication by                            5k     25k       5k    2m b. -, =-# 2 2 16 m 2 m 16 m 25 k

.                                                                                                         1   1               1    1 5 # k 2  #

3.   Multiply. Use either method described in the proce-                         =                         m-             #

2 # 2 # 2 # 2 # m # m 5 # 5 # k

dure for multiplying fractions. (Section 5.3)                                      1           1      1     1

 

4.   Simplify. If the product is an improper fraction, write                               1 =-it as a mixed number in simplest form. 40 m

 

c. -2     , 5    = 2     1     12    21

5         -   , 4 5 4

= 12 4-   #

5 21

2 #    1 2 # 3 2 #

=          2-      #

5    3 # 7

1

= 16

-35

 

[5.4] For Exercises 25–28, divide. Write the quotient in simplest form.

 

25.    5     -15                                          20a    10 26.-, a b , 3 6 28 12 ab 8 b

 

27.    8 6                                                                             1       4 x y 2 xy 28. 7 , 2 -, 3 2 5 5 25 x 5 z

 

Definitions/Rules/Procedures                           Key Example(s)  

 

To find the square root of a fraction, try the following:     Simplify.

 

1.   Find the square root of the                and                     49      249      7 a. = = separately; then simplify. A 100 2 10 100

 

2.            the fraction; then find the square root of              75 the quotient.                                              b.        = 225 = 5 3

A

 

[5.4] For Exercises 29 and 30, evaluate the square root.

100                                                     50

29.                                                                    30. A 36                                                  A 2
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5.5 Least Common Multiple

Definitions/Rules/Procedures                          Key Example(s)  

 

The least common multiple (LCM) of a set of numbers     Find the LCM.

is 

a. 18 and 24 

.

Listing method:

To find the least common multiple (LCM) by listing, 

24             48           72

.                                is not                  is not             is

To find the LCM of a set of numbers using prime                 by 18. divisible         divisible      divisible

factorization:                                                        LCM1           by 18.         by 18. 18, 24 2 = 72

1.  Find the prime factorization of each given number.

Prime factorization method:

 

2.   Write a factorization that contains                                                                 2 18 = 2 # 3 . = 24 3 2 # 3 3.  Multiply to get the LCM. 1 LCM 18, 24 2 = 32 2 # 3

= 2 # 2 # 2 # 3 # 3

= 72

b.      3               2 18 x y and 24 xz

 LCM    3                          3    2 2 3 2 1 18 x y , 24 xz 2 = 2 # 3 x yz

=      2 8 # 3 9 x yz

=    3 2 72 x yz

 

[5.5] For Exercises 31 and 32, find the LCM.

31.                                                                                      2 28 and 24 32. 15 x and 20 xy

 

5.6 Adding and Subtracting Fractions, Mixed Numbers, and Rational Expressions

Definitions/Rules/Procedures                          Key Example(s)  

 

To add or subtract fractions with the same                 Add or subtract.

denominator:

a.            = 2   1    3    1 =

1.   Add or subtract the              and keep the same              + 9 9    9    3

.

2. Simplify.                                                  b.      -    = 5h   1    5h-1

2    2      2

Note: With rational expressions, we can combine only 

2x-9   x + 1

like terms in the numerators. For unlike terms, we must     c.          -

express the sum or difference as a polynomial.                   5y       5y

 

=       5 12x-92-1x + 12 y

 

=        5 12x-92 + 1-x-12 y

 

= x-10

5y

 

For Exercises 35–36, add or subtract.

5   1                                                4    1

33.    +                                                          34.     -

9   9                                              15    15
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35.      +                                                          36.          -y 3n    n                                             7x-1   2x + 3

8    8                                                        y

 

Definitions/Rules/Procedures                          Key Example(s)  

 

To add or subtract fractions with different                 Add or subtract.

 

denominators:                                                  1 1 3122    3132 a. + = + 1.   Write the fractions as 6 4 6 1 2 2 4 1 3 2 . 2 9 = 2.   Add or subtract the numerators and keep the com-+ 12 12

mon denominator.

= 11

3. Simplify.                                                               12

b. 1   5    1142   5

2   8    21-         -= 4 2 8

= 4   5

8-8

= 1

-8

 

c.  3      9      312y2      9 1x2  5 2-              -= 2 x

10xy    5x 12y2    10xy1x2

 

=      -2 6y      9x

10          2 x y 10 xy

 

= 6y-9x

10 2 xy

 

[5.6] For Exercises 37–40, add or subtract.

5    1                                               9    4

37.    +                                                          38.     -

6    5                                              15    5

7    3                                              5    7

39.      -                                                          40.     -

6h   4h                                            8a   12

 

Definitions/Rules/Procedures                          Key Example(s)

 

To add or subtract mixed numbers:                      Add or subtract.

 

Method 1: Write as                 ; then add or sub-         3     3 a. 2 + 5 tract those . 5 4

 

Method 2:  Add or subtract the                                          3     3    13    23 Method 1: 2    + 5    =

separately.                                                                                + 5 4 5 4

 

=      + 5 13142 23152

142 4152

= 52 115

20 + 20

= 167

20

=   7 8 

20
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Definitions/Rules/Procedures Key Example(s)

 

1     2

b. 8     -5 

4     3

 

 Method 2: 8    -5    = 8       -5 4 1     2     1 32     2142

3     4 132     3142

=   3      8 8       -5 

12     12

= 15     8 7       -5 

12     12

=   7 2 

12

 

For Exercises 41 and 42, add or subtract.

 

41. 4     + 6                                                              42.-5    -a 5    2                                              1       1-2 b

8    3                                              6       3

 

5.7 Order of Operations; Evaluating and Simplifying Expressions

Definitions/Rules/Procedures                          Key Example(s)  

 

Perform operations in the following order:                               2 3    1    2 Simplify. a b

 

2.   , and fraction bars   .                                    =                Simplify the exponential form.-, 16 6 3 in order as they occur from left to 9 1 3 right =-# Rewrite the division as multiplication. 16 6 2 3.   in order as they occur from 1 1.                                                                            -   , . These include parentheses 12 , 4 6 3  brackets 3 4, braces { }, absolute value 兩 兩 , radicals                 9     1     2 1

 

4.  left to right                                                             9     1 3     Divide out the common factor. =-# in order as they occur from left 16 6 2 2 to right 9 1 h h h =  Multiply.-Note: Use G  ER MD  AS to remember the order. 16 4

 

= 9    1142   Rewrite with the LCD, 16.-16 4 1 4 2

= 9    4

16-16

= 5          Subtract.

16

 

[5.7] For Exercises 43 and 44, simplify.

 

43. 3     +   a 1   1 2    1                                            1         3-                                 44. b a 4 +    b-8 ,

2   4 3    6                                            12         4
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Definitions/Rules/Procedures                          Key Example(s)  

 

To evaluate an expression:                                         2                                1 Evaluate x-5xy when x =-6 and y = .

1.                   with the corresponding given values.                   3                           10

 

2.                                                                              2               1 using the order of operations agreement. 1-6 2-5 1-6 2a b   Replace variables with values. 3 10 To combine like terms , add the  and keep 2

the               and their               the same.                    2    6               Write as improper fractions and = a b

To add polynomials 3- divide out common factors.  1  ,  .  1

To subtract polynomials                                      1      3 :

5    6    1 a b a b

1.   Write the subtraction expression as an equivalent             -   -1 1    10

1

addition expression.                                                             Multiply. =-4 + 3

a.  Change the operation symbol from a - to a +.            =-1                Add.

b.  Change the subtrahend (second polynomial) to its 

Combine like terms.

additive inverse by                                .

 

2.   Combine like terms.                                       7      1     2     1 2 2 x + x-x + x 12 4 3 2

 

To multiply monomials:                                     7      2      1     1 2 = 2 x-x + x + x Collect the like terms. 1. Multiply the . 12 3 4 2

 

2.                          of the like variables.                                7        2142 2 = 2 x-x                Rewrite the frac-+ 12 3 1 4 2 To multiply two polynomials: tions with their 1 1 1 2 2 LCD. 1.  Multiply  in the second polynomial by x + x 4 2 1 2 2 in the first polynomial. Add the coefficents 7 8 2. = 2 2 like terms. x-x + and keep the vari-12 12 ables and their ex-

1    2                 ponents the same.

x +   x

4    4

 

=-1      3 2 x + x 12 4

Add or subtract.

 

a. a 1     4      1     1 x +   b +    x a b

6              -5 6 5

= 1    1     4   1 x Collect the like terms.  +  x  + -

6    6     5   5

= 2    3 x Combine the like terms.  +

6    5

= 1    3 x                Simplify. +

3    5
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Definitions/Rules/Procedures Key Example(s)

 

b. a 5     3      1     1 x-b-    x a b

9              -4 9 12

= 5     3        1     1 a x Rewrite as addition. - b  +   -x a  b

9                + 4 9 12

= 5    1     3    1 x-x Collect the like  - +

9    9     4   12          terms.

 

= x-x-     + 9 9 4 1 5     1     3 132    1        Rewrite the frac-32 tions with their LCD.  12

= 5    1     9    1 x-x-    +

9    9     12    12

= 4     8 x Combine the like  -

9    12                   terms.

= 4    2 x                        Simplify.-

9    3

Multiply. 

1

a.     5      7       5 7         7 2 a x b a xy b = 2   3 x + 1 y = xy 6 10 6 10 12

2

 

b. a 1          2 m-1 b a m + 4 b

4         3

1                1

= 1    2     1    4      2 m ~ m + m ~-1 ~ m-1 ~ 4

4    3     4    1      3 2                1

 

= 1          2 2 m + m          Multiply.-m-4 6 3

 

= 1      3     2 2 m + m        Write with the LCD.-m-4 6 3 3

 

= 1      1 2 m             Combine like terms. + m-4 6 3

 

45. Evaluate m-2n when m = 3                   5          3- and n =

1 . 

4                   9          4

 

[5.7] For Exercises 46–50, simplify and write the resulting polynomial in descending order of degree.

 

46. 3          1 2 2                                         1      2            3 2 2 x + 9 x-x-2-11 x 47. a n-n-3 b + a n + 1b 5 2 4 3 8

 

48.        3     5     2      1           1                     2      7 3 a 12 y-y + b-a 2 y + 2 y + b 49. a 3 b b a-bb 6 5 2 3 7 8

 

50. a 1             3 x + 2 b a 5x-   b

4             2
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5.8 Solving Equations

Definitions/Rules/Procedures                           Key Example(s)  

 

To solve a linear equation in one variable:                 Solve.

 

1.  Simplify each side of the equation.                        2            1      2             Eliminate the 1 x-12 = 3           x-            fractions by 2 a.  Distribute to eliminate parentheses.                                        5             multiplying both 2 2 1 2 b.  Eliminate fractions by 

the equation by the                 both sides of        30 a   x-   b = a               sides by the x-b 30 3 3 2 5 LCD, 30. of all of the frac-

tions. (Optional)                                        10            10          15            6

30 2     30 2    30 1     30 2 # x-    # = #        x   -

c.  Combine like terms.                                                                   #

1 3     1 3    1 2     1 5

1             1           1             1

2.   Use the addition principle of equality so that all                   20x-20 = 15x-12

 variable terms are on one side of the equation and  

all constants are on the other side. Then combine                 -15x     -15x

like terms.                                                           5x                          Subtract 15x from -20 = 0-12

both sides

Note Eliminate the variable term                              5x-20 =-12

with the lesser coefficient to avoid 

negative coefficients.                                              + 20     +20

 5x-   0 =    8

 

3.   Use the multiplication principle of equality to                           5x    8            Add 20 to both sides. eliminate the coefficient of the variable. = 5 5

 1x = 8   Divide both sides by 5.

5

x = 3 1  Write the answer as a 

5        mixed number.

 

[5.8] For Exercises 51–54, solve and check.

 

51. y-3    = 4    1                                           3     4 52.-n =

5    3                                           8     3

 

53. 1         3                                         1      2     3 m-5 = 54. a n-b = n + 2 2 4 2 3 4

 

Learning Strategy

Writing formulas in different colors or sizes next to a corresponding picture or diagram on a study sheet can help you memorize them.

—Stefanie P.

 

Geometry

 

Circles

[5.3] A circle is a collection of points that are                    from a central point, called the center.

[5.3] The radius of a circle is the distance from the               to any point on the circle.

[5.3] The diameter of a circle is the distance             a circle along a straight line through the center.

[5.3] The circumference of a circle is the                   a circle.

 

[5.3]  An irrational number is a number that             be expressed in the form , where a and b are integers and b ⬆ a 0.

b
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Geometry

 

[5.3] p is an irrational number that is the ratio of the                  of a circle to its            .

[5.3] Diameter of a circle: d =         r

[5.3] Radius of a circle: r =        d

[5.3] Circumference of a circle given its radius:      C =

[5.3] Circumference of a circle given its diameter: C =

[5.7] Area of a circle:                                     A =

Triangles

[5.3] Area of a triangle:                                 A =

Trapezoids

A trapezoid is a four-sided figure with            pair of parallel sides.

Area of a trapezoid:                                 A =

 

For Exercises 55–70, solve.

 

55.                              5                                           56. [5.3] Find the area of the triangle. [5.3] At a clothing store,  of the merchandise is 9 3 discounted.  of these discounted items are shirts. 10

What fraction of all items in the store are discounted 

shirts?                                                                        2   ft. 1

4

8 ft.

57. [5.3] The circular top of a can of beans has a diameter     58. [5.3] A wheel on a piece of exercise equipment has a 

of 3 1                                                                                           1 inches. Find the radius. radius of 14  centimeters. Find the diameter. 

2                                                                                           5

59.                                     1                                                                              1 [5.3] A tree has a diameter of 2  feet. What is the 60. [5.4] A box of rice contains 4  cups of uncooked 

 circumference?  Use 22 for .  rice. The label indicates that a single serving is  

7

p 2                                                                              2

1 cup of uncooked rice. How many servings are 4

in the box? 

61. [5.4] The circumference of a Frisbee is 33 inches.           62. [5.6] Respondents to a survey had three ways to re-

Find the radius.  spond: agree, disagree, or no opinion. The following 

graph shows the fraction of respondents that agreed 

or disagreed. What fraction of the respondents had 

no opinion? 

Survey

 

No      Agree

opinion        2 –

?           5

Disagree

1

–

4
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63. [5.7] The following table shows the circumference of      64. [5.7] Find the area of the trapezoid. 

six cantaloupes taken from a particular garden. Find 

the mean and median circumference.                                           19 cm

1        3       3       1        3       1

18  in.    17  in. 18  in.   19  in.   16  in. 18  in.                                 7 cm

2        4       4       4        4       4

 

121 cm

2

65. [5.7] Find the surface area of a circular tabletop with       66. [5.7] Find the area of the shaded region. 

a diameter of 4 feet. Use 22 for p. 

7                                                                                30 cm

 

12 cm                   5 cm

11 cm

11 1 cm

4

 

67.  1                                                 3                    68. [5.8] Find the length b in the trapezoid shown  [5.8]   of the sum of  n  and 2 is the same as   less than  4  5  3  assuming that the area is 19 square meters.   of  n  . Translate to an equation; then solve.  4

2 m

 

9 m

 

b

69.                                     1 [5.8] A section of PVC pipe is 2  times the length of a      70. [5.8] Two pipes are welded together forming two 

3

second section. The two pipes together have a length  3  angles as shown. The smaller angle measures 

4

of 35 feet. What are the lengths of the two sections? of the measure of the larger angle. Find the angle 

measurements. 

 

?                     ?
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[5.1]     1. Name the fraction in lowest terms represented by the shaded region.        1. ______________________

 

[5.1]                     1 2. Graph -3  on a number line.                                                     2. ______________________

4

 

c 5.1d    3. Use 6 , 7 , or =

 to write a true statement.                                      3. a. ____________________

5.2

3     9                 14     5

a.      ?                        b.       ?                                                  b. ____________________

4    12                 15     6

 

[5.1]                   37 4. a. Write  as a mixed number.                                                   4. a. ____________________

6

b.           5 Write -4  as an improper fraction.

8 b. ____________________

[5.1]     5. Simplify.                                                                              5. a. ____________________

-16                    0                27

a.                               b.                        c.                                   b. ____________________

1                     14                27

c. ____________________

[5.2]     6. Simplify to lowest terms.                                                       6. a. ____________________

24                           5 9 xy

a.                               b.-     3 40 30 x                                                 b. ____________________

 

[5.3]     7. Multiply. Write the product in lowest terms.                                  7. a. ____________________

a.-2    # 1   1                2a 14b 5                          b.        #

4 3 b. ____________________  6  7  b  3  a

 

[5.3]     8. Evaluate.                                                                           8. a. ____________________

a. a 2 2                                    3 1 b b. a b

5 b. ____________________  4

 

[5.4]     9. Divide. Write the quotient in lowest terms.                                    9. a. ____________________

 

a.  3     ,                          b.            , 2      2                                            b. ____________________ 8 4 9 1                         4 5-2 mn    5m n      12n

 

[5.5]                                  3           2 10. Find the LCM of 18 t and 12 tu.                                                   10. ______________________

 

[5.6]    11. Add or subtract.                                                                 11. a. ____________________

a.      +                      b.-3    -a 3    1                    1       1-1 b

10 b. ____________________  4  8  2

 

[5.6]    12. Add or subtract.                                                                12. a. ____________________

a.-    + a 4x       x             7    5-          b. b

15 - b. ____________________  15  4  a  6  a
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 13. ______________________        [5.7] 13. Simplify. 2    +   a 1   5 4    3 b

4        -8 5 10

 

 14. a. ____________________        [5.7] 14. Simplify.

 

b. ____________________ a. 1      1           1                         3        1 2  a  2  n - n  +  2  b - a  n  +  n  +  5  b  b.  a  m  +  b a  2  m - b  4  2  4  4  2

 

 15. ______________________        [5.8] 15. Solve and check. m-    = 1     2    5

4     3    6

 

 16.                                                                   3 ______________________ [5.3] 16. In a new housing development,  of the lots were sold in the first year. 

4

5 of these lots had finished houses on them by the end of the first year. 6

What fraction of all lots in the development had finished houses on them by the end of the first year?

 

 17. ______________________        [5.3] 17. Find the area of the triangle.

 

4 1  m

2

 

10 m

 

 18.  _____________________                                                   3 [5.3] 18. A compact disc has a diameter of 4  inches. What is the circumference? 

Use 22 for .

7

p              4

 

 19.  _____________________ 3  [5.4]  19.  Pam is going to cut a 35-inch strip of ribbon into pieces that are 4 

8

inches long. How many pieces will she have?

 

 20.  _____________________        [5.6] 20. A testing company examines the results of a certain multiple-choice 

test question that had three possible responses: A, B, or C. The follow-ing graph shows the fraction of people who answered either A or B. What fraction chose C?

Test Question Responses

 

C

?

A

 

B        5 – 1 – 8 6

 

 21. ______________________        [5.7] 21. The following table shows the height of four siblings. Find the mean, 

median, and mode height.

1               3        1

69  in.    70 in.    70  in.    71  in.

2               4        2
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[5.7]    22. Find the area of the trapezoid.                                                  22. ______________________

9 in.

 

8 in.

 

6 1 in.

2

 

[5.7]                                                                              22 23. Find the area of a circle with a diameter of 5 inches. Use  for .              23. ______________________ p

7

 

[5.8]        2                                                 3              1 24.  of the sum of n and 5 is the same as  less than  of n. Translate to an         24. ______________________

3                                                 4              2 equation; then solve.

 

[5.8]    25. Catrina owns two chocolate shops, one downtown and one in a shop-       25. ______________________

ping mall. In one week, the downtown shop earned twice as much rev-enue as the shop in the mall. If the total revenue that week from both shops was $15,600, how much did each shop earn?
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Chapters 1–5  Cumulative Review Exercises

 

For Exercises 1–4, answer true or false.

[1.1] 1. -1 is a whole number.                             [2.2] 2. The sum of two numbers that have the same 

sign is always positive. 

 

[4.2]                 2 3. 2 x = 5 x + 8 is a linear equation.                      [5.3] 4.      b   = a 3 2       2 3

4      2 4

[3.6] 5. Explain how to find the greatest common factor     [5.6] 6. Explain in your own words how to add or sub-

of a set of numbers using prime factorization.                tract fractions.

 

[1.1] 7. Write the word name for 4,582,601.                  [1.3] 8. Estimate 461 # 72 by rounding. 

 

[3.2] 9. What is the coefficient and degree of -x?            [5.5] 10. Find the LCM of 24 and 30. 

 

For Exercises 11–17, simplify.

[2.5]          4 11. -3-5 2100-64                                  [2.5] 12. 18-5162 , [9 + 31-72] 

36                                                      1     1

[5.2] 13.                                                                 [5.4] 14. 4    , 5 

40                                                      3     9

 

[5.3]         5 3                                                                             1       1 x 27 [5.6] 15. -# 16. 7 -3 6 2 9 40 x

 

[5.6]       4    2                                                            3 17. [5.7] 18. Evaluate mn +-2 n when m = 5 and n    -4. 6 = 5 x 3

 

[5.7]                                                                                                  4        3 19. Combine like terms and write the resulting [3.3] 20. Subtract.  1 x-5 x-10x + 182

1                                -2

polynomial in descending order of degree.                     4        3 x + 2 x-3x-8

 

12 2     2                1 2 3 b-b + 3 b-b-b 3 4

[3.4] 21. Multiply. 1x-721x                                                       3 + 7 2        2 [3.6] 22. Factor. 18 m + 24 m-30m

 

For Exercises 23 and 24, solve and check.

 

[4.3] 23. 3 1                                                                    3          2 y-42-8 = 7y-16                          [5.8] 24.    n-1 =

4         -5

For Exercises 25–30, solve.

[1.5] 25. The following table shows the address and listed       [2.3] 26. The table below lists the assets and debts for the 

price for five houses for sale in a particular neigh-                Krueger family. Calculate their net worth.

borhood. Find the mean, median, and mode price.

Address               Price                      Assets               Debts

112 Oak St.                $175,000                      Savings = $1260       Credit card balance = $872

204 Sycamore St.          $182,000                      Checking = $945      Mortgage = $57,189

715 Maple St.             $215,000                      Furniture = $13,190    Automobile 1 = $3782

512 Maple St.             $245,000                                             Automobile 2 = $12,498

313 Pine Ave.             $255,000
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[3.7] 27.  a.   Write an expression in simplest form for the       [4.3] 28. A storage chest has a volume of 24 cubic feet. If 

perimeter of the rectangle shown.  the length is 4 feet and the width is 3 feet, find 

b.  Find the perimeter if                                         the height. y is 8 feet. 

 

2y    5

 

3y    4

 

[5.4] 29. A tree has a circumference of 44 inches. What is       4.5 cd the diameter?  30.  A support beam is to be angled so that the angle  5.8  made between the beam and the ground on one 

side of the beam is 35 less than twice the adja-cent angle on the other side of the beam. What 

are the angle measurements? 
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6.1 Introduction to Decimal              Chapter Overview
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Numbers
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In this chapter, we will study decimal notation, which is an-
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6.2 Adding and Subtracting 
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other way to represent the fractions and mixed numbers that 
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Decimal Numbers
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we learned in Chapter 5. Like Chapter 5, we will review Chap-

6.3 Multiplying Decimal Numbers;       ters 1–4 as we study decimal numbers as follows:

Exponents with Decimal Bases

Positive and negative decimal numbers

6.4 Dividing Decimal Numbers; 

Square Roots with Decimals            Expressions with decimal numbers

6.5                                  Equations with decimal numbers Order of Operations and 

Applications in Geometry After completing this chapter, we will have explored all of the 

6.6                               different types of numbers in the set of real numbers. Solving Equations and 

Problem Solving

 

376
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6.1 Introduction to Decimal Numbers

 

Warm-up                                                      Objectives

 

 [5.1]  1.  5                                                         1 Write decimals as fractions  Graph 3   on a number line.  8  or mixed numbers.

 

 [5.2]  2.  45                                                          2 Write a word name for a  Simplify  -  to lowest terms.  60  decimal number.

 3 Graph decimals on a 

Objective 1 Write decimals as fractions or mixed numbers.                      number line.

In this chapter, we explore numbers written in                                         4 Use decimal notation.6 or 7 to write a true 

statement.

Definition Decimal notation: A base-10 notation for expressing fractions.             5 Round decimal numbers 

to a specified place.

By base-10 notation, we mean that each place value is a power of 10. As the follow-ing table shows, a decimal point separates the whole number place values from the fractional place values.

 

Decimal Point Connection Notice that the 

fraction names follow the 

Whole numbers                      Fractions                                  same pattern as the whole 

number side of the decimal 

point. We simply place th in each whole place name. Tens becomes tenths, hundreds be-

Hundreds ens comes hundredths, and so on.  enths  en thousandths  T  Ones  T  Hundredths  Thousandths  T

 

To see the connection between decimals and fractions, let’s look at a decimal num-ber written in expanded form. Consider the number 23.791.

 

Decimal Point

 

Whole numbers               Fractions

 

ens                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    enths T                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Ones                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            T                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      Hundredths                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      Thousandths

2 3 7  9  1

uT                uT               u T                 u T                   u T

Expanded form: 23.791 =                       1        1         1 2 # 10 + 3 # 1 + 7 #      + 9 #       + 1 #

10       100       1000

We can determine the equivalent fraction by multiplying and adding.

 

=        7     9      1

20 + 3 +    +     +            Multiply.

10    100    1000

 

=     7 11002     91102      1                                      Answers to Warm-up Write equivalent fractions 23 + + + 1. 10 1 100 2 100 1 10 2 1000 with their LCD, 1000. 5 3 _ 3      4 8

Note The last place value determines the common denominator.                        3 2. -4
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791                             23 =     700     90      1

Connection We read 23                              1000 +     +      + 1000                                              1000    1000

 

hundred ninety-one thou-                     = 23                    Add the fractions. + 1000 as “twenty-three and seven                             791

the same way.                                     791 = sandths”; so 23.791 is read 

23                                Write as a mixed number.

1000



Note The whole number part becomes the integer part of a mixed number. The numerator of the fraction contains all of  

the decimal digits, and the denominator is the last place value.

 

Our example suggests a fast way to write a decimal number as a fraction or mixed 

number.

 

  Learning Strategy                    Procedure I used a dry erase board for 

practice problems. It was useful  To write a decimal number as a fraction or mixed number in simplest form:

to be able to erase and redo any        1.  Write all digits to the left of the decimal point as the integer part of a mistakes.                               mixed number.

—Beth M.       2.  Write all digits to the right of the decimal point in the numerator of a 

fraction.

  3.  Write the denominator indicated by the last place value.

  4.  Simplify to lowest terms.

 

Your Turn 1                       Example 1    Write as a fraction or mixed number in simplest form.

Write as a fraction or mixed            a. 0.84

number in simplest form.

Solution:  Write all digits to the right of the decimal point in the numerator. 

a. 0.79

Write the denominator indicated by the last place value. Then simplify to   

b.-0.08                            lowest terms.

c. 2.6

 

d.-14.675                                                            ( )* ( )*

0.84 = 84     84 , 4    21 = =

100    100 , 4    25 ()*

Hundredths

Because 0.84 = 84 , we read 0.84 as “eighty-four hundredths.” 100

b. -217.5

Solution:  Write the digits to the left of the decimal point as the integer part of a 

Connection Because the  mixed number. Write the digit to the right of the decimal point in the numera-

denominators will always be  tor. Write the denominator indicated by the last place value. Then simplify.

powers of 10 and the primes 

 

that divide powers of 10 are                                    ( )*           5            5 , 5           1 2 and 5, these fractions will -217 . 5 =-217 =-217 =-217 10 10 , 5 2 reduce only if the numera-()*

tors are divisible by 2 or 5.                                         Tenths

 

We read -217.5 as “negative two hundred seventeen and five tenths,” or, in simplest form, “negative two hundred seventeen and one-half.” Note that it is also common to say “negative two hundred seventeen point five.”

Answers to Your Turn 1

79                               Do Your Turn 1 2 3 27

a.        b.-      c. 2     d.-14 

100      25      5        40
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In Chapter 5, we learned that a rational number is a number that can be written 

in the form  where a and b are integers and b ⬆ a

0. So 23.791, 0.84, and -217.5 

b

are rational numbers because they can be written as fractions whose numerators and denominators are integers.

 

Objective 2 Write a word name for a decimal number.

In Example 1, we learned to read a decimal number using its equivalent fraction or mixed number. Similarly, when we write a word name for a decimal number, we write the name of its equivalent fraction or mixed number.

0.39 = 39 and is written thirty-nine hundredths 100

19.8571       8571 = 19  and is written  nineteen and eight thousand five hundred 

10,000

seventy-one ten-thousandths

Notice that the word and separates the integer and fraction parts of both mixed numbers and decimal numbers; so and takes the place of the decimal point in the word name for a decimal number that has an integer amount.

 

Procedure

To write the word name for a decimal number with no integer part (no digits 

other than 0 to the left of the decimal point):

  1.  Write the word name for digits as if they represented a whole number.

  2.  Write the name of the last place value.

To write a word name for a decimal number with both integer and fractional 

parts:

  1.  Write the name of the integer number part.

  2.  Write the word and for the decimal point.

  3.  Write the name of the fractional part.

 

Example 2 Write the word name.                                           Your Turn 2

a. 0.0000489                                                                        Write the word name.

Answer:                                                                          a. 0.91  four hundred eighty-nine ten-millionths

 b.-0.602

b. 98.10479

 c. 2.7

Answer:  ninety-eight and ten thousand four hundred seventy-nine                   d. 124.90017

hundred-thousandths

Do Your Turn 2

 

Objective 3 Graph decimals on a number line.

Decimal numbers can be graphed on a number line. The denominator of the equivalent fraction describes the number of divisions between integers. The nu-merator of the equivalent fraction describes how many of those divisions we are interested in.

Answers to Your Turn 2

a. ninety-one hundredths b. negative six hundred two 

thousandths

c.  two and seven tenths d. one hundred twenty-four and 

ninety thousand seventeen 

hundred-thousandths
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Your Turn 3                       Example 3    Graph on a number line.

Graph on a number line.             a. 3.6

 

 a. 0.7                                                                   6 Solution:  Because 3.6 means 3 , we divide the distance between 3 and 4 into 10 10 b. 12.45 equal-size divisions and draw a dot on the sixth division mark.

c.-6.21

d.-19.106

3 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4

 

b. 14.517

Solution:                              517  Because 14.517 means 14 , we should divide the space between 14 

1000

and 15 into 1000 divisions and count to the 517th mark. Of course, this is rather tedious; so we’ll gradually zoom in on smaller and smaller sections of the num-ber line.

 

Note 14 and 14.0 are the same,                                                                14.517 is somewhere in here.

just as 14.5 and 14.50 are the 

same. Zero digits are understood 

to continue on forever beyond                                            14 14.1 14.2 14.3 14.4 14.5 14.6 14.7 14.8 14.9   15 the last nonzero digit in a deci-

mal number. Writing those zeros 

14.517 is somewhere in here.

is optional, but it is simpler not                Zoom in:

to write them.

14.5 14.51 14.52 14.53 14.54 14.55 14.56 14.57 14.58 14.59 14.6

Zoom in again:                 14.517 is exactly here.

 

14.51 14.511 14.512 14.513 14.514 14.515 14.516 14.517 14.518 14.519 14.52

 

Rather than going through all of the “zoom” stages, we could go directly to the last number line. Notice that the end points on the last number line are deter-mined by the next-to-last place, in this case the hundredths place. We then draw nine marks to divide the space between the end points into ten equal divisions and count to the seventh mark.

c. -2.75

Solution:  Let’s zoom in on tenths to graph the hundredths. Remember, on a number line, negative numbers decrease to the left. (Their absolute values in-crease to the left.)

 

2           2 2.8 2 2.79 2 2.78 2 2.772.76 22.7522.7422.73 22.7222.71 22.7

Do Your Turn 3

 

Answers to Your Turn 3                Objective 4 Use * or + to write a true statement.

a. Remember that we can use a number line to compare two numbers. Let’s compare 

0                                  13.7 and 13.2 by graphing them on a number line. 0.7 1

b.

12.4          12.45          12.5

13 13.1 13.2 13.3 13.4 13.5 13.6 13.7 13.8 13.9 14

c.

6.3            6.216.2                                        13.7 is farther right than 13.2.

d.

                      Because 13.7 is farther to the right than 13.2 is, we can say that 13.7 19.11 19.106 7 13.2. 19.1
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We can also compare the numbers without graphing them. Look at the digits in 13.7 and 13.2 from left to right. They match until we get to the tenths place, and it is this place with its different digits that tells us which number is greater. The greater digit, 7, is in the greater number.

 

Procedure

To determine which of two positive decimal numbers is greater, compare the           Note If both numbers are nega-

digits in the corresponding place values from left to right until you find two          tive, the greater number is closer 

different digits in the same place. The greater number contains the greater of  to zero and contains the lesser of 

those two digits.                                                                        the two different digits.

 

Example 4 Use 6 or 7 to write a true statement.                              Your Turn 4

a. 35.619  ?  35.625                                                                   Use 6 or 7 to write a true 

statement.

Answer: 35.619 6 35.625

a. 0.61  ?  0.65

Explanation: Compare the digits in the corresponding places from left to right.

b. 45.192  ?  45.092

 

35.619     Note The digits match                                 c. 0.002  ?  0.00056 from left to right until the D

35.6        hundredths place.                                     d.-5.71  ?  -5.8 2 5

In the hundredths places, because 2 is greater than 1, we can say that 35.625 is         e.-0.04701  ?  -0.0471

greater than 35.619. On a number line, 35.625 is farther to the right.

b. -0.00981  ?  -0.009806 

Answer:-0.00981 6 -0.009806

Explanation: Compare the digits in the corresponding places from left to right.

-0.00981      Note The digits match from 

D    left to right until the hundred-

-          thousandths place. 0.0098 0 6

Because both numbers are negative, the number closest to zero is the greater 

number and contains the lesser of the two different digits. Because 0 is less than 1, 

-0.009806 is the greater number.

Do Your Turn 4

 

Objective 5 Round decimal numbers to a specified place.

Rounding decimal numbers is much like rounding whole numbers. Suppose we want to round 14.517 to the nearest hundredth. Let’s use the graph of 14.517 from Example 3b.

Midpoint

 

14.51 14.511 14.512 14.513 14.514 14.515 14.516 14.517 14.518 14.519 14.52

 

Notice that the nearest hundredths to 14.517 are 14.51 and 14.52. Because 14.517 is     Answers to Your Turn 4 closer to 14.52, we say that it rounds up to 14.52.

a. 0.61 6 0.65 b. 45.192 7 45.092 c. 0.002 7 0.00056 d.-5.71 7 -5.8 e.-0.04701 7 -0.0471 382   Chapter 6  Decimals

 

Rounding to a different place value would require a different scale. For example, 

to round 14.517 to the nearest tenth, we would use a number line with the nearest 

tenths, 14.5 and 14.6, as end points.

14.517 is about here.       Midpoint

 

14.5 14.51 14.52 14.53 14.54 14.55 14.56 14.57 14.58 14.59 14.6

 

Because 14.517 is closer to 14.5, it rounds down to 14.5.

If we had to round to the nearest whole (ones place), we would use 14 and 15 as 

our end points and the tenths place would determine whether we round up or 

down.

14.517 is about here.

 

14 14.1 14.2 14.3 14.4 14.5 14.6 14.7 14.8 14.9 15

 

Because 14.517 is slightly greater than the midpoint on this scale, it rounds up to 

15. Even if it were exactly halfway, we agree to round up. Notice that like round-

ing whole numbers, the digit in the place to the right of the place to be rounded 

can be used to determine whether to round a decimal number up or down.

 

Procedure

To round a number to a given place value:

  1.  Identify the digit in the given place value.

  2.  If the digit to the right of the given place value is 5 or greater, round up by 

increasing the digit in the given place value by 1. If the digit to the right of the given place value is 4 or less, round down by keeping the digit in the given place value the same.

  3.  Change all digits to the right of the rounded place value to zeros. Decimal 

digits to the right of the rounded place can be eliminated.

 

Your Turn 5                       Example 5    Round 917.28053 to the specified place.

Round 59.61538 to the specified       a. Tenths

place.                                  Solution:  The nearest tenths are 917.2 and 917.3. Rounding to the nearest tenth  a. Tenths means that we consider the digit in the hundredths place, which is 8. Because 8 

b. Hundredths                   is greater than 5, we round up to 917.3.

c. Ten-thousandths                 Answer: 917.3

d. Whole number

b. Thousandths

Solution:  The nearest thousandths are 917.280 and 917.281. Looking at the ten-thousandths place, we see a 5; so we round up to 917.281.

Answer: 917.281

c. Whole number

Solution:  The nearest whole numbers are 917 and 918. The 2 in the tenths place 

Answers to Your Turn 5                  indicates that we round down to 917. a. 59.6

b.                                     Answer: 917 59.62

c. 59.6154                               Do Your Turn 5 d. 60
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PORTFOLIO

 

6.1             For Exercises

Extra

Help

 

Objective 1

Prep Exercise 1  Complete the table of place values.

 

Decimal Point

 

Whole numbers                      Fractions

 

Prep Exercise 2 Explain how to write a decimal number  as a fraction or mixed number in simplest form.

 

For Exercises 1–20, write as a fraction or mixed number in simplest form.

 1. 0.2                        2. 0.6                        3. 0.25                       4. 0.75 

 5. 0.375                      6. 0.125                      7. 0.24                       8. 0.48 

 9. 1.5                        10. 4.2                          11. 18.75                        12. 6.4 

 13. 9.625                          14. 14.375                         15. 7.36                           16. 9.54 

 17. -0.008                       18. -0.0005                      19. -13.012                      20. -219.105 

Objective 2

Prep Exercise 3 When writing the word name for a decimal number greater than 1, as in 2.56, what word takes the place of the decimal point? 

For Exercises 21–34, write the word name.

 21. 0.097                                                             22. 0.415 

 23. 0.002015                                                      24. 0.030915 

 25. 31.98                                                             26. 15.73 

 27. 521.608                                                        28. 343.406 

 

 29. 4159.6                                                           30. 2109.003 

 

 31. -107.99                                                       32. -2106.1 

 

 33. -0.50092                                                    34. -0.000982 

Objective 3

Prep Exercise 4 To graph 0.8 on a number line, divide the space between 0 and 1 into ________  equal-size spaces and place a dot on the eighth mark.

For Exercises 35–46, graph on a number line.

35. 0.8                                                            36. 0.4
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 37. 1.3                                                                  38. 6.9

 

39. 4.25                                                          40. 13.75

 

41. 8.06                                                          42. 11.05

 

43. -3.21                                                     44. -6.45

 

45. -19.017                                                 46. -15.002

 

Objective 4

Prep Exercise 5 Explain how to determine which of two positive decimal numbers is greater. 

 

For Exercises 47–58, use 6 or 7 to make a true statement.

 47. 0.81  ?  0.8                              48. 0.15  ?  0.5                              49. 2.891  ?  2.8909 

 50. 153.77  ?  153.707                     51. 0.001983  ?  0.001985                  52. 0.090194  ?  0.091094 

 53. 0.0245  ?  0.00963                     54. 0.007  ?  0.0602                        55. -1.01981  ?  -1.10981 

 56. -18.1095  ?  -18.1085               57. -145.7183  ?  -14.57183             58. -26.71803  ?  -267.1803 

Objective 5

Prep Exercise 6 When rounding a decimal number, if the place value to be rounded is a decimal place value, all digits to the right of that place value can be                  .

For Exercises 59–64, round 610.28315 to the specified place.

 59. tenths                                    60. hundredths                             61. ten-thousandths 

 62. whole number                      63. tens                                  64. hundreds 

For Exercises 65–70, round 0.95106 to the specified place.

 65. whole number                      66. tens                                  67. tenths 

 68. hundredths                          69. thousandths                          70. ten-thousandths 

For Exercises 71–76 round - 408.06259 to the specified place.

 71. tenths                                    72. hundredths                             73. ten-thousandths 

 74. thousandths                          75. tens                                   76. whole number 

 

Review Exercises

 

[5.6] 1. Add.      +                                         [2.3] 2. Subtract. -29-1 37     4-16 2

100    100

For Exercises 3 and 4, simplify.

[3.2] 3.    2                       2              3                                            2                        2 7 a-a + 15-10 a + a-7 a [3.3] 4. 1 18 2 5 x + 9 x-    -x 1-12x-192

 

[4.2] 5. Solve and check. x-19 =-36                                                     1 [5.6] 6. Find the perimeter of a 12 2@foot-wide by 16-foot-

long room. 
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6.2  Adding and Subtracting 

Decimal Numbers

 

Warm-up                                                      Objectives

 

 [5.6] 1    5                       1 Add decimal numbers.  1.  Estimate; then find the actual difference. 14  - 7  4  6  2  Subtract decimal numbers.

 [6.1] 2. Write 37.08 as a mixed number in simplest form.                               3 Add and subtract signed 

decimal numbers.

Objective 1 Add decimal numbers.                                       4 Simplify, add, or subtract In Section 6.1, we learned that decimal numbers are equivalent to mixed num- polynomials containing 

bers; so adding decimal numbers must be related to adding mixed numbers. With         decimal numbers. mixed numbers, we add the integers and fractions separately; the same idea must      5 Solve equations using the apply to their decimal equivalents. Look at the following mixed number addition         addition principle.

and its equivalent decimal addition.                                                   6 Solve applications.

 

2                                     Note The decimal point separates 100 82

+   1            2.82     ues; so by aligning the decimal 43 the whole and fraction place val-

100                 + 43.01 point vertically, we align the cor-

83                   responding place values. 45.83

45 

100

 

Connection Aligning the place values aligns decimal digits that are the 

 numerators of fractions with common denominators (tenths with tenths, 

 hundredths with hundredths, and so on). By adding those digits, we are 

 adding numerators of fractions with common denominators.

 

Procedure

To add decimal numbers:

  1.  Stack the numbers so that the corresponding place values align. (Vertically 

align the decimal points.)

  2.  Add the digits in the corresponding place values.

  3.  Place the decimal point in the sum so that it aligns with the decimal points 

in the addends.

Note Remember, an estimate is intended to be a quick prediction 

Example 1  of what we can expect the actual  Estimate. Then find the actual sum. answer to be. If the actual answer 

a.  reasonably agrees with the esti- 51.092  +  23.64

mate, we can be confident that 

Solution:    51.092    Stack the numbers so that the corresponding place values         the actual calculation is correct. In 

+ each of our examples, the actual  23.64    align. (Vertically align the decimal points.)

answer agrees reasonably with the 

Estimate:  Use the same procedure as for estimating a sum of whole numbers.       estimate.

51.092         50    Round the smallest number, 23.64, to one nonzero d igit, 

+ 23.64        +20    which is to the nearest ten: 20. Round 51.092 to the 

70    nearest ten as well: 50. Then add the rounded numbers.

1                                                                                              Answers to Warm-up

 

Actual:    51.092      Note Some people write the un-                                                             5 +         derstood 0s beyond the last non-                                       1. Estimate: 6; Actual: 6 23.64 0                                                           12

74.732     zero digit instead of having blank                                              2

spaces.                                                                 2. 37 25
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Your Turn 1                       b. 32.09 + 4.103 + 19.6423

Estimate. Then find the actual         Solution:

sum.                            Estimate:    32.09           32    Round the smallest number, 4.103, to one 

 

b. 1whole2 4. Round the other two numbers   0.1183  +  0.094  +  19.6423  +  20  to the nearest one as well. Then add.  a. 14.103 + 7.035 nonzero digit, which is to the nearest one  4.103  4

c. 6.981 + 0.57 + 23.1                                            56

d. 0.46 + 781 + 34                           1 1

Actual:     32.0900

4.1030

+ 19.6423

55.8353

c. 76 + 0.0189 + 3.99

Solution:

Note Estimates are supposed to 

Estimate:    76              76.00   1 1         be easy to perform mentally. In 

this case, our method leads to a 

0.0189         0.02      calculation that may not be easy to 

+ 3.99        + 3.99     perform mentally. If so, consider 

80.01     rounding to easier numbers, such 

as the nearest whole numbers.

1 1 1

Actual:   76.0000                                    76

0.0189                                    0

+ 3.9900                                  + 4

80.0089                                  80

Do Your Turn 1

 

Objective 2 Subtract decimal numbers.

We subtract decimal numbers the same way we add, except that we subtract the 

digits in the corresponding place values.

 

Procedure

To subtract decimal numbers:

  1.  Stack the number with the greater absolute value on top so that the corre-

sponding place values align. (Vertically align the decimal points.)

  2.  Subtract the digits in the corresponding place values.

  3.  Place the decimal point in the difference so that it aligns with the decimal 

points in the minuend and subtrahend.

 

Example 2 Subtract.

a. 58.941-2.54

Solution:  Stack the number with the greater absolute value on top.

Answers to Your Turn 1

a.                                            Estimate:     59      Actual: 58.941 Estimate: 21

 Actual: 21.138                          -3           - 2.540 b. Estimate: 0.2                                      56               56.401 Actual: 0.2123

c. Estimate: 30.7

 Actual: 30.651

d. Estimate: 815.5

 Actual: 815.46
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b. 179-48.165                                                                      Your Turn 2 Note Because 179 is an integer, 

 

Solution:                                     the decimal point is understood                 Estimate. Then find the actual 8 9 9 10 to be to the right of the 9 digit. We Estimate: 180 Actual: difference. 179 .0 0 0 can write as many 0s to the right a. 146.79-35.14-50- 48.165 of the decimal point as we like. 809 b.-162.648 130 130.835

 

c.                                                                                                                       c. 0.80075-0.06791 98.036-9.482 d. 10.302-9.8457

Solution:

17

818                     8 7 913

Estimate:   98       Actual:    98.036

-9           - 9.482

89               88.554

Do Your Turn 2

 

Objective 3 Add and subtract signed decimal numbers.

To add or subtract signed decimal numbers, we follow the same rules we devel-oped in Chapter 2 for integers.

 

Example 3 Add.                                                    Your Turn 3

a.                                                                                                              Add.-15.79 + 8.4

 

Solution:                                                                                     a. 90.56 + 1-59.82  Because the two numbers have different signs, we subtract their abso-104 b.-+ 1-54.882 lute values and keep the sign of the number with the greater absolute value.

                                                                                                                                                                                                                                                                                                                                                                                  015                                                                       -c. 5.14 + 0.75       +

Note To subtract, stack the        15.79      Note To avoid confusion in the calcula-           1-4.502 + 2.95

 

 number with the greater         -8.40   tion, we left out the negative signs for          d. 54.6 + 1-14.502 + absolute value on top and -15.79 and -7.39. Although it is okay 7.39 1-6.78 2 + 1-1.3 2 align the  decimal points. to leave signs out of a calculation, we 

must be careful to write them properly 

in our answer statement.

Answer:-7.39    Because 15.79 has the greater absolute value, our sum is negative.

Note In terms of credits and debts, we have a debt of $15.79 and make a payment of $8.40. Because our payment is not enough to pay off the debt, we still have a debt of $7.39.

 

b. -68.95 + 1-14.502

Solution:  Because the two numbers have the same sign, we add and keep the 

same sign.

6 1 1           Note Again, to avoid confusion, 8 .95

Answers to Your Turn 2

+ 14.50                                    a. Estimate: 110 the calculation, then put them  we left the negative signs out of 

83.45                                        Actual: 111.65 back in the answer statement.

b. Estimate: 600

Answer:-83.45 Because both addends are negative, the sum is negative.            Actual: 646.352

Note                                                                                 c. Estimate: 0.73

In terms of credits and debts, we have a debt of $68.95 and add another debt of 

$14.50; so we are increasing our debt to $83.45.                                                Actual: 0.73284

d. Estimate: 0

Do Your Turn 3                                                                      Actual: 0.4563

Answers to Your Turn 3

a. 30.76 b.-158.88 c.-5.94 d. 32.02
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Recall from Chapter 2 that to subtract signed numbers, we can write an equiva-

lent addition statement. To write an equivalent addition, we change the subtrac-

tion sign to an addition sign and change the subtrahend to its additive inverse.

 

Your Turn 4                       Example 4    Subtract.

Subtract.                              a. 0.08-5

 a. 1.987-10.002                    Solution:  Write an equivalent addition statement.

 

b. 4.1-1-0.9512 c.                                                 0.08 5 Change the subtrahend -213.4-90.9 Change the minus to its additive inverse. d.-0.017-1-0.0562                     sign to a plus sign.    = 0.08 1 52

Because we are adding numbers with different signs, we subtract their absolute values and keep the sign of the number with the greater absolute value.

4 910 5.0 0

-0.08

4.92    Subtract absolute values.

Answer:-4.92 In the equivalent addition, 5 has the greater absolute value; 

so the result is negative.

Note In terms of credits and debts, we have $0.08 in a bank account (asset) and write a check for $5. This means that we are overdrawn by $4.92.

 

b. -16.2-1-9.072

Solution: Write the equivalent addition  - 16.2 - 1 - 9.07  2  = - 16.2  +  9.07

statement.

Because we are adding two numbers with different signs, we subtract their ab-solute values and keep the sign of the number with the greater absolute value.

016 110 16.20-9.07

7.13    Subtract absolute values.

Answer:         In the equivalent addition, -7.13 16.2 has the greater absolute value; 

so the result is negative.

Do Your Turn 4

 

Your Turn 5                      Objective 4  Simplify, add, or subtract polynomials containing 

decimal numbers.

Simplify.

2 In Section 3.2, we learned that we can simplify expressions by combining like terms. 

a. 5.2x   -9.87x +

2 Recall that like terms have the same variables raised to the same exponents. To combine 

15x-2.35x-

3 like terms, add the coefficients and keep the variables and their exponents the same.

10x + 1.6

 

b.      4 4.2 a-2.67a + 1 2      4                                                                  2                                     2 Simplify. 4.2 Example 5 + 15.7a                                                     n-6.1n + 9 + 2.35n-10n + 2.09 + a-

5.1-3.9a                        Solution:  Combine like terms.                           Note Remember,  collecting 

Answers to Your Turn 4                                  2                             2            like terms is an optional step. 4.2 n-6.1 n + 9 + 2.35 n-10 n + 2.09

a.-8.015                                            2 =       2 4.2 n-10 n-6.1n + 2.35n + 9 t + 2.09 Collect like terms. b. 5.051 t ¶ c.-304.3

d. 0.039                                                     2                                  Combine like terms. =-5.8 n-3.75 n + 11.09

Answers to Your Turn 5 3                                          Do Your Turn 5 2 a.-10x + 20.2x-12.22x + 1.6

b.     4            2 5.2 a + 15.7 a-6.57a-4.1
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In Section 3.3, we learned how to add and subtract polynomials. To add polyno-mials, we combine like terms. To subtract, we write an equivalent addition expres-sion using the additive inverse of the subtrahend, which is the second polynomial.

 

Example 6 Add or subtract.                                                 Your Turn 6

 

Solution:                                                                                     a. 1 3          2 t-4.15 t + 7.3t  Combine like terms. 3-a.                                                                                                              Add or subtract. 1 3 2 3 8.2 y-6.1 y + 10.65 2 + 1 y-y-12 2

1            2               3 8.2 y-6.1 y + 10.65 2 + 1 y-y-122                                    2 3.9 t + 1.732 3                                                                                                16 2 + 10.4t   +

=    3    3      2 8.2 y + y                     Collect like terms.-6.1 y-y + 10.65-12 t t          b. 1     4         2 8.1 m + 2.78 m-

5.15 4  m  + 10.3  n  2  + 1.7  1  m

 

Note                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       2 c. 1 15.7 n                                                                +                                                               0.2n                                                            -                                                   1.82                                                 -3   Remember, if a term has no visible coefficient, as in  y  , the coefficient is  1  3  3  3  2  2  2.17  n  +  0.97  2  understood to be 1; so 8.2  =      3                                                                                                2 2 9.2 y-6.1 y 5.2 m-y-1.35 Combine like terms.-3.1m-15n 2      -

no like terms, we write them unchanged in the result. y + y = 9.2y . Also, because -6.1y and -y have                   2 d. 1 0.14 x + 2.9x + 4.82-

1 2 x-9.35x + 12.82

b. 1        2 19.15 x + 8x-72-1      2 10.1 x + x-9.12

Solution:  Write the subtraction as an equivalent addition. Then combine like terms.

1 2 Note Remember, to get the ad- 2  19.15  x  +  8  x - 7  2 - 1  10.1  x  +  x - 9.1  2  ditive inverse of a polynomial, 

= 1     2                  2 19.15 x + 8 x-7 2 + 1-10.1 x            Write an equivalent addition.-x + 9.1 2      change the sign of each term in 

= 2 the polynomial; so the additive  2   19.15  x  u - 10.1  x  Collect like terms.  +  8  x  ¶ - x - 7  +  9.1  t  2  inverse of 10.1  x  +  x - 9.1 is 

-10.1 2 x-x + 9.1.

=        2 9.05 x       +7x    + 2.1          Combine like terms.

Do Your Turn 6

 

Objective 5 Solve equations using the addition principle.

In Section 4.2, we learned to solve equations using the addition principle of equal-ity. The addition principle states that the same number may be added or sub-tracted on both sides of an equation without affecting its solution(s).

 

Example 7 Solve and check. n + 4.78 =-5.62                                 Your Turn 7

Solution:                                                                                        Solve and check.

 

Note                                                                              a.-10.15 + x = 2.8 Because + 4.78 n + 4.78 =-5.62 b.-14.6 = y-2.99 and -4.78 are addi-4.78 4.78 Subtract 4.78 from both sides. tive inverses, their n + 0 =-10.40 sum is 0. = n-10.4

Check:

n + 4.78 =-5.62

 10.4 + 4.78 -5.62 In the original equation, replace n with 10.4.        Answers to Your Turn 6

-5.62 =-5.62  True;                                           3            2 so 10.4 is the solution. a. 1.4 t-0.25 t + 7.3t-

Do Your Turn 7                                                                             4          2 b. 14.27

 9.8m-2.42m-

8.25m-4.7n

Objective 6                                                               c.          2 13.53 n + 0.2n-2.77 Solve applications.

d.          2-0.86 x + 12.25x-8

Many applications of adding and subtracting decimals can be found in the field of accounting. We developed some principles of accounting in Chapters 1 and 2.     Answers to Your Turn 7 Let’s extend those principles to decimal numbers.                                    a. x = 12.95

b. y =-11.61
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Your Turn 8                       Example 8    Solve.

Solve.                                a. Find the final balance in the following checkbook register. a.  The Jacksons will be closing 

on their new house in a few                      Date         No.         Transaction Description                       Debits           Credits           Balance

days. Below is a summary                       3 - 30       Deposit                                                   1254  88    1380  20

of their debts and credits for                        3 - 30   2341     National Mortgage                  756  48

the closing. What should be                       3 - 30   2342     Electric & Gas                         125  56

the amount of the check they                     3 - 30   2343     Bell South                                 43  70

bring to closing?                                  3 - 30   2344     Visa                                         150  00

 3 - 30   2345     Domino's                                   12  50

Gross amount from borrower:                               4 - 01                Transfer from savings                               200  00

  (Debits)

  Contract Sales Price     89,980.00

  Settlement Charges      1,025.12

Solution:  Subtract the sum of all check amounts (debits) from the initial balance 

Amount paid by the borrower:            and then add the $200 transfer (credit).

(Credits)

  Earnest Money         1,000.00                  Balance = initial balance-sum of all debits + credit

  Principle Amount of  New Loan(s)        85,300.00           B = 1380.20-1756.48 + 125.56 + 43.70 + 150.00 + 12.502 + 200.00

  Portion of Appraisal      125.10           B = 1380.20-1088.24 + 200.00

  County Taxes           188.36           B = 291.96 + 200.00

b.  The closing price of a stock 

one day was $25.50. The next            B = 491.96

day the closing price of the          Answer:  The final balance is $491.96.

same stock was $28.00. Let 

n b.  The closing price of a stock one day was $40.00. The next day the closing   represent the amount the 

stock’s closing price changed.  price of the same stock was $36.50. Let n represent the amount the stock’s 

Write an equation that can be  closing price changed. Write an equation that can be used to find the amount 

used to find the amount the           the closing price changed; then solve the equation.

closing price changed; then         Solution:  The price on any given day is determined by adding the amount of 

solve the equation.                 change to the previous day’s closing price.

c.  The perimeter of the following              Previous closing price + amount of change = current closing price

figure is 84.5 meters. Write an 

equation that can be used to                  Equation:  40.00 + n = 36.50

find the unknown side length;               Solution:   40.00 + n = 36.50

then solve the equation.                                 40.00       40.00 Subtract 40.00 from both sides.

40.3 m                                                   n =-3.50

12.8 m                                    Answer:  The closing price decreased $3.50. 12.8 m

Do Your Turn 8

d

Answer to Your Turn 8

a. $4391.66 b. 25.50 + n = 28.00; $2.50 increase 

c. 12.8 + 40.3 + 12.8 + d = 84.5; 18.6 m

 

6.2             For Exercises

Extra

Help

 

Objective 1

Prep Exercise 1 To add decimal numbers, stack the num-      Prep Exercise 2 Place the decimal point correctly in the bers so that the place values ________ .                        sum shown.

24.5

+ 2.81

2 731
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For Exercises 1–6, estimate.  Then find the actual sum.

 1. 34.51 + 125.2                       2. 9.167 + 12.32                       3. 58.915 + 0.8361 

 

 4. 0.5082 + 1.946                      5. 312.98 + 6.337 + 14                 6. 0.183 + 75 + 245.9 

 

Objective 2

Prep Exercise 3 When stacking two decimal numbers to        Prep Exercise 4 Place the decimal point correctly in the subtract them, which of the two numbers is placed on        difference shown. top? 

497.6

-34.2

4634

 

For Exercises 7–12, estimate.  Then find the actual difference.

 7. 864.55-23.1                       8. 1964.86-213.5                     9. 809.06-24.78 

 

 10. 6.002-4.135                          11. 0.1005-0.08261                  12. 5.0002-0.19873 

 

Objective 3

For Exercises 13–24, add or subtract.

 13. 25 + 1-14.892                       14. -20 + 8.007                          15. -0.16 + 1-4.1572

 16. -7.09 + 1-10.2182                   17. 0.0015-1                            18. 0.0209-1 

 19. -30.75-159.27                      20. -980.4-19.62                       21. -90-1-16.752

 22. -100-1-63.9122                   23. -0.008-1-1.00322                 24. -0.005-1-2.00312

For Exercises 25–28, simplify.

 25.                2                  2                                                    3                                             3 5 y-2.81 y + 7.1-10 y-8.03 26. 0.8 x-7 x + 2.99-1.2 x-9 + 0.91 x

 

 27. 3                  2                        3                                          2        3                                    3 a-2.5 a + 9 a + a-12 + 3.5 a + 1.4 28. 4.2 m + m-9 m + 0.6-1.02 m-m + 0.5

 

Objective 4

For Exercises 29–38, add or subtract.

 29. 1 2                             2                                                 3 x + 5.2 x + 3.4 2 + 1 9.2 x-6.1 x + 5 2 30. 1                           3 0.4 y-8.2 y + 2.1 2 + 1      2 3.4 y-y-32

 

 31. 1     3                                         3 2            2 3.1 a-a + 7.5 a-0.01 2 + 1 6.91 a-3.91 a + 62

 

 32. 1        4          2 20.5 m + 16 m-18.3m-0.772 + 1     4          2 0.9 m-2.08 m + 12

 

 33.         2                            2                                                   3       2                     3          2 1 1.4 n + 8.3 n-0.6 2-n 1-2.5 n + 3 2 34. 1 3.1 y-y + 0.7 2-2.3 1 y + 1.7 y-42

 

 35. 1   3          2                               3 5 k + 2.5 k-6.2 k-0.44 2-1 2.2 k-6.2k-0.52

 

 36.         3                                        2 3 1 1.2 n-7.1 n + 0.4 2-3.1 1 n-6 n + 8.9n + 1.32

 

 37. 1        3           2                       3 12.91 x-16.2 x-x + 7 2-1         2 10 x-5.1 x-3.6x + 11.452

 

 38. 1   4          2                            4          2 6 a-3.1 a + 1.2 a-1 2-1 5.4 a + 1.7 a-2.9a-1.322
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Objective 5

For Exercises 39–44, solve and check.

 39. m + 3.67 = 14.5                                          40. x-5.8 = 4.11 

 41. 2.19 = 8 + y                                              42. 6.09 = n + 7.1 

 43. k-4.8 =-8.02                                           44. -16.7 = h-7.59 

Objective 6

For Exercises 45–58, solve.

 45. Following is Adam’s checkbook register. Find his final balance.

Date         No.         Transaction Description                       Debits           Credits           Balance

  2-24         Deposit                               428 45      682  20

  2-25     952      Food Lion                                  34  58

  2-25     953      Cash                                          30  00

  2-25     954      Green Hills Apartments           560 00

  2-25     955      Electric & Gas                           58  85

  2-26     956      American Express                     45 60

 

 46. Following is Jada’s checkbook register. Find her balance.

Date         No.         Transaction Description                       Debits           Credits           Balance

10-26    1011     Sears                                        36  70                        250 20

10-27    1012     Frank's Costumes                     25  00

10-30    1013     Credit Union Mortgage           858  48

10-30    1014     Electric Co.                             119   45

10-30    1015     Water Co.                                  17  50

10-30    1016     Food Mart                                 84  95

10-31                 Deposit                                                   1355  98

 

 47. Tim runs a landscaping company. Following is a balance sheet that shows the 

charges for a client. What is the client’s final balance?

 

 48. Following is a settlement sheet for the Smiths, who will be closing on their 

new house in a few days. What should be the amount of the check they bring 

to closing? 

 

Meyer, Lewis, Callahan, Garrity and Pederson, Esq.

One Financial Center

Boston, Massachusetts 02111

700 Philadelphia Avenue                                        Direct Dial Number

Washington, D.C. 20004                                           617.555.0000

Stephen L. Meyer

October 23, 2010

Gross amount from borrower:            Amounts paid by the borrower: (Credits)

(Debts)

Earnest Money                  $2000

Contract Sales Price          $179,900   Principal Amount of

Settlement Charges          $2054.75       New Loan(s)              $161,000

Portion of Appraisal              $245.50 County Taxes                  $359.80
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 49. Following is Catherine’s receipt from the grocery          50. Following is Selina’s receipt from a clothing store. 

store. If she gave the  cashier $20, how much did she  She has a $50 bill. Is this enough? If not, how much 

get back in change?                                          more does she need? 

 

Milk               $1.59

Yogurt            $2.49                                                                Tank T          $12.95 Bread             $1.79                                                                 Jeans            $35.95 Soup              $0.79

Cereal            $3.45                                                                 Tax               $  2.45

Tax                 $0.51

 

 51. Maria gets paid once a month. Following is a list          52. Tony gets paid twice a month. Following is a list 

of deductions from her paycheck. Find Maria’s net  of deductions from his paycheck. Find Tony’s net 

monthly pay.                                              pay. 

CURRENT GROSS:            2904.17                                                     CURRENT GROSS:            1067.08 Taxes                                           Other Deductions                                                          Taxes                                           Other Deductions FICA                    174.25            MED SPEND               45.00                                      FICA                      62.27            HMO BLUE           210.96 MEDICARE          39.64            DENT                           12.74                                      MEDICARE          14.57            DENT                          7.54 FED  W/H            235.62            BLUE CROSS            138.15                                   FED  W/H            128.05            STATE RET               64.02 STATE W/H         131.56            401K                            200.00                                       STATE W/H           53.35            STATE OP LIFE           6.45

STD LIFE                        7.32

 

 53. The closing price of a stock one day was $35.25. The       54. The closing price of a stock one day was $27.90. The 

next day the closing price of the same stock was  next day the closing price of the same stock was 

$32.50. Let n represent the amount the stock’s closing         $30.45. Let n represent the amount the stock’s closing price changed. Write an equation that can be used to  price changed. Write an equation that can be used to 

find the amount the closing price changed; then solve  find the amount the closing price changed; then solve 

the equation.                                                  the equation. 

 55. The perimeter of the following trapezoid is 96.1           56. The perimeter of the following triangle is 6.9 miles. 

meters. Write an equation to find the unknown side  Write an equation to find the unknown side length. 

length. Then solve the equation.                             Then solve the equation.

36.8 m

d

1.2 mi.

18.5 m                                18.5 m

2.4 mi.

 

d

 

 57. Use the following line graph, which shows the closing price of Hewlett-Packard stock 

each day from July 19, 2010, to July 23, 2010.

Hewlett–Packard

52

50

48 46.68                                  46.07        46.15 46

46.61          45.48

44

Closing Price                                                                                          42

40

38

7/19           7/20           7/21           7/22           7/23

Date
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a.  Complete the following table. In the row labeled “Equation,” for each day, write an 

equation that can be used to find the amount Hewlett-Packard’s stock closing price 

changed from the previous day’s closing price. Use the variable n to represent the 

change in closing price. Solve the equation and write the amount the price changed in 

the row labeled “Price change.”

July 20              July 21              July 22              July 23

Equation

Price change

 

b. Which day had the greatest change in closing price? 

 58. Use the following line graph, which shows the closing price of Whole Foods Market 

stock each day from August 16, 2010, to August 20, 2010.

Whole Foods Market Stock

37.0   36.78      36.98                                 36.72 36.39 36.77

36.5

36.0

35.5

Closing Price

35.0

8/16           8/17           8/18           8/19           8/20

Date

a.  Complete the following table. In the row labeled “Equation,” for each day, write an 

equation that can be used to find the amount Whole Food Market’s stock closing 

price changed from the previous day’s closing price. Use the variable n to repre-

sent the change in closing price. Solve the equation and write the amount the price 

changed in the row labeled “Price change.”

August 17          August 18          August 19          August 20

Equation

Price change

 

b. Which day had the greatest change in closing price? 

Puzzle Problem At a bookstore, a calculator and a pen cost a total of $15.50. 

The calculator costs $15 more than the pen. What is the cost of each 

item? 

 

Review Exercises

For Exercises 1 and 2, multiply.

 

[2.4] 1. -12 #                                       3   7 25                          [5.3] 2.     #

10 10

For Exercises 3 and 4, divide.

 

[1.4] 3.                                               1    1                    [2.4] 5. Evaluate. 2121 10,404 , 34 [5.4] 4. 9 , 3 6 4

For Exercises 6 and 7, multiply.

 

[3.4] 6.      2      5                                                                                     2.4-2 x # 9 x [3.4] 7. 1 y + 3 21 y-5 2 c d 8. Solve and check. -8x = 72 4.3
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6.3  Multiplying Decimal Numbers; 

Exponents with Decimal Bases

 

Warm-up                                                      Objectives

[1.3] 1. 457 * 39                                                                       1 Multiply decimal numbers.

[6.2] 2.-204.71 + 80.9                                                                2 Multiply signed decimal 

numbers.

Objective 1 Multiply decimal numbers.                                     3 Evaluate exponential forms Because decimal numbers are base-10 numbers, we should be able to multiply        with decimal bases. them in the same way we multiply whole numbers. But we must be careful to      4 Write a number in scientific place the decimal point correctly in the product. notation in standard form.

Consider (0.3)(0.7). Because we know how to multiply fractions, let’s write these   5 Write standard form num-

decimal numbers as equivalent fractions to see what we can discover about plac- bers in scientific notation.

ing the decimal point in the product.                                                   6 Multiply monomials.

 

1             3                           3                                    7 Multiply polynomials. 7 Note 0.3 is equivalent to 10 , and 0.7 is 0.3 21 0.7 2 = # 7 equivalent to . 8 10 10 Solve applications. 10

= 21        Note There are two decimal places in the 

100        product because we multiplied tenths 

=       times tenths to create hundredths. 0.21

What if the problem were 0.03 # 0.7?

 

 0.03            3   7                          3 # 0.7 = # Note 0.03 is equivalent to . 100 100 10

 

= 21        Note There are now three decimal places 1000 in the product because we multiplied hun-

=        dredths times tenths to create thousandths. 0.021

Our examples suggest the following conclusion and procedure:

 

Conclusion:  Because the numerators of the fraction equivalents are whole num-bers, when we multiply decimal numbers, we can multiply the decimal digits just as we would multiply whole numbers. Also, because we multiply the denomina-tors, the number of decimal places in the product is equal to the total number of decimal places in the factors.

 

Procedure                                                   Note When multiplying decimal 

numbers, we do not need to align 

To multiply decimal numbers:

the decimal points because the 

  1.  Multiply as if the decimal numbers were whole numbers. process does not depend on deci-

  2.  Place the decimal point in the product so that it has the same number of           mal alignment.

decimal places as the total number of decimal places in the factors.

 

Example 1 Estimate. Then find the actual product.

a. (2.31)(1.7)

Solution:

Estimate:  Use the same procedure as for estimating a product of whole numbers.

 

* 2.31 S    2                                                       Answers to Warm-up Round each number so that it has one nonzero digit. 1.7 S * 2 1. 17,823 Then multiply the rounded numbers.

4                                                      2.-123.81
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Your Turn 1                                 2

Actual:      2.31 d 2 decimal places      Note The estimate helps check our 

Estimate. Then find the actual  *        1 decimal place 1.7 d       decimal placement. Our estimate, 4, is 

product. reasonably close to the actual product,  1617  

 a. 2.04 # 3.927. Incorrect decimal placements such  0.09 b. 1.005 #  34.6                  + 231                            as 39.27 and 0.3927 disagree with the 

 c. 6.8 # 12.5  d. 15 # 0.007                     3.927 d 3 decimal places      estimate.

b. 13.04210.352

Solution:

Estimate:

3.04 S   3 d 0 decimal places

* 0.35 S 0.4 d 1 decimal place

1.2 d 1 decimal place

1

2

Actual:     3.04 d 2 decimal places

* 0.35 d 2 decimal places

1520

+ 912

1.0640 d 4 decimal places

Answer: 1.064    Note After placing the decimal point, 0 digits to the right of the 

last nonzero decimal digit can be deleted. We can see why using 

fractions.

 

1               304   35    10,640    1064 3.04 21 0.352 = #                = = = 1.064

100 100    10,00     1000

c

Dividing out the common factor of 10 deletes  

the last 0 in the numerator and denominator.

Do Your Turn 1

 

Connection

12.31211.72 = 1 31     7 2 1 100 21 102    Adding the total number of places in the factors 

 

= 231   17           corresponds to adding exponents of the powers # 100 10 of 10 in the denominators. We add the expo-= 3927 1000 nents because we are multiplying exponential 927 = 3 1000 forms that have the same base.

 

= 3.927         231 17    231 17    3927    3927 # = # = = = 3.927 2 1 2 1 3 100 10 10 10 10 + 10

c    c               c

Number of deci-   Number of     Number of deci-mal places in      decimal         mal places in the 2.31               places in 1.7    product, 3.927

 

Answers to Your Turn 1                Objective 2 Multiply signed decimal numbers.

a. Estimate: 0.18 Recall that the product of two numbers that have the same sign is positive and the 

 Actual: 0.1836                 product of two numbers that have different signs is negative. b. Estimate: 30

 Actual: 34.773

c. Estimate: 70

 Actual: 85

d. Estimate: 0.14

 Actual: 0.105
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Example 2 Multiply. 10.0921-0.0512                                           Your Turn 2

Solution:                                                                                    Multiply.

 

Note                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              a. -1.5 # 2.91 To avoid confusion, 0.051 d 3 decimal places 6.45 b. 1-21-8 we took out the negative 2 * 0.09 d 2 decimal places signs while calculating but 0459 put them back in the answer 

statement.                           0000

+ 0000

0.00459 d   5 decimal places

Answer:-0.00459      Because the two factors have different 

signs, the product is negative.

Do Your Turn 2

 

Objective 3 Evaluate exponential forms with decimal bases.

Because an exponent indicates to multiply the base repeatedly, we must be careful how we place the decimal in the result.

 

Example 3 Evaluate. 1-0.0423                                                Your Turn 3

Solution: Use -0.04 as a factor three                                                   Evaluate. of decimal places in the product by multiply-Note We can quickly determine the number 

times.                                 ing the number of decimal places in the base       a. 10.00822

 

1                                    by the exponent.                               b. -0.04 2 3 1      0 = 1 0.32-0.04 21-0.04 21-0.04 2 2 =                             1      23 =                c. 1 -0.04-0.000064-0.122-0.000064 " u c T d. 1-0.623

Note The product is negative be-         number of # exponent number of cause we have an odd number of          decimal                   decimal negative factors.                           places in                    places in the

 the base                   product

2      #      3     =       6

Answer:-0.000064

Do Your Turn 3

 

Objective 4 Write a number in scientific notation in standard form.

Scientists, mathematicians, and engineers often work with very large numbers. When these very large numbers have many 0 digits, it is convenient to express the numbers in scientific notation.

 

Definition                                               n Scientific notation: A notation in the form a * 10 where a is a deci-mal number whose absolute value is greater than or equal to 1 but less than 10 and n is an integer.

 

The number 2.37      4 * 10 is in scientific notation because the absolute value of 2.37 is 2.37, which is greater than or equal to 1 but less than 10, and the power of 10 is 4, which is an integer. The number 42.5      3 * 10 is not in scientific notation because the absolute value of 42.5 is greater than 10.

Answers to Your Turn 2

a. -4.365 b. 51.6

Answers to Your Turn 3

a. 0.000064 b. 1 c. 0.0144 d. -0.216
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What does 2.37      4 * 10 mean?

2.37      4 * 10 = 2.37 * 10 * 10 * 10 * 10

2.37                23.7                237                2370

* 10            * 10            * 10             * 10

000               000              000               0000

+ 237           + 237           + 237           + 2370

23.70              237.0              2370              23,700

Notice that each multiplication by 10 moves the decimal point one place to the 

right. Because we multiply by four factors of 10, the decimal point moves a total 

of four places to the right from where it started in 2.37.

 

Conclusion:  The number of 10s is determined by the exponent; so the exponent 

actually determines the number of places the decimal point moves.

 

Procedure

To change from scientific notation with a positive integer exponent to standard notation for a given number, move the decimal point to the right the number of places indicated by the exponent.

 

Connection           6          Example 4 Write the number in standard form; then write its word name. Because 10

is 1,000,000, the number                           6 a. 8.23 * 10

8.23      6 * 10 is often read 

as 8.23 million. Similarly,  Solution:                           6  Multiplying 8.23 by 10 causes the decimal point to move six places to 

9                                             the right from its original position in 8.23.

10 is  1,000,000,000; so 

-         9                                                   6                        5.1782 * 10 is often read = 8 2 3 0 0 0 0 Note  8.23 * 10 Moving two of the six places puts 

as -5.1782 billion.                                                          the decimal point after the 23; so we 1  2  3  4  5  6

=            must place four 0s after the 3 digit to ac-8,230,000

count for all six places.

Your Turn 4                       Word name: Eight million, two hundred thirty thousand

Write each number in standard                       9 b. -5.1782 * 10 form; then write the word name.

 a.              3                                                                                 9 Solution: 7.8 * 10 Multiplying -5.1782 by 10 causes the decimal point to move nine  b.                  9                               places to the right from its original position in 9.102 * 10-5.1782.

 

 c.                 12                                                9 4.1518 * 10-5.1782 * 10 =-5 1 7 8 2 0 0 0 0 0    Note Moving four of the nine 7 d. 5.4 * 10 1  2  3  4  5  6  7  8   9 places puts the decimal point 

= after the 1782; so we must place  - 5,178,200,000

five 0s after the 2 digit to ac-

count for all nine places.

Word name: Negative five billion, one hundred seventy-eight million, two hun-dred thousand.

Do Your Turn 4

 

Answers to Your Turn 4                  Objective 5 Write standard form numbers in scientific notation. a. 7800; seven thousand, eight 

hundred Suppose we want to write 62,910,000 in scientific notation. First, we must deter-

b.                                              mine the decimal position. 9,102,000,000; nine billion, 

one hundred two million                                          62,910,000

c. 4,151,800,000,000; four tril-                                                  c

lion, one hundred fifty-one               The decimal must go between the 6 and 2 to express a number  

billion, eight hundred million             whose absolute value is greater than or equal to 1 but less than 10.

d. 54,000,000; fifty-four million
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Next, we determine the power of 10.

62,910,000 =                7 6.2910000 * 10 ∂

 

Because there are seven places between the new decimal position  and the original decimal position, the power of 10 is 7.

Finally, we can simplify by eliminating unnecessary 0s.

62,910,000                   7                   7 = 6.291 0000 * 10 = 6.291 * 10

u

Because 0s to the right of the last nonzero decimal 

digit are not needed, we can delete these four 0s.

Our example suggests the following procedure:

 

Procedure

To write a standard form number whose absolute value is greater than 1 in sci-

entific notation:

  1.  Move the decimal point so that the number’s absolute value is greater 

than or equal to 1 but less than 10. (Place the decimal point to the right of the first nonzero digit.)

  2.  Write the decimal number multiplied by 10 n where n is the number 

of places between the new decimal position and the original decimal position.

  3.  Delete 0s to the right of the last nonzero digit.

 

Example 5 Write each number in scientific notation.                             Your Turn 5

a. 417,000,000,000 Write each number in scientific 

Solution:                                                                                    notation.

 

417,000,000,000 = 4.17 * 10                               b. 11                                     a. 91,000

e                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        108,300,000

 c. -6,390,000

Move the decimal here to express                                                      d. -40,913,000,000,000 There are 11 places between the new deci-

a number whose absolute value is        mal position and the original decimal po-

greater than or equal to 1 but less        sition. After placing the decimal point, the 

than 10.                                 nine 0s can be deleted.

b. -2,917,300,000

Solution:

-2,917,300,000                 9 =-2.9173 * 10

e

 

Move the decimal here to express       There are 9 places between the new deci-

a number whose absolute value is       mal position and the original decimal po-

greater than or equal to 1 but less        sition. After placing the decimal point, the 

than 10.                                 five 0s can be deleted.

Do Your Turn 5

 

Objective 6 Multiply monomials.

Answers to Your Turn 5

We learned how to multiply monomials in Section 3.4. Recall that we multiply the                4 a. 9.1 * 10 coefficients and add exponents of the like variables.                                                8 b. 1.083 * 10

c.                  6-6.39 * 10 d.                 13-4.0913 * 10
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Your Turn 6                       Example 6    Multiply.

 

 a. 1      3       2 1.7 n 21 6 n2                          Solution: 3 b. Multiply.                             a. 1    7        8 2.1 y 21 3.43 y2

1-4.03a21-2.1a 2                         7 1                         8 2.1 y 21 8 7 3.43 y 2 = 2.1 # 3.43 # y +    Multiply the coefficients and add 

the exponents of the like variables.

=     15 7.203 y

 

Connection Multiplying monomials is like multiplying numbers expressed in scientific notation. For example, 

1    7 2.1 y 21      8                           7            8 3.43 y 2 corresponds to 1 2.1 * 10 21 3.43 * 102.

1    7        8 2.1 y 21                                 8 3.43 y 2 1 7 2.1 * 10 21 3.43 * 102

=        7 8 2.1 #                       8 3.43 # y + = 7 2.1 * 3.43 + * 10

=     15 7.203 y            =          15 7.203 * 10

 

b. 1       2           4 6.13 x 21-4.5 x2

Solution:

1     2         4 6.13 x 21-4.5 x2 = 6.13 # 1         2 +-4.5 2 #4 x   Multiply the coefficients and add 

the exponents of the like variables.

=       6-27.585 x

Do Your Turn 6

 

In Section 3.4, we learned how to simplify monomials raised to a power. We eval-

uate the coefficient raised to the power and multiply each variable’s exponent by 

the power.

 

Your Turn 7                       Example 7                2 Simplify. 1 3 0.2 a 2

Simplify.                              Solution:

 

 a. 1     4 2 1.2 y 2                                1     2 3          3 2#3 0.2 a 2 = 1 0.2 2 a   Evaluate the coefficient, 0.2, raised to the power, 3, and 3 3 b. 1-0.5 m 2 multiply the variable’s exponent, 2, by the power, 3.

=     6 0.008 a

Do Your Turn 7

 

Objective 7 Multiply polynomials.

In Section 3.4, we learned to multiply polynomials using the distributive property.

 

Example 8 Multiply.

a.        2     3 4.2 x 1 5 x + 9x-72

Solution:

4.2 2     3 x 1 5 x + 9x-72

 

Answers to Your Turn 6 =    2   3 4.2 x #       2 #          2 5 x + 4.2 x 9 x-4.2 x # 7  Using the distributive property, multiply 

5 3 2  4  each term in 5  x   

a.  9x    7 by 4.2x .  10.2  n  b.  8.463  a

Answers to Your Turn 7                     =    5       3       2 21 x + 37.8 x-29.4 x           Simplify.

a.         8                   9 1.44 y b. -0.125 m
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b. 13.1n-2211.7n + 6.52                                                           Your Turn 8

Solution:                                                                                    Multiply.

3.1                                                        2       3 n # 6.5 a. -2.8 y 1 3.5 y-4y + 5.12

3.1                                               b. 17x-4.1213.2x-22 n # 1.7 n

 c. 11.9y + 5211.9y-52

13.1n 22   11.7n + 6.52

 2 # 1.7n

 2 # 6.5

= 3.1n # 1.7n + 3.1n # 6.5 2 # 1.7n 2 # 6.5   Using the distributive                 TACTILE VISUAL AUDITORY

property, multiply each term  

 

= in 1.7  Learning Strategy  n   6.5 by each term in  Recall that we can use FOIL  3.1  n   2 (FOIL).  to remember how to multiply 

5.27 2                                                  Simplify. n + 20.15 n-3.4 n-13                                the terms in two binomials. We 

=     2 5.27 n                              Combine like terms.              multiply the first terms, then + 16.75 n-13

c. 1 the outer terms, then the inner  0.6t-1.4 21  0.6t + 1.42

terms, and finally the last terms.

Solution:

0.6t # 1.4

0.6t # 0.6t

10.6t 1.42    10.6t + 1.42

 

 1.4 # 0.6t

 1.4 # 1.4

= 0.6t # 0.6t + 0.6t # 1.4 1.4 # 0.6t 1.4 # 1.4    Using the distributive 

property, multiply each term 

in 0.6t     1.4 by each term in 0.6t    1.4 (use FOIL).               Note Because the binomials 

=    2                                                       0.6t 0.36 t-1.4 and 0.6t   1.4 are con-+ 0.84 t-0.84 t-1.96  Simplify. +

=    2                                                       jugates, the like terms are additive 0.36 t Combine like terms.-1.96 inverses resulting in a product that 

Do Your Turn 8                                                                      is a difference of squares.

 

Objective 8 Solve applications.

A common situation involving multiplication is when we purchase or sell more than one unit of a product at the same price, which is called its unit price.

 

Definition Unit price: The price of each unit.

 

For example, suppose gasoline is sold at a unit price of $2.89 per gallon, which means that we pay $2.89 for every 1 gallon of gasoline that we purchase. The unit price can be expressed as a fraction.

 

$2.89 per gallon = $2.89/gallon =                             division and translates to the 1 gallon $2.89 Note The word per indicates 

symbol /, or a fraction line.

Because the unit price is $2.89 for every 1 gallon, if we buy more or less than 1 gallon, we can multiply the unit price by the quantity purchased to find the total price. For example, if we buy 10 gallons, we multiply 10 by 2.89 to get the total price.

Answers to Your Turn 8

 Total price 5            3              2  =  quantity  #  unit price  a.  -9.8  y  + 11.2  y -14.28  y

 

= 10 gal. #                                                  2 c. 3.61 y-25 1 gal. $2.89                                  b.        2 22.4 x-27.12x + 8.2 402   Chapter 6  Decimals

 

= 10 gal. $2.89 #

1    1 gal.

= $28.90

 

Connection We left the units in to illustrate how the units of measurement can be divided out just like numbers and variables. Because gal. appears in the numerator and denominator, we can divide out this common factor. Notice that the only unit of measurement left is $. This unit analysis, as it is called, helps 

Your Turn 9 clarify how unit pricing works. We will discuss unit analysis in more detail 

when we develop rates more fully in Chapter 7.

Solve.

 a. The long-distance phone 

 

charges $0.09 per minute.  A seafood market has salmon priced at $9.89 per pound. Find  company that Janice uses          Example 9 

If she talks for 76 minutes,          the total price of 1.75 pounds of salmon.

how much will the call cost?       Solution:

 b. A broker purchases 150                         Total price = 1.75 *       Multiply 1.75 pounds by the 9.89

shares of a stock that costs 

$4.25 per share. What is the                                                   unit price, $9.89 per pound.

total cost of the purchase?                                    17.3075      Note = The result is in dollars; so we 

round to two decimal places.

Answer: $17.31

Answers to Your Turn 9

a.                                                    Do Your Turn 9 $6.84 b. $637.50

 

PORTFOLIO

 

6.3             For Exercises

Extra

Help

 

Objectives 1 and 2

Prep Exercise 1 When multiplying two decimal numbers,      Prep Exercise 2 Place the decimal correctly in the product how do you determine the position of the decimal point       shown. in the product? 

5.3

* 0.4

212

Prep Exercise 3 When multiplying a decimal number by a power of ten, such as 10, 100, or 1000, how do you determine where to place the decimal point in the product? 

 

For Exercises 1–6, estimate. Then find the actual product.

 1. (0.6)(0.9)                               2. (0.7)(0.4)                               3. (2.9)(3.65)  

 

 4. (6.81)(4.2)                              5. (9.81)(71.62)                           6. (10.4)(12.31) 

 

For Exercises 7–16, multiply.

 7. (0.01)(619.45)               8. 145(0.1)                     9. 19.6(10)                    10. (1000)5.413 

 11. 10.150821-1002            12. 1-10,000210.0522          13. 1521-0.0012               14. -0.01162

 15. 1-0.02921-0.152                                          16. 1-0.1821-0.2342
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Objective 3

For Exercises 17–24, evaluate.

 17.         2                                         2                                      3                                        3 1 0.9 2 18. 1 0.13 2 19. 1 2.1 2 20. 1 3.5 2

 21. 1         4                                    5-0.03 2 22. 1-0.2 2                        23. 1-0.423                        24. 1-1.432

Objective 4

Prep Exercise 4                2                                                                                                         7 Is 24.7 * 10 in scientific notation? Prep Exercise 5 Explain how to write 4.85 * 10 in stan-Explain.                                                         dard form. 

 

For Exercises 25–30, write each number in standard form and write the word name.

 

 25.                                                           8                   26. The speed of light is approximately 3 * 10 meters A light-year (lt-yr.) is the distance light travels in 1 12 per second. year and is approximately 5.76 * 10 miles. 

 

 27. The approximate distance to the Andromeda galaxy                                              13 28. The national debt is about $1.379 * 10. 6 is 2.14 * 10 light-years. ( Source: Bureau of Public Debt, November 29, 

2010) 

 

 29.                                             8                                                                     7 There are approximately 3.07 * 10 people in the United  30. Earth is about 9.292 * 10 miles from the sun.

States. (Source: U.S. Bureau of the Census, 2009) 

 

Objective 5

Prep Exercise 6 Suppose we are writing 456,000 in scientific notation. So far we have 4.56      ? * 10. What will be the unknown exponent? Why? 

 

For Exercises 31–36, write each number in scientific notation.

 31. There are 2,300,000 blocks of stone in Khufu’s             32. There are approximately 191,000 words in this 

pyramid.                                                textbook. 

 33. The distance from the sun to Neptune is approxi-         34. The nearest star to ours (the sun) is Proxima Centauri 

mately 2,795,000,000 miles.                                   at a distance of about 24,700,000,000,000 miles.

 

 35. Human DNA consists of 5,300,000,000 nucleotide         36. An FM radio station broadcasts at a frequency of 

pairs.                                                               102,300,000 hertz. 

 

Objective 6

For Exercises 37–42, multiply.

 37. 1      5        3                                           2        4                                        2 3.2 x 21 1.8 x 2 38. 1 9.15 y 21 7.2 y 2 39. 1 0.2 a21-0.08a2

 40. 1         3 1.67 n21     2                                  3 2                                               5 3-2.4 n 2 41. 1 0.5 t 2 42. 1-0.2 z 2

Objective 7

For Exercises 43–54, multiply.

 43. 0.51     2                                                                       3 1.8 y + 2.6 y + 38 2 44. 0.2 1 6.8 m + 0.44m-72

 45.                3                                                                                2-6.8 1 0.02 a-a + 1.9 2 46. -0.14 1 0.9 n-40n-8.72

 47. 1x + 1.1221x-0.22                                       48. 1p-1.521p + 7.92

 49. 10.4x-1.222116x + 32                                  50. 16.1y + 2210.8y-52

 51. 15.8a + 9215.8a-92                                      52. 10.1m-0.41210.1m + 0.412

 53. 1k-0.12114.7k-2.82                                    54. 19t-0.5212t-6.012
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Objective 8

For Exercises 55 and 56, solve.

 55. According to AAA, the highest average price of gasoline      56. At the peak price of $4.11 per gallon, how much did 

on record in the United States occurred on July 7, 2008,  it cost to fill the 10.6-gallon fuel tank in a Honda 

when it reached $4.11 per gallon. At that price, how               Insight? 

much did it cost to fill the 32-gallon fuel tank in a Hum-

mer H2 SUV? (Source: AAA Fuel Gauge Report.) 

For Exercises 57 and 58, use the following table that shows the pricing schedule  for a phone company’s long-distance rates.

Time         Rate

8 A.M.–5 P.M.    $0.12/minute

5 P.M.–10 P.M.    $0.10/minute

10 P.M.–8 A.M.   $0.09/minute

 

 57. Joanne makes a long-distance call at 4:12 P.M. and         58. Joanne makes another long-distance call at 10:31 P.M. 

talks for 32 minutes. How much does the call cost? and talks for 21 minutes. How much does the call 

cost? 

For Exercises 59–74, solve.

 59. Stan buys 4.75 pounds of onions at $0.79 per pound.      60. Nadine buys 5.31 pounds of chicken at $1.19 per 

What is the total cost of the onions?                           pound. What is the total cost of the chicken? 

 61. A gas company charges $1.3548 per therm used. If        62. An electric company charges $0.1316 per kilowatt-

Ruth uses 76 therms during a particular month, what  hour. Margaret uses 698 kilowatt-hours one particu-

will be the cost?                                                 lar month. What will be the cost? 

 63. A van is assessed to have a value of $6400. Property       64. One year after the purchase of a new sedan, it is as-

tax on vans in the owner’s county is $0.0285 per dol- sessed at a value of $9850. Property tax for the sedan 

lar of the assessed value. What will be the tax on the  in the county where the owner lives is $0.0301 per 

van?  dollar of assessed value. What is the property tax on 

the sedan? 

 65. The current in a circuit is measured to be -3.5 am-        66. The current in a circuit is measured to be 24.5 am-

peres. If the resistance is 0.8 ohm, what is the volt- peres. If the resistance is 1.2 ohms, what is the volt-

age? (Use V = ir.)                                           age? (Use V = ir.) 

 67. In a test, the speed of a car is measured to be 12.5          68. The speed of a 747 aircraft is 565 miles per hour. How 

feet per second. How far will the car travel in 4.5 sec-        far will the aircraft fly in 3.5 hours? (Use d = rt.)

onds? (Use d = rt.) 

 69. A square top covers the components in an electronic      70. A rectangular computer processor is 3.4 centimeters 

device. The top is 4.8 centimeters on each side. What  by 3.6 centimeters. What is the area of the processor?

is the area of the top? 

 71. Find the area of the lot shown.                              72. Find the area of the brace shown. 

 

78.2 ft.

8.6 m

160.5 ft.

 

1.8 m
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 73. Find the volume.                                          74. Find the volume. 

 

3.1 cm

0.5 m

2.2 cm

4.8 cm

0.09 m

0.18 m

 

Review Exercises

For Exercises 1 and 2, evaluate.

[1.4] 1. 3280 , 16                                           [2.4] 2. 2169 

 

[5.2] 3. Divide.     3 2 12 7 x

x

[4.3] For Exercises 4–6, solve and check.

 4. 9 t =-81              5. 3 x + 5 = 32           6. -2 a + 9 = 3a-6 

[5.3] 7. Find the radius and circumference of a circle with a 15-inch diameter. 

Use     for p 22

. 

7
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6.4  Dividing Decimal Numbers; Square 

Roots with Decimals

 

Objectives                    Warm-up

 1                                 [1.4] 1. Divide. 6503 , 16 Divide decimal numbers.

 2                                 [6.3] 2. Multiply. 1-24.3214.72 Write fractions and mixed 

numbers as decimal 

numbers.                    Objective 1 Divide decimal numbers.

 3 Evaluate square roots.           Suppose we must divide 4.8 , 2. We will see that we can use long division. How- 4 Divide monomials with  ever, to gain some insight into the process, we will divide by writing 4.8 as an 

decimal coefficients.            equivalent mixed number.

 

 5 Solve equations using the                               8 4.8 , 2 = multiplication principle.                                  4       , 2   Write 4.8 as a mixed number.

10

 6 Solve applications.                                    48 = , 2   Write the mixed number as a fraction.

10

 

Note  =   #       10 2 we can divide the original digits as if they were  The de- 48 1 tion, we can divide 48 by 2. This suggests that  24                Note After writing the equivalent multiplica-

nominator, 10,                          whole numbers. 1

 = 24

indicates that              10

terms of tenths.             4            the fraction, we left it in terms of tenths so the quotient is in                          Note Although we could have simplified 

= 2          10 that writing the equivalent decimal number 

=          would be easy. 2.4

Using this lengthy method, we can see that 4.8 , 2 = 2.4.

Notice that if we set up the problem in long division form and write the decimal 

in the quotient directly above its position in the dividend, we get the same result.

2.4

2 冄4.8-4

08

-8

0

Our example suggests the following procedure:

 

Procedure

To divide a decimal number by a whole number using long division:

  1.  Divide the divisor into the dividend as if both numbers were whole num-

bers. Align the digits in the quotient properly.

  2.  Write the decimal in the quotient directly above its position in the 

dividend.

  3.  If after bringing down the last digit in the dividend the remainder is not 0, 

write a 0 digit to the right of the last nonzero digit in the dividend, bring that 0 down, and divide. Continue adding 0 digits and dividing until the remainder is 0 or a digit or group of digits repeats without end in the quo-tient. To indicate repeated digits in the quotient, write a repeat bar over the digit or group of digits that repeat.

Answers to Warm-up

1. 406 r7    2. -114.21
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Example 1 Estimate. Then find the actual quotient. 9 , 2                        Your Turn 1

Solution: Estimate.  Then find the actual 

quotient.

Estimate:  Rounding both numbers to single nonzero digit leaves them unchanged.  

Think of the division as a fraction and then write it as a mixed number.                 a. 29 , 5

 b. 211 , 4

 

9       9     1                               c.-12.8 , 8 , 2 = = 4 2 2 d. 0.591 , -2

4.5

Actual: 2 冄9.0    Use long division with 9 written as 9.000...  Continue to divide 

-8    until the remainder is 0. Write the decimal in the quotient directly 

10    above its position in 9.0.

 

-      Note 10 Our decimal answer 4.5 is the same 1 as our estimate 4 . 0 2

Answer:                    4.5 =   5      1 4 10 = 4 2 4.5 

Do Your Turn 1

 

Example 2 Estimate. Then find the actual quotient. 3.2 , 3                       Your Turn 2

Solution: Estimate.  Then find the actual 

Estimate:  3 , 3 =                                                                     quotient. 1

 a. 10 , 6

1.066 c Note The 6 digit will continue in                                  b. 14 , 9

 

Actual: 3 冄3.200         an unending pattern. To indicate                                     c.-12.5 , 3 this repetitive pattern, we use a -3 d. -0.16 , 15 repeat bar over the 6. 02

-0        Warning Place the repeat bar 

20                                                                Note carefully. For example, 1.06 means   Remember, when estimat-

 

- 1.060606..., which is not our  ing division, if rounding to a  18  single nonzero digit produces  quotient.  20  a division that is too difficult to 

-18 perform mentally, try including a 

2 second digit or bending the rules 

for rounding to make the divi-

Answer: 1.06 sion easy. For example, with Your 

Do Your Turn 2 Turn 2c, instead of -10 , 3, using 

-12 , 3 makes for an easier, and slightly more accurate estimate.

Now let’s explore division when the divisor is a decimal number, as in  1.78 , 0.5. The approach is to rewrite the division so that the divisor is a whole number. To make     Answers to Your Turn 1 0.5 a whole number, the decimal point needs to move one place to the right. So we     a. Etimate: 6 multiply 0.5 by 10. To keep the division expression equivalent to the original expres-        Actual: 5.8 sion, we must multiply 1.78 by 10 as well. We are using the rule for writing equivalent     b. Estimate: 50 fractions. To see how this works, we will write the division in fraction form.                  Actual: 52.75

c.                   1 Estimate: -1  or 4     -1.25

 1.78 , 0.5 = 1.78

Actual: -1.6

0.5                                                           d. Estimate: -0.3

= 1.78 1102    Multiply the numerator (dividend)                    Actual: -0.2955

0.51102    and denominator (divisor) by 10.                  Answers to Your Turn 2

 

= 17.8                                                                       2 a. Estimate: 1  Actual: 1.6 Note Multiplying the numera-3 1 5 tor (dividend) and denominator b. Estimate: 1  Actual: 1.5 9

(divisor) by 10 gives an equivalent                        c. Estimate: -4 Actual:-4.16 division with a whole number                          d. Estimate: -0.01 divisor.                                                       Actual: -0.0106
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In long division format, the process is as follows:

3.56

0.5 冄1.7 8      5冄17.80

 

Note                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    -15 We move the decimal point 1 place to the 28 right in the divisor to make it a whole number (multiply it by 10). Because we moved the             -25 decimal point 1 place to the right in the divisor,           30 we must also move it 1 place to the right in the          -30 dividend (multiply it by 10 as well).

0

Our example suggests the following procedure:

 

Procedure

To divide using long division when the divisor is a decimal number:

  1.  Move the decimal point in the divisor to the right enough places to make 

the divisor an integer (multiply by an appropriate power of 10).

  2.  Move the decimal point in the dividend the same number of places 

 (multiply it by the same power of 10).

  3.  Follow the same steps as for dividing a decimal number by a whole 

number.

 

Your Turn 3                       Example 3    Estimate.  Then find the actual quotient. 24.1 , 0.04

Estimate.  Then find the actual         Solution:

quotient.

 

b. a.                                            0.04 冄24.1 0 Move the decimal point 2 places  0.768 , 0.6 to the right in 0.04 to make it an   13.49 , 1.42 Note When we move the decimal point integer (multiply it by 100).  

 c.-605.3 , 0.02                      two places to the right in 24.1, we move     Then move the decimal point 2  

d.                                       past an understood 0 digit that is to the  16 0.03     places to the right in 24.1 as  , -

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    right of 1 so that the result is 2410.                                                                                                                                                                                                                                                                                                                            well (multiply it by 100).

 

Note For Your Turn 3d, after             Estimate: Round the numbers after moving the decimal point. 2000 , 4 = 500 moving the decimal point, we have 1600 , 3. Rounding these 602.5 Note Rounding 2410 

 

numbers for the estimate gives           Actual: 4 冄2410.0     Divide. Remember to write the     to 2400 is still easy 2000 , 3. However, it is easier to decimal point in the quotient  and makes for a more -24 bend the rules for rounding and directly above its position in  accurate estimate. 01 think of 1600 as 1500 so that we the dividend. 2400 , 4 = 600 have 1500 , -3 =-500. This is -0

not only easier, it’s more accurate.                      10

-8

20

-20

0

Answer: 602.5

Answers to Your Turn 3                    Do Your Turn 3 a. Estimate: 1.6

Actual: 1.28

Objective 2 Write fractions and mixed numbers as decimal numbers. b. Estimate: 10

Actual: 9.5 Because a fraction is a notation for division, we can write fractions as decimals by 

c. Estimate: -30,000 dividing the denominator into the numerator. We follow the same procedure as 

Actual: -30,265                   for dividing decimal numbers when the divisor is a whole number.

d. Estimate: -500

Actual: -533.3
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Procedure

To write a fraction as a decimal number, divide the denominator into the 

numerator.

 

Example 4        5 Write  as a decimal number.                                         Your Turn 4

8

Write as a decimal number.

Solution:

3

0.625                                                                            4 a.

8 冄                                    Connection We can verify that 5.000     Divide the denominator               5                                        5 0.625 =-       into the numerator.                   8 by writing 0.625 as a              b.-48 fraction in lowest terms. 12

20

-                           0.625 16 = 625     625 , 125    5 = =

1000    1000 , 125    8

40

-40

0

Answer: 0.625

Do Your Turn 4

 

How can we write mixed numbers as decimal numbers? We saw in Section 6.1      VISUAL

that 23.791 =    791 23 . In reverse, if we want to write a mixed number as a decimal 1000          Learning Strategy number, the integer part of the mixed number, in this case 23, is the integer part of 

the decimal number and the fraction part,     , is equivalent to the decimal digits. 1000 791 If you are a visual learner, imag-

ine the space between the inte-

ger and fraction part of a mixed 

number as the decimal point in 

Procedure

its decimal number equivalent.

To write a mixed number as a decimal:

  1.  Write the integer part of the mixed number to the left of a decimal point.                     2 17    = 17.18

  2.  Divide the denominator into the numerator to determine the decimal dig-                   11

its. Write those digits to the right of the decimal point.

 

Example 5            2                                                 Your Turn 5 Write -17  as a decimal number. 11 Write as a decimal number.

 

Solution:  The integer part of the mixed number, -17, is written to the left of the             1 2 a. 25 decimal point. The decimal equivalent of  is written to the right of the decimal 11 8 point. To find the decimal digits, we divide 11 into 2. 5 b.-19 6

Note The decimal      0.1818 c

 

digits repeat in an       11冄2.0000 unending pattern;         Connection Notice that -17.18 is a 11-so we use a repeat rational number because it is equivalent 

 

bar over those dig-          90               2 to -17 , which we can express as the 11 189 its that repeat.-88 fraction -. It turns out that all nonter-11

20        minating decimal numbers with repeat-

-         ing digits can be expressed as fractions; 11

 

90       so they are all rational numbers. But there       Answers to Your Turn 4 are nonterminating decimal numbers a. 0.75 b.-0.416 without repeating digits, which means 

 

Answer:-17.18                      not rational numbers. We will learn about that there are decimal numbers that are          Answers to Your Turn 5

a. 25.125

Do Your Turn 5                       these numbers in the next objective.             b.-19.83
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Objective 3 Evaluate square roots.

In previous chapters, we discussed square roots of perfect squares, as in 264, 

and square roots of fractions with perfect square numerators and denominators, 

as in     100 2. Recall that the radical sign indicates the principal square root, which is 

121

either 0 or a positive number whose square is the radicand.

264 =              2 8  because   1 8 2 = 64      Note The numbers 64, 100, and 121 are 

 

A =     because  a   b =       are whole numbers. (For a list of perfect  121  100 2 perfect squares because their square roots  10  10  100

11             11      121    squares, see Table 1.1.)

 

We now consider square roots of numbers that are not perfect squares, such as 214. 

To evaluate 214, we must find a positive number that can be squared to equal 14. 

Because 14 is between the perfect squares 9 and 16, we can conclude that it must be 

true that 214 is between 29 and 216. Therefore, 214 is between 3 and 4.

 

  8        9       10       11      12      13       14      15      16

 

V9               V14     V16

 

3                3.5                 4

 

Notice that 214 is not an integer. Using our number line, we can approximate 

214 to be about 3.7. We can test our approximation by squaring it.

13.722 = 13.69

Because 13.69 is less than 14, our approximation is too small. Let’s try squaring 3.8.

13.822 = 14.44

So 214 is between 3.7 and 3.8. We need to go to hundredths to refine further.

We could continue guessing and refining indefinitely because 214 is a nontermi-

nating decimal number that does not have a pattern of unending repeating digits. 

Because we cannot express the exact value of 214 as a decimal or fraction, we say 

that it is an irrational number. In fact, the square root of any whole number that is 

Connection We defined 

not a perfect square is an irrational number.

 irrational numbers in Section 

5.3 when we discussed the  We can use the radical sign to express the exact value of the square root of a whole 

irrational number p.               number that is not a perfect square. For example, 214 is the exact expression 

for the square root of 14. If the radical form is not desirable, we can approximate 

an irrational square root with a rational number. To approximate, we can guess, 

verify, and refine as we did earlier or use a calculator.

Approximating 214 using a calculator gives

Your Turn 6                                                  214 ⬇ 3.741657387. 

 

Approximate the square root to                            Note Remember that this symbol the nearest hundredth. means is approximately equal to . 2 a. 50

b. 294

c. 2128                    Example 6 Approximate 229 to the nearest hundredth.

d. 2212                       Answer: ⬇ 5.39

Answers to Your Turn 6                    Do Your Turn 6 a. ⬇7.07 b. ⬇ 9.70 c. ⬇ 11.31

d. ⬇14.56
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What if we must find the square root of a decimal number? Some decimal num-bers have exact decimal square roots; others are irrational.

20.09 = 0.3   because    10.322 = 0.09

21.21 = 1.1   because    11.122 = 1.21

20.0064 = 0.08  because   10.0822 = 0.0064

Notice that each of the radicands is a perfect square if we take out the decimal point.

0.09 is similar to 9,

1.21 is similar to 121,

and 0.0064 is similar to 64.

Also notice that the square roots have the same digits as the square roots of the corresponding perfect squares. The tricky part is placing the decimal point. If we square a decimal number, the product will always have twice as many places as the original decimal number.

10.322 = 0.09 6    10.03 622 = 0.0009     10.00322 =      f $ %& 0.000009 $ %&

1 place    2 places    2 places  4 places    3 places  6 places

This means that when we find the square root of a decimal number that corre-sponds to a perfect square, the decimal number must have an even number of deci-mal places if it is to have an exact decimal square root. The exact square root will have half the number of decimal places and the same digits as the square root of the corresponding perfect square. If the radicand has an odd number of decimal digits, the square root is irrational.

20.0081 = 0.09 whereas 6 2                $ %& 0.081 is irrational Note Using a calculator, 

we can approximate the 

  4 places  2 places                                    irrational  root.

20.081 ⬇ 0.284604989

 

Rule

The square root of a decimal number that corresponds to a perfect square and 

has an even number of decimal places will be a decimal number with half the 

number of decimal places and the same digits as the square root of the corre-

sponding perfect square.

 

Example 7                                                           Your Turn 7 Find the square root. 2 0.000196

Solution:                                                                                    Evaluate the square root.

a. 20.01

 

20.000196 r = 0.014 $ %&   196 is a perfect square, and 0.000196 has an even number       b. 20.0016 of decimal places; so its square root has half the number of 2 c. 0.25 decimal places and the same digits as the square root  

6 places  3 places    of 196, which is 14.                                                d. 20.000169

Do Your Turn 7

 

The rational and irrational numbers together form the set of real numbers. If we travel the entire number line from end to end, every number we encounter is a real number, either rational or irrational.

 

Definition Real numbers: The set of all rational and irrational numbers.

Answers to Your Turn 7

a. 0.1 b. 0.04 c. 0.5 d. 0.013 412   Chapter 6  Decimals

 

Real Numbers

 

Rational Numbers: Real numbers that        Irrational Numbers: Real 

 

can be expressed in the form a numbers that are not rational,  , where  b  such as  - 2  2,  - 2  3,  2  0.8,  ⬆  a  and  b  are integers and  b  0, such  and  p  .  3  2  5  as  - 4  ,  - , 0.018, 0.3, and  .  4  3  8

 

Integers: c, -3, -2, -1, 0, 1, 2, 3, c

 

Whole Numbers: 0, 1, 2, 3, c

Natural Numbers: 1, 2, 3, c

 

Objective 4 Divide monomials with decimal coefficients.

We learned how to divide monomials in Section 3.6. In Section 5.2, we learned to 

simplify rational expressions. From what we learned in Sections 3.6 and 5.2, we 

can say that to divide monomial expressions, we divide the coefficients, subtract 

exponents for the like variables, and write any unlike variables as they are.

 

Your Turn 8                       Example 8    Divide.

Divide.                                    6        2 a. 8.2 n , 2.5 n

a.        5 1.28 y , 0.4y

Solution:

 

b.                                               6        2                 692 3 8.2 n , 2.5 n = 1 8.2 , 2.5 2 n   Divide the coefficients and subtract --0.8 7 tu

1.6u

exponents for the like bases.

=     4 3.28 n

-3.85 5 xyz

b.           4 0.5 xy

Solution:

 

-3.85 5 xyz    -3.85 4      =      5 x-4 1 y-1z 0.5

0.5x y

 

Note                =       1 0           Divide the coefficients, subtract -7.7 x y z Remember,  exponents for the like bases, and  0 y simplifies to 1. =-7.7 xz write the unlike bases as they are.

 

Connection We could use the approach we learned in Section 5.2 for sim-plifying rational expressions to simplify the expressions in Example 8.

 

8.2 6 n    8.2 n # n # n # n # n # n #    1   1

a.        6           2                                                       4 8.2 n , 2.5 n = = = 3.28 n

2.5 2 n          2.5 # n # n

1   1

#    1   1   1   1      1

b.                  =                                  =-7.7xz 4 0.5-3.85 5 xyz    -3.85 x # x # x # x # x # y # z x y        0.5 # x # x # x # x # y

1   1   1   1   1

 

Do Your Turn 8

Answers to Your Turn 8

a.      4              4 3.2 y b. 0.5 tu
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Objective 5 Solve equations using the multiplication principle.

Connection Although it 

In Section 4.3, we learned to solve equations using the multiplication principle of 

seems contradictory, the 

equality, which says that we can multiply (or divide) both sides of an equation by 

multiplication principle of 

the same nonzero amount without affecting its solution(s). Let’s apply the prin-

equality allows us to divide

ciple to equations that contain decimal numbers.

both sides of an equation by 

 

Example 9  the same nonzero number 

Solve and check. -14.2x = 39.05                                     because division can be 

 written as multiplication 

Solution:                       Divide both sides by =-14.2x    39.05

 14.2. using the reciprocal of the  14.2     

14.2                                                             divisor.

 1x =-2.75

x =-2.75

Check:                                                                              Your Turn 9

 

-14.2x =                                                       Solve and check.

-                                         x with    2.75. 14.2 1 2.75 2 39.05 In the orginal equation, replace          b. 39.05                                                        a. 37.994 = 3.14d

-9.8m = 158.76

 39.05 = 39.05    True; so 2.75 is the solution.

Do Your Turn 9

 

Objective 6 Solve applications.

 

Example 10 Laura owes a hospital $1875.84. She arranges to pay the debt in       Your Turn 10

monthly installments over one year. How much is each monthly payment?         Solve.

Solution:                                                                                       a.  To avoid interest charges,   Because there are 12 months in a year, she will make 12 payments. 

Therefore, to calculate the amount of each payment ( Mark takes a 90-day same- P  ), we divide $1875.84 by 12.

P = as-cash option to pay off the 

1875.84 , 12 puchase of a DVD player. 

P = 156.32 The cash amount would 

Answer: be $256.86. If he designs    Each payment is $156.32.

his budget to make three 

Do Your Turn 10 equal payments, how much 

should each payment be?

In Chapter 5, we learned about circles. We learned that the circumference of a     b.  A patient is to receive 1.5 circle is the distance around its edge and is found using the formula C = pd or  liters of saline over 60 min-

C = 2pr. Remember, p is an irrational number, and in Chapter 5, we approxi- utes. How much should 

mated its value with the fraction 22                                                   22             the patient receive every . We can now find a decimal equivalent to  by 7 7 dividing 22 by 7.                                                                          minute?

3.14 c Note The p key on a calculator 

7 冄22.00        gives a more accurate decimal -           approximation,  3.141592654. 21

10

-7

30

-28

2

When solving problems involving p, if we are given no instructions about which approximation to use, we choose the approximation that seems best suited to the problem. Or we can express the exact answer in terms of p (similar to using the     Answers to Your Turn 9 radical sign to express the exact answer when a radicand is not a perfect square).      a. d = 12.1 b. m =-16.2

Answers to Your Turn 10

a. $85.62 b. 0.025 L 414   Chapter 6  Decimals

 

Your Turn 11                     Example 11    Solve. Use 3.14 to approximate p.

Solve. Use 3.14 to approximate p.       a.  The radius of Earth is about 6378 kilometers at the equator. Find the circum-

a.  The radius of an engine               ference of Earth at the equator.

cylinder is 1.78 centimeters.        Solution: C = 2p163782               P

 

b.                                              C = 12,756p      Multiply 6378 by 2 to get the exact answer   The circumference of a crater in terms of P . is 16.8 kilometers. What is What is the circumference?                                    In C   2 r, replace r with 6378.

the diameter?                             C ⬇ 12,756 13.142   Replace P with the approximate value 3.14.

C ⬇ 40,053.84      Multiply.

Answer:  The circumference of Earth is approximately 40,053.84 kilometers at the equator.

 

Connection Earlier in this section, we learned to express the exact value of an irrational square root by leaving the radical sign in the expression. Simi-larly, we can express the exact value of a calculation involving p by leaving the symbol p in the expression.

Exact     Approximation

217     ⬇ 4.123105626

12,756p    ⬇ 40,053.84

 

Of Interest                        b.  Find the diameter of an official basketball rim, which has a circumference of 

The official diameter of a bas-         approximately 56.52 inches.

ketball rim is exactly 18 inches;      Solution: 56.52 ⬇ 13.142d    In C Pd, replace C with 56.52 and P with 3.14. so the circumference of 56.52 

inches is an approximation cal-                    ⬇ 56.52   3.14d culated using 3.14.                               3.14    3.14     Divide both sides by 3.14.

 18 ⬇ d        Simplify.

Answers to Your Turn 11                 Answer:  The diameter of an official basketball rim is 18 inches.

 

a. ⬇ 11.1784 cm                       Do Your Turn 11 b. ⬇ 5.35 km

 

6.4             For Exercises

Extra

Help

 

Objective 1

 Prep Exercise 1                                                            Prep Exercise 2 Given the long division shown, place the To divide 65.76 ÷ 0.02 using long divi-decimal point correctly in the quotient.  sion, how many places should the decimal point be 

moved in the dividend and divisor to complete the long 

62

division? 

4 冄24.8

-24

08

-8

0

For Exercises 1–20, estimate.  Then find the actual quotient.

 1. 286.2 , 12                2. 194.16 , 24              3. 0.48 , 20                 4. 3.392 , 32
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 5. 5640 , 9.4               6. 93.96 , 10.8              7. 0.288 , 0.06              8. 0.7208 , 0.08 

 

 9. -6.4 , 0.16           10. 28.5 , 1-0.152           11. 1 , 0.008                 12. 0.1 , 0.002 

 

 13. 20.6 , 1-10002            14. 8.93 , 1-10,0002          15. -8.145 , 1-0.012          16. -21.7 , 10.0012

 

 17. 19.6 , 0.11                  18. 30.13 , 0.99                 19. -0.0901 , 1-0.0852        20. -339.2 , 1-0.1062

 

Objective 2

 Prep Exercise 3 How do you write a fraction as a decimal number?

 

For Exercises 21–36, write as a decimal number.

3                        1                         9                         7

 21.                                      22.                                      23.                                      24. 

5                        8                         20                        25

7                        5                       13                        1

 25. -                              26. -                              27.                                  28. 

16                         32                        30                         6

1                        1                          5                        4

 29. 13                                30. 25                                31. -17                              32. -5 

4                        2                          8                        5

2                        5                           4                        5

 33. 104                              34. 76                               35. -216                            36. -99 

3                        6                           7                        13

Objective 3

 Prep Exercise 4 The square root of a decimal number that corresponds to a perfect square and has an even number of decimal places will be a decimal number with ________  the number of decimal places and the same digits as the square root of the corresponding perfect square.

For Exercises 37–48, evaluate the square root. If the root is irrational, approximate the square root  to the nearest hundredth.

 37. 20.0016                   38. 22.25                      39. 20.25                      40. 20.0081 

 41. 224                       42. 2108                      43. 2200                      44. 278 

 45. 21.69                      46. 20.0256                    47. 20.009                     48. 22.5 

Objective 4

For Exercises 49–54, divide.

-0.96 3 mn

 49.         6          4                                          4 10.2 x , 0.4 x 50. 5.44 y , 1.7y                             51. 

0.15m

3.42   7                                                      5                                                   4 3 2 hk-3.03 a bc-2.7 t u v

 52.                                                   53.                                                   54. 2 4             2-3.8 k-20.2 a b-0.75 uv

Objective 5

For Exercises 55–62, solve and check.

 55. 2.1b = 12.642               56. 81.5y = 21.19               57. -0.88h = 1.408             58. 4.066 =-0.38k

 

 59. -2.28 =-3.8n             60. -2.89 =-8.5p             61. -28.7 = 8.2x              62. 10.8t =-9.072 416   Chapter 6  Decimals

 

Objective 6

For Exercises 63–70, solve.

 63. Carla purchases a computer on a 90-day same-            64. Brad has a student loan balance of $1875.96. If he 

as-cash option. The purchase price is $1839.96. If she  agrees to make equal monthly payments over a  

plans to make three equal payments to pay off the  three-year period, how much will each payment be? 

debt, how much should each payment be? 

 65. A patient is to receive radiation treatment for cancer.      66. The FDA recommends that for a healthy diet, a 

The treatment calls for a total of 324 rads adminis-  person consuming 2000 calories per day should limit 

tered in 8 bursts of focused radiation. How many  saturated fat intake to about 20 grams per day. If a 

rads should each burst be?  person splits the recommended saturated fat intake 

equally among three meals, how much saturated fat 

is allowed in each meal? (Source: U.S. Food and Drug Administration, 2005.) 

 67. The voltage in a circuit is 12 volts. The current is           68. The voltage in a circuit measures -40 volts. If the 

measured to be 0.03 amp. What is the resistance?  resistance is 500 ohms, what is the current? (Use 

(Use V = ir.)                                                V = ir.) 

 69. A plane is flying at 350 miles per hour. How long          70. The area of a rectangular painting is 358.875 square 

will it take the plane to reach a city that is 600 miles  inches. If the length is 16.5 inches, what is the width? 

away? (Use d = rt.)                                        (Use A = bh.) 

For Exercises 71–76, use 3.14 to approximate p.

 71. The radius of the moon is about 1087.5 miles. Calculate the circumference of the 

[image: ]

moon at its equator. 

 72. The solid rocket boosters used to propel the space shuttle into orbit have O-rings 

that fit around the boosters at connections. If the diameter of one rocket booster 

is 12.17 feet, what is the circumference of the O-ring? 

 

Of Interest

On January 28, 1986, the space shuttle Challenger exploded 73 seconds after launch, killing all seven crew members. The cause of the disaster was a weakness in an attach ring on one of the rocket boosters. At the time, the rings did not completely circle the cases of the rocket boosters. After the disaster, the rings were redesigned to com-pletely circle the rocket boosters.

 

 73. Haleakala crater on Maui island, Hawaii, is the largest inactive volcanic crater 

in the world and has a circumference of about 21 miles at its rim. What is the 

diameter at the rim? 

 74. A giant sequoia is measured to have a circumference of 26.4 meters. What is the     Of Interest

diameter?  The giant sequoia tree is found 

along the western slopes of the 

Sierra Nevada range. The trees 

reach heights of nearly 100 me-

ters, and some are over 4000 

years old.

 

C

d
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 75. To manufacture a light fixture, a company bends 6.5 feet of metal tubing into a 

circle. What is the radius of this circle? 

[image: ]

 76. The circumference of Earth along the equator is approximately 24,888.98 miles. 

What is Earth’s equatorial radius? 

 

r

 

Review Exercises

For Exercises 1 and 2, simplify.

 

[2.5] 1.  16-93                                                       3 12 + 1 8-1324

, 3                       [5.3] 2.    # 30 

5

 

[5.7] 3.            1 2 Evaluate at when a =-10 and t = 6. 2

For Exercises 4 and 5, find the area.

[5.3] 4.                                                          [5.7] 5.                   46 cm

 

8 in.

20 cm

14 in.

 

22 cm
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6.5  Order of Operations and Applications 

in Geometry

 

Objectives                    Warm-up

 1                                 [2.5] 1. Simplify. 1-423-36 , 1-92122-2100 Simplify numerical expres-

 

sions using the order of                            4                3         2 2 [5.7] 2. Evaluate x + y when x = and y =. operations agreement. 9 4 3

 2 Simplify expressions 

containing fractions and         Objective 1  Simplify numerical expressions using the order 

decimals.                                    of operations agreement.

 3 Solve application problems 

requiring more than one           Example 1 

Simplify.

operation.

 4                                   a. 2.75-8.213.4 + 42 Find weighted means.

 5                                   Solution: Evaluate expressions. 2.75-8.213.4 + 42

 6 Find the area of a triangle,                    = 2.75-8.217.42    Add in the parentheses. 3.4 4 7.4

trapezoid, and circle.                        = 2.75-60.68     Multiply. 8.217.42 60.68

 7 Find the volume of a cyl-                   =-57.93          Subtract. 2.75 60.68      57.93

inder, pyramid, cone, and                                  2 b. 12.6 , 0.2-6.5 1 0.4 2 sphere.

 8                                   Solution: 12.6 , 0.2-6.510.422 Find the area and volume 

of a composite form.                      = 12.6 , 0.2-6.5 10.162   Evaluate the exponential form. 2 1 0.4 2 0.16

 

Your Turn 1                                = 63-1.04        Multiply and divide from left to right. 12.6 0.2 63 and 

Simplify.                                                                    6.5 10.162 1.04

 

 b. 1.8 + 0.4 19.02-10.522            c. 311.2 + 0.32 , 54 , 220.09 c. -0.2 , 1.6-20 1 0.2 2 3 31 a. 6.5-1.2 114.4 + 0.62                        = 61.96                     Subtract. 63 1.04 61.96 d. 11.52                                   Solution:    1.2 + 0.3 2 , 54 , 220.09 + 2.52 , 0.4 1-0.6 2

 e.                                                             = 31.5 , 54 , 2 20.09   Add in the parentheses. 1.2 0.3 31 12.8-15.3 2 , 10 4 1.5-

0.6 20.16                               = 0.3 , 220.09     Divide in the brackets. 1.5 5 0.3

 f. 21.69 + 0.2310.011 +                     = 0.3 , 210.32           Evaluate the square root. 20.09 0.3

0.0132 , 10.5-0.824                      = 0.1510.32              Divide. 0.3 2 0.15

= 0.045                Multiply. 0.15 10.3 2 0.045

Do Your Turn 1

 

Objective 2 Simplify expressions containing fractions and decimals.

We will consider three methods for simplifying expressions that contain both 

 decimals and fractions.

 

Answers to Your Turn 1

a. -11.5 b. 1.2 c. -0.285

d. -1.53 e. -0.49 f. 1.284

Answers to Warm-up

 1.             11-66 2. 

12
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Procedure

To simplify numerical expressions that contain both fractions and decimals:

 1. Method 1:  Write each decimal number as a fraction. or

Method 2: Write each fraction as a decimal number. or

  Method 3: Write each decimal number over 1 in fraction form.

  2.  Follow the order of operations agreement.

 

Consider an example using each of the three methods.

 

Example 2           2        3 Simplify. 1 6.09 2                                           Your Turn 2

3      -8

Simplify.

Method 1: Write each decimal number as a fraction.

 

2        3    2 609    3                  609                                 4 6.09 1 2-= #-Write 6.09 as 100 . 3 8 3 100 8       5 a.    1 324.6 2

1    203                                                                                     b. 1-5.0522

 

= 3 100    8                                                      1        2 1 50 c. 1 7.9 2-2 5 203 3  Multiply. = 2 609    3                                                             6 #                                                      Divide out the common factors.-

50-                                                 1           9 8 d.      + 1-2.7 2

2031                                                                          , 42 3 1 252

=             The LCD for 50 and 8 is 200.-50                      4            2

142    81252

= 812    75         Write equivalent fractions with 200 as the 

200-          denominator. 200

= 737               Subtract numerators and keep the common 

200               denominator.

= 137

3    , or 3.685     Write as a mixed number or decimal number.

200

Working with fractions can be tedious; so let’s explore two other methods.

Method 2: Write each fraction as a decimal number.

 

2        3                           2 Write 1 6.09 2-= 0.6 1 6.09 2-0.375 as 0.6 3 3 8 3 and as 0.375. 8

 

Note To complete                                      Round 0.6 to the ⬇ 0.667 1 6.09 2-0.375 the calculation, we nearest thousandth. must round 0.6, which ⬇ 4.06203 Multiply. makes the answer an -0.375

approximation.           ⬇ 3.68703               Subtract.

You may want to avoid this method if any of the fractions’ decimal equivalents 

have nonterminating digits.

Method 3: Write each decimal number over 1 in fraction form.

 

2        3    2 6.09    3                                        Note 1 6.09 2 Write 6.09 over 1.-= # We can write the -3 8 3 1 8 decimal number over 1 

 

=     -                                  a number and 1 is the Multiply. 2 12.18                                                    because the quotient of 3

3                   # 6.09 = 12.18 8                  number. and 3 # 1 = 3

= 4.06-0.375   Divide denominators into numerators 

to get decimals. 12.18    3    4.06 and = 3                                  Answers to Your Turn 2 8 = 0.375

= 3.685                                                   a. 18.45 b. -4.21 Subtract. c. 3.55 d. -0.35
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This method avoided the nonterminating decimal digits because the product of 6.09 and 2 is divisible by the denominator, 3. This won’t always work, but the method is worth a try if you see that a fraction’s decimal equivalent has nonter-minating decimal digits.

Do Your Turn 2

 

Objective 3  Solve application problems requiring more than 

one operation.

 

Example 3      The following tables show the pricing schedule and long- distance calls made by Glenda.

 

Long-distance rate schedule       Glenda’s long-distance summary

Time of call         Rate              Time of call   City                  Minutes

8 A.M.–5 P.M.     $0.12/minute            7:05 A.M.     Los Angeles, Calif.       37

5 P.M.–10 P.M.    $0.10/minute            9:52 A.M.     Columbus, Ohio        21

10 P.M.–8 A.M.    $0.09/minute            1:12 A.M.     Boston, Mass.           13

4:47 P.M.     Atlanta, Ga.              24

7:35 P.M.     Los Angeles, Calif.       20

10:05 P.M.     Richmond, Va.          13

 

a. Find the mean, median, and mode duration of Glenda’s long-distance calls.

Solution:

 Divide the sum 

 

Mean = 37 + 21 + 13 + 24 + 20 + 13    128              of the minutes by = = 6 21.3 min. the number   6

of calls.

For the median, we arrange the call durations in order from least to greatest.

 

13, 13, 20, 21, 24, 37 u

T

 

Median 20 + 21    41              Because there is an even number of  =  =  =  20.5 min.  2  2  calls, the median duration is the mean 

of the middle two.

Mode = 13 min. The mode duration is the duration that occurs most often, 

in this case 13 minutes.

b. Find the total cost of the calls.

Solution:  The unit price depends on the time of the call. Each call except the call to Atlanta occurred at a time so that a single unit price applies.

Because the call to Atlanta began at 4:47 P.M. and lasted until 5:11 P.M., the first 13 minutes of the call cost $0.12 per minute and the last 11 minutes, which oc-curred after 5:00 P.M., cost $0.10 per minute.

Let’s add a column to the table of the cost of each call found by multiplying the number of minutes by the unit price. The total cost is found by adding all of those costs.
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Time of call    City                  Minutes               Cost                        Your Turn 3

7:05 A.M.       Los Angeles, Calif.       37                  3710.092 = $3.33           Use the rate schedule in Exam-9:52 A.M.       Columbus, Ohio        21                 2110.122 = $2.52          ple 3 to solve the following.

1:12 P.M.        Boston, Mass.            13                  1310.122 = $1.56            a. Find the mean, median, and 

4:47  mode duration of the calls  P  .  M  .  Atlanta, Ga.  24  13  1  0.12  2  +  11  1  0.10  2  =  $2.66

7:35 P. made in the following table.  M.       Los Angeles, Calif.      20                  201  0.102  =

$2.00

10:05 P .  b. Find the total cost of the  M.      Richmond, Va.          13                131  0.092  =

$1.17              calls.

Total cost = $13.24

Do Your Turn 3                                                                       Long-distance summary

Time  

Objective 4  of call      City           Minutes  Find weighted means.

Sometimes when we calculate a mean, some scores in the data set have more  8:25 P.M.    Dallas, Tex.       12

weight than others. An example of a weighted mean is  9:45 A.M.   New York,       34  grade point average 

(GPA),                                                                              N.Y. where each letter grade has a grade point value.

6:35 P.M.    Chicago, Il.       17

Definitions Grade point average (GPA): The sum of the total grade points            4:52 P.M.   Denver,         22 earned divided by the total number of credit hours.                                             Colo.

Grade point: A numerical value assigned to a letter grade.

 

The following list shows commonly used grade point equivalents for each letter grade.

A = 4

B + = 3.5

B = 3

 

C + = 2.5      Number of grade points per x credit hour of the course C = 2

D + = 1.5      Note Some schools also use - grades 

D = 1      such as A-, B-, C-, and D-. Other F =        schools do not use 0+ or - grades at all.

We say that GPA is a weighted mean because we determine the total number of grade points for a course by multiplying the letter grade’s equivalent grade point value by the course’s number of credit hours. Suppose you receive an A in a 3-credit-hour course. Because an A is worth 4 grade points for each credit of the course, we multiply 4 # 3 to equal 12 grade points for that course.

To calculate the GPA, we must calculate the total grade points for all courses, then divide by the total number of credit hours.

 

GPA =                Connection We can use dimensional analysis. total credits total grade points

4 grade points 3 credit hours #                                                    = 12 grade points

credit hour          1

 

Example 4      A student’s grade report is shown below. Calculate the stu-

dent’s GPA rounded to the nearest thousandth.

Course      Credits   Grade

MATH 100     5      B +                           Answers to Your Turn 3 ENG 101       3       C +                            a. mean: 21.25 min.; median: PSY 101         3       C                                   19.5 min; no mode

BIO 101                                                   b. $9.34 4 A
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Your Turn 4 Solution:  First, calculate each course’s grade points by multiplying the course 

credits by the value of the letter grade received. Then add all of those results to 

A student’s grade report is             find the total grade points. shown below. Calculate the stu-

dent’s GPA rounded to the near-

est thousandth.                       Course      Credits   Grade   Grade points

MATH 100     5      B                     Note + 5 1 3.5 2 = 17.5

 

Course      Credits   Grade                                                      B + = 3.5 grade points/credit ENG 101 3 C + 3 1 2.5 2 = 7.5 C + = 2.5 grade points/credit MATH 100 5 C PSY 101 3 C 3 1 2.0 2 = 6.0 C = 2.0 grade points/credit

ENG 101        3       A          BIO 101        4       A     414.02 = 16.0      A = 4.0 grade points/credit

PSY 101         3       B +          Totals          15                      47.0

BIO 101         4       C +

 

GPA = total grade points    47           Divide the total grade points by the = =

total credits              3.13    total number of credit hours. 15

Answer:  Rounded to the nearest thousandth, this student’s GPA is 3.133.

Do Your Turn 4

 

Objective 5 Evaluate expressions.

Remember, to evaluate a variable expression, replace each variable in the expres-

sion with the corresponding value and then calculate following the order of op-

erations agreement.

 

Your Turn 5                       Example 5     Evaluate each expression using the given values.

 

Evaluate each expression using                1   2 a. vt + at; v = 30, t = 0.4, a = 12.8 the given values. 2

 a.       2 mv; m = 10, v = 0.5

 

 b. Mm        5 ;           Solution: m d2   M = 3.5 * 10 ,                        1 30 1 21 0.4 2              Replace  with 30, t with 0.4, and  with 12.8. + 1 12.8 21 0.4 2 2 v a

= 4.8, d =                                  2 2

 

 c.          r nt                                                                                    2              1 Write = 1 30 21 0.4 2 + 0.5 1 12.8 21 0.4 2 as 0.5. 1 a + b ; r = 2 0.06, n = 1 30 21 0.4 2                           2 + 0.5 1 12.8 21 0.16 2 Evaluate the exponential form. 1 0.4 2 = 0.16 = n 2, t = 0.5 = 12 Multiply. + 1.024 1 30 2 1 0.4 2 12 and 

0.5 12.8 0.16     1.024 1 2 1 2 

= 13.024                      Add. 12 1.024 13.024

 

b. a       r nt 1 +   b

n   ; r = 0.08, n = 4, t = 0.5

 

Solution:          0.08 14210.52      Replace r with 0.08, n 1 a + b          Note When an 4 with 4, and t with 0.5. exponent  contains 1 = 2 1 + 0.02 2 Divide 0.08 by 4 in the  operations, we must parentheses and multiply  simplify those opera-

(4)(0.5) to simplify the   tions before evaluating 

exponent. the exponential form.

= 11.0222         Add in the parentheses.

= 1.0404        Square 1.02.

Do Your Turn 5

Answer to Your Turn 4

2.833

Answers to Your Turn 5

a. 2.5    b. 420,000 c. 1.03
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Objective 6 Find the area of a triangle, trapezoid, and circle.

Now that we have seen how to simplify expressions containing both fractions and decimal numbers, let’s revisit finding the area of a triangle, a trapezoid, and a circle. Below we list the formulas and the sections where we learned them.

 

Area of a triangle:    A = 1

bh         Section 5.3

2

Area of a trapezoid: A = 1h1a + b 2   Section 5.7

2

Area of a circle:               2 A = p r          Section 5.7

 

Example 6                                                      Your Turn 6

a.  Find the area. For parts c and d,  Find the area of the triangle shown.

use 3.14 for p.

Solution:                                                                                     a.  Use the formula 1 A =

2 bh.                                       2.9 in.

 

A = 1 1                                               4.8 in. 4.821 2.9 2

Replace b with 4.8 and h with 2.9.

2

 

A   1                              Note 1 = 13.92 2 Although we chose to Multiply 4.8 and 2.9. 1                   10.4 cm 2 keep  in fraction form, we 2

A = 1 13.92                            could have written it as a #                                    Write 13.92 over 1.           decimal and then multiplied.

2    1

13.92                                    A = 0.514.8212.92

A =          Multiply.               A = 2.412.92                       6.8 cm 2

A                            A = 6.96 = 6.96 Divide 13.92 by 2.                 b.        0.4 km

Answer:                   2  The area is 6.96 in..

b. Find the area of the trapezoid shown.                         5.34 m

Solution:  Use the formula A = 1                                                                                    0.6 km 2h a     . 1 + b 2

 

A = 1                  Replace h with 9, a with 4.86, 1 921 4.86 + 5.34 2

2                 and b with 5.34.                    9 m

0.8 km

A = 1192110.2 2

Add in the parentheses.                                 c.

2

1                                                                    0.5 m

A                                    4.86 m = 1 91.8 2

Multiply 9 by 10.2.

2

A = 1 91.8

#                                                          Write 91.8 over 1.

2   1

 

A   91.8                                                                        d. = Multiply. 2

A = 45.9             Divide 91.8 by 2.                                                 4.2 ft.

Answer:                  2  The area is 45.9 m.

c. Find the area of the circle shown. Use 3.14 for p.

Solution:                             2  Use the formula A = p r. We are given the di-

ameter of 5.6 centimeters, but the formula requires the            5.6 cm

radius. Because radius is half the diameter, the radius is 

2.8 centimeters.

Answers to Your Turn 6

a.             2                  2 35.36 cm b. 0.36 km c.  2 2  0.785 m  d.  13.8474 ft.  424   Chapter 6  Decimals

 

A = p12.82     Replace r with 2.8.      Note Because p is irrational, 7.84p is 1 A = p 7.84 2 Square 2.8. the exact representation of the area. 

A = 7.84p      Express the exact       When we use an approximate value 

answer with             for p, the calculation becomes an ap-P .

A proximation. This is why we use ⬇ .  7.84  ⬇  1  3.14  2  Replace  P  with 3.14.

A ⬇ 24.6176    Multiply.                    Note Remember, area is 

Answer: 2 always expressed in square     The area is approximately 24.6176 cm  .  units. We write square centi-

meters as cm 2.

Do Your Turn 6

 

Objective 7 Find the volume of a cylinder, pyramid, cone, and sphere.

Cylinder

To understand how to derive the formula for the volume of a 

cylinder, let’s look more closely at the formula for the volume  h

of a box, V = lwh. Notice that the base of a box is a rectangle, 

and we calculate the area of that base by multiplying l by w. So 

 

the formula for the volume of a box is a result of multiplying         Base    w the area of the base, lw , by the height of the box, h .

 Volume =                               l area of the base # 5 height

V =              T lw      #   h

We can apply this same approach to deriving the volume of any three-dimensional 

object that is formed by repeatedly stacking a shape. To understand what we mean 

by repeatedly stacking a shape, think about a box as a stack of papers. A single 

sheet of paper is very thin when viewed along its edge but is a rectangle when 

viewed from the top or bottom. When we stack many of these thin rectangles on 

top of each other, we form a box shape.

A cylinder is formed by repeatedly stacking a circular base. Imagine coins stacked on 

top of each other. Following the same approach that we used for a box, we find the 

volume of a cylinder by multiplying the area of its base, which is    2 p r, by its height, h.

 

 Volume = area of the base # height          r 5

V =     p 2                        h T r         #    h

Your Turn 7                                      V = p 2 rh                        Base

Find the volume. Use 3.14 for p.

a.     6.2 in.                                   Example 7     Find the volume of the cylinder. Use 3.14 for p.

1.2 in. 4.5 in.  2  Solution:   Use the formula  V  =  p  r  h  .

 

b.          1.5 cm                                           V = p1     2 4.5 21122     Replace r with 4.5 and 12 in. h with 12.

V = p 120.2521122 Square 4.5.

4.8 cm                                 Exact answer S V = 243p          Multiply 20.25 by 12.

V ⬇ 24313.142      Replace P with 3.14.

Approximation S V ⬇ 763.02         Multiply.

Note Remember, volume is always expressed in cubic units. We write cubic inches as in.3.

Answers to Your Turn 7                                                                    a. ⬇      3                                           3 144.84 in. Answer:  The volume is approximately 763.02 in..

b. ⬇          3 33.912 cm                        Do Your Turn 7
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Pyramid

To help you understand the formula for the volume                           h of a four-sided pyramid, notice that one would fit 

inside a box that has a base of the same length and 

width. The pyramid’s volume occupies 1 the volume 3                                                w

of the box.                                                        l

V = 1

# volume of a box with the same length, width, and height

3

V = 1

lwh

3

 

Example 8  Find the volume of the pyramid.                                   Your Turn 8

 

Solution:  Use the formula V =   lwh.                                                 a. 1                                           Find the volume.

3

 

V   1               Replace l with 3.5, w with 3.5,         12 in. 3.5 = 1 21 3.5 21 12 2 and h with 12. 3

V = 1 1                                Note We avoid Multiply 3.5, 3.5,                                    8 cm 147 2

3                                          1 equivalent of and 12.             the decimal 

1                                                         3.5 in. 3 147 4.6 cm  because it is a  3.5 in.

V = #            Write 147 over 1. nonterminating                                   8.5 cm 3 1

 

V   147                                 decimal and its                               b. Multiply. = use would lead 3 to an approxi-

V = 49           Divide 147 by 3.     mate answer.                                  6.5 ft.

Answer:                    3 The volume is 49 in..

11 ft.

Do Your Turn 8

9 ft.

 

Cone

A cone is much like a pyramid except that the base is a circle. Also, like a pyra-mid, which has 1 the volume of a box with the same-size base and height, a cone 

3

has 1 the volume of a cylinder with the same-size base and height.

3

V = 1 # volume of a cylinder with the same@size

3 base and height

 

h            V   1   2 = p rh 3

 

r

 

Example 9  Find the volume of the cone. Use 3.14 for p.

 

Solution:                          1   2  Use the formula V = p rh.                                   6 cm 3

 

V   1      2 1 = p 3.5 2162   Replace r 3 with 3.5                 3.5 cm

and h with 6.                           Answers to Your Turn 8

a.  3 3  104.26 cm  b.  214.5 ft.  426   Chapter 6  Decimals

 

Your Turn 9                                                    1 V =p112.252162 Square 3.5.

Find the volume. Use 3.14 for p                                     3 .

a.                                                                           V = 1173.5 2p       Multiply 12.25 by 6.

3

V = 1 73.5 #                p          Write 73.5 over 1.

3   1

10 in.                                                              V = 73.5p             Multiply.

3

Exact answer S   V = 24.5p         Divide 73.5 by 3.

3.4 in.                                                                 V ⬇ 24.5 13.142                   P Replace  with 3.14.

b.                                            Approximation S   V ⬇ 76.93       Multiply.

Answer:                                      3 The volume is approximately 76.93 cm.

Do Your Turn 9

 

Sphere

21.4 cm A ball is a sphere. Every point on the surface of a sphere is equally distant from 

the center. It turns out that the volume of a sphere is equal to four cones that have 

the same radius as the sphere and height equal to the radius.

 

6 cm                                                            1        1        1 2 Volume of one such cone = p r # r = p 2 r + 1 =p 3 r 3 3 3 

Note Because the height of the cone is equal to the radius of the sphere, we use r in place of h.

Because the volume of a sphere is equal to four of these cones, we must multiply 

the expression we found previously by 4.

 

Volume of a sphere      1      4 1      4 3 4 = # p 3 r = # p r =p 3 r 3 1 3 3

The volume of a sphere can be found using the formula V = 4 3p 3 r.

 

Your Turn 10                      Example 10  Find the volume of the sphere. Use 3.14 for p.

 

Solve. Use 3.14 for p.                                                   4 Solution:  Use the formula V =p 3 r. a. Find the volume of a sphere 3

 

with a radius of 3 feet.                V   4      3 = p 1 0.22

 b. Find the volume of a                                       Replace r with 0.2. sphere with a radius of                     3                                                                0.2 m

8 centimeters.                             4 V =p10.0082    Cube 0.2. 3

V = 4 0.008 a b p   Write 0.008 over 1.

3    1

V = 0.032p

Multiply.

3

V = 0.0106p     Divide 0.032 by 3.

Answers to Your Turn 9                    V ⬇ 0.010613.142            P a.                 3                                                              Replace  with 3.14. ⬇

⬇ 806.352 cm3                                V ⬇ 0.033493 120.99 in.

b.                                                                           Multiply.

Answers to Your Turn 10                 Answer:                                        3  The volume is approximately 0.033493 m.

a. ⬇         3 113.04 ft.                            Do Your Turn 10 b.                   3 ⬇ 2143.573 cm
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Objective 8 Find the area and volume of a composite form.

Composite forms are geometric forms that combine several basic forms. The key to finding the area of a composite form is to determine whether two or more forms have been put together or whether a form or forms have been removed from a larger form.

 

Example 11  Find the area. Use 3.14 for p.                                       Your Turn 11 0.4 m

Understand This shape is a combination of a half-circle  Find the area. Use 3.14 for p.

and a triangle. The area of a full circle is found by                       1.6 m

A = p 2                              1 2 r ; so for a half-circle, the area formula is A =. 2 p r                                    145 ft.

Note that 1.6 meters is the diameter; so the radius is                                       42.5 ft.

0.8 meter. Also, the formula for the area of a triangle is 

A 1                                                                                                                    40.2 ft.           40.2 ft.  =  bh  .  2

Plan  Add the area of the half-circle and the area of the triangle.

Execute A = area of half@circle + area of triangle

 

A       1             1 2 = p r + bh 2 2

 

A   1            1           Replace r with 0.8, b with 1.6, and h 2 = p 1 0.8 2 + 1 1.6 21 0.4 2 with 0.4. 2 2

 

A = 1            1 p 1 0.64 2 +    1.6 1210.42

Square 0.8.

2            2

A = 0.5 10.642p                         1 as 0.5 and use + 0.5 1 1.6 21 0.4 2 Write each 2

the commutative property to ex-

change 0.64 and . P

 Exact answer S A = 0.32p + 0.32         Multiply.

A ⬇ 0.32 13.142            Replace + 0.32P with 3.14.

A ⬇ 1.0048 + 0.32        Multiply.

Approximation S A ⬇ 1.3248            Add.

Answer                                           2 The area of the shape is approximately 1.3248 m.

Check  We can check by reversing each calculation. The check will be left to the 

reader.

Do Your Turn 11

 

Example 12  The tub inside a washing 

machine is a small cylinder within a larger                 4 in.

cylinder. The space between the cylinders 

is where the clothes are placed. Find the 

volume of the space for clothes inside the                                  13.5 in.

washing machine shown.

Understand  The volume of a cylinder is 

found by         2 V = p rh. The radius of the 

smaller cylinder is 2 inches. The radius of 

the larger cylinder is 10 inches. The height                 20 in.

of both cylinders is 13.5 inches.

Plan  Subtract the volume of the inner cylin-

der from the volume of the outer cylinder.

 

Answer to Your Turn 11

⬇      2 7800.47 ft.

428   Chapter 6  Decimals

 

Your Turn 12                     Execute V = volume of outer cylinder-volume of inner cylinder

 

Find the amount of storage                               2 V = p 1 10 2113.52-p122 113.52   Replace each r with the space under the countertop. V =       p 2                   2 r h-p rh

corresponding radius.

(Assume that the sink is half of                  V = p 11002113.52-   4 p 12113.52 a sphere.)                                                                           Square 10 and 2.

(sink) V = 1350p-54p   Multiply.              Note Because 1350p and 

 

17 in. 20.25 in.                            V = 1296p        Combine like terms.      -54 p are both in terms of   , they are like terms. We  p  V  ⬇  1296  1  3.14  2  Replace  P  with 3.14.  25.5 in.  can combine by subtracting  ⬇  V  4069.44  Multiply.  the coefficients and keeping 

the result in terms of p.

48 in. 3  The space for clothes inside the washing machine is about 4069.44 in.  Answer .

Do Your Turn 12

 

Of Interest

In any list of the greatest mathematicians, the name Archimedes is usually at the 

top. Archimedes was born in 287 B.C. in the city of Syracuse in what is now Sicily. 

In his youth, he studied in Alexandria, Egypt, where he met and befriended Era-

tosthenes (famous for his sieve method for finding primes).

In pure mathematics, Archimedes developed methods for finding the volume of 

many shapes and objects, including the cylinder, cone, and sphere. He developed 

a method for calculating  10 1  p  . He placed the value as being between 3  and 3. He 

71 7

Answer to Your Turn 12 even developed some of the ideas involved in calculus, preceding Isaac Newton 

⬇       3             (the accepted inventor of calculus) by 1800 years. 23,500.43 in.

 

PORTFOLIO

 

6.5             For Exercises

Extra

Help

 

Objective 1

Prep Exercise 1               2            1 To simplify 4.8 3        +   , which is better—writing the decimals as 1 2

4

fractions or writing the fractions as decimals? Why?

 

For Exercises 1–14, simplify.

1. 0.64 + 2.510.82                                             2. 9.28-0.561122

3. -5.113.4-5.72                                           4. -0.2510.7 + 5.22

5. 88.2-2.210.45 + 20.12                                   6. 9.512.6-0.992-4.33 

7. 10.42-2.8 , 0.211.62                                    8. 16.1 , 0.410.32 + 11.322

9. 10.7-18 21.96 + 174.6-88.12                       10. 7.5 + 2.2 20.25-36.8 , 8 

 11. 20.0081 + 120.8 , 412.5-6.42                        12. 40.1-6.9 , 4.611.422 + 20.36 

 13. 3-5.53 , 10.68 + 0.924 + 0.7 22.25                      14. 316.2-102 , 84-221.21 
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Objective 2

For Exercises 15–22, simplify.

 

 15.    1 3                                                  7-0.85 2 16.     112.88-4.38 2

5                                                  10

 17.     +   1 1   2                                                    5   3 0.06 2 18. 1-12.9 2

4                                                          + 3 6 4

 

 19.      4        3                                        1           1 2-1 1.8 2- 20. 3-1 0.45 2a 5b 9 8 8 3

 

 21. 2               2                                                      1      1 1 22. 1     +     2 , 1-0.8 2 + a b-0.4 1.2 6 24 5 3

Objective 3

For Exercises 23 and 24, the following table shows the pricing schedule for a phone      Time           Rate company’s long-distance rate.

8 A.M.–5 P.M.     $0.12/minute

 23. Below is Vicki’s long-distance call summary.                                   5 P.M.–10 P.M.    $0.10/minute

a. Find the mean, median, and mode duration of the calls.                    10 P.M.–8 A.M.   $0.09/minute b. Find the total cost of the calls.

Time of call    City              Number of minutes

1:09 P.M.     Denver, Colo.              15

12:32 A.M.     Austin, Tex.                38

7:57 A.M.     Phoenix, Ariz.              12

8:47 P.M.     Portland, Oreg.             26

 

 24. Below is a portion of Teshieka’s long-distance call summary.

a. Find the mean, median, and mode duration of the calls. b. Find the total cost of the calls.

Time of call    City                 Number of minutes

5:01 P.M.      Boston, Mass.                 22

9:07 A.M.      New York, N.Y.              64

7:32 A.M.      Washington, D.C.            31

3:08 P.M.      Orlando, Fla.                  12

 

 25. The following table contains the height in inches of the nine most recent        Of Interest

presidents. Find the mean, median, and mode height. The tallest president was Abra-

ham Lincoln, who was 76 inches 

President            Height   President          Height                tall 16 42. The second tallest was Barack Obama        73     Jimmy Carter       69.5                Lyndon Johnson at 75.5 inches tall 

George W. Bush                                                     1    1 6  3 > 71.5 Gerald Ford 72 2. The shortest president 

was James Madison at 64 inches 

Bill Clinton              74       Richard Nixon       71.5                   tall 15 42. George H. W. Bush     74      Lyndon Johnson     75.5

Ronald Reagan        73

430   Chapter 6  Decimals

 

 26. The following table lists the height in inches of the first nine presidents. Find 

the mean, median, and mode height.

President            Height    President                 Height

George Washington     74      John Quincy Adams         67

John Adams          67      Andrew Jackson            67

Thomas Jefferson       74.5     Martin Van Buren            66

James Madison        64      William Henry Harrison     68

James Monroe         72

(Source: Wikipedia.)

 

 27. The following graph shows the closing price of Walmart stock each day for 

[image: ]

eight consecutive days. Find the mean, median, and mode closing price.

Walmart Stock

60

50.35          49.67         50.88         50.86

50

50.41                                     51.67 49.52 50.35

40

30

20

Closing Price

10

0

7/14    7/15    7/16    7/19    7/20    7/21    7/22    7/23

Date

 

 28. The following graph shows the closing price of Sony Corporation stock each 

[image: ]

day for eight consecutive days. Find the mean, median, and mode closing 

price.

Sony Corporation

60

38.64          40.44         37.66         38.43

40

38.84         38.70          38.22         38.84

20

Closing Price

0

3/19    3/22    3/23    3/24    3/25    3/26    3/29    3/28

Date

 

For Exercises 29 and 30, use the following table of a company’s reimbursements for business travel.

Reimbursements for Business Travel

$0.35 per mile when using own vehicle

$0.15 per mile when using company vehicle

$10 breakfast when traveling between 12 A.M. and 11 A.M.

$12 lunch when traveling between 11 A.M. and 3 P.M.

$15 dinner when traveling between 3 P.M. and 12 A.M.
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 29. Aimee uses her own vehicle on a business trip. She        30. Miguel uses a company vehicle and leaves at 7 A.M. 

leaves on a Tuesday at 11:30 A.M. and notes that the  on a Monday. He notes that the odometer reads 

odometer reads 75,618.4. She returns on Thursday           45,981.6. He returns on Friday, arriving at 2:15 P.M. and arrives at 6:45 P.M. At the conclusion of her trip,  At the conclusion of the trip, he notes that the odom-

she finds that the odometer reads 76,264.1. How  eter reads 46,610.8. How much should he be reim-

much should she be reimbursed for mileage and            bursed for mileage and food? food? 

 31. Chan receives the following printout of charges that       32. Shannon makes the following purchases for her new 

he plans to pay on a 90-day same-as-cash option. He  apartment, using a special credit agreement with the 

wants to split the charges into three equal payments.  store. The credit line is interest-free as long as she 

How much is each payment?  pays off the balance in six months. After six months, 

all six months’ worth of interest will be added to the 

Description       Amount                         remaining balance. To avoid the interest, she decides 

1 EPS keyboard to split the charges into six equal payments. How  $1645.95

much is each payment? 

2 cables              $14.95 each

Sales tax             $83.79                                          Description    Amount

1 table          $354.95

4 chairs          $74.95 each

Sales tax         $32.74

 

Objective 4

For Exercises 33–36, a student’s grade report is shown. Calculate the student’s GPA rounded to the nearest thousandth.

 33.                                                                              34. Course Credits Grade            Course        Credits    Grade

MATH 101     3.0      B                             MATH 100     5.0      B

ENG 101       3.0      C                              ENG 100       3.0      C+

HIS 102         3.0       B +                                 PSY 101        3.0       F

CHM 101      4.0      A                            BIO 101       4.0      C

 35.                                                                      36. Course Credits Grade           Course       Credits    Grade

MATH 100     5.0      B                             MATH 101     3.0      A

ENG 100      3.0      B +                              ENG 100       3.0      C

PSY 101        3.0       D +                               SPA 101        3.0      A

BIO 101        4.0       C                                 PHY 101       4.0       D + COL 101       2.0       A                              COL 101       2.0      B

 

Objective 5

For Exercises 37–46, evaluate each expression using the given values.

 

 37. 1                                                Of Interest 2 mv ; m = 1.25, v =-8 1 2 2 mv is an expression used to calculate the energy of a 2

 

 38. 1 moving object, where m is the mass of the object and v  2  1  mv  ;  m  =  84.6,  v  =  0.2  2  is the velocity. As a formula, we would write  E  =  mv  .  2  2  432   Chapter 6  Decimals

 

 39. w                                 Of Interest # 705; w = 150, h = 67 2 h w # 705 is used to calculate a person’s body mass index 2 w h 40. # 705; w = 185, h = 70 2 h (BMI), where w is the person’s weight in pounds and h is 

the person’s height in inches. According to the National 

Institute of Health, people with a BMI of 25 or more have 

an increased risk for cardiovascular and other diseases.

 41.      2                    6                 8 mc ; m = 2.5 * 10 , c = 3 * 10                             Of Interest

 42.      2                    4                 8                                    2 mc mc ; m = 3.6 is an expression developed by Albert Einstein to cal-* 10 , c = 3 * 10

culate the energy of a particle, where m is the mass of the particle and c is the speed of light. It appears in possibly the most famous formula of physics:         2 E = mc.

 

 43.         1 2 vt + at; v = 20, t = 0.6, a =-12.5                      Of Interest 2 1 2 vt + at is an expression used to calculate the distance 2 1 2 an object travels that has an initial velocity, v , and accel- 44. vt + at ; v = 35, t = 1.2, a = 10 2 eration or deceleration, a , over a period of time, t . As a 

nt                                                                    formula, we would write d =      1   2 vt + at. 2

 45. a       r 1 +   b ; r = 0.12, n = 4, t =

n                                              r 0.5                         Of Interest

r nt 1       nt 1 + n 2 is a part of the formula used for calculating the 

 46.  balance in an account that has earned interest at an interest  a  1  +  b  ;  r  =  0.04,  n  =  8,  t  =  0.25  n  rate of  r  compounded  n  times per year in  t  years. We will 

study the formula for compound interest in Section 8.5.

Objective 6

For Exercises 47–52, find the area. Use 3.14 for p.

47.                                                             48.

 

2.5 mi.

9 cm

 

3.8 mi.

12.8 cm

49.        1.28 m                                               50.                  614.5 ft.

 

1.08 m

344 ft.

1.12 m

708 ft.

 

51.                                                             52.

 

10.5 in.

3.4 m
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Objective 7

Prep Exercise 2 What are the formulas for the volume of a cylinder and a cone? How are they related? 

 

Prep Exercise 3 What is the formula for the volume of a pyramid? How is it re-lated to the volume of a box? 

 

Prep Exercise 4 What is the formula for the volume of a sphere? What do its sym-bols represent? 

 

For Exercises 53–60, find the volume. Use 3.14 for p.

53. A quarter               0.2 cm                            54. Canned drink          2.5 in.

2.4 cm

 

4.2 in.

 

 55. The Castillo at Chichen Itza in the Yucatan forest in      Of Interest

Mexico is 90 feet tall.  The Castillo at Chichen Itza is a pyramid temple built by 

the Mayans around A.M. 500. The pyramid is a calendar. There are four sets of steps, one set on each side of the 

pyramid, with 91 steps in each. At the top is a small tem-

ple with 1 step on all four sides for a total of 365 steps, one 

for each day of the year. At the bottom of each set of steps 

are serpent heads that stare out from either side of the 

steps. At the equinoxes, the sunlight hits the ridged sides 

of the pyramid at the perfect angle to cast a shadow that 

connects with the serpent head, giving the appearance of 

75 ft.                           75 ft.                          a serpent snaking its way down the pyramid.

 

 56. Menkaure’s pyramid at Giza, Egypt, is 203 feet           Of Interest

tall.                                                                         Menkaure was king of Egypt from 2490 to 2472 B .C. His 

pyramid at Giza is the smallest of the three pyramids. The 

original height of the pyramid was to be 215 feet, but it is 

only 203 feet because the smooth outer case of granite was 

never completed.

 

344 ft.

344 ft.

 

 57. Onyx decorative cone                                    58. Afterburner fire cone from a jet engine 

 

5.5 in.

 

1.2 ft.

8 in.

 

11 ft.
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 59. If Earth is a sphere with a radius of 3884.3 miles, find      60. If the sun is a sphere with a radius of 423,858 miles, 

the volume of Earth.                                         find the volume of the sun. 

 

Objective 8

For Exercises 61 and 62, find the area of the composite shape. Use 3.14 for p.

61.                                                             62.

 

1.8 cm                                                               9 in.                  3.2 in.

15 in.

 

1.6 cm

For Exercises 63 and 64, find the area of the shaded region. Use 3.14 for p.

63.              25 cm                                          64.

 

25 cm                                                        8 in.   5 in.

4.2 in.

6 in.

For Exercises 65 and 66, find the volume of the composite object. Use 3.14 for p.

 65. Water tower                                               66. Minisub 

64 ft.

1.8 m

 

2 m          2.1 m      0.9 m

 

45.5 ft.

 

20 ft.

 67. A pyramid built with cut blocks of stone has an inner     68. The diameter of a bowling ball is 10 inches. Each hole 

chamber that is 5.8 meters long by 5.2 meters wide by  is a cylinder 3 inches deep with a 1-inch diameter. 

10.8 meters high. The height of the pyramid is 146.5  Find the volume of material used to make the ball. 

meters. Find the volume of stone used to build the           Use 3.14 for p. 

pyramid. 

 

230 m

230 m
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 69.  a.   A grain of salt is a cube that is 0.03 inch along           70. A grain of salt is a cube that is 0.03 inch along 

each side. What is the volume of a grain of  each side. Calculate the surface area of a grain of 

salt?                                                               salt. 

b. About how many grains of salt would be in 

1 cubic inch? 

[image: ]

 

Puzzle Problem  Estimate the volume of our galaxy. It is a spiral galaxy 100,000 

[image: ]

light-years across and about 1000 light-years thick at the center. Use 3.14 for p. 

[image: ]

(Hint: Imagine two identical cones joined at the base.) 

[image: ]

 

Review Exercises

[image: ]

For Exercises 1 and 2, solve and check.

[image: ]

 

[4.3] 1. 41                                                             1    3 x-6 2 + 1 = 9x-2-8x                   [5.8] 2. y-   = 6 

[image: ]

3    4

[image: ]

[5.7] 3. Find the area of the composite shape.                [5.7] 4. Find the area of the shaded region. 

[image: ]

 

24 cm        18 cm

18 ft.                                                                                                        24 cm

12 ft.

48 cm

 

20 ft.

 

[5.8] 5.  1                    [4.5] 6. Marla has $160 in ten- and five-dollar bills. If she  Translate to an equation; then solve.   the sum of  2  3  has 4 more tens than fives, how many of each bill  x  and 12 is equal to 9 less than   of  x  .  4  does she have? 
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6.6  Solving Equations 

and Problem Solving

 

Objectives                    Warm-up

 

 1                                                  2 Solve equations using the  [6.5]  1. Simplify. 116.82 + 10.9 addition and multiplication 3

principles of equality.                             5      2    3 [5.8] 2. Solve. x +    =

 2 Eliminate decimal numbers                    6     3    4

from equations using the 

multiplication principle.          Objective 1  Solve equations using the addition and multiplication 

 3 Solve problems involving                        principles of equality.

one unknown.

 4 Solve problems using the         Example 1     Solve and check. 6-4.8t = 3.552

Pythagorean theorem.

 5                                   Solution: Solve problems involving 

two unknowns.                      6-4.8t = 3.552

-                                             4.8t. 6-6 Subtract 6 from both sides to isolate 

Your Turn 1                              0-4.8t =-2.448

 

Solve and check.                               -4.8t    -2.448 Divide both sides by = 4.8 to isolate t. a. 4.5 y-21.99 = 6 4.8 4.8

 b. 0.08n + 0.4 = 0.244                              t = 0.51

Check:

 6-4.8t = 3.552

 6                                                                                               with 0.51.-4.8 1 0.51 2 3.552 In the original equation, replace t

 6-2.448 3.552

 3.552 = 3.552   True; so 0.51 is the solution.

Do Your Turn 1

 

Objective 2  Eliminate decimal numbers from equations using 

the  multiplication principle.

In Chapter 5, we learned to eliminate fractions from an equation by multiply-

ing both sides by the LCD (lowest common denominator). We can use the same 

Connection Writing the  method to eliminate decimal numbers from an equation, except that we multi-

fraction equivalents of  ply both sides by an appropriate power of 10. Remember, multiplying a decimal 

the decimal numbers in  number by a power of 10 moves the decimal point to the right; so by using a large 

2.5x-0.64 = 8  gives  enough power of 10, the resulting equation will contain only integers. The num-

 

25     64                       ber with the most decimal places determines the minimum power of 10 needed. x-= 8. Notice that 10 100 For example, in 2.5 x-0.64 = 8, because 0.64 has the most decimal places (two), 

the LCD is 100; so this really        we need to multiply both sides of the equation by at least 100.

 

is the same method as pre-                                                   Multiply both sides by 100. 100 1 2.5 x-0.64 2 = 100 # 8 sented in Chapter 5. # 100 2.5 x-100 # 0.64 = 100 # 8 Distribute 100.

Answers to Your Turn 1                                        250x-64 = 800 

a.                                                      Note Multiplying both sides by 100 transforms the equation from a y = 6.22 b. n =-1.95

decimal equation to an equation that contains only integers.

Answers to Warm-up

1. 22.1 With decimal numbers, the LCD will be a power of 10 with the same number of 

1 0 digits as decimal places in the number with the most decimal places. We can 

2. 10                              amend our procedure for solving equations to include this technique.
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Procedure

To solve a linear equation in one variable:

  1.  Simplify each side of the equation.

a. Distribute to eliminate parentheses.

b. Eliminate fractions and/or decimal numbers by multiplying both sides 

of the equation by the LCD. In the case of decimal numbers, the LCD is the power of 10 with the same number of 0 digits as decimal places in the number with the most decimal places.

c. Combine like terms.

  2.  Use the addition principle of equality so that all variable terms are on one side 

of the equation and all constants are on the other side. Then combine like terms.

Note Eliminate the variable term with the lesser coefficient to avoid negative coefficients.

 

  3.  Use the multiplication principle of equality to eliminate the coefficient of 

the variable.

 

Let’s look at Example 1 again using this technique.

 

Example 2  Solve and check. 6-4.8t = 3.552

Solution: Note 3.552 has the most decimal 

places with three. To transform 

1000 # 16-4.8t2 = 1000 # 3.552   Multiply both sides by 1000 to eliminate     to an integer, we need its decimal 

the decimal numbers. point to move at least three places 

 1000 # 6-1000 # 4.8t = 1000 # 3.552 Distribute 1000. to the right; so 1000 is the mini- mum power of ten we can use. 

 6000-4800t =   3552      Multiply.                                  Because all of the other numbers 

                 Subtract 6000 from both sides to          have fewer decimal places, they 6000 6000

0 isolate    4800t.                                 too will become or remain integers  - 4800  t  = - 2448  after being multiplied by 1000.

-4800t     -2448 =

            Divide both sides by    4800 to isolate t. 4800    

4800

t = 0.51                                                         Your Turn 2

Check:                                                                            Solve and check.

 

 6          6                                                                                                                      a. 4.5y-21.99 = 6-4.8 t = 3.552 b. 0.08 n + 0.4 = 0.244-4.8 1 0.51 2 3.552 In the original equation, replace t with 0.51.

 6-2.448 3.552

 3.552 = 3.552   True; so 0.51 is the solution.

 

Do Your Turn 2

 

Example 3  Solve and check. 0.31x-1.22 = 1.46-12.1x + 0.222

Solution:

 0.31x-1.22 = 1.46-12.1x + 0.222

 0.3x-0.36 = 1.46-2.1x-0.22     Distribute to eliminate 

parentheses.

 

Answers to Your Turn 2

a. y = 6.22 b. n =-1.95 438   Chapter 6  Decimals

 

Your Turn 3                         100 # 10.3x-0.362 = 100 # 11.46-2.1x-0.222   Multiply both sides by 100 to eliminate the decimal 

Solve and check.                                                                         numbers.

 a. 18.6k-1.25 = 9.4k + 1.326       100 # 0.3x-100 # 0.36 = 100 # 1.46-100 # 2.1x-100 # 0.22 Distribute.

 b. 11-2 15.6 + x2 = 0.7x + 1.3                    30x-36 = 146-210x-22                  Multiply.

 30x-36 = 124-210x    Combine like terms.

 210x         210x   Add 210x to both sides so that the x terms 

 240 are on the same side of the equation.  x -36  =  124  +  0

 240x-36 = 124

 36 36      Add 36 to both sides to isolate 240x.

 240x + 0 = 160

240x    160 =          Divide both sides by 240 to isolate x.

240    240

x = 0.6

Check: Because 0.6 is a nonterminating decimal number, we must round to check with it. Consequently, the result on each side will be close to the same value but not exactly the same. We will round 0.6 to the nearest thousandth, 0.667.

 0.31x-1.22 = 1.46-12.1x + 0.222

 0.3 10.667-1.22 1.46-12.1[0.667] + 0.222   Replace x with 0.667.

Note Using the fraction equiva-2                                           - 0.3 10.5332 1.46-11.4007 + 0.22 2

lent of 0.6, which is , would give 3                                                            Note the same result on both sides. -0.1599 1.46-1.6207 As predicted, the values are not 

However, we have not learned  equal, but they are reasonably close. If  - 0.1599  ⬇ - 0.1607   we had rounded to ten-thousandths or  how to find the equivalent frac-

tion of a decimal number with  hundred-thousandths, the results would 

repeating digits. For now, unless                                                            be even closer.

you happen to remember the              Do Your Turn 3

equivalent fraction, round the re-

peating decimal to check.

Objective 3 Solve problems involving one unknown.

Let’s consider some problems where we translate key words directly to an equation.

 

Example 4  5.9 more than 0.2 times n is equal to 6.7 less than the product of 1.4 and n. Translate to an equation; then solve for n.

Solution: Translate:

5.9 more than 0.2 times n is equal to 6.7 less than the product of 1.4 and n.

Note When we translate less                                 5                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  5

than                                        5.9 + 0.2n               =               1.4n-6.7 to subtraction, the sub-

trahend appears before the               Solve: 1015.9 + 0.2n2 = 1011.4n-6.72     Multiply both sides by 10 to 

words less than and the minu-                                                             eliminate decimal numbers.

end appears after.                             10 # 5.9 + 10 # 0.2n = 10 # 1.4n-10 # 6.7

 59 + 2n = 14n-67           Subtract  2n from both sides.

-2n   -2n

 59 + 0 = 12n-67

 59 = 12n-67

+ 67              + 67           Add 67 to both sides.

 126 = 12n + 0

126    12n =

Answers to Your Turn 3                                                               Divide both sides by 12.

a. k = 0.28 b. x =-0.5                               10.5 12     12

= n
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Check:                                                                              Your Turn 4

 5.9 + 0.2n = 1.4n-6.7                                                         Solve.

 5.9 + 0.2110.52 1.4110.52-6.7   In the original equation, replace n with 10.5.      a. 18.6 less than y is the same 

 5.9 + 2.1 14.7-6.7                                                          as 1.25 times y plus 2.18. 

 8 = 8                  It checks.                                            Translate to an equation; 

then solve for y.

Do Your Turn 4

 b. 0.4 times the difference of 

m and 1.8 is equal to -0.8 

Example 5  times m minus 9.36. Trans-

Karen uses a cell phone service that charges $39.99 per month 

late to an equation; then 

for 450 minutes. After 450 minutes, it costs $0.45 for each additional minute. If           solve for m.

Karen’s bill is $82.29, how many total minutes did she use?

 

Understand We must calculate Karen’s total cell phone use. The total charges           Your Turn 5

are $82.29. To calculate the total charges, the company charged a flat fee of 

$39.99 for the first 450 minutes and $0.45 for each additional minute.                Solve.

 

flat fee  a. A plumber charges a flat fee  +  cost of additional minutes  =  total charges  of $75 plus $7.50 for every 

Because $0.45/minute is a unit price, the cost of additional minutes is found by  quarter of an hour spent 

multiplying the additional minutes by 0.45. If we let m be the number of addi- working. Dina suspects that 

tional minutes, 0.45m describes the cost of those additional minutes. the $127.50 he charged is too 

Plan  Write an equation and then solve. much. How long should he 

have worked?

Execute flat fee + cost of additional minutes = total charges                         b. A cell phone company 

39.99   +      0.45m        = 82.29                         charges $59.99 for up to 900 

 100 minutes of use plus $0.40  1  39.99  +  0.45  m  2  =  100  1  82.29  2  Multiply both sides by 100 to eliminate 

decimals. for each additional minute. 

 

 100 Ron’s bill comes to a total of  #  39.99  +  100  #  0.45  m  =  100  #  82.29  Distribute 100.  $81.59. How many minutes  3999  +  45  m  =  8229  Subtract 3999 from both sides.  did he spend using his cell 

-3999                 -3999                                                                        phone?

 0 + 45m = 4230

45m   4230 =

Divide both sides by 45.

45      45

m = 94

Answer Karen used her cell phone 94 additional minutes. This is in addition to 

the 450 minutes she paid for with $39.99; so she used a total of

450 + 94 = 544 minutes

Check Verify that 544 minutes at $39.99 for the first 450 minutes and $0.45 per 

minute for the additional 94 minutes comes to a total of $82.29.

 total charges = 39.99 + 0.451942

= 39.99 + 42.30

= 82.29            It checks.

Do Your Turn 5

Answers to Your Turn 4

a. y-18.6 = 1.25y + 2.18; 

y =-83.12

b. 0.4 1m-1.82 =

-0.8m-9.36; m =-7.2

Answers to Your Turn 5

a. 7 quarter hours, or 1.75 hr. b. 954 min.
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Objective 4 Solve problems using the Pythagorean theorem.

One of the most popular theorems in mathematics is the Pythagorean theorem. 

The theorem is named after the Greek mathematician Pythagoras. The theorem 

describes a relationship that exists among the lengths of the sides of any right 

triangle.

 

Definition Right triangle: A triangle that has one right angle.

 

Leg          Hypotenuse

Note A right angle measures 90. We use    a small square to indi-

cate a right angle.

Leg

 

In a right triangle, the two sides that form the 90 angle are called legs. The side 

directly across from the 90 angle is called the hypotenuse.

 

Definitions Legs: The sides that form the 90 angle in a right triangle.

Hypotenuse: The side directly across from the 90 angle in a right triangle.

 

Pythagoras saw that the sum of the areas of the squares on the legs of a right 

triangle is the same as the area of the square on the hypotenuse. Consider a right 

triangle with side lengths of 3 feet, 4 feet, and 5 feet.

 

Area         2 5 25 ft.

4 ft.          5 ft.

Area         2 5 16 ft.

3 ft.

Area

5   2 9 ft.

 

If we add the areas of the squares on the legs, 9 + 16, we get the same area as the 

square on the hypotenuse, 25.

16 ft.2          2            2 + 9 ft. = 25 ft.

Pythagoras proved that this relationship is true for every right triangle, which is 

why it is called the Pythagorean theorem.

 

Rules

The Pythagorean Theorem                              c (hypotenuse) Given a right triangle, where                    a a and b repre-sent the lengths of the legs and                 (leg) c represents the length of the hypotenuse, 2       2      2 a + b = c.

b

(leg)

6.6  Solving Equations and Problem Solving      441

 

The Pythagorean theorem can be used to find a missing length in a right triangle when the other two lengths are known.

 

Example 6

a.  To steady a telephone pole, a wire is to be attached 21 feet up on the pole 

and then attached to a stake 20 feet out from the base of the pole. What length of wire will be needed between the pole and the stake? (Ignore the wire needed for attachment.)

Understand Draw a picture. We assume that the pole makes a 90  angle with the 

ground. The wire connects to the pole to form a right triangle.

 

21 ft.

 

20 ft.

 

Plan Use the Pythagorean theorem. The missing length is the hypotenuse, 

which is c in the formula.

 

1  in the equation as a reminder  2  2  21 ft.  2  with 20.  +  1  20 ft.  2  2  =  c  Replace  a  with 21 and  b  2  2  that 441 ft.  and 400 ft.  are the  2  a2       2       2                                                                  Note We have placed the units + b = c

 441 ft.              2       2    Square 21 and 20. + 400 ft. = c                                  areas of the squares on the legs. 

 841 ft. 2                                                                                              2 Their sum, 841 ft., is the area of = 2 2 c Add. Note The equation 841 = c

 

2 means that the square of the value  the square on the hypotenuse. To  841 ft.  =  c  get the length from the area, we  c  is 841; so the value of  c  must be   29 ft.  =  c  must use a square root.  the square root of 841.

 

Answer  The wire must be at least 29 ft. to connect the pole and the stake.

Check              2       2       2 Verify that a + b = c is true when a is 21, b is 20, and c is 29.

12122        2 + 1 20 2 1   2 29 2

 441 + 400 841

 841 = 841    It checks.

b.  How high up on the side of a building will a 20-foot 

ladder reach if the base is placed 8 feet from the base of 

the building?

Understand Draw a picture of the situation.

When the ladder is placed against the building, it forms a          ?       20 ft.

right triangle. The 20-foot ladder is the hypotenuse, and  

the 8-foot distance from the base of the building is one of 

the legs. We must find the vertical distance, which is the 

other leg.

Plan Use the Pythagorean theorem.

8 ft.
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Your Turn 6                                2       2       2 Execute a + b = c

Solve.                                       1        2 8 2 2 + b = 12022   Replace a with 8 and c with 20.

 a.                                                            64      2                Square 8 and 20. + b = 400 In the construction of a roof, 

three boards are used to                                                                                  2-64-64 Subtract 64 from both sides to isolate b .

form a right triangle frame.                         2 0 + b = 336

An 8-foot board and a 6-foot                                       Note This equation says that the square of our un-

board are brought together to                      2 b =             known value is 336; so the unknown value, b, must 336 

form a 90                                                    be the square root of 336. angle. How long 

must the third board be?                         b = 2336    Because 2336 is irrational, this is the exact answer.

 b. A wire attached to a tele-                          b ⬇ 18.33     This is the approximate answer rounded to the nearest 

phone pole is pulled taut                                          hundredth.

and attached to a stake in          Answer The ladder would reach approximately 18.33 ft. up the side of the 

the ground 4 meters from         building.

the base of the pole. If the 

length of wire is 10 meters,  Check Verify that the sum of the squares of the legs is the same as the square of 

how high up the pole is the        the hypotenuse.

wire attached?                                                   Note Because 18.33 is an approximation, we 1 8 2 2 2 + 1 18.33 2 1 2 20 2 cannot expect the results to match exactly, but 

 64 + 335.9889 400       they should be close. 399.9889 is close enough 

 399.9889 ⬇            to 400 for us to accept that 18.33 is a good 400 

approximation.

Do Your Turn 6

 

Of Interest

Pythagoras was a Greek mathematician who lived in the town of Croton in what 

is now Italy. He is believed to have lived from 569 B .C. to 500 B.C. The Pythagorean 

theorem is named after Pythagoras not because he discovered the relationship, as 

commonly thought, but because he and his followers are the first to have proved 

that the relationship is true for all right triangles.

The Pythagoreans also believed in the mystical power of numbers and that the 

universe was built on whole numbers. The very theorem that he and his followers 

proved wreaked havoc on their beliefs, however. It quickly became obvious that 

the legs could be measured by whole numbers as desired, but the hypotenuse 

would have to be a value other than a whole number. For example, if the legs are 

both 1 unit in length, we have the following:

 1 2      2       2 + 1 = c

 1                2 + 1 = c

 2        2 = c

22 = c

22 is an irrational number; so it cannot be expressed exactly as a decimal or frac-

tion. It is said that this distressed Pythagoras tremendously because he was so 

sure that the universe was based on whole numbers.

 

Objective 5 Solve problems involving two unknowns.

In Section 4.5, we developed the use of a table to help organize information in 

problems involving two unknowns. The table we used had four columns:

 

Categories   Value   Number   Amount

 

Answers to Your Turn 6

a. 10 ft. b. ⬇ 9.17 m
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The two unknowns are written in the categories column. The value column con-tains the given values of each category. The number column will describe the number of items in each category. The amount column will be found by the fol-lowing relationship:

value # number = amount

 

Example 7  Betty tells her son that she has 15 coins in her change purse 

that total $2.85. If she keeps only quarters and dimes in her change purse, how 

many of each coin does she have?

Understand There are two unknowns in the problem: the number of quarters and 

the number of dimes. Given that there are 15 coins, if n represents the number 

of one coin type, then 15 Note We let n represent the num- -n  represents the number of the other type. Let’s let  n  ber of quarters because quarters 

represent the number of quarters so that 15-n represents the number of dimes. have greater value than do dimes. 

As we will see, this choice will 

Categories   Value   Number     Amount                        avoid negative coefficients in the 

last steps of solving the equation.

Quarters      0.25     n          0.25n

Dimes       0.10    15-n    0.10 115-n2

TACTILE

Because value                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     Learning Strategy # number = amount, we multiply the expressions in the number column by the expressions in the value column to get the expressions in the amount column. To see how to relate the number 

of coins, make up some numeric 

examples. Suppose 5 of the  

We are also given the total amount of money, which is $2.85. This total is calcu-

15 coins are quarters; then there 

lated by adding the amount in quarters plus the amount in dimes.                  must be 15-5 = 10 dimes. Or 

amount in quarters + amount in dimes = total amount of money if 6 of the 15 coins are quarters, 

Plan there must be 15-6 = 9 dimes.    Write an equation; then solve.  So if there are  n  quarters, there 

Execute  amount in quarters + amount in dimes = total amount of money          must be 15-n dimes.

 0.25n   + 0.10 115-n2 = 2.85

 0.25n   + 1.5-0.1n = 2.85 Distribute 0.10 to 

clear parentheses.

100 # 0.25n + 100 # 1.5-100 # 0.10n = 100 # 2.85   Multiply both sides by 100 to 

eliminate decimals.

25n + 150-10n = 285   Multiply.                             Note When we combine 25n and 

15n + 150 = 285   Combine like terms.                 -10n, we get 15n, which has a 

- 150  -150 Subtract 150 from both sides. positive coefficient. Choosing to  let  n  represent the greater-valued 

15n + 0 = 135 coin, quarters, leads to this posi-

 

15 tive coefficient. We’ll see that if we  n  135  15 =     Divide both sides by 15.                let n be the number of dimes, we 15

get a negative coefficient.

n = 9

Answer Because n represents the number of quarters, there are 9 quarters. 

To find the number of dimes, we use the expression 15-n from the table: 

15-9 = 6 dimes.

Check  Verify that 9 quarters and 6 dimes are 15 coins that total $2.85.

 9 + 6 = 15 coins 0.25 192 + 0.10162 2.85

 2.25 + 0.60 2.85

 2.85 = 2.85    Everything checks.
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Your Turn 7 We could have let n be the number of dimes. If so, then 15-n would have de- scribed the number of quarters. The solution would have proceeded as follows:

Solve.

 a. Jack sold a mixture of                                  Categories   Value    Number      Amount

6-string electric and                                     Quarters     0.25     15-n     0.25115-n2

12-string acoustic guitar 

strings to a customer. He re-                          Dimes        0.10     n          0.10n

members that the customer 

bought 20 packs but doesn’t              amount in quarters + amount in dimes = total amount of money

remember how many of           0.25115-n2   + 0.10n      = 2.85

each type. The price for  Note We chose to 

a pack of 6-string electric   3.75-0.25n   + 0.10n     = 2.85 solve this equation 

 

strings is $6.95 and $10.95  without clearing the  Note  Now when we com-  3.75 - 0.15  n  =  2.85  decimals.  for a pack of 12-string acous- bine  - 0.25  n  and 0.10  n  , the  - 3.75 - 3.75  result,  - 0.15  n  , has a negative  tic strings. If the total sale   0 - 0.15  n  = - 0.90  coefficient. Choosing to let  n  was $159.00, how many of 

each pack did the customer          represent the number of the                            0.90-0.15 n-=

buy?                           smaller-valued coin leads to             -0.15      -0.15

 b. Kelly has only nickels and                                                         n = this negative coefficient. 6

dimes in her pocket. If she         There are 6 dimes and 15-6 = 9 quarters.

has 12 more dimes than 

nickels and the total is $3.90,  Notice that we get the same final answer regardless of which number of coins 

how many of each coin does       we let n represent.

she have?

Do Your Turn 7

 

Answers to Your Turn 7

a. 5 packs of 12-string, 15 packs 

of 6-string

b. 18 nickels, 30 dimes

 

PORTFOLIO

 

6.6             For Exercises

Extra

Help

 

Objectives 1 and 2

Prep Exercise 1                                                            Prep Exercise 2 Explain how to use the multiplication prin-To eliminate the decimal numbers in ciple to eliminate decimal numbers from an equation.            the equation 0.4x + 1.2 = 0.25x-3, what is the least 

power of 10 that you could use? 

 

For Exercises 1–18, solve and check.

 1. 4.5n + 7 = 7.9                                       2. 3x-0.8 = 1.6 

 3. 15.5y + 11.8 = 21.1                                    4. 12.1x + 5.6 = 10.924 

 5. 16.7-3.5t = 17.12                                     6. 0.15 = 0.6-1.2n

 7. 0.62k-12.01 = 0.17k-14.8                           8. 0.72p-1.21 = 1.37p-3.29 

 9. 0.8n + 1.22 = 0.408-0.6n                            10. 5.1m + 7.5 = 4.05-4.9m

 11. 4.1-1.96x = 4.2-1.99x                                12. 12.14-2.42g = 4.76-0.78g

 13. 0.4 18 + t2 = 5t + 0.9                                      14. 8k-2.98 = 2.61k-0.82

 15. 1.5 1x + 82 = 3.2 + 0.7x                                  16. 0.061m-112 = 22-0.05m

 17. 20 10.2n + 0.282 = 3.98-10.3-3.92n2                 18. 412.55-x2-5.8x = 12.2-18 + 11.4x2
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Objective 3                                                           Of Interest

For Exercises 19–26, solve. Grooves on the opposite side of 

Saturn’s moon suggest that the 

 19. 7 more than 3.2 times p is equal to 9.56. 

object that impacted with Mimas 

 20. Twice m decreased by 9.9 is the product of m and -6.25.  to form the crater nearly tore the 

 21. 18.75 more than 3.5 times t is equal to 1.5 minus t.                                  moon apart.

 22. The product of 3.2 and n is the same as the sum of n and 1.43. 

 23. 0.48 less than 0.2 times y is the same as 0.1 times the difference of 2.76 and y.

Of Interest

 24. 0.6 times the sum of k and 1.5 is equal to 0.42 plus the product of 1.2 and k.

Crater Lake is known for its beau-

tiful blue color. The lake was 

[image: ]

 25. There is a huge crater on Mimas, one of Saturn’s moons. The crater is circular 

formed by snow and rainwater 

and has an area of 7850 square kilometers. What is the diameter of the crater? Use 3.14 for p after the volcano became inactive. 

. 

It is the second-deepest lake in 

 26. Crater Lake in southern Oregon is actually the top of an inactive volcano  North America at 1932 feet. Only 

[image: ]

(Mount Mazama). The lake is circular and has an area of 20 square miles.  Great Slave Lake in northwestern 

What is the diameter of the lake? Use 3.14 for p.  Canada is deeper at 2015 feet.

Objective 4

Prep Exercise 3 What is a right triangle?                        Prep Exercise 4 What are the legs of a right triangle?

 

Prep Exercise 5 What is the hypotenuse?                       Prep Exercise 6 What is the formula for the Pythagorean 

theorem, and what does each variable in it represent?

 

For Exercises 27–38, use the Pythagorean theorem.

 27. Rebekah is a scientist studying plant life in the rain forests of South America.                   Camp

From her base camp, she hikes 4 miles straight south then heads east for  3 miles. Because it is getting late in the day, she decides to head straight back to camp from her present location rather than backtrack the way she came.                         ? 4 mi.

What is the distance back to camp? 

 28. A helicopter flies east 9 miles then south 12 miles. How far is the helicopter                       3 mi.

from its original position? 

 29. A screen on a small notebook computer is 6 inches wide by 8 inches long. 

What is the distance along the diagonal? 

 30. An 8-foot-wide by 15-foot-long rectangular steel frame is to be fitted with a 

diagonal beam welded to the corners of the frame. How long must the diago-nal beam be? 

[image: ]

 31. A softball diamond is a square with bases at each corner. The distance between 

bases is 65 feet. What is the distance from home plate to second base? 

 32. A baseball diamond is a square with bases at each corner. The distance between 

bases is 90 feet. What is the distance from home plate to second base? 

 33. A 25-foot ladder is placed 7 feet from the base of a wall. How high up the wall 

does the ladder reach? 

 34. A rope 12 feet long is tied to a tree, pulled tight, and secured 9 feet from the 

base of the tree. How high up the tree is the rope tied? 

 

12 ft.

 

9 ft.
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 35. A 14.5-foot beam is to be attached to a vertical beam 3.5 feet above a horizontal sup-

port beam. How long must the horizontal support beam be so that it can be attached 

to the bottom of the 14.5-foot beam? (Ignore the width of the beams.) 

 

14.5 ft.

3.5 ft.

 

?

 

 36. A 50-foot zip line is strung across a lake so that it begins in a tower 20 feet above 

the ground on one side of a pond and is secured at the ground on the other side 

of the pond. How far from the base of the tower is the point on the opposite bank 

where the zip line is secured? 

 

50 ft.

20 ft.

 

 37. A fire truck has a ladder that can extend to 60 feet. The bottom of the ladder sits 

atop the truck so that the bottom of the ladder is 8 feet above the ground.

a. If the truck parks 30 feet from the bottom of a building, what is the highest 

point the ladder can reach? 

b. If a person is in a seventh-story window awaiting rescue, can the ladder reach 

if each story is 10.5 feet? 

 38. The base of the pyramid in front of the Louvre in Paris, France, is a square mea-

suring 35 meters along each side. The length of each face of the pyramid to the 

pinnacle is 27 meters. How tall is the pyramid? 

Of Interest

[image: ]

The pyramid in front of the Louvre was con-

structed in 1989. The pyramid contains 673 glass 

segments. (603 are rhombus-shaped, and 70 are 

triangular.)

 

Objective 5

For Exercises 39–42, complete the table. Do not solve.

 39. At a yard sale, Barry sold paperback books for $0.50 and hardcover books for 

$1.50. At the conclusion of the sale, he found that he sold 14 more paperback 

books than hardcover books.

Categories   Selling price   Number of books sold      Income

Paperback

Hardcover
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 40. A grocery store sells two different boxes of a particular cereal. The large box 

sells for $4.59; the small box, for $3.79. In one day, the store sold 32 more small boxes than large boxes.

Categories   Selling price   Number of boxes sold     Income

Small box

Large box

 

 41. A department store has a special sale on T-shirts. Children’s T-shirts sell for 

$8.99; adult shirts, for $14.99. In one particularly busy hour, the store sold 45 T-shirts.

Categories         Selling price   Number of T-shirts sold     Income

Children’s T-shirts

Adult T-shirts

 42. A restaurant sells two sizes of pizza. The large one-topping pizza sells for 

$16.50, and the small one-topping pizza sells for $13.50. In one day, the restau-rant sold 42 one-topping pizzas.

Categories   Selling price   Number of pizzas sold     Income

Large

Small

For Exercises 43–46, use a four-column table to solve.

 43. Latisha has a change purse in which she keeps only       44. Jose has 22 coins totaling $4.10. If all of the 22 coins 

quarters and half-dollars. She has 12 more quarters  are either nickels or quarters, how many of each coin 

than half-dollars. If the total in the purse is $6.75,              does he have? how many of each coin does she have? 

 

 45. Bernice sells drinks at college football games and gets     46. Arturo sells two different home security systems. He 

paid by the number of each size drink she sells. There  receives $225 commission for each A system and $275 

are two drink sizes, 12 ounces and 16 ounces. The  commission for each B system that he sells. In one 

12 ounce sells for $1.50; the 16 ounce, for $2.00. She  month, he sells 14 systems. If he receives a total com-

knows she sold 65 drinks but cannot remember how  mission of $3400, how many of each system did he 

many of each size. If her total sales are $109, how             sell? many of each size did she sell? 

[image: ]

 

Puzzle Problem A cube has a surface area of 10.14 square feet. What are the  dimensions 

[image: ]

of the cube? 

[image: ]

 

Review Exercises

[image: ]

[1.1] 1.  Write the word name for 24,915,000,204.             [1.1] 2.  Round 46,256,019 to the nearest 

[image: ]

hundred-thousand. 

 

[5.6] 3.          5    5                                1    4                           9 28 x Add. 4 + 8 [5.6] 4. Subtract. 12 -7 [3.6] 5. Divide. 8 6 4 5 3 7 x

[4.3] 6.  Explain the mistake; then work the problem correctly.        -3x-18 =-24

+ 18    +18

-3x + 0 =-6

-3x    -6 =

3      3

x =-2
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Chapter 6  Summary and Review Exercises

 

6.1 Introduction to Decimal Numbers

Definitions/Rules/Procedures Key Example(s)

 

Decimal notation is                notation for express-     Write as a fraction or mixed number in simplest form.

ing fractions.                                                              24      6

To write a decimal number as a fraction or mixed          a. 0.24 =       = 100 25

number in simplest form:

1.  Write all digits to the left of the decimal point as the       b. 16.082    16 = 82        41 1000 = 16 500

integer part of a mixed number.

2.  Write all the digits to the right of the decimal point 

in the                  of a fraction.

3.  Write the denominator indicated by the last place value.

4.  Simplify to lowest terms.

 

Complete the following table of place values.

Decimal Point

 

Whole numbers                                   Fractions

 

ens                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        enths                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          en-

Hundreds                                                                                                                                                                                                                                                                                                                                                                                                                                                                  T                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Ones                                                                                                                                                                                                                                                                                                                                                                                                                                                                            T                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              Thousandths                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Hundred-                                                                                                                                                      thousandths                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              T                                                                                                                                                      millionths                                                                                                                                                                                                                                                                                                                                          Hundred-                                                                                                                                                      millionths

 

[6.1] For Exercises 1–3, write as a fraction or mixed number in simplest form.

1. 0.8                                           2. 0.024                                        3. -2.65 

 

Definitions/Rules/Procedures Key Example(s) 

 

To write the word name for a decimal number with       Write the word name for the given number.

no integer part (no digits other than 0 to the left of the 

a. 0.0351

decimal point):

1.  Write the word name for the digits to the right of  Answer:  three hundred fifty-one ten-thousandths

the decimal point as if they represented a whole          b. 147.29

number.

Answer:  one hundred forty-seven and twenty-nine 

2.  Write the name of the                .                      hundredths

To write the word name for a decimal number with 

both integer and fractional parts:

1.  Write the name of the integer number part.

2.  Write the word           for the decimal point.

3.  Write the name of the fractional part.

 

[6.1] For Exercises 4–6, write the word name.

4. 24.39                                    5. 581.459                                 6. 0.2917
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Definitions/Rules/Procedures                           Key Example(s)  

 

To determine which of two positive decimal numbers     Use 6 or 7 to write a true sentence.

is greater, 

a. 0.517  ?  0.516

 until you find two different digits in 

the same place value. The greater number contains the      Answer: 0.517 7 0.516

greater of those two digits. 

b. -0.4912  ?  -0.4812

If both numbers are negative, the greater number is 

 and contains the lesser of the two different     Answer:-0.4912 6 -0.4812

digits.

 

[6.1] For Exercises 7 and 8, use 6 or 7 to write a true statement.

7. 2.001  ?  2.0009                                               8. -0.016  ?  -0.008 

 

Definitions/Rules/Procedures                          Key Example(s)

 

To round a decimal number to a given place value:        Round each number to the specified place.

1.  Identify the digit in the given place value.                 a. 4.619 to the nearest tenth.

2.  If the digit to the right of the given place value is 5        Answer: 4.6

or greater, round            by increasing the digit in the given place value by 1. If the digit to the right       b. 18.5141 to the nearest whole.

of the given place value is 4 or less, round down by       Answer: 19 keeping the digit in the given place value the same.

c. 0.00127 to the nearest ten-thousandth.

3.  Change all digits to the right of the rounded place 

value to           . Decimal digits to the right of the       Answer: 0.0013 rounded place can be eliminated.

 

[6.1] For Exercises 9–12, round 31.8052 to the specified place.

9. whole number            10. tenths  11. hundredths  12. thousandths 

 

6.2 Adding and Subtracting Decimal Numbers

Definitions/Rules/Procedures                           Key Example(s)  

 

To add decimal numbers:                              Estimate. Then find the actual sum. 2.035 + 15.98

1.  Stack the numbers so that the corresponding place                                         1 1

Estimate:    2       Actual:    2.035

values align. (Vertically align the decimal points.)

+ 16             +15.980

2.  Add the digits in the corresponding place values.

18                18.015

3.  Place the decimal point in the sum so that 

. Estimate.  Then find the actual difference. 60.043-4.798

13

To subtract decimal numbers:                                      5 10                 5 9 9 3 13

Estimate: 60       Actual:    60.0 4 3

1.  Stack the number with the greater absolute value 

- 5                    - 4.7 9 8 

 so that the corresponding place values align. 

(Vertically align the decimal points.)                                   55                      55. 2 4 5

2.  Subtract the digits in the corresponding place values.     Simplify.

3.  Place the decimal point in the difference so that it  3                    2                            2  5.1  x  + 2.91  x -7  x  + 9.8 -3.4  x -3.8  x

aligns with the decimal points in the minuend and                =     3         2 5.1 x-10.8 x-0.49x + 9.8 subtrahend.
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[6.2] For Exercises 13 and 14, estimate. Then find the actual sum or difference.

13. 24.81 + 54.2 + 9.005                                    14. 9.005-1.089

 

[6.2] For Exercises 15–17, add or subtract.

15. 6.7 + 1-12.92                       16. 1-202-1-13.882                  17. -1.082 + 29.1-4.9 

[6.2] For Exercises 18–20, simplify.

18.    4                    2          4                                                     2                             2 9 y + 8 y-12.2 y + 2.1 y-16 y + 3.8 19. 1 0.3 a + 8.1 a + 6 2 + 5.1 1 a-2.9a + 4.332

 

20.        3                                3 2 1 2.6 x-98.1 x + 4 2-5.3 1 x-2.1x + 8.22

 

6.3 Multiplying Decimal Numbers

Definitions/Rules/Procedures Key Example(s)

 

To multiply decimal numbers:                          Estimate. Then find the actual product. 16.45212.82

1.  Multiply as if the decimal numbers were whole                                             1 3 4

numbers.                                        Estimate:    6      Actual:   6.45

2.  Place the decimal point in the product so that it has                                           2.8 * 3 *

18               5 160

.                                                                                                                   12 90

18.060

 

[6.3] For Exercises 21 and 22, estimate. Then find the actual product.

21. 13.44215.12                                                 22. 11.521-9.672

[6.3] For Exercises 23–28, multiply.

23. 1     2 1.2 2                                   24. 1       3         5                                    3 3-0.9 x y 21 4.2 x y 2 25. 1-0.3 x 2

26. 0.2 1     3         2 0.6 n                           4.5     6.1         0.5                      1.3     4.2           4.2-1.4 n a 2 28. x 1.3 + n 27. -18 2 1-21 a-2 1 + 21 x-2

 

Definitions/Rules/Procedures                           Key Example(s)  

 

Scientific notation                               n is a notation in the form a * 10         Write in standard form.

 

where a is a decimal number whose absolute value is                    7 a. 3.59 * 10 = 35,900,000 and n is an integer. 5 b. -4.2 * 10 =-420,000

To change from scientific notation with a positive ex-

Write in scientific notation.

ponent to standard notation for a given number, move 

the decimal point to the                                                                     9 the number of places a. 4,791,000,000 = 4.791 * 10

indicated by the exponent.                                                                       13 b. -87,050,000,000,000 =-8.705 * 10

To write a standard form number whose absolute 

value is greater than 1 in scientific notation:

1.  Move the decimal point so that the number’s abso-

lute value is greater than or equal to 1 but less than 

10. (Place the decimal point to the right of the first 

nonzero digit.)

2.  Write the decimal number multiplied by 10n where n

is the number of places between the         decimal 

position and the            decimal position.

3.  Delete 0s to the right of the last nonzero digit.
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[6.3]                           9                                                30. Write    103,000 in scientific notation. 29. Write 3.58-* 10 in standard form.

 

6.4 Dividing Decimal Numbers; Square Roots with Decimals

Definitions/Rules/Procedures                          Key Example(s)

 

To divide a decimal number by a whole number using    Estimate. Then find the actual quotient.

long division:                                             a. 20.4 , 6                                     3.4

1.  Divide the divisor into the dividend as if both num-bers were whole numbers. Align the digits in the                              20          Actual: 6 冄20.4 Estimate:

quotient properly.                                                   20 , 6 = 6                     -18

2.  Write the decimal point in the quotient                                           2                   24 = 3 

.                                                                                           3                                   -24

3.  If after you bring down the last digit in the dividend                         =                             0 3.6 

the remainder is not 0, write a 0 digit to the right                                               Answer: 3.4

 

dividing until the remainder is 0 or a digit or group       Estimate: 4 , 10 =            Actual: 11冄3.680000 10 of digits repeats without end in the quotient. To in--33 = 0 down, and divide. Continue adding 0 digits and                             4 of the last nonzero digit in the dividend, bring that  b. 3.68 , 11 0.334545  c

dicate repeated digits in the quotient, write a repeat                             0.4                      38 bar over the digit or group of digits that repeat.

-33

To divide using long division when the divisor is a                                                    50

decimal number:                                                                          -44

1.  Move the decimal point in the divisor to                                                                   60

the right enough places to make the divisor                                                            -55

.

50

2.  Move the decimal point in the dividend                                                  Answer: 0.3345

.

3.  Follow the same steps as for dividing a decimal           c. 50.8 , 0.02 = 5080 , 2 

number by a whole number.                          Estimate: 5000 , 2 = 2500  Actual:   2540

2 冄5080-4

10

-10

08

-8

0

Answer: 2540

d. 0.694 , 0.22 = 69.4 , 22

Estimate: Instead of 70 , 20, it is easier to bend the rounding rules and use 60 , 20 = 3.

3.154545 c

Actual: 22冄69.400000

-66

34

-22

Answer: 3.154

120

-110

100

-88

120
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[6.4] For Exercises 31-33, estimate. Then find the actual quotient.

31. 21 , 4                             32. 3.6 , 9                             33. -54 , 1-0.092

 

[6.4] 34. Divide.

-2.38 4 abc

34.

6.8ab

 

Definitions/Rules/Procedures                          Key Example(s)  

 

To write a fraction as a decimal number,                         5 divide the Write  as a decimal number. 8

.

0.625

To write a mixed number as a decimal number:                                  8 冄5.000

1.  Write the integer part of the mixed number                                         -48

.                                                                                                                   20

2.                                                      to determine                                             -16

the decimal digits. Write those digits to the right of                                       40

the decimal point.

-40

0

Answer: 5 = 0.625

8

Write 14 2 as a decimal number.

3

0.66 c

3 冄2.00-18

20

-18

20

Answer: 14.6

 

[6.4] For Exercises 35 and 36, write as a decimal number.

3                                                    2

35.                                                                      36. -4

5                                                    11

 

Definitions/Rules/Procedures                          Key Example(s)  

 

The square root of a decimal number that corresponds      Simplify.

to a perfect square and has an even number of deci-       20.0049 = 0.07

mal places will be a decimal number with         the 

number of decimal places and the same digits as the 

square root of the corresponding perfect square.

The set of real numbers contains all            and 

 numbers.

 

[6.4] 37. Find the square root. 20.64 [6.4] 38.   Approximate 2 148 to the nearest 

hundredth. 
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6.5 Order of Operations and Applications in Geometry

Definitions/Rules/Procedures                          Key Example(s)

 

To simplify numerical expressions that contain both       Simplify.

fractions and decimals:

(Method 3 illustrated here)

 1. Method 1: Write each decimal number as a fraction.

 or                                             (6.09)-   = 2        3    2 6.09    3 #                    -

3        8    3   1     8

 

 or                                                    =     -3 Method 2: Write each fraction as a decimal number.                                    12.18    3 8

Method 3: Write each decimal number over 1 in fraction                                 = 4.06-0.375

form.                                                                              3.685 =

2.  Follow the order of operations agreement.

 

[6.5] For Exercises 39 and 40, simplify.

 

39.              2                                                                  1            2 3.6 + (2.5)-1.5(9-0.4) 40. (0.24) +(-3.3) 6 3

 

41.                   1 2 [6.5] Evaluate at when a = 9.8 2

and t = 2. 

 

6.6 Solving Equations and Problem Solving

Definitions/Rules/Procedures                          Key Example(s)

 

To solve a linear equation in one variable:                 Solve and check.

1.  Simplify each side of the equation.                                 8.3-(2.4x + 0.7) = 14.6x-5(x + 6.16)

a.  Distribute to eliminate parentheses.                               8.3-2.4x-0.7 = 14.6x-5x-30.8

b.   Eliminate fractions and/or decimal numbers by              10(8.3-2.4x-0.7) = (14.6x-5x-30.8)10

multiplying both sides of the equation by the                       83-24x-7 = 146x-50x-308

LCD. In the case of decimal numbers, the LCD is                        76-24x =   96x-308 the power of 10 with the same number of 0 digits 

as                                                                                + 24x   + 24x in the number with the most decimal places                                                         76 + 0 = 120x-308

c.  Combine like terms.                                                           76 = 120x-308

2.  Use the addition principle of equality so that all vari-                          + 308          + 308

able terms are on one side of the equation and all                                 384 = 120x +    0

 

terms.                                                                            = 120 constants are on the other side. Then combine like                               384    120x 120

Note Eliminate the variable                                                   3.2 = 1x

term with the lesser coefficient to                                                 3.2 = x avoid negative coefficients.

Check:

3.  Use the multiplication principle of equality to elimi-            8.3-(2.4x + 0.7) = 14.6x-5(x + 6.16)

nate the coefficient of the variable.                           8.3-[2.4(3.2) + 0.7] 14.6(3.2)-5(3.2 + 6.16)

 8.3-(7.68 + 0.7) 46.72-5(9.36)

 8.3-8.38 46.72-46.8

-0.08 =-0.08

True; so 3.2 is the solution.
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[6.6] For Exercises 42–46, solve and check.

42. y-0.58 =-1.22                                       43. -1.6n = 0.032 

44. 4.5k-2.61 = 0.99                                       45. 2.1x-12.6 = 1.9x-10.98 

46. 3.6n-(n-13.2) = 10(0.4n + 0.62) 

 

Formulas

 

[6.3] Unit price is the price of           unit.

[6.3] Total price =           # unit price

[6.4] Circumference of a circle given its radius:       C =

[6.4] Circumference of a circle given its diameter:  C =

[6.5] Area of a circle:                                      A =

[6.5] Area of a triangle:                                  A =

[6.5] Area of a trapezoid:                              A =

[6.5] Volume of a cylinder:                            V =

[6.5] Volume of a pyramid:                          V =

[6.5] Volume of a cone:                               V =

[6.5] Volume of a sphere:                             V =

[6.6] A right triangle is a triangle that has one             .

[6.6] The legs of a right triangle form the           angle.

[6.6] The hypotenuse of a right triangle is the side                from the 90 angle.

[6.6] The Pythagorean theorem                                                           c (hypotenuse)

Given a right triangle, where a and b represent the lengths of the legs and c      a

represents the length of the hypotenuse,                                        (leg) .

b

(leg)

 

c 6.4d

47.  Find the radius, circumfer-                          [6.5] 48. Find the area.        0.2 m

6.5

ence, and area of the circle. 

Use 3.14 for  15 cm 0.45 m  p

.

0.2 m

0.65 m

[6.5] 49. Find the area of the shaded region. Use 3.14 for p.

72.5 cm

15 cm

 

48 cm
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[6.5] For Exercises 50–54, find the volume. Use 3.14 for p.

50.                    3 in.                    51.                                             52. 

 

1.5 in.

6 m

4.8 cm

 

2 cm

 

53.                                        54.                  4.5 in.

 

38.6

 m

3.5 in.

42 m                          3 in.

2 in.

42 m

 

1.2 in.

 

For Exercises 55–62, solve.

[6.2] 55.  Sonja’s checkbook register is shown below. Find     [6.3] 56.  Caroline buys 3.4 pounds of flounder at 

her final balance.  $5.99 per pound. What is the total cost of the 

flounder? 

Date         No.         Transaction Description                        Debits           Credits           Balance

 3 - 21   1201     Papa John's                              16  70                        150  20   

 3 - 22   1202     Food Lion                                  84  61                       

 3 - 25   1203     Ford Motor Credit                    245 16

 3 - 25   1204     Electric & Gas                           67  54

 3 - 25   1205     Fleet Mortgage                        584 95

 3 - 26                Deposit                                                    1545 24

 

[6.4] 57.  Naja has a student loan balance of $2854.80.        [6.5] 58.  The following graph shows the closing price 

If he agrees to make equal monthly payments  of Sears stock each day from October 25 to No-

over a five-year period, how much will each                 vember 5. payment be? 

Sears Stock

80

79

78

76.30

77

75.72

76

74.32

75

73.78

74

Closing price                                                                                          73                                  72.27 71.98                                73.34 72

71                  71.98                71.41 70.89 70

10/25 10/26 10/27 10/28 10/29 11/1 11/2 11/3 11/4 11/5

Date

a.  Find the mean closing price for those days. 

b. Find the median closing price for those 

days. 

c.  Find the mode closing price for those days. 456   Chapter 6  Decimals

 

[6.5] 59.  A student’s grade report is shown below. Calculate the student’s GPA 

rounded to the nearest thousandth. 

Course    Credits   Grade

ENG 101     3.0       C

BIO 101      4.0        D

MAT 102     3.0       B

PHY 101     3.0       C

[6.6] 60.  A 12-foot board is resting against a tree. The bottom of the board is 3 

feet from the base of the tree. How far is the top of the board from the 

base of the tree? (Assume that the tree forms a right angle with the 

ground.) 

[6.6] 61.  An electrician charges $75 for each service call and $6.25 for every 15 

minutes spent working. If Brittany has $125, how long will the electri-

cian work? 

For Exercise 62, use a four-column table to solve.

[6.6] 62.  Elissa has a change purse that contains only nickels and dimes. She has 

9 more dimes than nickels. If she has a total of $2.40 in the purse, how 

many of each coin does she have? 
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[6.1]     1. Write the word name for 56.789.                                              1. _____________________

 

[6.1]     2. Write 0.68 as a fraction in lowest terms.                                         2. _____________________

 

[6.1]     3. Use 6 or 7 to write a true statement.                                       3. _____________________

-0.0059  ?  -0.0058

 

[6.1]     4. Round 2.0915 to the specified place.                                           4. a. ___________________

a. whole number b. tenths c. hundredths d. thousandths b.  ___________________

c.  ___________________

For Exercises 5–9, estimate. Then find the actual sum, difference, product, or quotient. d.  ___________________

 5. _____________________

[6.2]     5. 4.591 + 34.6 + 2.8 [6.2] 6. 27.004-3.098

 6. _____________________

[6.3]     7. (4.5)(-8.61) [6.4] 8. 4.8 , 16           7. _____________________

 8. _____________________

[6.4]     9.  (-55.384) , (-9.2)

 9. _____________________

[6.4]  10. Evaluate. 20.81  10.  _____________________

 

[6.4]                  5 11. Write 3 as a decimal number.                                                    11.  _____________________

6

 

[6.3]                             6 12. Write 2.97 * 10 in standard form.                                               12.  _____________________

 

[6.3]  13. Write -35,600,000 in scientific notation.  13.  _____________________

 

[6.5]                                    2 14. Simplify. 3.2 + (0.12)-0.6(2.4-5.6)                                            14.  _____________________

 

[6.5]                     1   2 15. Evaluate mv when m = 12.8 and v = 0.2.                                  15.  _____________________ 2

 

[6.2]                           3          2                  3 16. Simplify. (7.6 x-2.3 x-9)-(6.7 x + 4.7x-12.8)                           16.  _____________________

 

For Exercises 17 and 18, multiply.

 

[6.3]              3 17. 2.5 x # 0.6x                          18. (3.2n + 1.5)(0.4n-6)                      17.  _____________________

 

[6.6]  19. Solve and check. 6.5t-12.8 = 13.85  18.  _____________________

 19.  _____________________
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 20.  _____________________        [6.6]  20. Solve and check. 1.8(k-4) =-3.5k-4.02

 

 21.  _____________________        [6.2]  21. Following is a copy of Dedra’s bill at a restaurant. She pays with a $20 

bill. How much change should she receive?

 

Guest Check

 

Club sandwich           7.95

Salad                         2.95

Beverage                   1.50

Tax                             0.57

 

 22.  _____________________        [6.3]  22.  A fish market has shrimp on sale for $7.99 per pound. How much does 

5 pounds cost?

 

 23.  _____________________        [6.4]  23.  Bill receives the following printout of charges that he plans to pay on 

a 90-day same-as-cash option. He wants to split the charges into three equal payments. How much is each payment?

Description   Amount

1 TV          $385.80

2 speakers       $59.90 each

Sales tax         $25.28

 

 24. a. ____________________        [6.5]  24. The following graph shows the closing price of Xerox Corporation 

b. ____________________                      stock from July 14 to July 19, 2010.

a.  Find the mean closing price for those days.

c. ____________________

b.  Find the median closing price for those days. c.  Find the mode closing price for those days.

Xerox Corporation Stock

9.00

8.90

8.80

8.70

8.61         8.61

8.60

8.50

8.40

8.44

Closing price                                                                                8.30

8.30

8.20

8.10

8.00

7/14         7/15         7/16         7/19

Date

 

 25. a. ____________________         c 6.4d 25. A circle has a radius of 12 feet. Use 3.14 for p.

6.5

b. ____________________                      a.  Find the circumference.

b. Find the area.
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[6.5] For Exercises 26 and 27, find the volume. Use 3.14 for p.

 

26.                                          27.                                     26.  _____________________

 

2 cm  27.  _____________________

 

16.2 ft.

12 ft.

12 ft.

 

[6.5]    28. Find the area.                                                                     28.  _____________________

 

35 ft.

22 ft.

12 ft.

56.5 ft.

 

[6.6]    29. Carlton has a 20-foot ladder that he places 5 feet from the base of his         29.  _____________________

house. How high up the side of the house will the ladder reach?

 

[6.6]    30. Yolanda sells two different kinds of cakes, round-layered cakes and          30.  _____________________

sheet cakes. The round-layered cakes sell for $14, and the sheet cakes sell for $12.50. In one month, she sold 12 cakes and made a total of $162. How many of each cake did she sell?
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Chapters 1-6 Cumulative Review Exercises

 

For Exercises 1–4, answer true or false.

[3.2]        3                                                                        2.  1. 4 x The conjugate of -7 is a binomial. [3.4]x-9 is -x + 9. 

[3.5] 3. 221 is a composite number.                         [5.3] 4. p is a rational number. 

For Exercises 5 and 6, complete the rule.

[1.4] 5. If the divisor is 0 and the dividend is any num-      [3.2] 6. When combining like terms, we add or subtract 

ber other than 0, the quotient is            .                     the              and keep the             the same.

[3.2]                                 2      4                6                                       3 7. What is the degree of 3 b-b + 9 b + 4 b-17? [5.1] 8. Graph -2 on a number line.

4

 

[6.1]  9. Round 2.0185 to the nearest hundredth.                                      8 [6.3]  10. Write 7.68 * 10 in standard form; then write 

the word name. 

 

For Exercises 11–21, simplify.

 

[2.5] 11.    9-5                                                              1   1 43 6 + (-16) 4 6

, 7                          [5.3] 12. -   # 5

9   6

12 2 n    -15n                                           5     1

[5.4] 13. -       ,                                                [5.6]  14. 4   + 7

13m    26m                                    8    2

 

[5.6]      x   3                                                         1 15. + [6.5]  16. 0.48 + 0.6 a 4 b + 20.81 6 4 3

[6.2] 17. Simplify and write the result in descending          [6.2] 18. Subtract and write the result in descending 

order of degree.                                                                    3           2  order of degree. (14 m-5.7 m + 7)

-

 

2.6 3     1                   1 2 3 2 x                          (9.1 3        2 m + m-11.6) 

-x + 3.8-x + x-

4                   4

 

[6.5]                   2      3                3                              [3.4] 20. Multiply. (4y-3)(y + 2)  19. Evaluate 4 h-k when h = and 4

k =-0.2. 

[3.6]                  5          2 21. Factor. 30 n + 15 n-25n

For Exercises 22–24, solve and check.

 

[6.6]  22. -0.06k =                                  2     1    5 0.408                  [5.8] 23.    x +    =                    [4.3]  24. 2n + 8 = 5(n-3) + 2 

3     4    6

For Exercises 25–30, solve.

[2.6]  25. The annual financial report for a business            [3.7]  26.  a. Write an expression for the volume of the box 

indicates that the total revenue was $2,609,400                   shown. 

and the total costs were $1,208,500. What was                b. Find the volume of the 

the net? Did the business have a profit or                        box if w is 6 centimeters. 

loss? 

 

4w

 

w

2w  1 
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[4.5] 27. An entrance to an amusement park is to be an       [5.6] 28. A question on a survey allows for a response of 

isosceles triangle. The length of each equal-                                          1 yes, no, or no opinion.  of the respondents said 

6

length side is 12 feet longer than twice the length                      3 yes, and  said no. What fraction had no 

5

of the base. The perimeter is 89 feet. What are                opinion? the lengths of the base and the sides of equal 

length? 

 

[6.5]  29. Find the area of the shape. Use 3.14 for p.            [6.6] 30. Cedrick makes two different sizes of clay 

bowls. He sells the larger size for $12.50, and 

the smaller size sells for $8.50. If he sells a total 

of 20 bowls at a fair and makes a total of $206, 

how many of each size did he sell? (Use a four-

column table.) 

4.2 in.

 

10 in.




[image: ]


C H A P T E R 

[image: ]

 

Ratios, Proportions, 7

 

and Measurement

[image: ]

 

7.1 Ratios, Probability, and Rates        Chapter Overview
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7.2 Proportions

Now that the real number system has been developed in Chap-

7.3 American Measurement; Time ters 1–6, we will consider applications containing all types of num-

7.4 Metric Measurement              bers. In this chapter, we will consider the following topics:

7.5 Converting Between Systems;           Ratios

Temperature

Proportions

7.6 Applications and Problem 

Solving                                 Unit conversion

As we will see, ratios are like fractions with any type of num-

ber in the numerator or denominator. Those ratios can be used to solve proportions or convert units of measurement.

 

462 462
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7.1 Ratios, Probability, and Rates

 

Warm-up                                                      Objectives

 [5.2] 1.  Out of 120 participants in a poll about a new product, 45 said that they         1 Write ratios in simplest form.

liked the product. What fraction of the participants liked the product? Write the fraction in lowest terms.  2 Determine probabilities.

4.68                                                                    3 Calculate unit ratios.

 [6.4] 2. Divide.                                                                               4 Write rates in simplest form. 0.4

 5 Use unit price to determine 

Objective 1                                                                  the better buy. Write ratios in simplest form.

In this section, we will solve problems involving ratios.

Definition Ratio: A comparison between two quantities using a quotient.

When a ratio is written in words, the word to separates the quantities. A ratio can be written with a colon or in fraction form. The following table shows two ratios for a committee of 12 males and 18 females.

  Colon     Fraction  

In words                                             Note In fraction form, the notation form

quantity to the left of the 

the ratio of                                           12       males to females 12 : 18 word to goes in the numera-

18         tor and the quantity to the 18         right of the word to goes in 

the ratio of females to males      18 : 12        12         the denominator.

 

In this text, we will translate ratios to fraction form. The following rule shows how to translate words to a ratio in fraction form.

 

Rules

a

For two quantities, a and b, the ratio of a to b is .

b

 

Example 1 The pitch, or degree of slant, of a roof is to be 8 inches of  vertical        Your Turn 1

rise for every 12 inches of horizontal length. Write the ratio of vertical rise to  Stacie measures 40 inches from 

horizontal length in simplest form. her feet to her navel and 24 

inches from her navel to the top 

Solution: ratio of vertical rise to horizontal length = 8    2 =                        of her head. Write the ratio of 

12    3                     the smaller length to the larger 

length in simplest form.

This means that measuring 12 inches out then 8 inches up is equivalent to measur-

ing 3 inches out then 2 inches up. The pitch of the roof is the same using either ratio.

 

Connection The ratio of the 

vertical rise to the horizontal 

length is known as the slope

of an incline. Slope is often                                                     8 in. referred to as the  ratio of rise to                                                               Answer to Your Turn 1 run or rise over run.                                                                      3

2 in.                                              5

3 in.

Answers to Warm-up

12 in.                                  3

1.      2. 11.7

Do Your Turn 1                                                                         8
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A ratio can have fractions or decimals in its numerator or denominator. This can 

make simplifying more challenging.

 

Your Turn 2                       Example 2              1 For every 2  rotations of the pedals on a bicycle, the back wheel 2

 

A recipe calls for 2 1                                     1 rotates 3  cups of  times. Write the ratio of the number of pedal rotations to the number 2 4 3 milk and  of a cup of sugar. of back wheel rotations. 4

Write the ratio of milk to   1

sugar in simplest form. 2

Solution: number of pedal rotations to number of back wheel rotations = 2

1

3

4

This is a complex fraction, which we learned to simplify in Chapter 5. To sim-plify, we divide the mixed numbers.

Of Interest

 

Gears in machines operate on                   1 2 2     1     1 the principle of ratios. In an = 2 , 3 Rewrite using a division sign. automobile, the number of rev-1 2 4 3 olutions of the driveshaft is con-4

 

verted by a gear to a number of                          5    13    Write as improper fractions. tire revolutions. In a lower gear, = , 2 4 the engine is turning at many 2

while in a higher gear, the oppo-                             #           and divide out the common factor 2. more revolutions than the tire,                          5   4        Write as an equivalent multiplication =

2 13

site is true.                                                          1

= 10        Multiply.

13

This means that every 10 rotations of the pedals result in 13 rotations of the back wheel.

Example 2 suggests the following procedure:

 

Procedure

To simplify a ratio of two fractions or mixed numbers, divide the fractions or mixed numbers.

 

Do Your Turn 2

 

Now let’s try simplifying ratios of decimal numbers.

 

Example 3 The diameter of a piece of pipe is 0.42 meter. The length is 3.5 meters. Write the ratio of the diameter to the length in simplest form.

 

Solution: diameter to length = 0.42

3.5

Note  To write in simplest form, we must eliminate the decimals so that the numerator 

Because we multiply the 

numerator and denominator by  and denominator are integers. In Chapter 6, we learned to eliminate decimals 

the same power of 10, the decimal  by multiplying by an appropriate power of 10. In Chapter 5, we learned that we 

will move to the right the same  write equivalent fractions by multiplying the numerator and denominator by  

number of places in the numerator  the same number. Because 0.42 has the most decimal places, it determines the 

and denominator. power of 10 that we use. Therefore, in this case, we multiply both the numerator 

and denominator by 100.

 

Answer to Your Turn 2                                                    0.42 0.42 1100 2     42     3 10                                                          =           =     = 3.5

3.511002     350    25

3
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Example 3 suggests the following procedure:                                        Your Turn 3

An ant weighing 0.004 gram 

Procedure can carry an object weighing up 

To eliminate decimals in a ratio, multiply the numerator and denominator by  to 0.02 gram. Write the ratio of 

an appropriate power of 10 as determined by the decimal number with the  the object’s weight to the ant’s 

most decimal places.                                                            weight in simplest form.

 

Do Your Turn 3

 

Of Interest

The golden ratio is an irrational number with an approximate value of 0.618 to 1. Vari-ous parts of the human body are in the golden ratio. Some examples are shown below.

navel to top of head           center of eyes to top of head

bottom of foot to navel        bottom of chin to center of eyes

shoulders to top of head       bottom to tip of middle finger

navel to shoulders         wrist to bottom of middle finger

Note that these ratios are 0.618 to 1 for humans on average. Because individuals differ, it is normal to see slight variation from one person to another. The golden ratio also appears in plant growth, art, architecture, and musical instruments. The front of the Greek building the Parthenon fits inside a rectangle with a ratio of width to length that is in the golden ratio. The ratio of the length of the neck of a violin to the length of its body is in the golden ratio.

 

Objective 2 Determine probabilities.

Ratios are used in calculating probabilities. Suppose a friend approached you with a coin and suggested the following game: If the coin lands heads up, you win; if it lands tails up, your friend wins. What is the likelihood that you will win? Because there are two possible outcomes, both of which are equally likely to occur, heads or tails, and you win with one of those possibilities, we say that you have a 1 in 2 chance of winning.

Note that we can write                      1                    1 1 in 2 as the fraction . The fraction  is the theoretical 

2                    2

probability that you will win.

Definition Theoretical probability of equally likely outcomes: The ratio of the number of favorable outcomes to the total number of possible outcomes.

 

1 side is heads

 

the probability of a coin landing heads up = 1  out of

2

2 possible outcomes.

Notice that your friend has an equal chance of winning because there is 1 tail out of 2 possible outcomes.

 

the probability of a coin landing tails up = 1

2

 

Procedure

To determine a probability:

Answer to Your Turn 3

  1.  Write the number of favorable outcomes in the numerator.

5

  2.  Write the total number of possible outcomes in the denominator.

 3. Simplify.                                                                        1
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Note that this does not mean that if your friend wins one time, you are guaran-

teed to win the next time. In fact, your friend could have a streak of several wins 

before you win, if at all. On any given day, the number of times you win may be 

more or less than 1 of the time. However, over a lifetime, if 

2

you were to look at how many times you won, it would be 

close to 1 of the time. Taken to an extreme, if you could play 

2

the game forever, you would win exactly 1 of the time.

2

Some of the problems we will explore involve dice and cards. 

A six-sided game die is a cube with dots numbering each of 

the six sides.

A standard deck of cards 

contains 52 cards with four 

suits of 13 cards. There are 

two red suits—diamonds 

and hearts—and two 

black suits—spades and 

clubs. The 13 cards are as 

follows: Ace, 2, 3, 4, 5, 6, 7, 

8, 9, 10, Jack, Queen, and 

King. The Jack, Queen, 

and King are referred to as 

face cards.

 

Your Turn 4                       Example 4    Determine the probability. Write each probability in simplest form.

Determine the probability. Write       a. What is the probability of rolling a 2 on a six-sided die? each probability in simplest 

form. Solution:  Write the ratio of the number of 2s to the total number of outcomes on 

a six-sided die. There is only one 2 on a six-sided die.

 a. What is the probability of 

selecting a 2 from a standard                                     number of 2s on a six-sided die

 

 b.                                                                               P = Suppose 28 males and 30 deck of cards?                                             1

6

females put their names in a                                     number of possible outcomes

hat for a drawing. If the win-

ner’s name is selected from        b. What is the probability of tossing a 7 on a six-sided die?

 

the hat at random, what is         Solution:  Write the ratio of the number of 7s to the total number of outcomes on the probability that the win-a six-sided die. There are no 7s on a normal six-sided die. ner will be male?

P = 0 = 0

6

c. What is the probability of tossing a 1, 2, 3, 4, 5, or 6 on a six-sided die?

Solution:  There are six favorable outcomes out of six possible outcomes.

 

P   6        Note An event with a probability 1 = = 6 of 1 is certain to occur.

d. What is the probability of drawing a red King out of a standard deck of 52 cards?

Solution:  Write the ratio of the number of red Kings to the total number of cards in the deck. There are two red Kings—the King of diamonds and the King of hearts—in a standard deck of 52 cards.

 

P = 2    1 =

52    26

Answers to Your Turn 4                    Do Your Turn 4

1      14

a.       b.

13     29
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Objective 3 Calculate unit ratios.

Sometimes it is more useful to write a ratio as a unit ratio.

 

Definition Unit ratio: A ratio in which the denominator is 1.

 

For example, a debt-to-income ratio is more informative when expressed as a unit ratio. Suppose a person pays $200 toward debt out of every $1000 of income.

 

debt @                   200    1 to@ income ratio = =

1000    5

The simplified ratio indicates that the person has $1 of debt for every $5 of in-come. Writing the ratio as a unit ratio will tell us how much debt the person pays for every $1 of income. Because a unit ratio has a denominator of 1, we divide the denominator into the numerator.

 

debt @                   200    1    0.2 to@ income ratio = = =

1000    5    1

0.2

The unit ratio     , or 0.2, means that the person has a debt of $0.2 for every $1 of income.

1

 

Procedure

To write a ratio as a unit ratio, divide the denominator into the numerator.

 

Example 5 Write each ratio as a unit ratio and interpret the result.                  Your Turn 5

a.  Write each ratio as a unit ratio   A family has total debt of $5865 and a gross annual income of $45,200. What 

is its debt-to-income ratio?                                                          and interpret the result.

Write the ratio with debt in the         a. A family has a total debt of 

Solution: debt@                     5865 to @ income ratio =

numerator and income in the  $7842 and a gross income of 

45,200         denominator.                          $34,240. What is its debt-to-

 

⬇ 0.13                                                    income ratio? Divide to find the unit ratio. , or 0.13 b. A certain college has a total 1

of 14,280 students and 788 

Answer:  The family has a debt-to-income ratio of approximately 0.13, which  faculty. What is the student-

means that it owes about $0.13 for every $1 of income.                                  to-faculty ratio?

b.  A certain college has 9752 students and 460 faculty members. What is the 

student-to-faculty ratio?

 

Solution: student@                    9752           Write the ratio with the num-to@ faculty ratio =

460           ber of students in the nu-

merator and the number of 

faculty in the denominator.

 

= 21.2

, or 21.2   Divide to find the unit ratio.

1

Answer:  The student-to-faculty ratio of 21.2 means that there are about 21 stu-

dents for every faculty member at the college.

Do Your Turn 5

Answers to Your Turn 5

 

Objective 4  a. ⬇ 0.23; the family owes about  Write rates in simplest form.  $0.23 for every $1.00 of 

We can now build on what we’ve learned about ratios to discuss rates.                  income.

b. ⬇ 18.1; there are about 

Definition Rate: A ratio comparing two different measurements. 18 students for every faculty 

member.
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For example, suppose a car travels 180 miles in 3 hours and we want to find the 

car’s rate in miles per hour. The desired units, miles per hour, tell us how to set up 

the ratio. The measurement to the left of the word per goes in the numerator. The 

measurement to the right of the word per goes in the denominator.

 

rate = 180 miles   Note Because the rate is to be in miles per hour, we place 

3 hours 180 miles in the numerator and 3 hours in the denominator.

A rate is usually easier to interpret when it is written as a unit rate.

 

Definition Unit rate: A rate in which the denominator is 1.

 

180 miles

We can write   as a unit by dividing 180 by 3 so that the denominator is 1.

3 hours

Because the units miles and hours are different, they cannot be divided out; so we 

leave them in fraction form.

 

Note                                                 180 miles    60 miles       miles The simplified unit rate 60 60 = = or 60 mi. >hr. mi./hr. is often abbreviated as  3 hours 1 hour hour

60 mph where the p in mph stands 

for “per” and takes the place of  The unit rate 60 miles per hour means that the car travels 60 miles for  

the slash. every 1 hour. Our exploration suggests the following procedure for finding 

a unit rate:

 

Procedure

To write a rate as a unit rate, divide the denominator into the numerator.  Because the units are different, leave the units in fraction form.

 

Your Turn 6                       Example 6    An athlete is clocked running the 40-yard dash in 4.4 seconds.

Solve.                                What is the athlete’s average rate in yards per second?

 

 a. A cyclist rides 20 miles in                           40 yd.                           The rate needs to be in yards per 48 minutes. What is the cy-        Solution: r =                                 second; so place the number of 4.4 sec.

clist’s average rate in miles  yards in the numerator and seconds 

per minute?                                                              in the denominator.

 b. Sasha drives 45 miles in                        = 9.09 yd. >sec. ⬇ 9.1 yd. >sec.    Divide.

3 hour. After a break, she 

4                                                Do Your Turn 6

drives another 60 miles in 

4 hour. What was her aver-

5

age rate for the entire trip in      Another common rate is unit price, which relates price to quantity.

miles per hour?

Definition Unit price: A unit rate relating price to quantity.

 

Procedure

If q units of a product have a total price of p, the unit price is found by the 

 formula u = p

.

q



Note Units written for unit price always have a money unit over a quantity unit. For example, dollars per pound is written $/lb. 

and cents per ounce is written . >oz.

 

Answers to Your Turn 6

a. ⬇0.42 mi./min.

b. ⬇67.7 mi./hr.
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Example 7 A 15-ounce box of cereal costs $3.56. What is the unit price in           Your Turn 7

cents per ounce?                                                                  Solve.

Solution: A 50-ounce bottle of deter-   The unit price needs to be in cents per ounce; so $3.56 needs to be con-  a. 

verted to cents. Because there are 100 cents in every dollar, we multiply 3.56 by 100.  gent costs $4.69. What is 

Multiplying by 100 moves the decimal point to the right 2 places; so $3.56 = 356. the unit price in cents per  .

ounce?

 

u =                      write the number of cents in the numerator and 15 oz. 356                      The unit price needs to be in cents per ounce; so .     b. 4.5 pounds of chicken cost the number of ounces in the denominator. $6.70. What is the unit price 

=                                                        in dollars per pound? 23.73. > oz. ⬇ 23.73. >

oz.    Divide.

Do Your Turn 7

 

Objective 5 Use unit price to determine the better buy.

As consumers, we are often faced with a choice between two different sizes of the same item. Unit prices can be used to determine which of two different-size quan-tities is a better buy.

 

Example 8 Determine the better buy.                                          Your Turn 8

a.                                                                      Determine the better buy. 15-ounce box of bran cereal for $2.45 or 20-ounce box of bran cereal for 

$3.59                                                                           a. a 10.5-ounce can of soup 

 

Solution:                                                                                        for 79. Let F represent the unit price of the 15-ounce box and T represent the      or unit price of the 20-ounce box. Calculate the unit price for each box; then com-a 16-ounce can of soup for pare unit prices. The box with the smaller unit price is the better buy. $1.29

15-oz. box                      20-oz. box                         b. three 2-pound bags of store-

 

F $2.45                        $3.59                                   brand french fries for $5.67  $0.163  =  =  >  oz.   T  =  =  $0.1795  >  oz.  15 oz.  20 oz.  or

Answer: a 2-pound bag of name-  Because $0.163 >

oz. is the smaller unit price, the 15-ounce box is the bet-

brand french fries for $2.69

ter buy. In other words, we would pay less for each ounce of bran cereal by buy-

ing the 15-ounce box than we would pay if we bought the 20-ounce box.

b. two 10.5-ounce containers of    or     a 32-ounce container of

name-brand yogurt for $1.40          store-brand yogurt for $2.49

Solution: Let N represent the unit price of the name-brand yogurt and S rep-

resent the unit price of the store-brand yogurt. Calculate the unit prices; then 

compare.

Name brand                Store brand

N = $1.40                       $2.49 = $0.06 > oz.  S = ⬇ $0.078 >oz.

21 oz.                        32 oz.



Note Buying two containers of the 10.5-ounce yogurt means that we are buying 2110.52 = 21 ounces of yogurt for $1.40.

Answer: Because $0.06 >oz. is the smaller unit price, buying two containers of 

the 10.5-ounce name-brand yogurt is a better buy than buying 32 ounces of the 

store brand.

Do Your Turn 8

Answers to Your Turn 7

a.  9.38 . >oz. b. ⬇ $1.49 >lb.

Answers to Your Turn 8

a. 10.5 oz. can b. three 2 lb. bags of store-brand 

french fries
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PORTFOLIO

 

7.1             For Exercises

Extra

Help

 

Objective 1

 Prep Exercise 1 What is a ratio?                                       Prep Exercise 2 For two quantities a and b, the ratio of a to 

b is             .

For Exercises 1–12, write each ratio in simplest form.

 1. There are 62 males and 70 females attending a conference.                        TACTILE   VISUAL AUDITORY

a. What is the ratio of males to total attendance?   Learning Strategy

 

b. What is the ratio of females to total attendance?  When quizzing someone or  c.  What is the ratio of males to females?  watching someone work a prob- d.  What is the ratio of females to males?  lem, be careful that you don’t 

 2. The following table shows the number of mature trees in a region of forest. offer tips or hints while the per-

son speaks or works. Let him or 

Tree species   Number of mature trees                           her say or do the entire proce-

Pine                     488                                     dure, even if you note a mistake. 

Maple Correct only after the person  264

has completed the procedure. 

Oak                 114

Remember, nobody will be there 

Other                   295                                   during a test to give hints or 

clues that something is wrong.

a. What is the ratio of pine trees to maple trees? 

b. What is the ratio of maple trees to oak trees?                                     Of Interest

c. What is the ratio of pine trees to total trees? 

d.  Chemical compounds are writ- What is the ratio of oak trees to total trees? 

ten with subscripts that indicate 

 3. Calcium nitride is a chemical compound that is composed of three calcium  the number of atoms of each ele-

atoms and two nitrogen atoms. ment in the compound. Calcium 

a. What is the ratio of calcium to nitrogen?  nitride, for example, is written 

b. What is the ratio of nitrogen to calcium?                                         as Ca N . 3 2

c. What is the ratio of calcium to total atoms in the compound? 

d. What is the ratio of nitrogen to total atoms in the compound?                   Of Interest

 4. Hydrogen phosphate is a chemical compound composed of three atoms of  Hydrogen phosphate is written 

hydrogen, one atom of phosphorous, and four atoms of oxygen.                 as H3PO4. Note that there is no 

a.  subscript written for P. The sub- What is the ratio of hydrogen to oxygen? 

b.  script is an understood 1, just as  What is the ratio of phosphorous to oxygen? 

c.  when there is no exponent writ- What is the ratio of hydrogen to total atoms in the compound? 

d.  ten for a particular base in expo- What is the ratio of oxygen to total atoms in the compound? 

nential form.

  5.  A roof is to have a pitch, or slant, of 14 inches vertically to 16 inches horizontally. 

Write the ratio of vertical distance to horizontal distance in simplest form. 

 6. The steps on a staircase rise 8 inches and are 10 inches wide. In simplest                                 10 in.

form, write the ratio of the rise to the width of each step. 

 7.                               1                  1 The back wheel of a bicycle rotates 3  times with 2  rotations of the 

2                  4                                                         8 in.

 pedals. In simplest form, write the ratio of back wheel rotations to pedal 

rotations. 

 8. At 20 miles per hour in second gear, a car engine is running about 3000 revo-

lutions per minute (rpm). The drive tire is rotating about 260 revolutions per 

 minute. What is the ratio of the engine revolutions per minute to the tire revolu-

tions per minute? 
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 9. In one week, Nina receives 7 bills, 3 letters, 17 adver-     10. Nutrition facts for a cereal bar are shown in the table 

tisements, and 3 credit card offers in her mail.                below.

a. What is the ratio of bills to total pieces of mail?                         Total bar weight           37 g b. What is the ratio of advertisements to total pieces 

of mail?                                                                Total fat                      3 g

c. What is the ratio of letters to credit card offers?                             Saturated fat          0.5 g d. What is the ratio of bills and letters to advertise-                        Total carbohydrates        27 g

ments and credit card offers?                                              Fiber                  1 g

Sugars               13 g

Protein                     2 g

 

a. What is the ratio of fiber to total carbohydrates? b. What is the ratio of protein to total fat? c. What is the ratio of total carbohydrates to the 

weight of the bar? 

d. What is the ratio of saturated fat to total fat? 

 11. The following table contains the population of each       12. The bridge and nut on a standard guitar are set 

county in Rhode Island in 2009. (Source: U.S. Bureau  so that the length of each string between them is 

of the Census, Department of Commerce.)                    1 25  inches. The seventh fret is placed on the neck of 

2

the guitar exactly 17 inches from the bridge.

Population                          a. What is the ratio of the distance between the 

County       (in thousands)

bridge and the seventh fret to the total length of 

Bristol                 50                                    the strings? Kent              169                          b. What is the ratio of the distance between the 

Newport bridge and the seventh fret to the distance be- 80

tween the seventh fret and the nut? 

Providence         628

c. What is the ratio of the distance between the seventh 

Washington        127                            fret and the nut to the total length of the string? 

a. What is the ratio of the population of Bristol to the             Bridge

population of Newport? 

b. What is the ratio of the population of Newport to 

the population of Providence?                                                                     Nut 7th Fret

c. What is the ratio of the population of Kent to the 

total population of Rhode Island? 

d. What is the ratio of the population of Providence 

to the total population of Rhode Island? 

 

Of Interest

Musical tones are created on stringed instruments by changing the string length. Shortening the string length causes the pitch to get higher. With guitars, violins, and basses, this is achieved by placing a finger on a string. By placing a finger at the seventh fret on a guitar, the string length is shortened from 25.5 inches to 17 inches, which creates a musical tone that is higher in pitch than the tone created by plucking the string with no finger placement (open). In fact, the musical tone created at the seventh fret is a musical fifth from the open string tone. Musical notes are named after the letters of the alphabet; so if the tone of an open string is named A, the note at the seventh fret is named E, which is the fifth letter from A.

Objective 2

Prep Exercise 3 The theoretical probability of equally likely outcomes is 

.

For Exercises 13–22, determine the probability. Write each probability in simplest form.

 13. What is the probability of selecting a King in a stan-      14. What is the probability of selecting a red Ace in a 

dard deck of cards?                                          standard deck of cards? 
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 15. What is the probability of selecting an Ace or a King      16. What is the probability of selecting a Queen or a Jack 

in a standard deck of cards?                                  in a standard deck of cards? 

 17. What is the probability of tossing a 1 or a 6 on a six-       18. What is the probability of tossing a 1, 2, or 3 on a 

sided game die?                                            six-sided game die? 

 19. What is the probability of tossing a 10 on a six-sided       20. What is the probability of selecting a 1 in a standard 

game die?                                                deck of cards? 

 21. Suppose 12 males and 14 females put their names in      22. Miwa submits 14 entries in a random-drawing 

a hat for a drawing. What is the probability that the   contest. If the company receives 894,264 entries,  

winner will be female?                                      what is the probability that Miwa will win? 

 23. The following table shows the number of candies of       24. The following table shows the home states for people 

each color in a bag of M&M’s ®.                             attending a conference.

Green    42                                           Georgia         46

Red     28                                       South Carolina   42

Brown   30                                       North Carolina   38

Blue     25                                             Tennessee        18

Florida           14

a. What is the probability that a candy chosen at 

 random will be blue?                                      a. What is the probability that a person chosen at 

b. What is the probability that a candy chosen at                random is from North Carolina? 

random will be red?                                    b. What is the probability that a person chosen at 

c. What is the probability that a candy chosen at                random is from Florida? 

 random will be green or brown?                          c. What is the probability that a person chosen at 

d. What is the probability that a candy chosen at                random is from Georgia or South Carolina? 

 random will be a color other than red?                     d. What is the probability that a person chosen at 

random is from a state other than Tennessee? 

Objective 3

Prep Exercise 4 What is a unit ratio?                             Prep Exercise 5 Explain how to write a ratio as a unit 

 ratio. 

For Exercises 25–32, write each ratio as a unit ratio and interpret the result.

 25. A family has a total debt of $4798 and a gross income of $29,850. What is its       Of Interest

 debt-to-income  ratio?  Debt-to-income ratios are one of 

 26. A family has a total debt of $9452 and a gross income of $42,325. What is its  the determining factors in quali-

debt-to-income ratio?  fying for a loan. More specifi-

 27.  cally, lenders consider the ratio  A family is seeking a mortgage to purchase a new home. If the mortgage 

is approved, the new payment will be $945. If the gross monthly income is  of monthly debt to gross monthly 

$3650, what is the payment-to-income ratio?  income. This ratio is called the 

back-end ratio . We’ll say more about this in Section 7.6.

 28. A family pays $550 in rent and has a gross monthly income of $2240. What is 

the rent-to-income ratio?                                                            Of Interest

 29.  The ratio of mortgage pay- At a certain college campus, there are 12,480 students and 740 faculty. What is 

the student-to-faculty ratio?  ment to gross monthly income 

is another determining factor in 

 30. A certain college has 4212 students and 310 faculty. What is the student-to-

qualifying for a loan. This ratio 

faculty ratio? 

is called the front-end ratio.

 31. At the close of the stock market on a particular day, each share of a computer 

company’s stock was selling for $54 1. The annual earnings per share were $4.48. 

8

What is the ratio of selling price to annual earnings per share? 

 

 32. At the close of the stock market on a particular day, each share of a textile 

company’s stock was selling for $12 5 . The annual earnings per share were 

16

$3.52. What is the ratio of selling price to annual earning per share? 
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Of Interest

The ratio of selling price to annual earnings for a stock is called its price-to-earnings ratio, or P/E ratio for short. Companies with higher 115+ 2 P/E ratios generally show a trend of increasing profits. Companies with lower (less than 5) P/E ratios are considered high-risk investments.

 

Objective 4

 Prep Exercise 6 What is a rate?                                    Prep Exercise 7 What is a unit price? 

 

For Exercises 33–38, solve.

 33. Tara drove 306.9 miles in 4.5 hours. What was her                                          1 34. Li drove 130.2 kilometers in 2  hours. What was Li’s 3

 average rate in miles per hour?                                average rate in kilometers per hour? 

 35. A long-distance phone call lasting 23 minutes costs $2.76.      36. 16.8 gallons of gas cost $39.48. What is the unit price 

What is the unit price in cents per minute?                        in dollars per gallon? 

 37.  3                                                 38. A 32-ounce bag of frozen french fries costs $2.59.  Gina paid $5.92 for   pound of shrimp. What was the  4

unit price in dollars per pound?                              What is the unit price in cents per ounce? 

Objective 5

 Prep Exercise 8 Brand A of a certain product has a unit price of $0.45 per ounce, whereas brand B has a unit price of $0.42 per ounce. Which is the better buy? Why? 

For Exercises 39–44, determine the better buy.

 39. a 10.5-ounce can of soup for $1.79    or                   40. a 15-ounce can of fruit cocktail for $1.29    or 

a 16-ounce can of soup for $2.19                              a 30-ounce can of fruit cocktail for $2.19 

 41. a bag containing 24 diapers for $10.99    or              42. a 14-ounce box of rice for $2.59    or 

$15.99 for a bag containing 40 diapers                        $3.69 for a 32-ounce box of rice 

 

 43. two 15.5-ounce boxes of store-brand whole grain          44. three 15-ounce cans of mixed vegetables for $1.98  or

cereal for $5.00 or a 20-ounce box of name-brand  two 12.5-ounce cans of mixed vegetables for $1.19  

whole grain cereal for $3.45 

 45. Use the following graph, which shows the number of people per 10,000 that 

were victims of the indicated crimes. (Source: National Crime Victimization Survey, U.S. Department of Justice.)

2009 Crime

300

250

200

171

150

people                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            113

100

50              32                21        5

Victimizations per 10,000                                                                                                                                                                                                                                                                                                                                                                                                      0

Violent Aggravated Simple    Robbery    Rape/ crimes     assault     assault            Sexual assault

a. Complete the following table.

Violent    Aggravated    Simple                 Rape/Sexual crimes     assault     assault   Robbery      assault

Ratio per 10,000 

people

Ratio per 1000 

people

Ratio per 100 

people
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b. In the row labeled “Ratio per 10,000 people,” interpret the simplified ratio 

in the column labeled “Aggravated assault.” 

c. How many violent crimes occurred per 1000 people? 

d. How many robberies occurred per 100 people? 

 46. Use the following graph, which shows that the average hourly wage for edu-

cation and health services is increasing at nearly a constant rate. (Source: U.S. 

Bureau of Labor Statistics.)

Average Hourly Wages for Education and

Health Services

24

23                               22.42       22.83

22.12

22

21.34

20.49

21

20

Wage in dollars

19

18

2006       2007       2008       2009       2010

Year

We can use the following formula to determine the rate of increase between 

any two years.

 

rate of increase = greater wage-lesser wage

later year-earlier year

a. Complete the following table.

2006 to    2007 to    2008 to    2009 to    2006 to 

2007     2008     2009     2010     2010

Rate of Increase 

b. Round the rate of increase for 2006 to 2010 to the nearest hundredth. 

c. The number you found in part b is a rough approximation of the rate of 

increase from year to year. Using that approximation, complete the follow-

ing table by calculating the expected hourly wage for the indicated years.

2011   2012   2013   2014

Expected hourly wage

[image: ]

 

Puzzle Problem According to the Bureau of the Census, every 7 seconds a baby 

is born, every 31 seconds an immigrant arrives, and every 13 seconds a person 

dies. Determine the time it takes the population to increase 1 person. (Hint: Use 

[image: ]

the LCM.) 

[image: ]

 

Review Exercises

[image: ]

For Exercises 1–3, multiply.

[image: ]

 

[5.3] 1.  1 6 3  5  #  [6.3] 2.  (9.6)(12.5)  [6.5] 3.  4.5  a  2  b  4  7  4

[image: ]

For Exercises 4 and 5, solve and check.

[image: ]

 

[5.8] 4. y = 2 5                                                       [6.4] 5. 10.4x = 89.44 

[image: ]

3

[image: ]

[image: ]
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7.2 Proportions

 

Warm-up Solve.                                                              Objectives

 

 [5.4] 5     7                                                                  1 Determine whether two ra-  1.  x  =  6  8  tios are proportional.

 [7.1] 2. Margaret spends $2.32 for 2.61 pounds of sweet potatoes. Find the unit price.      2 Solve for an unknown value 

in a proportion.

Objective 1 Determine whether two ratios are proportional.                  3 Solve proportion problems.

Now that we have learned about ratios in Section 7.1, we can solve problems in-     4 Use proportions to solve for volving equal ratios in a  unknown lengths in similar  proportion.

figures.

Definition                                    a     c Proportion: An equation in the form , where =b    0 and d ⬆ ⬆ 0.

b     d

For example, 5     10                                                           5     5 # 2     10 8     16                                                           8     8 # is a proportion. We can see why because = = = 2     16 or 

10     10    2     5 , =. In Chapter 5, we also learned that the cross products of equiva-=

16     16 , 2     8

lent fractions are equal.

5 # 16 = 80     8 # 10 = 80 Note The cross products of 

5    10               equivalent fractions are equal. =

8    16

We can show that the cross products are equal for any proportion. We begin with the general form of a proportion from the definition a     c = , where b ⬆ 0 and d ⬆                                      b     d 0. We can use the multiplication principle of equality to eliminate the frac-

tions by multiplying both sides of the proportion by the LCD, which is bd.

1            1

bd a    bd c # =

#

1 b    1 d

1           1

ad = bc

Note that ad and bc are the cross products.

ad         bc

a    c =

b    d

We can write the following rule for proportions:

 

Rule

If two ratios are proportional, their cross products are equal.

In math language: If    = a    c, where b ⬆ 0 and d ⬆ 0, then ad = bc.

b    d

 

Example 1 Determine whether the ratios are proportional.

 

a.        3.5     1.4         Note Although the Commutative property of 

8              multiplication allows us to write the factors in any 3.2

order, we will write them in the order indicated 

Solution:               by the arrows: denominator * numerator.

1                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         3.221 3.52 = 11.2     1 8211.4 2                         =                            11.2

Answers to Warm-up

 

3.5     1.4                                       1    21 Find the cross products. 1. 1 or 8 3.2 20 20

Answer:                                                                          2. ⬇ $0.89 > lb.  The cross products are equal; so the ratios are proportional.
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Your Turn 1                       b.   3      5

Determine whether the ratios                4    12

3     1

are proportional.

 

 b. 3.6                                           2    =              #   = 4 8 10 12 8 18 2 4 5 25 3 5 1 a.                                                                               1 Solution: 1 3 3 3 5     1 16 20 # 14    18                                                     1 10     2

3                                              4    12 4     6                                          

 c.                                                                       Find the cross products. 3     1

16       7

29                                          10     2

13

Answer:  The cross products are not equal; so the ratios are not proportional.

Do Your Turn 1

 

Objective 2 Solve for an unknown value in a proportion.

Cross products can be used to solve for an unknown value in a proportion.

VISUAL

Procedure

Learning Strategy             To solve a proportion using cross products:

If you are a visual learner, draw        1.  Find the cross products. the arrows as in Example 2 to        2.  Set the cross products equal to each other. help visualize the pattern of        3.  Solve the resulting equation. cross products.

 

Your Turn 2                                            5    x Example 2 Solve.     =

12    8

Solve.

Solution:  Because this is a proportion, the cross products must be equal.

 a.     = 5    n

9 8 # 5 = 40    12 # x = 12x Calculate the cross products.  27

 b.        =                                                                   = y    7                                       5    x

16    10                                         12    8

 40 = 12x Set the cross products equal 

to each other.

 

40    12x             Divide both sides by 12 to = 12                   isolate x. 12

10 = x

3

 

 31          Note We could have expressed the = x answer as 3.3. 3

Do Your Turn 2

 

Answers to Your Turn 1

a. no b. yes c. yes

Answers to Your Turn 2

a. n = 15 b. y = 11.2
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1

2

Example 3          4     9-Solve.     =

8     b                                                Your Turn 3

Solution:  Because this is a proportion, the cross products must be equal.              Solve.

 

b   1    1                                                          4 Calculate the cross                      2    3 # 2 = 2 b 1 8 21-9 2 =-72 3 4 products. 4 4 a. = m-9 1 2-6.5-13 4-9 b. = = y 14 8 b

 

 2   b = 1              Set the cross products -72      equal to each other.

4

9              Write the mixed number b =

4     -72      as an improper fraction.

1   1           8

 

4 9     -72 4                     4 # b = # Multiply both sides by  to isolate b. 9 9 4 1 9 1 1 1

b =-32

Do Your Turn 3

 

Objective 3 Solve proportion problems.

In application problems that can be solved using a proportion, a ratio will be given. You will be asked to find an unknown part of an equivalent ratio when the numerator or denominator is increased or decreased. The following problem is a typical proportion problem.

The label on a bag of frozen vegetables indicates that 16 ounces serve 5 people. At that rate, how many ounces are needed to serve 8 people?

16 ounces

Given ratio:  16 ounces serve 5 people.   Translation: 

5 people

n ounces

Unknown:  How many ounces are needed to serve 8 people? Translation: 

8 people

At that rate indicates that the ratios are equal; so we can write a proportion.

 

16 ounces    n ounces =

5 people     8 people

Notice that in the proportion, the information from the problem is paired both horizontally (straight across) and vertically (up and down).

 

16 ounces    n ounces   Horizontal pairs: Ounces are in both numerators, =

5 people                  and people are in both denominators. 8 people 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

Vertical pairs: 16 ounces pairs with 5 people, and the unknown number of ounces pairs with 8 people.

Here is another correct way to pair the same information horizontally and vertically:

 

16 ounces    5 people   Horizontal pairs: 16 ounces pairs with 5 people, and =          the unknown number of ounces pairs with 8 people.

n ounces    8 people   

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

Vertical pairs: The units match up and down, ounces with ounces and people with people.

 

Answers to Your Turn 3
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Our example suggests the following procedure:

 

Procedure

To translate an application problem to a proportion, write two ratios set equal to each other so that the information from the problem pairs both horizontally (straight across) and vertically (up and down).

 

Your Turn 4                       Example 4    Bobbie can read 40 pages in 50 minutes. At that rate, how long 

Solve.                                will it take her to read 220 pages?

 a. Erica drove 303.8 miles us-         Solution:  We are given a rate of 40 pages in 50 minutes and asked to find the 

ing 12.4 gallons of gasoline.  time it takes to read 220 pages at the same rate. Because the rates are equivalent, 

 

line would it take to drive  a quick estimate can show what to  40 pages  220 pages  1000 miles?  =  At this rate, how much gaso-      we can translate to a proportion.               Note Before solving the proportion, 

 expect as an answer. Notice that  

 b.                                                                50 min.      x min. Xion can mow a 2500-                      220 pages is a little over 5 times the 

square-foot lawn in 20 min-        x # 40 = 40x          50 # 220 = 11,000   40 pages Bobbie can read in 50 min-

 

utes. At this rate, how long  utes. Therefore, it should take a little  40  220  over 5 times the number of minutes.  will it take him to mow a  =  50  x  Because 5  *  50  =  250 minutes, we  12,000-square-foot lawn?  40  x  =  11,000  should expect the answer to be a 

little more than 250 minutes.

40x    11,000 =

40      40

x = 275

Answer:  It will take Bobbie 275 minutes to read 220 pages.

Our answer reasonably agrees with our estimate. If you set up the proportion incorrectly, you will get an unreasonable answer.

 

For example, suppose we     40 pages      x min.     Warning  This setup is = had set up Example 4 as  incorrect because the in- 50  min.  220  pages

shown to the right. formation is not paired 

horizontally.

Solving this incorrect setup, we get

 220 # 40 = 8800    50 # x = 50x

40     x = 50    220

 8800 = 50x

8800    50x =

50     50

 176 = x

Warning  176 minutes is unreasonable because it is a little over three times the amount of time 13 # 50 = 150 minutes2 while she is reading more than five times the number of pages 15 # 40 = 200 pages2.

Do Your Turn 4

 

Answers to Your Turn 4

a. ⬇40.8 gal. b. 96 min.
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Objective 4 Use proportions to solve for unknown lengths in similar figures.

Consider triangles  Connection In Section 4.5,  ABC  and  DEF.

we learned that congru-

D ent angles have the same 

measure.

 

A                                10 in. 6 in.

5 in.

3 in.

 

B     4 in.     C      E             8 in.            F

 

Although the triangles are different in size, their corresponding angle measure-ments are congruent. In symbols, we write A ⬵ D, B ⬵ E, and C ⬵ F.

Besides having all angles congruent, notice that each side of triangle DEF is twice as long as the corresponding side of triangle ABC. Or we could say that each side of triangle ABC is half as long as the corresponding side of triangle DEF. In other words, the corresponding side lengths are proportional.

 

triangle DEF S   6    10    8    2 to            = = = triangle ABC S 3    5    4    1

 

triangle ABC S 3    5    4    1 to            = = = triangle DEF S   6    10    8    2

Because the corresponding angles in the two triangles are congruent and the side lengths are proportional, we say that these are similar figures.

 

Definition Similar figures: Figures with the same shape, congruent corre-sponding angles, and proportional side lengths.

 

Example 5 Find the unknown length in the similar triangles.                     Your Turn 5

Find the unknown length in the 

24 in.                                                 similar figure.

18 in.                                             20 in. 15 in.

a.

21 in.                                                                            4.8 cm          6 cm b

Solution:                                                                                                    a  Because the triangles are similar, the lengths of the corresponding 

sides are proportional. We can write ratios of the lengths in the smaller triangle 

to the corresponding lengths in the larger triangle as shown below.

 

smaller triangle S 18 10 cm 12.5 cm  15    21                       18   15 Note We can use either 

larger triangle to             =     =                          24 or 20 as S 24 20 b the given ratio in our proportion.

18    21                              15    21                                18 cm = or                  = 24    b                               20    b                   b.            20 ft.

b # 18 = 18b   24 # 21 = 504          b # 15 = 15b   20 # 21 = 420

 

24 =                           = b 18                                                                1   ft. 1 4 21 15 21 2 20    b

 18b = 504                                  15b = 420                                  32 ft.

18b    504                             15b    420 = =

18     18                             15     15

b =                                                          c 28                                b = 28

Answer:  The unknown length is 28 in.
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Connection Here is another correct setup where we relate the corresponding sides horizontally.

 

the upper left side S 18    24 to                 =

the base of each triangle S 21     b

 

Do Your Turn 5

 

Sometimes more than one length is unknown in problems involving similar fig-

ures. To solve these problems, we must be given the length of at least one pair of 

corresponding sides.

 

Your Turn 6                       Example 6    Find the unknown lengths in the similar figures.

Find the unknown lengths  

in the similar figures.                                      10 in.

a

8 ft.

7 in.                                     7 in.          4.2 in.                                b

10 ft.                     10 ft.

12.5 in.                                               c

12 ft.

Solution:  Because the figures are similar, the ratios of the lengths of the correspond-ing sides are proportional. The corresponding sides can be related as follows:

 

c                                                 larger trapezoid S    7     10    7    12.5 to               =     =    = 4.2

smaller trapezoid            a     b      c S 

Note It is not necessary to write a proportion to find b. Because two sides in the larger 

15 ft.                            b                trapezoid measure 7 inches, their corresponding sides in the smaller trapezoid must be 

equal in length; so we can conclude that b = 4.2 inches.

 

7    10                            7    12.5 = =

a                      To find a:                               To find c: 

4.2     a                                 4.2      c

a # 7 = 7a     4.2 # 10 = 42         c # 7 = 7c    4.2 # 12.5 = 52.5

7    10                            7    12.5 = =

4.2     a                                 4.2      c

 7                                                                 7c = 52.5 a = 42

 

7                                 7c    52.5 a 42 = =                        7

7                                      7 7 a                                      c = 7.5 = 6

Answer:  The missing lengths are a = 6 in., b = 4.2 in., and c = 7.5 in.

 

Connection We can verify the reasonableness of the answers by doing quick estimates of the missing side lengths. Comparing the smaller to the larger trap-ezoid, we see that the 4.2-inch side is a little more than half the corresponding 7-inch side in the larger trapezoid. Each of the corresponding sides should fol-low the same rule. The 10-inch side of the larger trapezoid should correspond 

Answers to Your Turn 5                    to a length  of a little more than 5 for side a of the smaller trapezoid, and it does a. 8.64 cm b. 23.2 ft. at 6 inches. The 12.5-inch side should correspond to a length of a little more 

Answers to Your Turn 6                    than 6.25 for side c on the smaller trapezoid, and it does at 7.5 inches.

a = 18 ft., b = 15 ft., c = 12 ft.

Do Your Turn 6
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PORTFOLIO

 

7.2            For Exercises

Extra

Help

 

Objective 1

Prep Exercise 1 What is a proportion?                           Prep Exercise 2 If two ratios are proportional, their 

 are equal.

For Exercises 1–14, determine whether the ratios are proportional.

 

 1. 3    9                    15    3                   15     7                   7    15 2.     3.     4. 

4    12                    25    5                    4    2.4                  4    6.2

 

 5.    15    2.5                    10    2.5                    9.5    28.5                   6.5    10.5 6.     7.     8.    

24    3.2                    14    3.5                    14     42                    14     42

4                        2

 9.     16.8     17.5                   15.2     60.8                   5      12                      5      15 10.          11.        12.       

40.2     42.5                   40.2     120.4                   7        1                     3        1

10                         10

10      2                  10      2

1     1                   1     2

2     5                   3     4

 13.       3     2                   4     3 14.       

1     1                   1     1

3     7                   5     6

2     3                   2     2

 

Objective 2

Prep Exercise 3 Explain how to solve for an unknown amount in a proportion.

 

For Exercises 15–30, solve.

 

 15.     = x    20                    28    y                    -3    n                   m     2 16.       = 17.       = 18.       =

8    32                    42    6                     8    20                   12    -5

 19.     = 2    7                    5    20                      4    5                   26    130 20.     = 21. -     = 22. -     =

n    21                    k    4                      28    m                    4     t

 

 23.       = 18    21.6                    20     8                     -14     3.5                  4.9    -24.5 24.         = 25.         = 26.       =

h     30                  32.8    k                    b     6.25                 6.4      c

3                        3     2                            1

4                              1                          -6

 27.       = 4     d                   5     3                  -9.5      3                u     -4.2 28.       = 29.          = 30.        =

1      1                  1    j                    22      t                   3     5

5     16                   6                                                   -

2      2                  2                                                  8

Objective 3

Prep Exercise 4 The following application problem has been correctly translated to a proportion. A 5-pound bag of fertilizer covers 2000 square feet. How many pounds are needed to cover 5000 square feet?

 

Translation:           = 5 lb.          n lb.

2000 ft.2               2 5000 ft.

a. Why is the horizontal pairing correct?

 

 b. Why is the vertical pairing correct?
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For Exercises 31–42, solve.

 31. William drove 358.4 miles using 16.4 gallons of gaso-     32. A carpet cleaning company claims that it will clean 

line. At this rate, how much gasoline would he use to  400 square feet for $54.95. At this rate, how much 

drive 750 miles?                                              should it charge to clean 600 square feet? 

 33. Gunther estimates that a 12.5-pound turkey will          34. A 20-pound bag of fertilizer covers 5000 square feet. 

provide 30 servings. At this rate, how many servings  How many pounds of fertilizer should be used for a 

would a 15-pound turkey provide?  lawn that is 12,000 square feet? If the fertilizer comes 

only in 20-pound bags, how many bags must be pur-

chased? 

 35. Nathan notes that he consumes 16 ounces of yogurt       36. In taking a patient’s pulse, a nurse counts 19 heart-

in five days. At this rate, how many ounces will he  beats in 15 seconds. How many heartbeats is this in  

consume in a year?               1 1 1 year = 365 days2                    1 minute? 11 minute = 60 seconds2

4

 

 37.  1                            38. The recipe for bran muffins from Exercise 37 calls  A recipe for bran muffins calls for 1  cups of bran  2  1  for 2  teaspoons of baking powder. How much  flakes. The recipe yields 8 muffins. How much  2

bran flakes should be used to make a dozen                 baking powder should be used to make a dozen 

muffins?                                             muffins? 

 

 39.  1                             1                                        40. Corrine is drafting the blueprints for a house. The  A 42  foot wall measures 8  2  @  inches on a scale  2  1  1  scale for the drawing is   inch  1 foot. How long   drawing. How long should a 16  4  4  @  foot wall measure  =  should she draw the line representing a wall that is  on the drawing?  1  13  feet long?  4

 41. A building company estimates that construction on a      42. A water treatment plant can treat 40,000 gallons of 

high-rise building will move at a pace of 18 vertical  water in 21 hours. How many gallons does the plant 

feet every 30 days. At this rate, how long will it take          treat in a week? 11 week = 168 hours2

to complete a building that is 980 feet tall? 

Objective 4

Prep Exercise 5 What are similar figures?

 

For Exercises 43–46, find the unknown lengths in the similar figures.

 43.                                                                              44. 

18 yd.                          27 yd.

12.5 cm               7 cm

16 cm                 c          1 1     yd. 0 3                          k

 

 45.                                                                                           46. 

5 in.                                  a                                                                              a 24 cm

 

1                           1        4                                                                     25.5 cm b 3 1 in.                                    20 cm

4 in.                         4 in.

2                                                   2

c                                          c

6 in. 8 3 24 cm 31.11 cm

b
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 47. Yury wants to estimate the height of his house using a small mirror. He 

places the mirror on the ground 16.5 meters from the house and walks back (away from the mirror and the house) for 3 meters until he can see the reflec-tion of the top of the house in the mirror. If the distance from the ground to Yury’s eyes is 1.8 meters, how tall is the house? (Note: The two triangles are similar.) 

 

?

[image: ]

1.8 m

3 m Mirror               16.5 m

 

 48. A kite is held out on a line that is nearly straight. When 7 meters of line have 

been let out, the kite is 6 meters off the ground. How high is the kite if 100 meters of line have been let out and the angle of the line has not changed? (Hint: Use similar triangles.) 

 49. To estimate the height of a tree, a forester uses the concept of similar trian-

gles. A particular tree is found to have a shadow measuring 84 feet in length. The forester has her own shadow measured at the same time. Her shadow measures 71                    1 feet. If she is 5 feet tall, how tall is the tree? 

2                    2

 

5 1 ft.

2

7 1 ft.                                      84 ft.

2

 

 50. To estimate the height of the great pyramid in Egypt, the Greek mathemati-       Of Interest

cian Thales performed a procedure similar to that in Exercise 49, except that he supposedly used a staff instead of his body. Suppose the shadow from the  Thales was a Greek mathemati-

staff measured 6 feet and, at the same time, the shadow of the pyramid mea- cian who lived from 640 B.C. to 

 

sured 5242                                                                                               546 B.C. He was born in Miletus,  feet from the center of the pyramid to the tip of the shadow. If the 3 1 a city on the coast of what is staff was 5 feet tall, what was the height of the pyramid? 2 now Turkey. Thales is consid-

ered to be the father of science 

and mathematics in the Greek 

culture. He is the first to have 

? proposed the importance of 

proof. It is said that he asserted 

that water is the origin of all 

5 1 ft. things and that matter is infi-

2

nitely divisible.

2                                  6 ft.

524 ft. 3

Not to scale.
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 51. To estimate the distance across a river, an engineer creates similar triangles.

The idea is to create two similar right triangles, as shown in the figure. Calcu-

late the width of the river.

 

?

4 m

15.5 m 6.4 m

 

 52. The method described in Exercise 51 could be used to determine the width of     Of Interest

the Grand Canyon at a given point. Consider the measurements shown. Cal- Located in northwest Arizona,

culate the width of the canyon.  the Grand Canyon is about 277 

miles (446 kilometers) long and 

ranges in width from 4 to 18 

miles (6.4 to 29 kilometers). The 

canyon reaches depths of up to 1 

mile (1.6 kilometers).

?

 

1.2 m

1384 m

10.4 m

[image: ]

 

Puzzle Problem It takes a clock 5 seconds to strike six o’clock. How many seconds 

[image: ]

will it take for the clock to strike twelve o’clock? 

[image: ]

 

Review Exercises

[image: ]

For Exercises 1–5, evaluate.

[image: ]

 

[5.3] 1.    # 4 5                                                1 [5.3] 2. 9 1144 2

9 12                                                 3

3

[5.4] 3. 60   , 3                                                 [6.4] 4. 70.5 , 12 

4

[6.5] 5. 59.2 # 1 1 1 # #

2 2 4
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7.3 American Measurement; Time

 

Warm-up                                                      Objectives

[6.5] 1. Multiply. 152.42 1 12                                                                 1 Convert American units of  [7.2]  2. If Ian can mow a 4000-square-foot lawn in 1.5 hours, how long will it              length.

take him to mow a 6000-square-foot lawn?                                   2 Convert American units of 

area.

Objective 1 Convert American units of length.                               3 Convert American units of To convert from one unit of measurement to another, we will use                   capacity. dimensional  analysis, which is also called the factor-label method. First, consider units of length.      4 Convert American units of Following are some facts about American units of length.                                weight.

 1 foot =                                                     5 Convert units of time. 12 inches

 1 yard =                                                6 Convert American units of 3 feet

 1 mile                                                             speed. =

5280 feet

Each fact can be written as a ratio. In each of those ratios, the numerator is equal to the denominator; so each ratio can be inverted without changing its value, which is 1.

 

1 ft.       12 in.              1 yd.      3 ft.                1 mi.      5280 ft. = = 1               = = 1                  = = 1

12 in.      1 ft.              3 ft.      1 yd.             5280 ft.      1 mi.

In the factor-label method, we multiply by these ratios; so each is called a conver-sion factor.

 

Definition Conversion factor: A ratio used to convert from one unit of  measurement to another by multiplication.

 

Because a conversion factor is equivalent to 1, multiplying a measurement by one of them gives an equivalent measurement with different units. For example, 

12 in.

multiplying 4 feet by        causes the unit feet to divide out so that the result is

1 ft.

equivalent to 4 feet but now in inches.

 

4 ft. = 4                               Note The unit feet appears in the numerator of ft. 12 in. #                         = 1           48 in.    one factor and in the denominator of the other 1 ft. factor; so it divides out, leaving the unit inches.

 

Procedure

To convert units using dimensional analysis, multiply the given measurement 

by conversion factors so that the undesired units divide out, leaving the 

 desired  units.

 

Notes If an undesired unit is in a numerator, that unit should appear in the denomina-

tor of a conversion factor.

If an undesired unit is in the denominator, that unit should appear in the numerator of a 

conversion factor.

 

Example 1 Convert using dimensional analysis.

a. 3.5 miles to feet

Solution:                                                                                    Answers to Warm-up  Because 3.5 miles can be written over 1, the undesired unit, miles, is 

1

in the numerator. Therefore, we need a conversion factor with miles in the            1.  4.36 2.  2.25 hr. or 2  hr.

4
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Your Turn 1  denominator. The desired unit is feet. The conversion factor with feet in the 

Convert using dimensional            numerator and miles in the denominator is         . 1 mi. 5280 ft. analysis.

 

 a.                                                                                    3.5 mi. 5280 ft.  20 feet to inches 3.5 mi. = # = 18,480 ft. 1 1 mi. 3 b.  4  miles to feet 2 10 b. 8  yards to feet 3

c.  62 feet to yards                                           2 Solution: Because 8  yards can be written over 1, the undesired unit, yards, is in 3

the numerator. Therefore, we need a conversion factor with yards in the denom-inator. The desired unit is feet. The conversion factor with feet in the numerator 

3 ft.

and yards in the denominator is       .

1 yd.

1

8     yd. = 2       26 yd.    26 yd.   3 ft. = #                       = 26 ft.

3         3        3    1 yd.

1

c. 78 inches to feet

Solution:  Because 78 inches can be written over 1, the undesired unit, inches, is in the numerator. Therefore, we need a conversion factor with inches in the de-nominator. The desired unit is feet. The conversion factor with feet in the 

1 ft.

 numerator and inches in the denominator is       .

12 in.

13

78 in. = 78 in.   1 ft.      13         1 #                        = ft. = 6 ft., or 6.5 ft.

1    12 in.     2        2

2

Do Your Turn 1

 

Sometimes we may not know a direct relation between the undesired unit and the 

desired unit. In such cases, we must convert to one or more intermediate units to 

get to the desired unit. This means that we will use more than one conversion factor.

 

Example 2 Convert using dimensional analysis.

a. 10 yards to inches

Solution:  If we do not know a direct relation of yards to inches, we can convert 

3 ft.

yards to feet, then feet to inches. To convert from yards to feet, use  . Then 

12 in.                               1 yd.

to convert from feet to inches, use       .

1 ft.

 

10 yd. = 10 yd.   3 ft.   12 in. #                     #                        = 360 in. 

1    1 yd.   1 ft.

 

Note Multiplying these two ratios gives the direct fact that there are 

36 inches to 1 yard.

b. 4400 yards to miles

Solution:  Because we do not have a direct relation of yards to miles, we can con-

 

a. 240 in.                                 vert yards to feet, using        and then convert feet to miles using         . 1 yd. Answers to Your Turn 1                                            3 ft.                                         1 mi. 5280 ft.

b. 22,704 ft.

c. 20  yd. or 20.6 yd.                         4400 yd. = 2                                         4400 yd. 3 ft.    1 mi.     13,200         1 #                      #                              = mi. = 2   mi., or 2.5 mi.

3                                            1     1 yd. 5280 ft.    5280         2
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If we had known the direct relations in Example 2, we would not have had to          Your Turn 2

use several conversion factors. The more relations you know, the fewer conver-

sion factors you have to use. However, this means more to remember. So there’s  Convert using dimensional 

a trade-off: memorize more facts and use fewer conversion factors or memorize      analysis.

fewer facts and use more conversion factors. Each has its merits, but in the end,       a.  0.8 yard to inches

it’s up to you to choose which is better.                                                 b.  7392 yards to miles

Do Your Turn 2

 

Objective 2 Convert American units of area.

Now let’s use dimensional analysis to con-

vert units of area. Recall that area is always 

represented in square units, like square 

inches 1   2                          2 in. 2 , square feet 1 ft.2, square 

yards 1    2 yd.2                       2 , and square miles 1 mi.2.        1 ft. = 12 in.

A square foot is a 1-foot by 1-foot square. 

If we subdivide that square into inches, we 

have a 12-inch by 12-inch square.

Calculating the area of a 1-foot by 1-foot 

square as a 12-inch by 12-inch square, we                      1 ft. = 12 in. find that it contains 144 square inches. Note 

that if we square both sides of the relation 

for length, we get the relation for area.

 1 ft. = 12 in.     d relation for length

1     2 1 ft. 2 = 112 in.22   Square both sides.

 1 ft.2              2       relation for area = 144 in. d

Conclusion: We can derive the relations for area by squaring the relations for length.

Because 1 yd. =                               2 3 ft., we can conclude that 1 yd. =     2 9 ft..

Because 1 mi.                                      2                      2 = 5280 ft., we can conclude that 1 mi. = 27,878,400 ft..

 

Example 3 Convert using dimensional analysis.                                Your Turn 3

a.  Convert using dimensional  8 square feet to square inches

analysis.

Solution:  To convert square feet to square inches, we need a conversion factor 

a.  12 square yards to square 

with square feet in the denominator and square inches in the numerator; so we 

2                                                                                                      feet

use         .                                                                             b. 6000 square inches to square 2 1 ft. 144 in.

feet

8 ft.   =        #            =                                                   8 square yards to square 2                                      2                                      c. 8 ft. 2           2 144 in. 2       1152 in.

1    1 ft.                                               inches

b. 150 square feet to square yards

Solution:  To convert square feet to square yards, we need a conversion factor 

with square feet in the denominator and square yards in the numerator; so we 

use                                                                                   Answers to Your Turn 2 . 2 1 yd. 2

9 ft.                                                                                                         a. 28.8 in.    b. 4.2 mi.

150 50     2         2 1 yd. ft.                                                             Answers to Your Turn 3 50 2

150 ft. 2                                     2               2                2 = # = yd. = 16  yd. , or 16.6 yd. 2                                                                              2

1                                                  a.  108 ft. 9 ft. 3 3

3                                                                              2

b.       2              2 41 ft. or 41.6 ft.

Do Your Turn 3                                                                          3

c.              2 10,368 in.
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Your Turn 4                       Example 4    A room that is 25.5 feet long by 18 feet wide is to be carpeted.

A room is 24 feet long by              Calculate the area of the room in square yards. 16 1 feet wide. Find its area in 

2                                              Understand We must calculate the area of a rectangular room. The formula for 

square yards.                        the area of a rectangle is A = lw.

The given measurements are in terms of feet. If we calculate the area with these measurements, the area unit will be square feet. The desired unit is square yards. There are two approaches to this problem:

1. Calculate the area in terms of square feet; then convert square feet to square 

yards.

2. Convert feet to yards and calculate the area with the measurements in terms 

of yards so that the outcome is in square yards.

Plan Let’s use the first approach. We will calculate the area using the given measurements so that the area will be in square feet. We will then convert square feet to square yards.

Execute A = lw

A = 125.521182   Replace l with 25.5 and w with 18.

A = 459       Multiply.

Now convert 459 square feet to square yards.

 

459 ft.2     459 ft. 2         2 1 yd.     459     2 = # = yd. =         2 51 yd. 2 1 9 ft. 9

Answer The room will require 51 square yards of carpet.

Check Let’s use the second method we described as a check. We will convert the given measurements to yards, then calculate the area.

 

Length: 25.5 ft. = 25.5 ft.   1 yd.     25.5 #                       = yd. = 8.5 yd.

1     3 ft.      3

 Width:  18 ft. = 18 ft.   1 yd.     18 #                      = yd. = 6 yd.

1    3 ft.      3

 Area: A = 18.52162   Replace l with 8.5 and w with 6.

A      2 = 51 yd.

Do Your Turn 4

 

Objective 3 Convert American units of capacity.

Now consider capacity.

 

Definition Capacity: A measure of the amount a container holds.

 

The American system uses units such as gallons (gal.), quarts (qt.), pints (pt.), 

cups (c.), and ounces (oz.) to measure the capacity of a container. Following are 

some facts about capacity units.

 1 cup = 8 ounces

 1 pint = 2 cups

 1 quart = 2 pints

 1 gallon = 4 quarts                                          4

 

Answer to Your Turn 4

44 yd. 2                                                                                        1 c.     1 pt.       1 qt.            1 gal.
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Example 5 Convert using dimensional analysis.                                Your Turn 5

a.  Convert using dimensional  5 pints to ounces

analysis.

Solution:  Because we do not have a direct relation of pints to ounces, we 

a.  6 quarts to cups

convert pints to cups and then cups to ounces. To convert pints to cups, use 

2 c.                                                                                                      b.  20 ounces to pints 8 oz.

1 pt.. To convert cups to ounces, use      .                                             c.  3 gallons to cups 1 c.

 

5 pt. = 5 pt.   2 c.   8 oz. #                    #                      = 80 oz.

1   1 pt.   1 c.

b. 240 ounces to gallons

Solution:  Because we do not have a direct relation of ounces to gallons, we con-

vert ounces to cups, cups to pints, pints to quarts, and then quarts to gallons.

 

240 oz. = 240 oz.   1 c.   1 pt.   1 qt.   1 gal.     240          7 #                    #                    #                      #                        = gal. = 1 gal., or 1.875 gal.

1    8 oz.   2 c.    2 pt.    4 qt.     128          8

Do Your Turn 5

 

Objective 4 Convert American units of weight.

Now let’s convert units of weight.

 

Definition Weight: A measure of the downward force due to gravity.

 

In the American                                        1 T system, weight 

can be expressed 

in terms of ounces 

(oz.), pounds (lb.),             1 lb.

and tons (T). Fol-

lowing is a list of 

two facts about 

weight.

1 pound = 16 ounces

1 ton = 2000 pounds

 

Example 6 Convert using dimensional analysis.                                Your Turn 6

a.  Convert using dimensional  12 ounces to pounds

analysis.

1 lb.

Solution:  To convert ounces to pounds, use        .                                     a.  12 pounds to ounces

16 oz.

3                                                                        b.  5000 pounds to tons

12 oz. = 12 oz.   1 lb.      3 #                          =

 lb., or 0.75 lb.

1    16 oz.    4 4

b. 0.2 ton to ounces

Solution:  We do not have a direct relation of tons to ounces; so we will convert 

tons to pounds, and then pounds to ounces.

 

0.2 T = 0.2 T 2000 lb. 16 oz. #                              #                          = 6400 oz.

1     1 T     1 lb.                                   Answers to Your Turn 5

Do Your Turn 6 a. 24 c. b. 1.25 pt. c. 48 c.

Answers to Your Turn 6
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Objective 5 Convert units of time.

Now let’s consider units of time. Time is measured in units of seconds (sec.), min-

utes (min.), hours (hr.), days (d.), weeks (wk.), months (mo.), and years (yr.).

 1 minute = 60 seconds      Note Unit abbreviations for time vary. Years 

 1 hour = 60 minutes can be y. or yr. Days can be d. or da. Hours 

 

1 year 1 day                         can be h. or hr. Seconds can be s. or sec. = 24 hours However, the only abbreviation for minutes 1 is min.  because mi. is miles and m is meters. = 365  or 365.25 days 4

 

Your Turn 7                       Example 7    Convert using dimensional analysis.

Convert using dimensional                1

analysis.                               a. 4  hours to seconds 2

a.  8.5 minutes to seconds

Solution:  We do not have a direct relation of hours to seconds; so we will con-

 b.  5 days to minutes

vert hours to minutes and then minutes to seconds.

c.  1 year to hours                                                          30

4  hr. = 1      9 hr. 60 min. 60 sec. #                              #                            = 16,200 sec.

2        2    1 hr.   1 min.

1

b. 15 minutes to days

Solution:  We do not have a direct relation of minutes to days; so we will convert minutes to hours and then hours to days.

1

15 min. = 15 min.    1 hr.     1 d.      1 #                              #                         = d. or 0.010416 d.

1    60 min. 24 hr.    96

4

Do Your Turn 7

 

Objective 6 Convert American units of speed.

The final type of measurement that we will consider is speed. Speed is a rate de-

scribing the distance traveled in an amount of time. Some units of speed are feet 

per second (ft./sec.) and miles per hour (mi./hr.). We can convert the distance 

unit, the time unit, or both units within the speed unit.

 

Example 8 Convert using dimensional analysis.

a. 90 feet per second to feet per minute

Solution:  We need to convert only the time part of the speed unit from seconds to minutes. Because seconds is in the denominator of the given unit, we need a conversion factor with seconds in the numerator. Because there are 60 seconds to 1 minute, we use 60 sec./1 min.

 

90 ft. >          90 ft.   60 sec.     5400 ft. sec. = #                            = = 5400 ft. >min.

1 sec.   1 min.     1 min.

b. 60 miles per hour to feet per second

Solution:  We need to convert the distance units from miles to feet and the time units from hours to seconds. Because the given speed has miles in the numera-tor, we use a conversion factor with miles in the denominator. Because the given speed has hours in the denominator, we use a conversion factor with hours in 

Answers to Your Turn 7                  the numerator.

a. 510 sec.

b. 7200 min.

c. 8766 hr.
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We can carry out the two conversions in two stages.                                  Your Turn 8

 

 60 mi.         60 mi. 5280 ft.     316,800 ft.                                     analysis. > Convert using dimensional hr. =        #          =             = 316,800 ft. >hr. 1 hr. 1 mi. 1 hr.                  a.  500 feet per minute to feet 

per second

 

 316,800 ft.> 316,800 ft.    1 hr.    1 min.     316,800 ft.                         b.  28 feet per second to miles  hr. =  #                              #                            =  =  88 ft. >  1 hr.                                                  sec.              per hour 60 min.

60 sec.     3600 sec.

c.  9 yards per second to feet 

per minute

Or we can perform both conversions in a single line.

Answers to Your Turn 8

 

60 mi. >hr. =        #         #          #         =             = 88 ft.>sec.            19  mi. 11 >hr. or 19.09 mi.>hr. 1 hr. 1 mi. 60 min. 60 sec. 3600 sec. c. 60 mi.                                                                 3 5280 ft. 1 hr. 1 min. 316,800 ft. 1 b. a.   1  8  ft. sec. or 8.3 ft. sec. > > 1620 ft./min.

Do Your Turn 8

 

PORTFOLIO

 

7.3             For Exercises

Extra

Help

 

Objectives 1 and 2

 Prep Exercise 1 What is a conversion factor?                     Prep Exercise 2 Explain how to convert units using dimen-

sional analysis. 

 

Prep Exercise 3 Complete the relations for American units      Prep Exercise 4 Complete the relations for American units of length.                                                      of area.

1 foot =                                                        2               2 1 ft. inches = in.

 1 yard                                                                  2                   2 = 1 yd. feet = ft. 1 mile =           feet

For Exercises 1–20, convert using dimensional analysis.

 1. 52 yards to feet                        2. 6 feet to inches                        3. 90 inches to feet 

 4. 45 feet to yards                        5. 6.5 miles to feet                       6. 7392 feet to miles 

1                                  2

 7. 5  feet to inches                       8. 15  yards to feet                       9. 20.8 miles to yards 

2                                  3

 10. 0.2 yard to inches                      11. 99 inches to yards                      12. 3168 yards to miles 

1

 13. 30 square yards to square feet         14. 648 square inches to square feet      15. 10  square yards to square inches

2

 

 16. 40 square feet to square yards 

 17. Blueprint paper can be purchased in a roll that is 36 inches wide. If unrolled, 

the paper would extend 150 feet in length. What is the total area of the blue-print paper in square feet? 

 18. Blueprint paper also comes in a roll that is 42 inches wide. If unrolled, the 

paper would extend 150 feet in length. What is the total area of the blueprint paper in square feet? 

 19. A room that is 13.5 feet long by 12.5 feet wide is to be carpeted. Calculate the 

area in square yards. 

 20. A room that is 16.5 feet long by 14 feet wide is to be carpeted. Calculate the 

area in square yards. 
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Objective 3

 Prep Exercise 5 Complete the relations for American units of capacity.

1 cup =          ounces

1 pint =          cups

1 quart =          pints

1 gallon =          quarts

For Exercises 21–32, convert using dimensional analysis.

 21. 9 pints to cups                          22. 6 quarts to pints                        23. 2.5 cups to ounces 

 24. 16.4 gallons to quarts                  25. 240 ounces to pints                     26. 12 cups to pints 

1

 27. 8  pints to quarts                       28. 60 ounces to quarts                     29. 0.4 gallon to ounces 

2

1

 30. 5.2 gallons to pints                      31. 40.8 pints to gallons                    32. 6  cups to pints 

3

Objective 4

 Prep Exercise 6 Complete the relations for American units of weight.

 1 pound =          ounces

1 ton =          pounds

For Exercises 33–40, convert using dimensional analysis.

1                                1

 33. 12  pounds to ounces                34. 9  pounds to ounces                  35. 180 ounces to pounds 

4                                2

 36. 124 ounces to pounds                 37. 1200 pounds to tons                  38. 6200 pounds to tons 

 39. 4.2 tons to pounds                     40. 6.4 tons to pounds 

Objective 5

 Prep Exercise 7 Complete the relations for American units of time.

 1 minute =          seconds

1 hour =          minutes

1 day =          hours

1 year =          days

For Exercises 41–56, convert using dimensional analysis.

 41. 150 minutes to hours                  42. 200 minutes to hours                  43. 90 seconds to minutes 

1

 44. 20 seconds to minutes                45. 10  minutes to seconds               46. 12.2 minutes to seconds 

2

1                                 1

 47. 2  hours to minutes                   48. 8  hours to minutes                   49. 0.2 hour to seconds 

4                                 2

 50. 1.5 hours to seconds                   51. 30 days to years                       52. 90 days to years 

 53. 1 day to minutes                      54. 7 days to seconds                      55. 72 years to minutes 

 56. 85 years to seconds 

Objective 6

For Exercises 57–64, solve using dimensional analysis.

 57. The speed of sound in dry air at 0C is 1088 feet per       58. Use the information in Exercise 57 to calculate the 

[image: ]

second. Calculate the speed of sound in miles per            speed of sound in miles per hour. 

[image: ]

minute. 
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59. An investigating officer examining skid marks at the scene of an accident es-

timates that the speed of the vehicle was 80 feet per second. The driver of the vehicle claims to have been going 40 miles per hour. Are they in agreement?

 

60. A defendant in a collision case claims to have been traveling at 35 miles per 

hour around a blind curve and did not have time to swerve to miss rear- ending the plaintiff, who had just pulled into the road. The investigating officer determines that any speed less than 60 feet per second would have allowed time to brake or swerve to avoid the collision. How would you judge the defendant? 

 

61. The escape velocity for Earth is 36,687.6 feet per second. Calculate this speed      Of Interest

in miles per hour.  Escape velocity is the speed that 

62. The minimum speed required to achieve orbit around Earth is 25,957 feet per  an object must achieve to escape 

second. Calculate this speed in miles per hour.  the gravitational pull of a planet. 

63.  Any object traveling slower than  While driving along a highway at 60 miles per hour, a driver sees a sign indi-

cating that the lane ends 500 feet ahead. After passing the sign, if she main- the escape velocity will return 

tains her speed, how much time does she have to merge into the other lane  to the planet or orbit it. An ob-

before the lane ends?  ject traveling less than the mini-

mum speed to achieve orbit will 

64. While driving along a highway at 70 miles per hour, a driver sees a sign  return to the planet. Objects 

indicating uneven pavement 500 feet ahead. After passing the sign, if he  traveling at speeds greater than 

maintains his speed, how much time does he have before he reaches the  the minimum speed to achieve 

uneven pavement?  orbit but less than the escape ve-

locity will orbit the planet. For 

[image: ]

Puzzle Problem Earth, objects traveling at ex- A light-year (lt-yr.) is the distance light travels in one year.If light 

[image: ]

travels at a rate of 186,282 miles per second, how far is 1 light-year in miles?  actly 25,957 feet per second will 

[image: ]

Proxima Centauri orbit in a circle. As speed is in-  is the next nearest star to our star (the sun) at a distance of 

[image: ]

about 4.2 light-years. What is this distance in miles?  creased, the path becomes more 

[image: ]

elliptical.

[image: ]

 

Review Exercises

[image: ]

For Exercises 1–6, perform the indicated operation.

[image: ]

[6.3] 1. 8.4(100)                           [6.3] 2. 0.95(1000)                         [6.3] 3. (0.01)(32.9) 

[image: ]

[6.4] 4. 45.6                                                                                           1000 , 10 [6.4] 5. 9 [6.4] 6. 4800 , 1000 ,

[image: ]

[image: ]
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7.4 Metric Measurement

 

Objectives                    Warm-up

 1                                  [6.3] 1. Multiply. (0.65) 1000 Convert units of metric 

length.                            [7.3] 2. Convert 132 inches to yards.

 2 Convert units of metric  The difficulty with the American system of measurement is that each set of facts 

capacity. contains different numbers. The metric system is easier because to convert from 

 3 Convert units of metric  one unit to the next, we multiply or divide by the same number, 10. Multiplying or 

mass. dividing by 10 is easy because we just move the decimal point to the right or left.

 4 Convert units of metric area.     Each type of measurement has a base unit.

 

Definition Base unit: A basic unit; other units are named relative to it.

 

To the right are the metric base units      Type of measurement   Base unit

for length, capacity, and mass.

Length                meter (m)

Capacity                liter (L)

Mass                gram (g)

 

To further simplify the system, prefixes are used with the base unit to indicate the 

size of the measurement relative to the base unit. The prefixes we will learn are 

listed below in order from largest size to smallest size.

Note These three units are                          Note These three units are larger than the base unit.                             smaller than the base unit.

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

y                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          y

kilo-      hecto-      deka-      base unit      deci-      centi-      milli-

(k)         (h)         (da)                        (d)         (c)         (m)

Of Interest                       Objective 1 Convert units of metric length.

Originally, a meter was defined  As we’ve mentioned, the base unit for length is the meter (m), which is a little 

to be 1/40,000,000 of a circle on  longer than a yard. Attaching the base unit, meter, to each prefix is shown in 

Earth’s surface passing through     the following table: the poles. Now we define a 

meter to be the distance trav-  kilometer   hectometer dekameter meter decimeter centimeter   millimeter

eled by light in empty space in   (km)      (hm)     (dam)    (m)    (dm)      (cm)      (mm)

1/299,792,458 of a second.  1 km = 1000 m 1 hm = 100 m 1 dam = 10 m   1  m   1 m = 10 dm 1 m = 100 cm 1 m = 1000 mm

 

Here are some comparisons to help 

you visualize the size of these units.

1 hm

A kilometer is about 0.6 mile.

A hectometer is about 110 yards, 

which is the length of a football field 

including one end zone.

 

A dekameter is about the length of a                   1 dam Answers to Warm-up                school bus.

1. 650

2

2. 3.6 yd. or 3  yd.

3
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A decimeter is about the width of your hand across your palm (include your thumb).

1 cm

A centimeter is about the width of your pinky finger at the tip.

A millimeter is about the thickness of your fingernail.

We can use these facts to convert metric length using dimensional analysis. Sup-pose we want to convert 2.8 meters to centimeters. We use the fact that there are                  1 dm 100 centimeters to 1 meter.

 

2.8 m = 2.8 m 100 cm #                              =

280 cm

1     1 m

Note that we multiplied by 100, which causes the decimal point to move 2 places  1 mm

to the right of its position in 2.8. Also notice that centimeter is 2 places to the right of meter in the table of units.

 kilometer hectometer dekameter meter decimeter centimeter millimeter (km)      (hm)     (dam)    (m)    (dm)      (cm)      (mm)

Suppose we want to convert 2.8 meters to kilometers. We use the fact that 1 kilo-meter is equal to 1000 meters. Based on what we just saw, what do you expect to happen?

 

2.8 m = 2.8 m   1 km      2.8 #                              = km = 0.0028 km

1    1000 m    1000

Note that we divided by 1000, which causes the decimal point to move 3 places to the left. Also notice that kilometer is 3 places to the left of meter in the table of units.

 kilometer hectometer dekameter meter decimeter centimeter millimeter (km)      (hm)      (dam)     (m)     (dm)      (cm)      (mm)

 

Our examples suggest the following fast method for converting units in the met-ric system:

 

Procedure                                                  AUDITORY

To convert units in the metric system:

Learning Strategy

  1.  Using the table of metric units, count the number of units from the unde-

Many people remember the or-

sired unit to the desired unit and note the direction (right or left).

der of units by making up a sen-

 kilo-    hecto-   deka-   base  unit   deci-   centi-   milli-                 tence with the initial letters of  (k)      (h)      (da)       (m)       (d)      (c)      (m)                 each unit. Here’s an example:

  2.  Move the decimal point the same number of places and in the same direc-        King Hector’s Data Base De-

tion as determined in step 1.                                                       ci dedly Centralized Millions

 

Example 1 Convert.

a. 0.15 meter to decimeters

Solution:  In the table of units, decimeter is the first unit to the right of meter; so 

move the decimal point 1 place to the right of its position in 0.15.

 kilometer hectometer dekameter meter decimeter centimeter millimeter

 (km)      (hm)      (dam)    (m)     (dm)      (cm)      (mm)

0.15 m = 1.5 dm

Answer: 1.5 dm
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Your Turn 1                       b. 56.1 dekameters to centimeters

Convert. Solution:  In the table of units, centimeter is the third unit to the right of dekame-

ter (including the base unit); so move the decimal point 3 places to the right of 

a.  9.74 meters to millimeters

its position in 56.1.

b.  0.61 dekameter to 

decimeters  kilometer hectometer dekameter meter decimeter centimeter millimeter

c.  456 meters to hectometers  (km)      (hm)      (dam)     (m)     (dm)      (cm)      (mm)

d.  20,800 centimeters to                                            56.1 dam = 56, 1 0 0 cm

kilometers

Answer: 56,100 cm

c. 2500 millimeters to meters

Solution:  In the table of units, meter is the third unit to the left of millimeter; so move the decimal point 3 places to the left of its position in 2500.

 kilometer hectometer dekameter meter decimeter centimeter millimeter (km)      (hm)      (dam)    (m)     (dm)      (cm)      (mm)

2500 mm = 2. 5 0 0 m



Note In 2500, the decimal point is to the right of the last 0. After we move the decimal point 3 places to the left to get 2.500, those 0s are to the right of the last nonzero decimal digit; so they are no longer needed.

Answer: 2.5 m

d. 970 centimeters to hectometers

Solution:  Using the table of units, we see that hectometer is the fourth unit to the left of centimeter; so move the decimal point 4 places to the left of its position in 970.

 kilometer hectometer   dekameter   meter   decimeter   centimeter millimeter

 (km)      (hm)      (dam)     (m)     (dm)       (cm)      (mm)

 

970 cm = 0. 0 9 7 0 hm

Answer: 0.097 hm

Do Your Turn 1

 

Of Interest                       Objective 2 Convert units of metric capacity.

The fact that 1 ml =     3 1 cm is    Consider metric capacity. The base unit for metric capacity is the liter (L). A liter is extremely important for people  the amount of liquid that would fill a 10-centimeter by 10-centimeter by 10-centimeter 

in health-related fields. Medi- cube. In other words, a liter of liquid occupies the same space as 1000 cubic centimeters.

cations are often prescribed in 

units of milliliters, yet the pack- We need to make an important connection. There are 1000 milliliters to 1 liter. If 

aging for the medication is ex- there are 1000 milliliters and 1000 cubic centimeters to 1 liter, we can conclude 

pressed in cubic centimeters or  that 1 milliliter must occupy 1 cubic centimeter of space. The common abbrevia-

vice versa. The person admin-    tion for cubic centimeter is cc.

 

istering the medication needs                            3 Conclusion:  1 ml = 1 cm, or 1 cc to recognize that milliliters 

and cubic centimeters are used  We can slightly alter the table of units for capacity by including the cubic centime-

interchangeably.                    ters with milliliters.

milliliter or  

kiloliter     hectoliter   dekaliter   liter   deciliter   centiliter cubic centimeter

(kl) 3  (hl)  (dal)  (L)  (dl)  (cl)  (ml or cm or cc)

1 kl = 1000 L   1 hl = 100 L 1 dal = 10 L   1  L   1 L = 10 dl 1 L = 100 cl     1 L = 1000 ml

Answers to Your Turn 1 3  1 L  =  1000 cm or cc

a. 9740 mm b. 61 dm

c. 4.56 hm    d. 0.208 km
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A liter is slightly more than a quart.

A milliliter (or cubic centimeter) is a little less than a quarter of a teaspoon.

 

Warning  Make sure you understand the difference between centiliter and cubic centimeter.

 

Example 2 Convert.                                                    Your Turn 2

a.                                                                                           Convert. 680 deciliters to hectoliters

Solution: a.  1.2 kiloliters to dekaliters

  Hectoliter is the third unit to the left of deciliter; so move the decimal 

point 3 places to the left in 680.  b.  7800 centiliters to liters

680 dl =                                           c.  0.17 centiliter to cubic 

0.68 hl                                           centimeters

b. 0.0184 dekaliter to milliliters

Solution:  Milliliter is the fourth unit to the right of dekaliter; so move the deci-

mal point 4 places to the right in 0.0184.

0.0184 dal = 184 ml

c. 0.0085 liter to cubic centimeters

Solution:  Cubic centimeters and milliliters are interchangeable; so this is the 

same as converting from liters to milliliters. Because milliliter is the third unit to 

the right of liter, move the decimal point 3 places to the right in 0.0085.

0.0085 L = 8.5 cc

Do Your Turn 2

 

Objective 3 Convert units of metric mass.

Connection 1 liter of 

Now let’s convert units of mass. water fills a 10-centimeter by 

10-centimeter by 10-centimeter 

Definition Mass: A measure of the amount of matter that makes up an object.         cube and has a mass of  

1 kilogram.

Mass is different from weight. Weight is a measure of the force due to gravity and is dependent on the mass of an object and the gravitational pull on that object by a planet or another object.

The base unit for metric mass is the gram (g).

kilogram hectogram dekagram gram decigram centigram milligram

(kg)        (hg)       (dag)     (g)      (dg)        (cg)        (mg)

1 kg =1000 g 1 hg = 100 g 1 dag = 10 g   1 g    1 g = 10 dg 1 g = 100 cg 1 g = 1000 mg

A large paper clip has a mass of about 1 gram. Because this is quite small, most everyday objects are measured in terms of kilograms: 1 liter of water has a mass of 1 kilogram; so a 2-liter bottle of water has a mass of 2 kilograms. You are probably familiar with the milligram as well. Medicines in tablet form are usually mea-sured in milligrams. Common over-the-counter pain relief medicines are usually in doses of around 200 milligrams.

 

Example 3 Convert.

a. 250 milligrams to grams

Solution:  Gram is the third unit to the left of milligram; so move the decimal 

point 3 places to the left in 250.

250 mg                                       Answers to Your Turn 2 = 0.25 g
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Your Turn 3                       b. 0.062 hectograms to grams

Convert. Solution:  Gram is the second unit to the right of hectogram; so move the deci-

mal point 2 places to the right in 0.062.

 a.  6500 milligrams to 

dekagrams                                             0.062 hg = 6.2 g

b.  0.15 kilogram to grams              Do Your Turn 3

c.  2.6 centigrams to decigrams

For very large measurements of mass, we use the metric ton (t).

Note Remember, the abbreviation 

for the American ton is T.                                                      1 t = 1000 kg

Let’s see if we can discover a way to use the table of units to convert to metric 

tons. Suppose we want to convert 4500 kilograms to metric tons. We could use the 

Connection We have said        preceding fact in a dimensional analysis setup.

that a 10-centimeter by 

10-centimeter by 10-centi-                                       4500 kg     1 t       4500 4500 kg = #                                = t =

meter cube of water has a                                           1                          4.5 t 1000 kg    1000

capacity of 1 liter and a mass 

of 1 kilogram. A metric ton  Note that we divided by 1000 to convert kilograms to metric tons, which caused 

would be the mass of a cube  the decimal point to move 3 places to the left in 4500. This corresponds to moving 

of water 1000 times the vol-        three units to the left on the chart.

ume of the 10-centimeter by 

10-centimeter by 10-centime- Conclusion:  We can think of the metric ton as being three units to the left of kilo-

ter cube. This cube would be       gram. The two units in between are unnamed.

100 centimeters by 100 cen-        metric ton unnamed    unnamed kilogram    hectogram dekagram gram 

timeters by 100 centimeters,             (t)          unit         unit         (kg)         (hg)         (dag)       (g)

which is actually 1 meter by 

1 meter by 1 meter. In other 

 

mass of a 1-meter by 1-meter                       Convert. words, 1 metric ton is the             Example 4 

by 1-meter cube of water.            a. 64,000 kilograms to metric tons

The volume of this cube is  

1 cubic meter, and the capac- Solution:  We can think of metric ton as being the third unit to the left of kilo-

ity is 1000 liters, or 1 kiloliter.         gram; so we move the decimal point 3 places to the left in 64,000.

64,000 kg = 64 t

 

Your Turn 4                       b. 0.0058 metric ton to kilograms

Solution:  If metric ton is the third unit to the left of kilogram, kilogram is the 

Convert. third unit to the right of metric ton; so we move the decimal point 3 places to 

a.  2090 kilograms to metric           the right in 0.0058.

tons                                                           0.0058 t = 5.8 kg

b.  0.06 metric ton to kilograms

 c.  0.00591 metric ton to grams       c. 240,000 dekagrams to metric tons

Solution:  Kilogram is two units to the left of dekagram, and metric ton is three units to the left of kilogram. Therefore, metric ton is a total of five units to the left of dekagram; so we move the decimal point 5 places to the left in 240,000.

240,000 dag = 2.4 t

Do Your Turn 4

 

Objective 4 Convert units of metric area.

Answers to Your Turn 3 To discover the facts about area in the American system, we determined how 

many square inches fit in 1 square foot. We can perform the same analysis with a. 0.65 dag b. 150 g

the metric system. Let’s find the number of square decimeters that fit in 1 square c. 0.26 dg

meter. Because there are 10 decimeters to 1 meter, a 1-meter by 1-meter square is a Answers to Your Turn 4                10-decimeter by 10-decimeter square. a. 2.09 t b. 60 kg c. 5910 g
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If we calculate the area of this square meter in terms of decimeters, we have 10 # 10 = 100 square decimeters.

1 m2               2 = 100 dm

We concluded in our discussion of area facts for the American system that we could simply square both sides of the length relations. Notice that the same ap-    1 m    10 dm plies to the metric relations.

 1 m = 10 dm      d relation for length

 

1     2 1 m 2 = 110 dm2    Square both sides.                                   1 m 10 dm 2 1 m = 2 100 dm d relation for area

Deriving the other relations in this way, we have the following table:

square         square       square     square    square       square        square 

 kilometer     hectometer dekameter meter decimeter   centimeter   millimeter

1    2 km2         1    2 hm2      1     2        2                                  2 dam 2 1 m 2 1 2 dm 2 1 2 cm 2 1 mm2

1 km2                      2                    2             2              2                   2                    2 1 hm 1 dam 1 m 1 m 1 m 1 m

=         2           2 1,000,000 m =          2                  2 10,000 m = 100 m = 100 dm    = 10,000     = 1,000,000

cm2                     2 mm            Note To convert square meters 

 

We can still use the table to convert units of metric area, but we have to alter our  to square decimeters, we multiply  2  by 100, or 10  , which moves  thinking a bit. Consider the following conversions and look for a pattern:  the decimal point to the right  

Suppose we want to convert 2.4 square meters to square decimeters.                  2 places. That’s twice the number 

 

2.4 m 2 2.4 m2 of places as for converting meters  2  100 dm   to decimeters.  =  #  =  2  240 dm  2  1  1 m  Note  To convert square meters to 

 

Now let’s convert 2.4 square meters to square centimeters. square centimeters, we multiply  4  by 10,000, or 10  , which moves  2  2  2.4 m  10,000 cm  2  2   the decimal point to the right   2.4 m  =  #  =  24,000 cm  2  1  1 m  4 places. That  ’  s twice the number 

of places as for converting meters 

Do you see a pattern? Consider converting 2.4 square meters to square millimeters.     to centimeters.

2.4 m2                                                          2                           Note = # = 2.4 m 2                     2 1,000,000 mm 2 2,400,000 mm To convert square meters to 

1        1 m                                     square millimeters, we multiply 

by 1,000,000, or 106, which moves 

Procedure the decimal point to the right  

6 places. That ’s twice the number 

To convert metric units of area, move the decimal point twice the number of places 

as units from the initial area unit to the desired area unit on the table of units.               to millimeters. of places as for converting meters 

 

Example 5 Convert.

a. 0.0081 square meter to square millimeters

Solution:  Square millimeter is the third unit to the right of square meter. With          VISUAL

area units, we move the decimal point twice the number of places; so the deci-            Learning Strategy

mal point moves 6 places to the right.

Use the exponent of 2 in the area 

0.0081 m2                 2 = 8100 mm                                   units as a reminder to move the 

b. decimal point twice the number  45,100 square meters to square hectometers

of units from the initial unit to the 

Solution:  Square hectometer is the second unit to the left of square meter. Moving the       desired unit on the chart.

decimal point twice that number of places means that it moves 4 places to the left.

45,100 m2                2 = 4.51 hm
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Your Turn 5                       c. 0.000075 square kilometer to square decimeters

Convert. Solution:  Square decimeter is the fourth unit to the right of square kilometer. Moving 

the decimal point twice that number of places means that it moves 8 places to the right.

a.  0.25 square meter to square 

centimeters                                                            2                2 0.000075 km = 7500 dm

b.  4750 square meters to square         Do Your Turn 5

decimeters

c.  95,100,000 square centime-

ters to square hectometers         Connection The metric system has     Prefix       Factor       Word name

more prefixes than we have studied                     12 Tera- (T) = 10       Trillion so far. Two such prefixes are mega and giga, which you have probably     Giga- (G)     =   9 10       Billion

 

heard in describing computer mem-                    6 Mega- (M) = 10       Million ory (megabytes and gigabytes). We Kilo- (k) = 3 10 Thousand can use a power of 10 to indicate the size of a unit with a particular prefix                       2 Hecto- (h) = 10        Hundred

 

relative to the base unit. For example,     Deka- (da)    =    1 10        Ten because a kilometer is 1000 times Base unit = 0 10 = 1 the size of 1 meter, we can say that 

 

1 km              3                                               1 = 1000 m = 10 m. Or because Deci- (d) =         Tenth there are 1000 millimeters in 1 meter, 10

 

or 1                                                  Centi- (c)       =              Hundredth , of 1 meter. Below is a list of the we can say that 1 millimeter is 1/1000,                       1

10                                                               10 3                                                                                          2

 

prefixes, their size relative to the base                       1 Milli- (m) unit, and the common word name. =        Thousandth 3 10

 

We can connect these powers of 10 with                      1 Micro- 1 m 2 =        Millionth scientific notation. For example, 6.5  6 10

 

gigabytes can be expressed as follows:                        1 Nano- (n) =         Billionth 9 6.5 GB = 6.5 billion bytes 10

 

=       9 6.5 * 10 bytes                        1 Pico- (p) =       Trillionth 12 = 6,500,000,000 bytes 10

On the smaller side, X-rays have a  wavelength of about 3 nanometers.

 

Answers to Your Turn 5                                     3 nm =                                 1 3 billionths of a meter = 2                                                                                                        3 *     m 9 10 a. 2500 cm

 

b.               2                                                                          3 475,000 dm         m 2 = = 0.000000003 m c. 0.951 hm 1,000,000,000

 

7.4             For Exercises

Extra

Help

 

Objective 1

Prep Exercise 1                                                       Prep Exercise 2 What is a base unit? List the six basic prefixes in the metric system 

in order from largest to smallest. 

Prep Exercise 3 What is the base unit for length in the metric system? 

For Exercises 1–12, convert.

 1. 4.5 meters to centimeters                                 2. 0.81 meter to millimeters 

 3. 0.07 kilometer to meters                                  4. 1.3 hectometers to meters 

 5. 3800 meters to kilometers                                6. 125 centimeters to meters 

 7. 9500 millimeters to meters                               8. 3.48 dekameters to meters 
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 9. 1540 decimeters to dekameters                          10. 0.45 centimeter to millimeters 

 11. 112 meters to hectometers                                 12. 79 millimeters to decimeters 

Objective 2

Prep Exercise 4 What is the base unit for capacity in the        Prep Exercise 5 A cubic centimeter is equivalent to which metric system?                                             capacity unit? 

For Exercises 13–24, convert.

 13. 0.12 liter to milliliters                                            14. 0.05 liter to milliliters 

 15. 0.005 kiloliter to liters                                           16. 145 deciliters to liters 

 17. 9.5 centiliters to dekaliters                                     18. 0.248 hectoliter to liters 

 19. 0.08 liter to cubic centimeters                                20. 6 cubic centimeters to liters 

 21. 12 cubic centimeters to milliliters                            22. 0.085 dekaliter to cubic centimeters 

 23. 0.4 liter to cubic centimeters                                  24. 145 centiliters to cubic centimeters 

Objective 3

 Prep Exercise 6 What is the base unit for mass in the            Prep Exercise 7 How many kilograms are in a metric metric system?                                             ton? 

For Exercises 25–36, convert.

 25. 12 grams to milligrams                                    26. 4500 grams to kilograms 

 27. 0.009 kilogram to grams                                   28. 900 milligrams to grams 

 29. 0.05 dekagram to centigrams                             30. 0.045 hectogram to milligrams 

 31. 3600 kilograms to metric tons                              32. 850 kilograms to metric tons 

 33. 0.106 metric ton to kilograms                               34. 5.07 metric tons to kilograms 

 35. 65,000 hectograms to metric tons                          36. 0.008 metric ton to dekagrams 

Objective 4

 Prep Exercise 8 To convert metric units of area, move the decimal point          the number of places as units from the initial area unit to the desired area unit on the table of units. 

For Exercises 37–44, convert.

 37. 1.8 square meters to square centimeters                    38. 580,000 square meters to square kilometers 

 39. 2200 square centimeters to square meters                  40. 19,000 square meters to square hectometers 

 41. 0.05 square centimeter to square millimeters               42. 2.4 square decimeters to square centimeters 

 43. 44,300 square decimeters to square hectometers                  44. 0.068 square kilometer to square meters 

[image: ]

Puzzle Problem A light-year (lt-yr.) is the distance light travels in one year. The 

[image: ]

speed of light is 3       8 * 10 meters per second. Calculate the distance of 1 light-

[image: ]

year in kilometers. The Magellanic Cloud is the nearest galaxy to our own 

[image: ]

Milky Way galaxy at a distance of 150,000 light-years. Calculate this distance in 

[image: ]

kilometers. 

[image: ]

Review Exercises

[image: ]

For Exercises 1 and 2, evaluate.

[image: ]

 

[5.7] 1. 6    , 3 # 1 10                                            [6.5] 2. 8.4112 2 , 100 

[image: ]

2

[image: ]

[6.2] 3.                           2                                                                            2 Combine like terms. 6.5 x-8 x + 14.4-10.2 x-20 [6.3] 4. Distribute. 100 1 4.81 y-2.8y + 72

[image: ]

 

[6.6] 5. Solve and check. 7x-3.98 = 2.4x + 8.9 
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7.5  Converting Between Systems; 

Temperature

 

Warm-up

Objectives

[6.5] 1. Simplify. 1 556-32 2 1 Convert units of length.                            9 2 Convert units of capacity.         [7.4] 2. Convert 2750 milliliters to liters. 3 Convert units of mass/

weight.                         Objective 1 Convert units of length.

 4 Convert units of  When converting between systems of measurement, we use dimensional analysis. 

temperature. The key is to have at least one relation that acts as a bridge from one system to the 

other. However, the more relations we know, the more likely we’ll be able to con-

vert directly to the desired unit.

Let’s consider units of length. The ta-    American to metric    Metric to American

ble to the right lists common relations    1 in. = 2.54 cm        1 m ⬇ 3.281 ft.

for converting between metric and 

American units of length. Note that  1 yd. ⬇ 0.914 m       1 m ⬇ 1.094 yd.

most conversions are approximations.    1 mi. ⬇ 1.609 km     1 km ⬇ 0.621 mi.

 

Your Turn 1                       Example 1    Convert.

Convert.                           a. 100 yards to meters

 

 b.  42 meters to feet a conversion factor with meters in the numerator and yards in the denominator.  1  c.   9   inches to centimeters  2  0.914 m  1 m  We can use   a.  60 miles to kilometers              Solution:  The undesired unit is yards, and the desired unit is meters; so we need 

 or            .

1 yd.      1.094 yd.

100 yd. 0.914 m version relations are ap- Note Because both con-

 100 yd. ⬇          #           = 91.4 m or          1 1 yd. proximations, using either 

 

 100 yd. ⬇          #            =        m = 91.4 m     approximation of the origi-1 100 yd. produces a result that is an  1 m  100

1.094 yd.    1.094                 nal measurement. There-

b.  fore, 100 yd. ⬇ 91.4 m.  5 kilometers to miles

The equal signs that appear 

Solution:  The undesired unit is kilometers, and the  in the conversion steps 

desired unit is miles; so we need a conversion factor indicate that a result is with miles in the numerator and kilometers in the  equal to only the previous 

0.621 mi. expression, not the original  1 mi.

denominator. We can use           or          .       measurement. 1 km 1.609 km

 

 5 km ⬇ 5 km 0.621 mi. #                                    ⬇ 3.1 mi. or

1     1 km

 5 km ⬇ 5 km    1 mi.       5 #                                    =     mi. ⬇ 3.1 mi.

1    1.609 km    1.609

Do Your Turn 1

 

If we do not know a direct relation from the initial unit to the desired unit, we se-

a. ⬇ Answers to Your Turn 1 lect a known relation to a unit that is close to the desired unit in the target system, 

96.54 km                     then convert from that unit to the desired unit.

b. ⬇ 137.8  ft.

c. 24.13 cm

Answers to Warm-up

1.     1 13  or 13.3 2. 2.75 L

3
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Example 2 Convert.

Your Turn 2

a. 0.3 mile to meters

Convert.

Solution:  The relations that we have relate miles to kilometers; so we will con-        a.  412 feet to decimeters

 

vert miles to kilometers and then use the metric unit table to convert kilometers          0.5 meter to inches b. to meters. c.  20 hectometers to yards

0.3 mi. ⬇ 0.3 mi. 1.609 km #                                    =

0.4827 km

1      1 mi.

On the metric table of units, meter is the third unit to the right of kilometer; so 

we move the decimal point 3 places to the right in 0.4827.

0.4827 km = 482.7 m   Note Because we used 1.609 km ⬇ 1 mi. 

initially, this result is an approximation; 

so 0.3 mi. ⬇ 482.7 m.

b. 64 millimeters to inches

Solution:  The only relation we have to inches is 1 inch = 2.54 centimeters. To 

use this relation, we need the initial unit to be in centimeters. Therefore, we first 

convert 64 millimeters to centimeters.

On the metric table of units, centimeter is one unit to the left of millimeter; so 

we move the decimal point 1 place to the left in 64.

64 mm = 6.4 cm

Now we can use the fact that 1 inch = 2.54 cm.

 

6.4 cm = 6.4 cm    1 in.      6.4 #                                = in. ⬇ 2.52 in.

1    2.54 cm    2.54

Do Your Turn 2

 

Objective 2 Convert units of capacity.

Although the units and numbers    American to metric Metric to American change, the method for converting 

units of capacity does not change.           1 qt. ⬇ 0.946 L        1 L ⬇ 1.057 qt.

 

Example 3 Convert.                                                    Your Turn 3

a.                                                                                                              Convert. 2 gallons to liters

 a.  6 quarts to liters

Solution:  The relations that we have relate quarts to liters. Because the ini-

b.  30 gallons to liters

tial unit is gallons, we must convert gallons to quarts using the fact that 

4 quarts  c.  60 milliliters to ounces  =  1 gallon. We can then use the fact that 0.946 liter  ⬇  1 quart.

d.  20 cubic centimeters to 

2 gal.   4 qt.   0.946 L                  imation 0.946 L ⬇ Note Because we used the approx-           ounces

2 gal. ⬇        #       #          = 7.568 L               1 qt., the result 1 1 gal. 1 qt. is an approximation of the original 

 measurement;  so  2 gal. ⬇ 7.568 L.

b. 40 milliliters to ounces

Solution:  The relations that we have relate quarts to liters. Because the initial          Answers to Your Turn 2

 

unit is milliliters, we must first convert milliliters to liters. Because liter is three       a. ⬇ 1255.78 dm units to the left of milliliter, we move the decimal point 3 places to the left. b. ⬇ 19.7 in.

40 ml                                           c. ⬇ = 2188 yd. 0.04 L
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Note  We can now use the fact that 1.057 quarts ⬇ 1 liter. However, our target unit is  Because milliliters and cubic  ounces; so we’ll need to convert quarts to ounces.  centimeters are the same size, we 

 

as in Example 3b to convert cubic                      0.04 L ⬇         #           #       #       #        ⬇ 1.35 oz. 1 would follow the same procedure                               0.04 L 1.057 qt. 2 pt.   2 c.   8 oz. 1 L     1 qt. 1 pt.   1 c.

centimeters to ounces.

Do Your Turn 3

 

Objective 3 Convert units of mass/weight.

The primary conversion relations    American to metric   Metric to American

that link American weight to metric       1 lb. ⬇ 0.454 kg       1 kg ⬇ 2.2 lb.

mass are shown to the right.

1 T ⬇ 0.907 t           1 t ⬇ 1.1 T

 

Your Turn 4                       Example 4    Convert.

Convert.                           a. 180 pounds to kilograms a. 50 pounds to kilograms

Solution:  We have a direct relation of pounds to kilograms: 

 b.  4.2 metric tons to                    1 pound ⬇ 0.454 kilogram.

American tons

 

c.                                                                                         180 lb. 0.454 kg  40 ounces to grams 180 lb. ⬇ # = 81.72 kg 1 1 lb.

1

b. 6  tons to metric tons

2

Solution: We have a direct relation of American tons to metric tons: 1 American ton ⬇ 0.907 metric ton.

1

6   T

6   T ⬇ 1       2    0.907 t #                            ⬇ 5.9 t

2        1     1 T

c. 250 grams to ounces

Solution:  The relations that we have relate kilograms to pounds. Because the ini-tial unit is grams, we must first convert grams to kilograms. Because kilogram is three units to the left of gram, we move the decimal point 3 places to the left.

250 g = 0.25 kg

We can now use the fact that 1 kilogram ⬇ 2.2 pounds. However, our target unit is ounces; so we must convert pounds to ounces.

 

0.25 kg     0.25 kg 2.2 lb. 16 oz.               Note Remember, there are 16 ⬇ # # = 8.8 oz. 1 1 kg 1 lb. ounces (oz.) in 1 pound (lb.).

Do Your Turn 4

 

Objective 4 Convert units of temperature.

Temperature is a measure of the heat of a substance. In the American system, 

temperature is measured in degrees Fahrenheit 1 F2. In the metric system, tem-Answers to Your Turn 3                perature is measured in degrees Celsius 1C2. To relate the two systems, we need a. ⬇ 5.676 L b. ⬇ 113.52 L two reference points. For simplicity, we will use the freezing point and the boiling 

c. ⬇ 2.03 oz. d. ⬇ 0.676 oz.        point of water.

Answers to Your Turn 4

a. ⬇ 22.7 kg

b. ⬇ 4.62 T

c. ⬇ 1135 g
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212 F                         100 C ° °        Boiling point of water

On the Fahrenheit                               On the Celsius scale, s c a l e ,   t h e   b o i l i n g                                                           the boiling point p o i n t   o f   w a t e r   i s                                                          of water is 100 C. 212 F and the free-                                a n d   t h e   f re e z i n g zing point is 32F. The                                       point is  0C . The difference between                                difference between these two points is                                             these two points is 212 F-32F = 180F.         Freezing point of water          100C-0C= 100C.

32 F                        0 C ° °

 

Notice that a change of 180F is the same as a change of 100C. We can write this relation as a ratio, which we can use to convert between the two temperature scales.

 

degrees Fahrenheit S 180F    9F to = degrees Celsius S 100 C 5 C

Let’s try using our ratio to convert 100C to degrees Fahrenheit. We should get 212F.

 

 100   100C 9F          But 180F isn’t correct. We should C = # = 180 F get 212 F. 1 5 C

The reason multiplying by 9 alone does not produce the correct temperature is 

5

because the two scales do not have the same reference point for 0. The Fahrenheit scale is shifted by 32F. Therefore, to convert degrees Celsius to degrees Fahren-heit, after multiplying by 9, we need to add 32 F. 

5

 

 100       100 C 9F C = # + 32F 1 5 C

= 180F + 32F

= 212F

We can write a formula to perform this conversion. To convert from degrees  Celsius to degrees Fahrenheit, multiply degrees Celsius by 9, then add 32.

5

 

Conclusion: F = 9

C + 32

5

 

Example 5 Convert 45C to degrees Fahrenheit.                                Your Turn 5

Solution:  Because the desired unit is degrees Fahrenheit, we use the formula          Convert.

F   9 =C   32. 5    +                                                                                         a. 60C to degrees Fahrenheit

 

F =   1452        Replace  with 45. + 32 C                              Fahrenheit 5 9                                                      b. 120.5C to degrees 

9                                                                                  c. 20C to degrees Fahrenheit

F = 9 45 a b + 32 Divide out the common factor, 5.                  d. -5C to degrees Fahrenheit

5 1 1

F = 81 + 32      Multiply.

F = 113F        Add.

Do Your Turn 5

 

Answers to Your Turn 5

a.  140 F b. 248.9F c. 68F d. 23F
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Now let’s convert degrees Fahrenheit to degrees Celsius. To derive a formula, 

let’s convert 86F to degrees Celsius using F = 9C F  5  +  32. We will replace  with 

86 and then solve for C. Note the order of operations as we solve.

 

86 = 9 C + 32  Replace F with 86.

5

 86 = 9 C + 32

5

-32            Subtract 32 from both sides.-32

 54 = 9C + 0

5

6       1   1

5 54    5 9                          5 # = #        C            Multiply both sides by 9 to isolate C.

9 1    9 5 1           1   1

 30C = C

In the solution, we subtracted 32 from 86 to get 54 and then multiplied that difference 

by 5. This suggests that to convert degrees Fahrenheit to degrees Celsius, we subtract 

9

32 from the given degrees Fahrenheit and then multiply that difference by 5.

9

Conclusion:      5 C = F 9     -32 12

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            

Note The parentheses are needed so that the subtraction  occurs   before the multiplication.

 

Your Turn 6                       Example 6    Convert 80F to degrees Celsius.

Convert.                           Solution:  Because the desired unit is degrees Celsius, we use the formula  a. 77 F to degrees Celsius            C = 5 9 1F-322.

 

b. 40.1F to degrees Celsius                           5 C = 180-322        Replace F with 80. c.-28 F to degrees Celsius 9

 

d.  0F to degrees Celsius                              5 C = 1482            Subtract. 9

16

C = 5 48 a b          Divide out the common factor, 3.

9 1 3

C =   2 26 C, or 26.6C Multiply.

3

Answers to Your Turn 6

a.                                               Do Your Turn 6  25 C b. 4.5 C

c.-33.3C d.-17.7C

 

7.5             For Exercises

Extra

Help

 

Objectives 1–3

Prep Exercise 1                                                         Prep Exercise 2 What conversion fact correctly  completes What conversion fact correctly completes the following dimensional analysis?                          the following dimensional analysis?

9 in. *        = ?                                                            ? 22.86 cm                                      2.5 kg *       ⬇ 5.5 lb. 

1 in.                                                                       1 kg
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For Exercises 1–28, convert.

 1. A football field measures 100 yards. Convert the          2. A circular table has a diameter of 44 inches. Convert 

length of the field to meters.                                   the diameter to centimeters. 

 3.                                                                   3 A marathon is 26.2 miles. Convert to kilometers.  4. A mechanic uses a @inch wrench. Convert to milli-

4

meters. 

 5.                 3 A carpenter uses a inch drill bit. Convert to             6. @ A family builds a 4-foot fence. Convert to 

8

 millimeters.                                                            centimeters. 

 7. An athlete prepares for the 400-meter dash. Convert      8. A swimmer prepares for the 100-meter freestyle. 

to yards.                                                         Convert to feet. 

 9. A sign in Germany indicates that it is 40 kilometers to     10. A sign in France indicates that road construction is 

Berlin. Convert to miles.                                       0.4 kilometer ahead. Convert to feet. 

 11. An oceanographer measures a fish to be 45 centime-      12. The width of a pencil is about 7 millimeters. What is 

ters long. What is the length in inches?                        the width in inches? 

 13. How many liters are in a 16-ounce bottle of soda?         14. How many milliliters are in an 8-ounce can of soda? 

 

 15.                          1 A recipe calls for 2 cups of milk. Convert to                    How many liters are in a half-gallon of milk?  16. 

2

milliliters. 

 17. How many gallons are in a 3-liter cola?                    18. How many ounces are in a 2-liter cola? 

 19. The instructions on a pain reliever for children indi-      20. A child is to receive 40 milliliters of liquid medicine. 

cate to give the child 20 milliliters. How many ounces        How many ounces is this? is this? 

 21. A woman weighs 135 pounds. How many kilograms     22. A man weighs 168 pounds. How many kilograms is 

is this?                                                                  this? 

 23. How many grams is a 12-ounce steak?                   24. How many grams is a 2.5-ounce serving of rice? 

 

 25. A pill contains 500 milligrams of medicine. How          26. A pill contains 300 milligrams of aspirin. How many 

many ounces is this?                                        ounces is this? 

 27. A person from Russia claims that her mass is 55 kilo-     28. A person from Japan claims to have a mass of 68 kilo-

grams. What is her weight in pounds?                      grams. What is his weight in pounds? 

Objective 4

 Prep Exercise 3 What is the formula for converting degrees    Prep Exercise 4 What is the formula for converting degrees Celsius to degrees Fahrenheit?                              Fahrenheit to degrees Celsius?

 

For Exercises 29–40, convert.

 

 29.  4             30. 9 Temperatures on the moon can reach 127 C. C at noon.  Temperatures in the Sahara desert can reach 54  What is this in degrees Fahrenheit?  What is this in degrees Fahrenheit? 

 31. On a cold day in December, the temperature               32. The lowest temperatures on the moon can reach 

is reported to be 6 C. What is this in degrees                   -173C just before dawn. What is this in degrees Fahrenheit?                                                  Fahrenheit? 

 33. Absolute zero is the temperature at which                Of Interest

perature is  Absolute zero refers to 0 on the Kelvin scale. The Kelvin  - molecular energy is at a minimum. This tem-

273.15C. What is this in degrees 

Fahrenheit?  scale is what most scientists use to measure temperatures. 

 34. Liquid oxygen boils at a temperature of -182.96 Increments on the Kelvin scale are equivalent to incre-

C.  ments on the Celsius scale; so an increase or decrease of 

What is this in degrees Fahrenheit?  1 Kelvin (K) is the same as an increase or a decrease of  

1 degree Celsius.
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 35. Normal body temperature is 98.6 F. What is normal      36. A recipe calls for the oven to be preheated to 350F. 

body temperature in degrees Celsius?                       What is this temperature in degrees Celsius? 

 37. On a hot summer day, the temperature is reported to      38. During the summer, it is suggested to keep the ther-

be 102F. What is this in degrees Celsius?                     mostat at 78F. What is this in degrees Celsius? 

 39. During January, the temperature is reported to be         40. At the South Pole, the temperature can get down to 

-5F. What is this in degrees Celsius?                        -40F. What is this in degrees Celsius? 

[image: ]

 

Puzzle Problem A common unit of antiquity was the cubit, which was the length of 

[image: ]

the forearm from the tip of the middle finger to the elbow. In the Biblical story of 

[image: ]

Noah’s ark, the ark was to be built 300 cubits long, 50 cubits wide, and 30 cubits 

[image: ]

high. If the cubit was about 1.5 feet in length, what were the dimensions of the 

[image: ]

ark in feet? Yards? Meters? 

[image: ]

 

Review Exercises

[image: ]

For Exercises 1 and 2, evaluate.

[image: ]

[6.4] 1. 896 , 3200                                          [6.5] 2. 190 + 110 + 842 , 2400 

[image: ]

1    2        3

[image: ]

[5.7] 3. Combine like terms. -x +   y-x-   y

[image: ]

3    5        4

For Exercises 4 and 5, solve and check.

 

[5.8] 4. 2 1                                                              m    8 t + 12 = 5t                                        [7.2] 5.       =

20.4    15
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7.6 Applications and Problem Solving

 

Warm-up                                                          Objectives

[7.1] 1.  A family has a total debt of $14,880 and a gross monthly income of             1 Use debt-to-income ratios 

$62,000. Find the family’s debt-to-income ratio as a unit ratio. to decide loan qualification.

 [7.5] 2. Convert 175 pounds to kilograms.                                             2 Calculate the maximum 

monthly PITI payment that 

Objective 1 Use debt-to-income ratios to decide loan qualification. meets the front-end ratio 

In Section 7.1, we considered ratios of debt to income. Lenders consider debt-to- qualification for a loan.

income ratios to determine whether an applicant qualifies for a loan. The two ra-  3 Calculate the maximum 

tios commonly used are the  debt that meets the back- front-end ratio  and the  back-end ratio.

end ratio qualification for a 

Definitions                                                                       loan. Front-end ratio: The ratio of the total monthly house payment to gross monthly income.                                                           4 Calculate medical dosages.

Back-end ratio: The ratio of the total monthly debt payments to gross monthly income.

 

The total monthly house payment includes the principal and interest for the mort-gage, property taxes, and homeowners insurance premiums. It is usually referred to as the PITI payment.

Suppose a family with a gross monthly income of $4000 is trying to qualify for a loan. If it were to get the loan, the monthly PITI payment would be approximately $1000.

 

front @              1000 end ratio = =

0.25

4000

Because the general guideline for lenders on a conventional loan is for the front-end ratio not to be greater than 0.28, this family would meet the qualification for the front-end ratio.

Now let’s consider the back-end ratio. The total monthly debt includes the monthly PITI payment, minimum payments for all credit cards, all auto loan pay-ments, and student loan payments. Sometimes student loans and car loans are not considered if they are to be paid off within a certain time frame. Suppose the fam-ily has the following monthly debts:

 monthly PITI payment = $1000

 credit card 1 minimum payment = $50

 credit card 2 minimum payment = $40

 car loan = $253

 student loan = $104

total monthly debt $1447

Now we can calculate the back-end ratio.

 

back@            1447 end ratio = =

0.36175

4000

The general guideline for lenders on a conventional loan is that the back-end ratio should not be greater than 0.36. This family’s back-end ratio is just slightly greater than the maximum allowed value for the back-end ratio.

In summary, the front-end ratio for this family tells us that it has enough income to make the monthly PITI payment, but the back-end ratio indicates that it has a 

bit too much total debt.                                                                Answers to Warm-up
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These two ratios are only part of what lenders consider in deciding whether a per-

son qualifies for a loan or mortgage. Two other factors considered are credit score 

and the type of loan.

Credit scores are calculated by national credit bureaus. Generally, lenders will re-

quest credit reports from several different bureaus. For example, it is common to 

request three reports and use the median of the three scores in the decision pro-

cess. Credit scores range from about 450 up to 900. A score of 650 is generally con-

sidered acceptable, greater than 650 is good, and less than 650 is considered risky.

 

Of Interest

Following are some factors, in order of importance, that impact a credit score.

1.  Payment history or unresolved collections (Nonpayment and late payment 

have a negative impact.)

2.  Excessive lines of credit (More than three different lines of credit has a negative 

impact.)

3.  Balances (A balance at or near the maximum has a negative impact.)

The type of loan affects the factors considered as well. For example, with VA (Vet-

eran Affairs) loans, the front-end ratio and credit score are not considered. The 

back-end ratio can be up to 0.41. Of course, the primary qualification with a VA 

loan is that the applicant must be a veteran. With an FHA (Federal Housing Au-

thority) loan, the credit score is not considered. The front-end ratio can be up to 

0.29 and back-end ratio up to 0.41.

 

Table 7.1  Factors for loan qualification

Conventional   VA     FHA

Your Turn 1                      1. Front-end ratio should not exceed   0.28            N/A   0.29

Use Table 7.1 to solve.                 2. Back-end ratio should not exceed    0.36             0.41     0.41

a.  The Cicone family is trying        3. Credit score should be              650 or higher    N/A    N/A

to qualify for a conventional 

loan. The gross monthly in-

come is $2870. If the family  The Jones family is trying to qualify for a conventional loan.  Example 1 

gets the loan, the monthly  Its gross monthly income is $4200. If it gets the loan, the monthly PITI payment 

PITI payment will be ap- will be approximately $985. The total monthly debt, excluding the PITI pay-

proximately $897. The total        ment, is $535. The credit score is 720. Does the family qualify?

monthly debt, excluding the 

monthly PITI payment, is         Understand  We are to decide whether the Jones family qualifies for the loan. 

$223. The family has a credit  Because the family is applying for a conventional loan, we must consider the 

score of 700. Does the family       front-end ratio, back-end ratio, and credit score.

qualify?                          Plan 1.  Calculate the front-end ratio. The front-end ratio should not exceed 0.28.

 

 b.  The Mathias family is trying to qualify for an FHA loan.                                               monthly PITI payment Front

Its gross monthly income                                  @end ratio = gross monthly income

is $2580. If the family gets                2.  Calculate the back-end ratio. The back-end ratio should not exceed 0.36.

the loan, the monthly PITI 

payment will be approxi-                                          total monthly debt payments Back@ end ratio =

mately $710. The family has                                             gross monthly income

the following monthly debt 

payments: 3.  Consider the credit score. The credit score should be 650 or higher.

 

The family’s credit score is  student loan credit card 1                                                     985              Note The total monthly debt = $25 Execute  front @ end ratio = ⬇ 0.235 4200 payment is found by adding the  car loan 1 = $265 monthly PITI payment to the cur-1520 = $78 back @ end ratio = ⬇ 0.362 rent monthly debt. 4200 = 985 + 535 1520 credit score = 720 750. Does the family qualify?

7.6  Applications and Problem Solving      511

 

Answer  The back-end ratio is just slightly greater than 0.36. However, the Jones 

family has a good credit score at 720. The good credit score should be taken into 

consideration to offset the 0.362 back-end ratio. The family would most likely 

qualify for the loan.

Check  Verify the ratio calculations by reversing the process. This will be left to 

the reader.

Do Your Turn 1

 

Objective 2  Calculate the maximum monthly PITI payment that meets 

the front-end ratio qualification for a loan.

When buying a home, it is helpful to consider the maximum monthly PITI pay-ment for which you can qualify. Knowing that maximum monthly payment will help you set a price limit on the homes you consider.

 

Example 2 Suppose a family has a gross monthly income of $3000. What is         Your Turn 2

the maximum monthly PITI payment that would meet the front-end ratio quali- Suppose a person has a gross 

fication for a conventional loan? monthly income of $1680. What 

Understand  is the maximum monthly PITI  We are to calculate the maximum monthly PITI payment that 

would meet the front-end ratio qualification for a conventional loan. The gen- payment that would meet the 

eral guideline is that the front-end ratio should not exceed 0.28. The front-end  front-end ratio qualification for 

ratio is calculated as follows:                                                            a FHA loan?

 

Front@             monthly PITI payment end ratio =

gross monthly income

Plan Let p represent the monthly PITI payment. Replace each part of the front-

end ratio formula with appropriate values and solve for p.

 

Execute          0.28 =   p

3000

3000 0.28      p    3000 #                    =

#                        Multiply both sides by 3000 to isolate p.

1    1     3000   1

840 = p

Answer  The maximum PITI payment that would meet the front-end ratio quali-

fication for a conventional loan with a gross monthly income of $3000 is $840.

Check Verify that the front-end ratio with a monthly PITI payment of $840 and 

gross monthly income of $3000 is in fact 0.28.

 

Front@             840 end ratio = = 0.28

3000

Do Your Turn 2

Answers to Your Turn 1

 

Objective 3                                                               a.  front@end = 0.313;  Calculate the maximum debt that meets the back-end ratio back @ end = 0.39; the family qualification for a loan. does not qualify. In addition to finding the maximum monthly PITI payment to qualify with the     b. front@end = 0.275; front-end ratio, it also is helpful to calculate the maximum debt you can have yet  back@end = 0.418; although 

still satisfy the back-end ratio qualification. the back-end ratio is just 

slightly greater than the re-

quired 0.41, the other factors 

warrant qualification.

Answer to Your Turn 2

$487.20
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Your Turn 3                       Example 3    Suppose a family has a gross monthly income of $3200. What is

Suppose a family has a gross  the maximum debt that would meet the back-end ratio qualification for an FHA loan?

 

monthly income of $2350.  We are to calculate the maximum debt that would meet the back- Understand  What is the maximum debt that  end ratio qualification for an FHA loan. The general guideline is that the back- would meet the back-end ratio  end ratio should not exceed 0.41. The back-end ratio is calculated as follows:  qualification for a VA loan?

Back@            total monthly debt payments end ratio =

gross monthly income

Plan Let d represent the total monthly debt. Replace each part of the back-end ratio formula with appropriate values and solve for d.

 

Execute          0.41 =   d

3200

3200 0.41      d    3200 # = #

1    1     3200   1

1312 = d

Answer  The maximum monthly debt that would meet the back-end ratio quali-fication for an FHA loan with a gross monthly income of $3200 is $1312.

Check Verify that the back-end ratio with a total monthly debt of $1312 and gross monthly income of $3200 is in fact 0.41.

 

Back @            1312 end ratio = = 0.41

3200

Do Your Turn 3

 

Objective 4 Calculate medical dosages.

We can use dimensional analysis to determine appropriate medical dosages. Re-

call that the main idea is to note the initial unit and the desired unit. Then you 

multiply by appropriate unit fractions so that the undesired unit divides out, 

leaving the desired unit.

 

Your Turn 4                       Example 4    A patient with a mass of 42 kilograms is to receive an antibiotic.

A patient with a mass of 68 kilo- The order is to administer 20 milligrams per kilogram. How much of the antibi-

grams is to receive isoniazid, an       otic should be given?

antitubercular drug. The order        Understand The order of 20 milligrams per kilogram means that the patient is to administer 10 milligrams  should receive 20 milligrams of the antibiotic for every 1 kilogram of the pa-

per kilogram. How much iso-        tient’s mass.

niazid should be given?

Plan  Multiply the patient’s mass by the dosage per unit mass.

Execute total dose = patient>s mass # dosage per unit of mass

 

total dose = 42 kg 20 mg #                           = 840 mg

1    1 kg

Answer  The patient should receive 840 milligrams of the antibiotic.

Check  Verify that a 42-kilogram patient receiving 840 milligrams of antibiotic receives 20 milligrams of antibiotic per kilogram of mass.

 

Answer to Your Turn 3                                                             20 mg = 840 mg>kg

$963.50                                                           42 kg

Do Your Turn 4

Answer to Your Turn 4

680 mg
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Many medications are administered in intravenous (IV) solutions. A regulator is used to regulate the number of drops of the solution the patient receives over a period of time (usually 1 minute). Medical orders are usually not written in terms of the number of drops per minute; so for the regulator to be set properly, they must be converted to number of drops per minute.

 

Example 5 A patient is to receive 500 milliliters of 5% D/W solution IV over       Your Turn 5

4 hours. The label on the IV bag indicates that 10 drops dissipate 1 milliliter of  A patient is to receive 250 cubic 

the solution. How many drops should the patient receive each minute? centimeters of 5% D/W solution 

Understand  IV over 4 hours. The label on the  The order is for 500 milliliters over 4 hours. With this particular 

IV, 10 drops of the solution is equal to 1 milliliter. We can write these rates as  IV bag indicates that 15 drops 

follows: dissipate 1 cubic centimeter of 

the solution. How many drops 

 

500 ml         10 drops                              should the patient receive each   and  4 hr. 1 ml minute?

We want to end up with the number of drops per minute; so milliliters and 

hours are undesired units. We need to convert hours to minutes and milliliters 

to drops.

Plan Use the fact that 1 hour is 60 minutes to convert hours to minutes and that 

10 drops is 1 ml to convert milliliters to drops.

 

Execute          #           #          =               = 20.83 drops > 500 ml 10 drops   1 hr.     5000 drops

min.

4 hr.      1 ml     60 min     240 min.

Answer The patient should receive about 20 to 21 drops per minute.

Check Verify that a rate of 21 drops per minute with every 10 drops equal to 1 

milliliter is a total of 500 milliliters after 4 hours.

 

4 hr.   60 min. 21 drops 1 #                              #                                   =    5040 drops 1 hr. 1 min.

If the patient receives 5040 drops in 4 hours and every 10 drops is 1 milliliter, 

we can calculate the total number of milliliters the patient receives.

 

5040 drops    1 ml      5040 #                                   = ml = 504 ml

1      10 drops     10

Because we rounded the number of drops to a whole number, this result does 

not match 500 milliliters exactly. However, it is reasonable.                           Answer to Your Turn 5

15 to 16 drops per min.

Do Your Turn 5

 

PORTFOLIO

 

7.6             For Exercises

Extra

Help

 

Objective 1

 Prep Exercise 1 What is a front-end ratio?                         Prep Exercise 2 What is a back-end ratio?

 

 Prep Exercise 3 What is the PITI payment?
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For Exercises 1–16, use the table to solve.

Factors for loan qualification

Conventional   VA     FHA

1. Front-end ratio should not exceed    0.28             N/A    0.29

2. Back-end ratio should not exceed    0.36             0.41     0.41

3. Credit score should be               650 or higher    N/A    N/A

 

 1. The Wu family is trying to qualify for a conventional      2. The Deas family is trying to qualify for a conven-

loan. Its gross monthly income is $3850. If the fam- tional loan. Its gross monthly income is $3240.  

ily gets the loan, the monthly PITI payment will be  If the family gets the loan, the monthly PITI pay-

approximately $845. The family’s monthly debt,  ment will be approximately $925. The total monthly 

excluding the monthly PITI payment, is $435. The            debt, excluding the monthly PITI payment, is  

family has a credit score of 700. Does the Wu family  $495. The credit score is 680. Does the Deas family 

qualify?                                                        qualify? 

 

 3. The Rivers family is trying to qualify for a VA loan.       4. The Santana family is trying to qualify for a VA loan. 

The gross monthly income is $2845. If the family gets  The gross monthly income is $4200. If the family gets 

the loan, the monthly PITI payment will be approxi- the loan, the monthly PITI payment will be approxi-

mately $756. The credit score is 660. The family has  mately $987. The credit score is 650. The family has 

the following monthly debt payments:                     the following monthly debt payments:

 credit card 1 = $30                                            credit card 1 = $35

 credit card 2 = $45                                            credit card 2 = $85

 car loan 1 = $279                                             car loan 1 = $305

 student loan = $93                                             car loan 2 = $289

Does the Rivers family qualify?                                 Does the Santana family qualify? 

 

 5. The Bishop family is trying to qualify for an FHA         6. The Nicks family is trying to qualify for an FHA loan. 

loan. The gross monthly income is $2530. If the fam- The gross monthly income is $2760. If the family gets 

ily gets the loan, the monthly PITI payment will be  the loan, the monthly PITI payment will be approxi-

approximately $785. The family has the following  mately $805. The family has the following monthly 

monthly debt payments:                                 debt payments:

 credit card 1 = $40                                            credit card 1 = $25

 car loan = $249                                          credit card 2 = $35

 student loan = $65                                             car loan 1 = $279

The credit score is 700. Does the Bishop family qualify? The credit score is 650. Does the Nicks family qualify? 

 

Objective 2

 7. Suppose a family has a gross monthly income of          8. Suppose a family has a gross monthly income of 

$4800. What is the maximum monthly PITI payment  $2980. What is the maximum monthly PITI payment 

that would meet the front-end ratio qualification for  that would meet the front-end ratio qualification for 

a conventional loan?                                         a conventional loan? 

 9. Suppose a person has a gross monthly income of          10. Suppose a person has a gross monthly income of 

$1840. What is the maximum monthly PITI payment  $1580. What is the maximum monthly PITI payment 

that would meet the front-end ratio qualification for  that would meet the front-end ratio qualification for 

an FHA loan?                                           an FHA loan? 
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Objective 3

 11. Suppose a family has a gross monthly income of $3480.      12. Suppose a family has a gross monthly income of $2240. 

What is the maximum debt that would meet the back- What is the maximum debt that would meet the back-

end ratio qualification for a conventional loan?                  end ratio qualification for a conventional loan? 

 13. Suppose a family has a gross monthly income of           14. Suppose a family has a gross monthly income of 

$1675. What is the maximum debt that would meet the  $2110. What is the maximum debt that would meet the 

back-end ratio qualification for a VA loan?                     back-end ratio qualification for a VA loan? 

 15. Suppose a family has a gross monthly income of           16. Suppose a family has a gross monthly income of 

$2375. What is the maximum debt that would meet the  $2680. What is the maximum debt that would meet the 

back-end ratio qualification for an FHA loan?                 back-end ratio qualification for an FHA loan? 

Objective 4

 Prep Exercise 4 Identify the mistake in the following calculation for an IV drip rate.

 

300 ml     1 hr.        1 ml *        *          0.0625 drops = >min.

4 hr.      60 min.    20 drops

 

For Exercises 17–24, use dimensional analysis.

 17. A patient with a mass of 55 kilograms is to receive an      18. A patient with a mass of 81 kilograms is to receive 

antibiotic. The order is to administer 9.5 milligrams  1.4 milligrams per kilogram of metroprolol tartrate 

per kilogram. How much of the antibiotic should be  (an antihypertensive drug). How much of the drug 

given?                                                     should the patient receive? 

 19. A patient weighing 132 pounds is to receive 0.04 mil-     20. A patient weighing 165 pounds is to receive 7.2 mil-

ligram per kilogram of clonazepam (an anticonvul- ligrams per kilogram of azithromycin. If each capsule 

sant drug). If each tablet contains 0.5 milligram, how  contains 300 milligrams, how many capsules should 

many tablets should the patient receive?                     the patient receive? 

 21. A patient is to receive 250 milliliters of 5% D/W solu-     22. A patient is to receive 500 milliliters of 5% D/W solu-

tion IV over 6 hours. The label on the box of the IV  tion IV over 2 hours. The label on the box of the IV 

indicates that 15 drops dissipate 1 milliliter of the  indicates that 15 drops dissipate 1 milliliter of the 

solution. How many drops should the patient receive  solution. How many drops should the patient receive 

each minute?                                             each minute? 

 23. 500 milliliters of 5% D/W solution IV contains 20,000     24. 500 milliliters of 5% D/W solution IV contains 20 

units of heparin. If the patient receives 10 milliliters  units of pitocin. If the patient receives 0.002 unit per 

per hour, how many units is the patient receiving  minute, how many milliliters is she receiving in an 

each hour?                                                 hour? 

 

Review Exercises

[7.1] 1. Simplify the ratio 0.14 to 0.5. 

[7.1] 2. What is the probability of randomly selecting a King or a Jack from a 

shuffled standard deck of cards? 

[7.1] 3. A 16-ounce bottle of apple juice costs $2.29. What is the unit price in 

dollars per ounce? 

[7.3] 4. Convert 75 feet to yards. 

[7.4] 5. Convert 8.5 grams to milligrams. 
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Chapter 7  Summary and Review Exercises

Learning Strategies

Spread out study time. Don’t do it all the night before because you retain more when you study the same material over several sessions.

—Sindhu P.

Set goals for how much you will complete in a specific time frame. After complet-ing that goal, reward yourself with a break and do something fun.

—Cara S.

 

7.1 Ratios

Definitions/Rules/Procedures Key Example(s)

 

A ratio is a comparison between two quantities using  A roof has a vertical rise of 8 inches for every 13 inches 

a(n)           .                                                    of horizontal length. What is the ratio of vertical rise to 

horizontal length?

For two quantities, a and b, the ratio of a to b is 

 

.                                                                                                      8 Answer: 13

 

To simplify a ratio of two fractions or mixed numbers,                     1                 1 A recipe calls for  cup of flour to 2  cups of milk. Write 2 4 the fractions or mixed numbers. the ratio of flour to milk in simplest form.

To eliminate decimals in a ratio, multiply the numera-                           1

tor and denominator by                         as de-

termined by the decimal number with the most decimal                             = 2    1     1

places.                                                                               1    2     4 2 , 2 

4

= 1   9

2 , 4

2

= 1 4 #

2 9 1

= 2

9

A small plastic tube has a diameter of 0.08 centimeter 

and a length of 12.5 centimeters. What is the ratio of 

length to diameter?

 

0.08 =        =     = 0.08 1 12.5    12.5 1100 2    1250    625 100 2     8      4

 

For Exercises 1 and 2, write each ratio in simplest form.

[7.1] 1. A company has 32 male employees and 22            [7.1] 2. The shortest side on a right triangle measures 

female employees. Write the ratio of female to  2.5 inches. The hypotenuse measures 10.8 inches. 

male employees.  Write the ratio of the length of the shortest side 

to the length of the hypotenuse. 
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Definitions/Rules/Procedures                          Key Example(s)  

 

The theoretical probability of equally likely outcomes In simplest form write the probability of drawing a red 

is the ratio of the number of            outcomes to the       10 from a standard deck of cards.

total number of           outcomes.

There are two red 10s in a standard deck of 52 cards.

To determine a probability:

P = 2    1 =

1.   Write the number of            outcomes in the                                        52    26

numerator.

2.   Write the total number of            outcomes in the 

denominator.

3. Simplify.

 

[7.1] For Exercises 3 and 4, determine the probability. Write each probability in simplest form.

3. What is the probability of randomly selecting a             4. What is the probability of rolling a 1 or a 2 on a 

Queen or a King from a shuffled standard deck of             six-sided  die? cards? 

 

Definitions/Rules/Procedures                           Key Example(s)  

 

A unit ratio is a ratio in which the denominator is      .     A college has 12,495 students and 525 faculty members. 

Write the unit ratio of students to faculty members.

To write a ratio as a unit ratio, divide 

.                                                                                                          12,495 = 23.8

525

 

[7.1] For Exercises 5 and 6, find the unit ratio.

5. A college has 4500 students and 275 faculty. Write a        6. The price for each share of stock for a communica-

unit ratio of students to faculty.                                                                5 tions company closed at 12 . The annual per share 

8

earning for the stock was $1.78. Calculate the price-

to-earnings ratio. 

 

Definitions/Rules/Procedures                           Key Example(s)  

 

A rate is a ratio comparing two           measurements.    A 17.6-ounce container of yogurt costs $4.89. Find the 

unit price in cents per ounce. Round to the nearest tenth 

A unit rate is a rate in which the              is 1.             of a cent per ounce.

To write a rate as a unit rate, 

Solution:

. Because the units are different, leave the 

units in fraction form.                                        $4.89 = 1100.24.89 = 489. Convert dollars to cents.

 

A                                                             489 .                     p unit price is a unit rate relating . u = In u , replace p with 17.6 oz. q If q units of a product have a total price of p , the unit 489 . and q with 17.6 ounces.

price is found by the formula                                    u u = = 27.8 . . >ounce          Divide.

 

[7.1] For Exercises 7–10, solve.

7. Sekema drove 210.6 miles in 3 hours. What was her        8. A phone call lasting 28 minutes costs $2.52. What is 

average rate in miles per hour?                                the unit price in cents per minute? 

9. A 32-ounce bag of sugar costs $1.44. What is the unit      10. A 64-ounce bottle of juice costs $2.49. What is the 

price in cents per ounce?                                       unit price in cents per ounce? 
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[7.1] For Exercises 11 and 12, determine which is the better buy.

11. $0.55 for a 24-ounce cup of cola                            12. two 12-ounce cans of store-brand frozen juice for $2.58

or                                                              or

$0.79 for a 32-ounce cup of cola  four 8-ounce cans of name-brand frozen juice for $3.90

 

7.2 Proportions

Definitions/Rules/Procedures                           Key Example(s)  

 

A proportion is an equation in the form           ,          Determine whether the ratios are proportional.

where b ⬆ 0 and d ⬆ 0.                                         9.6 # 8 = 76.8 6.4 # 12 = 76.8

 

are equal.                                                                                 6.4 When two ratios are proportional, their                                            8      12 9.6

In math language, if    = a    c , where b ⬆ 0 and d ⬆

0,  Because the cross products are equal, the ratios are 

.             b    d                              proportional.

 

[7.2] For Exercises 13 and 14, determine whether the ratios are proportional.

 

13.    5    7                                              3    0.75 14.      

9    12                                              7.2    1.8

 

Definitions/Rules/Procedures                           Key Example(s)  

 

To solve a proportion using cross products:                      2.8    m Solve.      =

1.  Find the cross products.                                            9    15-

2.                                                .                                          15 12.82 = 42               -9 # m =-9m

3.  Solve the resulting equation.                                                       2.8     m =

-9   15

 42 =-9m

 42     -9m =-9    -9

-4.6 = m

 

[7.2] For Exercises 15 and 16, solve.

1

3 

15.       1.8      k                                                       2      4 16.     =

-5    12.5                                            m    15

 

Definitions/Rules/Procedures                           Key Example(s)  

 

To translate an application problem to a proportion ,  A garden plan shows 30 plants covering 96 square feet. 

write two ratios set equal to each other so that the in- How many plants would be needed to cover a garden 

formation from the problem pairs both                     area that is 140 square feet?

(straight across) and                (up and down).

30 plants    n plants =

Similar figures are figures with the same shape,                                        2             2 96 ft. 140 ft.

corresponding angles, and               side lengths.                                  4200 = 96n
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Definitions/Rules/Procedures                          Key Example(s)

 

4200    96n =

96     96

 43.75 = n

Answer: Only whole plants can be purchased; so the larger garden would require about 44 plants.

 

[7.2]                                                                                                 1 17.  The instructions on the back of a can of wood [7.2] 18.  On a map,  inch represents 20 miles. Suppose 

4

sealant indicate that 3.78 liters will cover about                                1 two cities are 3  inches apart on the map. How 

2

25 square meters of mildly porous wood. If the                far apart are the two cities in miles? can contains 4.52 liters of sealant, how many 

square meters of mildly porous wood will it 

cover? 

[7.2] For Exercises 19 and 20, find the unknown length in the similar figures.

19.

6.9 cm

d              4.6 cm

2.4 cm

 

4.8 cm                              3.2 cm

 

20.                9 ft.

a

 

4 1                                    1 ft. 4 ft.         3

2                                    2           3 ft. 8                               b

 

7 ft.                                                   c

 

7.3 American Measurement; Time

Definitions/Rules/Procedures                          Key Example(s)  

 

A conversion factor is a(n)                used to con-       Convert.

vert from one unit of measurement to another by 

a. 4.5 feet to inches

multiplication.

To convert units using dimensional analysis , multiply                  4.5 ft. = 4.5 ft.   12 in. #                        =

the given measurement by conversion factors so that                                1    1 ft.     54 in.

the undesired units               , leaving the desired        b. 72 square feet to square yards

 

units.                                                                                       2        2 72 ft. 1 yd.     72 2 72 ft. = # =     2 yd. Note: If an undesired unit is in a numerator, that unit 2 1 9 ft. 9 should appear in the  of a conversion = 2 8 yd. factor.

If an undesired unit is in a denominator, that unit            c. 20 cups to quarts

 

factor.                                                                                                              qt. 1 should appear in the               of a conversion                               20 c. 1 pt. 1 qt.     20 20 c. = #                    #                     = 2 c.   2 pt.      4

Capacity is a measure of the amount a container        .                                         = 5 qt.

Weight is a measure of the downward         due to 

gravity.
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Definitions/Rules/Procedures                          Key Example(s)

 

Complete the table.                                      d. 0.4 ton to pounds

 

Conversion fact                                           0.4 T 2000 lb. 0.4 T = #                                = 800 lb.

1     1 T

1 ft. =           in. 

Length                                       e. 3960 minutes to days

1 yd. =         ft. 

1 mi.                                                                             #                              # = 3960 min. = 3960 min.    1 hr.

ft.                                                                                 1          60 min.

1 c. =          fl. oz.                                             1d.       3960 = d. =

1 pt.                                                             24 hr.    1440 c.         2.75 d.

=

Capacity

1 qt. =          pt. 

1 gal. =          qt. 

1 lb. =          oz. 

Weight

1 T =         lb. 

1 min. =         sec. 

1 hr. =         min. 

Time

1 day =        hr. 

1 yr. =          days 

 

[7.3] For Exercises 21–30, use dimensional analysis to convert.

21. 12 yards to inches                                           22. 9152 yards to miles 

23. 40 ounces to pounds                                     24. 4800 pounds to tons 

25. 6 quarts to ounces                                          26. 49.6 pints to gallons 

27. 1 2  hours to minutes                                         28. 4 years to days 

4

29. A room that is 14 feet wide by 15.5 feet long is to be       30. A meteor streaks through Earth’s upper atmosphere 

carpeted. Calculate the area of the room in square  at a speed of 116,160 feet per second. Calculate the 

yards.                                                         speed in miles per hour. 

 

7.4 Metric Measurement

Definitions/Rules/Procedures                           Key Example(s)  

 

A base unit is a(n)          unit; other units are named       Convert.

relative to it.

a. 2.8 meters to centimeters

In the metric system, the base unit for length is the 

Because centimeter is the second unit to the right of 

, the base unit for capacity is the          , and 

 meter in the table, we move the decimal point 2 places to 

the base unit for mass is the         .

the right in 2.8.

To convert units in the metric system:                                          2.8 m = 280 cm

1.   Using the table of metric units, count the number of 

units from the undesired unit to the desired unit and     b. 0.085 liter to milliliters

note the direction (right or left). Because milliliter is the third unit to the right of liter in 

the table, we move the decimal point 3 places to the right 

hecto-   deka-   base unit   deci-          milli-       in 0.085.

(k)       (h)      (da)       (m)       (d)      (c)     (m)                                 0.085 L = 85 ml
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Definitions/Rules/Procedures                          Key Example(s)

 

2.   Move the decimal point the same number of             c. 97,500 decigrams to kilograms

and in the same direction as determined in step 1. Because kilogram is the fourth unit to the left of deci-

Memory tip: gram in the table, we move the decimal point 4 places to 

the left in 97,500.

King Hector’s Data Base Decidedly Centralized Millions

Mass                                                      97,500 dg = 9.75 kg is a measure of the amount of  that makes 

up an object.                                                 d. 0.005 square centimeter to square millimeter

Additional Relations Square millimeter is one unit to the right of square cen-

 ml         , or 1 cc 3 timeter. Moving the decimal point twice that number of  =

1 cm

places means that we move it 2 places to the right in 0.005.

1 t =          kg                                                                         2 0.005 cm =         2 0.5 mm

To convert metric units of area, move the decimal point 

 the number of places as units from the initial 

area unit to the desired area unit on the table of units.

 

[7.4] For Exercises 31–36, convert.

31. 5 meters to decimeters                                     32. 375 millimeters to meters 

33. 0.26 kilogram to grams                                    34. 950,000 grams to metric tons 

35. 285 deciliters to liters                                           36. 0.075 liter to cubic centimeters 

 

7.5 Converting between Systems; Temperature

Definitions/Rules/Procedures                           Key Example(s)  

 

Complete the table.                                      Convert.

a. 50 yards to meters

American to metric     Metric to American

 

Length    1 in.                                                                                       50 yd. 0.914 m _____ = cm 1 m ⬇ _____ ft. 50 yd. ⬇ # = 45.7 m 1 1 yd. 1 yd. ⬇ _____ m 1 m ⬇ _____ yd.

1 mi.                                                  b. 3 liters to pints km ⬇ _____ 1 km ⬇ _____ mi.

 

Capacity                                                                       3 L 1.057 qt. 2 pt. 1 qt. ⬇ _____ L 1 L ⬇ _____ qt. 3 L ⬇ # # 1 1 L 1 qt. 1 lb. ⬇ _____ kg 1 kg ⬇ _____ lb. Mass = 6.342 qt. 1 T ⬇ _____ t 1 t ⬇ _____ T

c. 192 ounces to kilograms

To convert degrees Fahrenheit to degrees Celsius, use 

the following formula:                                                          192 oz.   1 lb.   0.454 kg 192 oz. ⬇ #                        #

C =                                     =   1    16 oz.    1 lb. 5.448 kg

To convert degrees Celsius to degrees Fahrenheit, use 

the following formula:

F =

 

[7.5] For Exercises 37–42, convert.

37. 20 feet to meters                                              38. 12 miles to kilometers 

39. 145 pounds to kilograms                                 40. 3 liters to gallons 

41. 90F to degrees Celsius                                    42. -4C to degrees Fahrenheit 522   Chapter 7  Ratios, Proportions, and Measurement

 

7.6 Applications and Problem Solving

Definitions/Rules/Procedures                           Key Example(s)  

 

A front-end-ratio is the ratio of the total monthly house  The Jackson family is trying to qualify for an FHA loan. 

payment to                      .                        The gross monthly income is $3600. If approved, the 

monthly PITI payment will be about $950. The total 

A back-end-ratio is the ratio of the total monthly 

monthly debt, excluding the PITI payment, is $480. The 

 to gross monthly income.

credit score is 640. Does the family qualify?

Factors for loan qualification

Solution:  This is an FHA loan; so only the front-end and 

Conventional                        back-end ratios apply. VA FHA

Front-end ratio                                                                                   950 Front@ end ratio =   ⬇ 0.264

should not exceed       0.28             N/A   0.29                                    3600

 

should not exceed 0.397  0.36  Back-end ratio                                                                                 950 + 480     1430 Back@ end ratio = = ⬇

0.41    0.41                                          3600        3600

Credit score should be   650 or higher    N/A   N/A

Both ratios are less than the required values; so the 

 Jackson family qualifies for the loan.

 

[7.6] For Exercises 43–48, solve.

43. A patient is to receive 450 milliliters of NS (normal saline) IV in 6 hours. If 

the IV dissipates 1 milliliter every 10 drops, what is the drip rate in drops per 

minute? 

44. A patient is to receive an antibiotic. The patient has a mass of 32 kilograms. 

The order for the antibiotic is 2.9 milligrams per kilogram. How much should 

the patient receive? 

45. A family applying for a loan has a gross monthly income of $3450. If the 

monthly PITI payment will be $978, what is the ratio of monthly PITI pay-

ment to gross monthly income (front-end ratio)? 

46. A family has the following monthly debts:

 monthly PITI = $565

 credit card = $45

 car loan = $225

 student loan = $125

If the gross monthly income is $2420, what is the ratio of monthly debt to 

gross monthly income (back-end ratio)? 

47. A family with a gross monthly income of $1970 is applying for an FHA loan. 

To qualify, the front-end ratio must not exceed 0.29. What is the maximum 

monthly PITI payment the family can have and qualify for the loan? 

48. A family with a gross monthly income of $4200 is applying for a VA loan. 

To qualify, the back-end ratio must not exceed 0.41. What is the maximum 

monthly debt the family can have and qualify for the loan? 
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[7.1]     1. A computer screen is 9.5 inches wide by 13 inches high. Write the ratio         1. _____________________

of the width to the height in simplest form.

 

[7.1]     2. Dianne has 22 entries in a random-drawing contest that has 4578 total          2. _____________________

entries. What is the probability that Dianne will win? Write the prob-ability in simplest form.

 

[7.1]     3. What is the probability of rolling a 9 or a 10 on a die that has 10 sides?          3. _____________________

Write the probability in simplest form.

 

[7.1]     4. A college has 3850 students and 125 faculty. Write a unit ratio of stu-            4. _____________________

dents to faculty.

 

[7.1]     5. Laurence drove 158.6 miles in 2.25 hours. What was his average rate in         5. _____________________

miles per hour?

 

[7.1]     6. A 15-ounce can of mixed vegetables costs $0.65. What is the unit price          6. _____________________

in cents per ounce?

 

[7.1]     7. Determine the better buy: $1.19 for a 20-ounce can of pineapple or              7. _____________________

$0.79 for an 8-ounce can of pineapple?

 

[7.2]     8. Solve.        =-6.5     n

 8. _____________________

12     10.8

 

[7.2]     9. Find the unknown length in the similar figures.                                 9. _____________________

 

8.5 cm

5.6 cm

11.9 cm

a

 

6.5 cm

 

9.1 cm

 

[7.2]  10. A company charges $49 to install 20 square feet of hardwood floor.             10. ______________________

How much would it charge to install the same floor in a 210-square-foot room?

 

[7.2]                       1                                                                  1 11. On a map,  inch represents 50 miles. Suppose two cities are 4 inches            11.  _____________________

4                                                                  2

apart on the map. How far apart are the two cities in miles?




524   Chapter 7  Ratios, Proportions, and Measurement

 

[7.3] For Exercises 12–16, convert using dimensional analysis.

 

 12.  _____________________               12. 14 feet to inches

 

 13.  _____________________               13. 20 pounds to ounces

 

 14.  _____________________               14. 36 pints to gallons

 

 15.  _____________________               15. 150 minutes to hours

 

 16.  _____________________        [7.3] 16. A room that is 20 feet long by 12.5 feet wide is to be carpeted. Calculate 

the area of the room in square yards.

 

For Exercises 17–23, convert.

 

 17. a.  ___________________         [7.4]  17. a.  0.058 meter to centimeters

b.  ___________________                      b.  420 meters to kilometers

 

 18. a.  ___________________         [7.4]  18. a.  24 grams to kilograms

b.  ___________________                      b.  0.091 metric ton to grams

 

 19. a.  ___________________         [7.4]  19. a.  280 square centimeters to square meters

b.  ___________________                      b.  0.8 square meter to square decimeters

 

 20. a.  ___________________         [7.4]  20. a.  6.5 deciliters to liters

b.  ___________________                      b.  0.8 liter to cubic centimeters

 

 21.  _____________________        [7.5]  21. 75 feet to meters

 

 22.  _____________________        [7.5]  22. 30F to degrees Celsius

 

 23.  _____________________        [7.5]  23. -12C to degrees Fahrenheit

 

 24.  _____________________        [7.6]  24. A family has the following monthly debts:

 monthly PITI = $714

 credit card 1 = $128 credit card 2 = $78

 car payment 1 = $295 car payment 2 = $324

  If the gross monthly income is $3420, what is the ratio of monthly debt 

to gross monthly income (back-end ratio)?

 

 25.  _____________________        [7.6]  25. A patient is to receive 750 milliliters of NS IV in 8 hours. If the IV dis-

sipates 1 milliliter every 10 drops, what is the drip rate in drops per minute?
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Chapters 1–7 Cumulative Review Exercises

 

For Exercises 1–4, answer true or false.

 

[1.3, 3.4]       2                                                                          4 6 12 1. 5 # 5 = 5 [5.4] 2. x = 12 is a linear equation. 9

[6.3]                 6                   5 3. -2.4 * 10 7 -2.4 * 10                              [6.4] 4. 25 is a rational number. 

For Exercises 5 and 6, fill in the blank.

[2.4] 5. The product of two negative numbers is a(n)           number.

[5.8] 6. To clear fractions from an equation, we can use the multiplication 

principle of equality and multiply both sides by the           of the denominators.

[3.5] 7. Find the prime factorization of 2400. 

2

[5.1] 8. Graph -3 on a number line.

3

[5.5]                            2 9. Find the LCM of 8 k and 10k. 

[6.3] 10. Write 914,000,000 in scientific notation. 

For Exercises 11–16, simplify.

 

[2.5] 11. 3                                                                        2       1 10-31 724-16 3 , 2 1 7 + 324 [5.4] 12. 5   , a-2 b

3       6

1    3                                             45

[5.6] 13. 10   -4                                               [5.4] 14. 2    5                                            A 5

 

[6.5]         2                                                     4 15. a 8 b1-3.6 2 [6.3] 16. 1-0.3 2 3

 

[6.5]                1    2 17. Evaluate mv when m = 38 and v = 0.4. 2

[6.2]                        3          2                   3 18. Subtract. 1 12.4 y-8.2 y + 9 2-4.1 1 y + y-1.22

 

[5.7] 19. Multiply. a 2                                                   2    5 3 9 xy a-1 b a a-7 b [5.3] 20. Simplify.      #      6

3        4                                        20y 12x

For Exercises 21–24, solve and check.

 

[5.8] 21.    x-5 = 3         1                                         10.2    -12.5 x + 3 [7.2] 22. =

4         5                                          b      20

[7.3] 23. Convert 12.5 miles to feet.                             [7.4] 24. Convert 0.48 kilogram to grams. 

For Exercises 25–30, solve.

[1.6] 25. Find the volume. 

 

12 m

 

2 m

4 m
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[3.7] 26. Write an expression in simplest form for the area of the following 

parallelogram. 

 

y     9

 

y     5

[4.5]  27. The width of a rectangle is 3 less than the length. If the perimeter is 

50 meters, find the length and width. 

[5.7] 28. Find the area.

101 ft.

2

 

6 ft.

 

3 1 ft.

4

[6.5] 29. The following graph shows a company’s quarterly revenue for one year. 

Find the mean, median, and mode quarterly revenue.

TCN, Inc.

Quarterly Revenue

10

8.4

8

6.2

6

4.6

4                    3.1

2

0

Revenue (in millions $)

1st Qtr         2nd Qtr        3rd Qtr        4th Qtr

 

[7.1] 30. Determine the better buy: 16 ounces of beans for $0.49 or 28 ounces of 

beans for $1.19? 
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8.2 Solving Basic Percent 
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In Chapter 8, we will learn about a special type of ratio called a 
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Sentences
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percent. We will begin the chapter by converting fractions and 
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decimals to percent notation and vice versa. We will also use  8.3 Solving Percent Problems 
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what we have learned about solving equations and propor-          (Portions) tions to solve problems involving percents. 8.4 Solving Problems Involving 
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Percent of Increase or 
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Decrease
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8.5 Solving Problems Involving 

Interest
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8.1 Introduction to Percent

 

Objectives                    Warm-up

 

 1                                               3 Write a percent as a fraction [6.4] 1. Write  as a decimal number. 8 or a decimal number.

 2                                 [6.4] 2. Divide. 4.8 Write a fraction or a decimal , 100

number as a percent.

 3 Draw circle graphs.              Objective 1 Write a percent as a fraction or a decimal number.

Think about the word percent. It is a compound word made from the prefix per,

which means “for each” or “divide,” and the suffix cent, coming from the Latin 

word centum, which means 100. Therefore, percent means for each 100 or divide 

by 100.

Definition Percent: A ratio representing some part out of 100.

 

The symbol for percent is %. For example, 20% is read twenty percent and means 

“20 out of 100.” The shaded region in the figure to the left represents 20% because 

20 out of the 100 squares are shaded. A percent can also be written as a fraction or 

decimal number.

 

 20,          Tu =

20 out of 100   Note u Using the definition of percent, we 

 

20% of the                        20             can replace the percent sign with out of u = T 100 or per 100 , which translates to a frac-figure 100 tion with a denominator of 100.

= 1 or 0.2

5

 

Procedure

To write n% as a fraction or a decimal number:

n

 1. Write n% as     .

100

  2.  Simplify to the desired form.

 

First, let’s consider writing percents as fractions in lowest terms.

 

Example 1 Write each percent as a fraction in lowest terms. Note Recall 

a. 12% 5 that to sim- from Chapter 

Solution: 12 plify a fraction,  3  12, =    =    Write 12 over 100; then simplify. we divide the 

Note  numerator and  In Section 7.1, we learned to  100    25

clear decimals in a ratio by multi- b. 20.5% denominator by 

 

plying the numerator and denom- their GCF. In this  20.5  case, the GCF of  inator by an appropriate power of  Solution:  20.5  ,  =  Write 20.5 over 100.  100  12 and 100 is 4.  10, as determined by the decimal 

number with the greatest number                                        Clear the decimal by multiplying the 20.5 1 10 2                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                numerator and denominator by 10.

of decimal places. In this case, 20.5                            = 100 1102

has the most decimal places. To 

clear 1 place, we multiply by 10.                                205 =        Multiply.

1000

Answers to Warm-up                                              Simplify to lowest terms.

= 41

1.                                                                         200 0.375 2. 0.048
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c. 30 , 1                                                                  Your Turn 1

4

Write each percent as a fraction 

1                                                    in lowest terms.

Solution:    1       4               1                                      a. 48% 30 30

4, =      Write 30 over 100. 4 100                          b. 6.25%

=   1                                                         1 30   , 100 Write the complex fraction in division form.           c. 10 ,

4                                                         3

 

= 121   1      Write an equivalent multiplication with improper #                               fractions.

4   100

= 121

Multiply.

400

Do Your Turn 1

 

Now let’s consider writing percents as decimal numbers. Because a percent trans-lates to a ratio with a denominator of 100, we will be dividing by 100, which causes a decimal point to move 2 places to the left. If the percent contains a mixed number or fraction, we will write the mixed number or fraction as a decimal num-ber before dividing by 100.

 

Example 2 Write each percent as a decimal number.                             Your Turn 2

a.  Write each percent as a decimal  92%

number.

Solution: 92,    92           Write 92 over 100; then divide, which causes the = = 0.92                                                          a. 14% decimal point to move 2 places to the left.

100

 b. 250%

b. 125%                                                                        c. 1.7% 

 

Solution:            125                                                              1 d.  125 , = = 1.25    Write 125 over 100; then divide. 83, 4 100

c. 9.2%

 

Solution: 9.2 ,    9.2 = =

0.092 Write 9.2 over 100; then divide.

100

 

d. 21 , 2

3

Solution:

2       2 21

 21             3                  2 , = Write 21                                Note 3 over 100.                        Remember, to 

3     100                                  write a fraction as a 

 

= 21.6                                        decimal number, we 2 Write 21 as a decimal number. 3 divide the denomina-100 tor into the numerator. = 0.216 Divide by 100.

Do Your Turn 2

 

Objective 2 Write a fraction or a decimal number as a percent.

We have seen that 20,    20     1                                                                Answers to Your Turn 1 = = =

100     5     0.2. Note that to write a percent as a fraction 

or as a decimal number, we divide by 100. To reverse this process, we multiply by     a. 12      1      31 b.        c. 

100 and attach a percent sign.                                                            25     16     300

Answers to Your Turn 2

a. 0.14 b. 2.5 c. 0.017 d. 0.8325 530   Chapter 8  Percents

 

Procedure

To write a fraction or a decimal number as a percent:

  1.  Multiply by 100%.

 2. Simplify.

 

First, we consider writing fractions as percents.

 

Your Turn 3                       Example 3    Write each fraction as a percent.

Write each fraction as a percent.          1

 a. 3                            a. 2

5                                           50

5                           Solution:    = 1    1 100 #              ,

 b.                                                                2      2    1 1        Multiply by 100%.

16                                       = 50,

 

 c.                                                  5 9 b. 8 4                                               Simplify.

25

 

Connection                             5    5 100 Notice that Solution: = #,       Multiply by 100%. 8 8 1 100 2 100 , = = 1. Therefore,  100 125 = , Simplify. when we multiply a number 2

 

by 100%, we are multiplying                        1 62 by 1, which is why the result-=,, or 62.5, 2 ing percent is equal to the 

given number.                       2

c. 

3

 

Solution:         # 2    2 100 =,       Multiply by 100%.

3    3   1

= 200,      Simplify.

3

=   2 66 ,, or 66.6,

3

Do Your Turn 3

 

Now let’s consider writing decimal numbers as percents. Multiplying a decimal 

number by 100 causes the decimal point to move 2 places to the right.

 

Example 4 Write each decimal number as a percent.

a. 0.7

Solution: 0.7 = Multiply by 100%, which causes the deci- 1  0.721  100 ,  2  =  70,

mal point to move 2 places to the right.

b. 0.018

Solution: 0.018 = 10.01821100 ,2 = 1.8, Multiply by 100%.

Answers to Your Turn 3                  c. 2

a. 60% 1                           Solution:  2 = 12 21100, 2

b. 31 , or 31.25% 4                                           = 200, Multiply by 100%.

c. 44 , 4 or 44.4,

9

8.1  Introduction to Percent    531

 

d. 0.25                                                                                        Your Turn 4

Solution: 0.25 = 10.2521100,2 = 25.25, Multiply by 100%. Write each decimal number as a  

Note                                                                    percent. Remember, the repeat bar means that the decimal digits beneath it repeat without end; so 0.25                                              a. 0.49 = 0.252525 c .

 b. 0.883

Do Your Turn 4                                                                      c. 1.5

 d. 0.13

Objective 3 Draw circle graphs.

 

Example 5 The results of a state reading comprehension assessment show         Your Turn 5

that at a particular elementary school, 24% of the students read below grade  In a survey, 42% of the people 

level, 58% read on grade level, and 18% read above grade level. Draw a circle  rated a product as excellent, 

graph that represents the results of the test. 34% rated it good, 14% rated it 

 

Solution: fair, and 10% rated it poor. Draw   Notice that 24  ,  +  58  ,  +  18  ,  =  100  ,  ; so the three percents together  a circle graph that represents the  form the whole circle graph. We will draw wedges to represent each percent. In a  results of the survey.  circle, lightly draw 10 equal-size wedges so that each wedge represents 10%.

 

0%

90%            10%

 

80%                    20%    The wedge for 24% goes from 0% (straight 

24%    up) to a point on the circle 4 tick marks past 

70%                          20%. Shade this wedge. 30%

 

60%            40%

50%

 

90%

24%

82%          Below grade           The wedge representing 58% is 

80%

level                 added to the wedge for 24%. Because 

24, + 58, = 82,, the wedge represent-

70%                          ing 58% extends from 24% to 82%. Draw a 30%

radius line to the second tick mark past 80% 

and shade this wedge a different color.

60%             40%

50%

 

Answers to Your Turn 4

18%                                                        a. 49% b. 88.3%

grade level                                                                                      c. 150%    d. 13.13 , Above      24%

Below grade

level                 Because 82% of the circle has been shaded        Answers to Your Turn 5

so far, the remaining wedge must represent 

 

On grade level 58%               18% 1100,-82, = 18,2. Shade it in a                Poor third color. 10%

Fair

14%      Excellent

42%

Do Your Turn 5                                                                               Good

34%

532   Chapter 8  Percents

 

8.1             For Exercises

Extra

Help

 

Learning Strategy

Whether or not homework is assigned, I always go through the text and do as many exercises that have answers available as possible. Having the answers is very impor-tant for me because I like to practice but am doubtful of my work until I know I have the correct answer.

—Deanna C.

 

Objective 1

Prep Exercise 1 A percent is a ratio representing some part     Prep Exercise 2 To write n% as a fraction or decimal number:

out of               .                                              1. Write n% as             .

2.  Simplify to the desired form. 

For Exercises 1–12, write each percent as a fraction in lowest terms.

 1. 20%                     2. 30%                     3. 15%                     4. 85% 

 

 5. 12.4%                    6. 14.8%                    7. 3.75%                    8. 1.25% 

 

 9. 45 , 1                        1                         1                        2 10. 65 , 11. 33 , 12. 66 ,

2                        4                         3                        3

For Exercises 13–24, write each percent as a decimal number.

 13. 75%                         14. 58%                         15. 135%                        16. 210% 

 17. 12.9%                        18. 11.6%                        19. 1.65%                        20. 100.5% 

 

 21. 53 , 2                        3                         1                        2 22. 70 , 23. 16 , 24. 6 ,

5                        4                         6                        3

Objective 2

Prep Exercise 3 To write a fraction or decimal number as a percent:

1. Multiply by             .

 2. Simplify.

For Exercises 25–36, write each fraction as a percent.

1                        3                         2                        1

 25.                                      26.                                      27.                                      28. 

4                        4                         5                        5

3                        7                         1                        5

 29.                                      30.                                      31.                                      32. 

8                        8                         6                        6

1                        1                         4                         5

 33.                                      34.                                      35.                                      36. 

3                        9                         9                        11

For Exercises 37–52, write each decimal number as a percent.

 37. 0.96                             38. 0.42                            39. 0.8                              40. 0.6 

 41. 0.09                             42. 0.01                            43. 1.2                              44. 3.58 

 45. 0.028                          46. 0.065                          47. 0.004                          48. 0.007 

 49. 0.6                               50. 0.3                               51. 1.63                             52. 0.47 
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Objective 3

Prep Exercise 4 To draw a circle graph containing percents that total 100%, start by dividing the circle into                equal-size wedges each representing 

%.

For Exercises 53–56, draw a circle graph showing each percent.

 53. A poll shows that 36% of participants agree with a        54. A company report shows that 67% of the company’s 

proposed bill, 48% disagree, and the rest have no  expenses go to salaries, 23% to facilities, and the rest 

opinion.                                                   to miscellaneous expenses.

 

 55. Students in an English course can earn an A, a B, a C,      56. After listening to a speaker at a conference, partici-

or an F. The following table shows the results of   pants are asked to rate the presentation as excellent, 

a class. good, fair, or poor. The following table shows the 

response.

A 12%

B                                           Excellent    32% 25%

C                                  Good     48% 45%

F                                           Fair         12% 18%

Poor         8%

 

Review Exercises

[6.3] For Exercises 1–3, evaluate.

1. 0.6(24)             2. 0.45(3600)              3. 0.05(76.8) 

[6.4] For Exercises 4 and 5, solve and check.

4. 0.15x = 200 

5. 0.75y = 28.5 

[5.8] 6.  Three-fourths of a number is twenty-four. Find the number. 
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8.2 Solving Basic Percent Sentences

 

Objectives                    Warm-up

 1                                 [6.4] 1. Solve. 0.4n = 25 Identify the unknown 

amount in a basic percent                       p    5.4 [7.2] 2. Solve.       =

sentence.                                   100    12

 2 Solve for the unknown part 

in a basic percent sentence.     Objective 1 Identify the unknown amount in a basic percent sentence.

 3 Solve for the unknown  To solve an application problem involving a percent, it is helpful to reduce the 

whole in a basic percent  problem to a simple percent sentence. Every basic sentence has the following 

sentence.                      structure with three numbers: percent, whole, and part.

 4 Solve for the unknown 

percent in a basic percent                                 A percent of a whole is a part.

sentence. The following table shows how the basic sentence might be written with each 

unknown.

 

A percent     of      a whole      is    a part.

Unknown part:          20%       of        80        is   what number?

Unknown whole:        32%       of   what number   is   12?

Unknown percent:   What percent   of        240        is    60?

 

Phrases around the word is can exchange position; so the basic sentence can also 

be written as follows:

A part is a percent of a whole.    Note To rewrite the basic sentence, the words 

on either side of the word is exchange places.

A percent of a whole is a part.

 

A part is a percent of a whole.

Each question in the table can be rewritten using the alternative form of the 

sentence.

 

A part       is     a percent     of    a whole.

Unknown part      What number   is       20%       of   80?

Unknown whole         12       is       32%      of   what number?

Unknown percent        60        is   what percent   of   240?

 

Notice that no matter how the question is written, the percent is easy to iden-

tify because it has a percent sign or the words what percent are used. The whole 

amount always follows the word of. If you can identify those two pieces, the third 

piece must be the part.

 

Example 1 For each basic percent sentence, identify the unknown amount as the percent, whole, or part.

a. 30% of what number is 64?

Answer: whole

Explanation: The whole amount always follows the word of.

Answers to Warm-up

1. 62.5 2. 45
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b. What number is 30% of 80?                                                      Your Turn 1

Answer: part For each basic percent sentence, 

Explanation: identify the unknown amount    30% has a percent sign; so it is the percent. The number 80 follows 

the word  as the percent, whole, or part.  of  ; so it is the whole amount. Because the percent and whole amount 

are given, the part must be the unknown amount.                                  a. 70% of 40 is what number?

c.   b. 25% of what number is 60?  What percent of 72 is 12?

 c. 6.4 is what percent of 18?

Answer: percent

 d. What number is 5% of 46.5?

Explanation: The words what percent indicate that the percent is unknown.

Do Your Turn 1

 

Objective 2 Solve for the unknown part in a basic percent sentence.

We will learn two methods for solving for an unknown number in a basic percent sentence. To learn how to use both methods, consider the following basic percent sentence:

20%  of    50    is  10.

percent whole part

Method 1: Word-for-word translation to an equation

As we learned in Section 8.1, the percent is a ratio with a denominator of 100; so 

20

20% means     , or 0.2.

100

Because the word of is preceded by the percent, which is a fraction, it translates to multiplication. The word is translates to an equal sign.

 20, of 50 is 10. Note To multiply 20% and 50, 20% must be 

written as a fraction or decimal. Most people             TACTILE      VISUAL

 0.2  Learning Strategy  #  50  =  10   prefer to use the decimal form.

If you are a visual or tactile learner, 

Therefore, multiplying the whole by the percent, written as a fraction or decimal, 

to understand the proportion, 

gives the part.

imagine a container filled with 

Method 2: Proportion liquid. If we divide the container 

into 100 equal-size divisions, 

The percent is a ratio, 20,     20 =

. The part, 10, is a part of the whole 50; so those  the liquid comes to the mark for  

100 20 units. If we divide the con-

 

two numbers form a second ratio, 10              20      10                   tainer into 50 equal-size divisions, . Simplifying  and  to lowest terms 50 100 50 the liquid comes to the mark for shows that they are equal ratios. 10 units. Either way, 1/5 of the 

20     2 # 1   1   1                               1   1                                     container is filled. 2 # 5     1        10     2 #

=                       5     1 = = =

100    2 # 2 # 5 # 5    5          50    2 # 5 # 5    5                             100              50 1 1 1 1 1

20      10

Because      and     are equivalent, we can write the following proportion:

100     50

 

percent e 20    10 d part 100 = 50

d whole                          20          10

As a proportion, the percent, written as a ratio with a denominator of 100, is equal               0              0 to the ratio of the part to the whole.

Answers to Your Turn 1
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The two methods are summarized in the following procedure:

 

Procedure

To translate a basic percent sentence to an equation, use one of the following methods:

Method 1: Write the percent as a fraction or decimal number, of as multiplica-tion, and is as an equal sign.

A percent of a whole is a part.

percent  #  whole  =  part

Method 2: Write a proportion in the following form:

 

 Percent part     Note In the proportion, the per-=

whole   cent is written as a ratio with a 

denominator of 100.

 

As we explore the two methods, think about which method you prefer. You may 

find one method preferable over the other depending on what is unknown in the 

sentence.

 

Example 2 Translate to an equation and solve.

a. 60% of 40 is what number?

Solution:  60% is the percent. Because 40 follows the word of, it is the whole amount. Therefore, the part is unknown. We will use n to represent the unknown part.

Method 1: 60, of 40 is what number?

 0.6 # 40 = n Write 60% as a decimal number, of as ~ ,

is as    , and what number as n. 

 24 = n  Multiply.

Method 2:

 

60% written      60     n d part                       part e = Use percent          . 

as a ratio                       whole 100 40                        whole d

40 # 60 = 2400   100 # n = 100n   Cross multiply.

60     n =

100    40

 2400 = 100n        Equate the cross products.

AUDITORY                                                                                                                2400        100n =                Divide both sides by 100.

Learning Strategy                               100     100

If you are an auditory learner,                           24 = n to remember that the part goes 

b. What number is 110% of 40?

over the whole in the proportion, 

try saying is over of. The part is      Solution:  110% is the percent. Because 40 follows the word of, it is the whole always near the word is, and the      amount. Therefore, the part is unknown.

whole always follows the word of.      Method 1: What number is 110, of 40?

n = 1.1    # 40 Write what number as n, is as , 110% 

as a decimal number, and of as ~.

n = 44          Multiply.
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Method 2:                                                                  Connection 110, =

 

110% written      110     n d part                         part                 100, + 10,. Because e = Use percent . as a ratio 100 40 whole whole d 100 , = 1, 100% of a num-

110 ber means to multiply by 1,  #  40  =  4400    100  #  n  =  100  n  Cross multiply.

which gives the number. So 

110    n =

100    40                                                                 1 number means 100% of 40 is 40. 10% of a 

 4400                                                                                         of the = 100 n Equate the cross products. 10

4400    100n                                               number; so 10% of 40 is 4. =

100 Divide both sides by 100. Therefore, 110% of 40 means  100

 44 = to take all of 40 and add 10% 

n                                               to it; so 40 + 4 = 44. This is 

 

c. What number is 15.2% of 20 ? tiply by the decimal equiva- 3  1 what happens when we mul-

lent of 110%, which is 1.1.

Solution:  15.2% is the percent. Because 20  follows the word of, it is the whole                4.0 3 1

amount. Therefore, the part is unknown.

* 1.1

 

Method 1: 1                                          4.0 d    10, of 40  What number is 15.2  ,  of 20  ?  3  +  40.  d +  100  ,  of 40

 

n = 0.152 # 20      15.2% as a decimal number, and  3 1   Write what number as n, is as ,              44.0 d   110 , of 40

of as . ~

 

n    0.152 61                              1 as an = # Write 0.152 over 1 and 20 3 1 3 improper fraction.         Your Turn 2

 

n 9.272 Translate to an equation and  Multiply.  =  3  solve.

n = 3.0906         Divide.                                a. 30% of 148 is what number?

 b. 120% of 48.5 is what 

Method 2:

number?

 

15% written      15.2      n   d part                         part                                          1 e = Use percent . as a ratio c. What number is 8% of 46 ? 100 1 d whole whole 2 20 3

 

15.2 61    927.2                                 Write the mixed number as a  # = = 309.06  100 # n = 1                                100n     fraction and cross multiply. 3 3

15.2     n =

100    61

3

 309.06 = 100n                   Equate the cross products.

309.06    100n                  Divide both sides by 100. =

100      100

 3.0906 = n

Do Your Turn 2

 

Answers to Your Turn 2

Objective 3 Solve for the unknown whole in a basic percent sentence.

a. 0.3 #              30     n 148 = n;        = ; 44.4

Now let’s translate sentences in which the whole is unknown.                                        100    148

b. 1.2 #              120     n 48.5 = n;       = ; 58.2

100 48.5

c. n = 1 8 n  0.08 # 46 ;       =

; 3.72

2 100 1

46 

2
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Your Turn 3                       Example 3 Translate to an equation and solve.

a. 32% of what number is 12?

Translate to an equation and 

solve.                                  Solution:  32% is the percent. Because what number follows the word of, the whole  a.  amount is unknown. Therefore, 12 must be the part. We will use w to represent  45% of what number is 95.4?

1                          the unknown whole.

 b. 80 is 5% of what number? 4                          Method 1: 32, of what number is 12?

Write 32% as a decimal num-

 

Note For consistency, we will                                                                ber, of as ~ , what number as 0.32   # w = 12 always use w to represent an w , and is as . unknown whole amount. 0.32 w 12 = Divide both sides by 0.32. 0.32 0.32

w = 37.5

Method 2:

 

32% written      32     12 d part                       part e = Use percent        . =

as a ratio                       whole 100 w d                       whole

32 # w = 32w    100 # 12 = 1200   Cross multiply.

32    12 =

100    w

 32w = 1200        Equate the cross products.

32w   1200 =            Divide both sides by 32.

32      32

w = 37.5

1

b. 16  is 2% of what number?

2

Solution:  2% is the percent. Because what number follows the word of, the whole 

1

amount is unknown. Therefore, 16  must be the part.

2

 

Method 1: 16  is  2 , 1 of what number?

2

 

16   = 1              Write is as , 2% as a decimal number, 0.02 #   w    of 

2                as , ~ and what number as w.

16.5                         1 0.02 w

= Write 16 as a decimal number and divide both 

0.02                         2 0.02

sides by 0.02.

 825 = w

Method 2:

1

16

2% written       2        2 d part                          part e = Use percent         . =

as a ratio       100      w     whole                          whole d

2 # w = 2w    100 # 16.5 = 1650 Cross multiply.

Answers to Your Turn 3                                      2     16.5 = a. 0.45w =       45    95.4                           100     w 95.4;       =

100     w                            2w = ; 212

1650 Equate the cross products.

 

b.     1                                           2w    1650 80 = 0.05 w ; =           Divide both sides by 2. 4 2 2 1 80 w = 825 5 4 = ; 1605 Do Your Turn 3 100 w

8.2  Solving Basic Percent Sentences      539

 

Objective 4 Solve for the unknown percent in a basic percent sentence.

Now let’s translate sentences in which the percent is unknown.

 

Example 4 Translate to an equation and solve.

a. What percent of 240 is 60?

Solution: What percent means that the percent is unknown. Because 240 follows 

the word of, it is the whole amount. Therefore, 60 must be the part. In Method 1, 

we will use p for the unknown because the answer will be a decimal number 

and not a percent. In Method 2, we will use P because the result will be the per-

cent value.

Method 1: What percent of 240  is  60?

 

p                Write what percent as p, of as , ~ # 240 = 60 and is as .

Note The result is a                         Simplify. 240 p = 60 decimal number, not  

a percent. To write it          240p     60 =

as a percent, we must                       Divide both sides by 240.

                                                                                                                                                                                                                                                                                                            240    240

multiply it by 100%.             p = 0.25

Answer: 10.2521100,2 = 25, Multiply by 100% to write the result as a percent.

Method 2:

 

P% written       P      60 d part                        part e =

Use  percent             . =

as a ratio                       whole 100 240                         whole d

240 # P = 240P     100 # 60 = 6000 Cross multiply.

P    60 =

100    240

 240P = 6000           Equate the cross products.

240P    6000 =

Divide both sides by 240.

 

240     240 P                                 P Note =

25                In the original proportion,      means 100

Answer: 25, Attach the % sign.     P%. Therefore, if the value of P is 25, all we 

need to do is attach the percent sign.

b. 17.64 is what percent of 84?

Solution: What percent means that the percent is unknown. Because 84 follows 

the word of, it is the whole amount. Therefore, 17.64 must be the part.

Method 1: 17.64 is what percent of 84?

 

17.64 =                     Write is as    , what percent as p, p    #  84    and 

of as . ~

 17.64 = 84p           Simplify.

 

17.64    84p           Divide both sides by 84. = 84 84

 0.21 = p

Answer: 10.2121100,2 = 21,   Multiply by 100% to write the result as a percent.
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Your Turn 4                       Method 2:

 

Translate to an equation and              P% written      P     17.64 d part                         part e = Use percent = . as a ratio 100 84 d whole whole solve.

 a. What percent of 400 is 50?                 84 # P = 84P   100 # 17.64 = 1764  Cross multiply.

 b. 15.37 is what percent of 14.5?                           P     17.64 = c. What percent is 19 out of 40?                         100      84

 d. 32 of 72 is what percent?                               84P = 1764                    Equate the cross products.

84P    1764 =                Divide both sides by 84.

84     84

P = 21

Answer: 21, Attach the % sign.

Note The phrase 15 out of 40 can 

c. What percent is 15 out of 40?   also be written as 15 of 40.

Solution: What percent means that the percent is unknown. Because 40 follows the word of, it is the whole amount. Therefore, 15 must be the part. More specifi-

15

cally, 15 out of 40 translates to the fraction    .

40

Method 1: What percent is 15 out of 40?

 

p    =                           15 40 15    Write what percent as p, is as 

 , and 15 out of 40 as    . 40

p = 0.375   Divide.

Answer: 10.37521100,2 = 37.5,   Multiply by 100% to write the result 

as a percent.

Method 2:

 

P% written       P     15 d part                         part e = Use percent             . =

Answers to Your Turn 4                     as a ratio        100     40    whole                          whole d

a. p # 400 = 50;                                 40 # P = 40P     100 # 15 = 1500  Cross multiply.

 

b. 100 P    50                                   P    15 = ; 12.5% = 400 100 40 = 15.37 p # 14.5; 40 P = 1500              Equate the cross products. P 15.37 = ; 106 , 40 P 1500 100 14.5 = Divide both sides by 40. 40 40 19 P 19 c. p = ; = ; 47.5 , P = 37.5 40 100 40

 

d. 32      32     P                 Answer: 37.5, Attach the % sign. = p ; = ; 44.4 , 72 72 100 Do Your Turn 4 

 

8.2             For Exercises

Extra

Help

 

Objective 1

Prep Exercise 1 Complete the basic percent sentence.

A percent of a(n)               is a(n)               . 

For Exercises 1–12, identify the unknown amount as the percent, part, or whole.

 1.  45% of 30 is what number?                              2.  10% of 80 is what number? 
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 3.  20% of what number is 56?                              4.  15% of what number is 72? 

 5.  What percent of 90 is 15?                                 6.  What percent of 60 is 24? 

 7.  8 is 15% of what number?                              8.  12 is 25% of what number? 

 9.  What number is 6.5% of 84?                            10.  What number is 7.5% of 28? 

 11.  3.6 is what percent of 15?                                    12.  4.8 is what percent of 12? 

Objective 2

Prep Exercise 2  Complete the translation for the following    Prep Exercise 3 When solving for an unknown part in a basic percent sentence. Do not solve. basic percent sentence, why might translating word for 

25, word to an equation be preferable over using the propor-

 of 60 is what number?

tion method? 

Word for word to an equation:         #         =

 

Proportion:      = 100

For Exercises 13–24, translate to an equation and solve.

 13. 40% of 350 is what number?                              14. 60% of 400 is what number? 

 

 15. What number is 15% of 78?                               16. What number is 5% of 44? 

 

 17. 150% of 60 is what number?                              18. What number is 105% of 84? 

 

1                                    3

 19. What number is 16% of 30  ?                             20. 95% of 40 is what number?

2                                    5

 

 21. What number is 6.5% of 22,800?                          22. What number is 3.5% of 24,500?

 

 23. What number is 5 , 1                                     1 of 280?                              24. 10 , of 68 is what number?

2                                     4

 

Objective 3

Prep Exercise 4 Complete the translation for the following basic percent sentence. Do not solve.

40, of what number is 15?

Word for word to an equation:         #         =

 

Proportion:      = 100

For Exercises 25–34, translate to an equation and solve.

 25. 35% of what number is 77?                               26. 70% of what number is 45.5? 

 

 27. 4800 is 40% of what number?                             28. 1950 is 65% of what number?
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 29. 605 is 2.5% of what number?                              30. 645 is 12.9% of what number?

 

 31. 105% of what number is 49.14?                           32. 120% of what number is 101.52?

 

 33. 47.25 is 10 , 1                                                1 of what number?                        34. 2000 is 6 , of what number?

2                                                4

 

Objective 4

Prep Exercise 5  Complete the translation for the following     Prep Exercise 6 When solving for an unknown percent in basic percent sentence. Do not solve. a basic percent sentence, why might translating to a pro-

portion be preferable over using word-for-word transla-

What percent of 24 is 5?

tion to an equation? 

Word for word to an equation:        #         =

 

Proportion:      = 100

For Exercises 35–46, translate to an equation and solve.

 35. What percent of 68 is 17?                                   36. What percent of 120 is 48? 

 

 37. What percent of 75 is 80?                                   38. What percent of 90 is 110?

 

 39. 2.142 is what percent of 35.7?                               40. 25.12 is what percent of 125.6?

 

7                   1                              5                  3

 41. 7      is what percent of 24 ?                                   42. 5  is what percent of 9 ? 

20                    2                               8                   8

 

 43. What percent is 21 out of 60?                              44. What percent is 114 out of 200?

 

 45. What percent is 43 of 65?                                   46. What percent is 29 of 30?

 

For Exercises 47–58, translate to an equation and solve.

 47. 65% of what number is 52?                               48. 90% of what number is 133.2?

 

1                                     1

 49. What number is 15% of 9 ?                               50. 98% of 60  is what number?

2                                     4
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1     1                              1                   5

 51. What percent of 30  is 18 ?                                52. 5     is what percent of 12 ?

3     5                             20                   8

 

 53. What number is 12 , 1                                   1 of 440?                             54. 5 , of 164 is what number?

2                                   4

 

 55. 120% of what number is 65.52?                           56. 110% of what number is 251.35?

 

 57. 16.9% of 2450 is what number?                           58. 14.8% of 160 is what number?

 

 59. 17 of 19 is what percent?                                    60. What percent is 169 of 180? 

 

For Exercises 61–64, explain the mistake, then solve the problem correctly.

 61. What number is 2% of 70?                               62. What percent of 60 is 15?

n = 0.2 # 70                                                  60p = 15

 

n = 14                                              60p   15 60 = 60

p = 0.25 

 

 63. What percent is 8 of 20?                                    64. 5% of what number is 24?

 

P    8                                            5    n = =

20    100                                                  100    24

100P    160                                                 120    100n = =

100     100                                                   100    100

P = 1.6,                                          1.2 = n

 

Review Exercises

For Exercises 1–3, evaluate.

 

[5.3] 1.     # 9 20

[6.3] 2.  0.48(560)                          [6.3] 3. 0.05(24.8) 

16 27

[5.3] 4. 5                                                                               3 of the respondents in a survey disagreed with [5.3] 5.  of the respondents in a survey agreed with a 

8                                                                               4

a given statement. If 400 people were surveyed,                                        4 given statement. Of these,  were female. What 

5

how many disagreed with the given statement? fraction of all respondents were females who 

agreed with the particular statement?
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8.3 Solving Percent Problems (Portions) 

 

Objectives                    Warm-up [8.2] Translate word for word to an equation or a proportion; then solve.

 1                                  1. 45% of 82 is what number? Solve for the part in percent 

problems.                      2. What percent of 20 is 5.4?

 2 Solve for the whole amount 

in percent problems.            Objective 1 Solve for the part in percent problems. 

 3 Calculate the percent. Now that we have seen how to translate basic percent sentences, we can solve 

percent problems that are more complex. Our strategy with these more complex 

problems is to use basic sentences as a guide to translate those problems to an 

equation (word for word or proportion) that we can solve.

The problems in this section will be phrased in terms of whole amounts and por-

tions (parts) of those whole amounts.

 

Procedure

To solve problems involving percents:

  1.  Identify the percent, whole, and part, noting which is unknown.  2.  Write a basic percent sentence (if needed).

  3.  Translate to an equation (word for word or proportion).

  4.  Solve for the unknown.

 

First, we consider problems in which the part is unknown.

 

Your Turn 1                       Example 1    30% of a 400-milliliter solution is acetone. How many milliliters 

Translate to an equation; then          of the solution is acetone?

solve.                                  Solution:  The unknown is the part of the solution that is acetone. We are given Sabrina scored 80% on a test           the percent (30%) and the capacity of the solution (400 ml), which is the whole with 60 total questions. How          amount.

 

correctly?                                 Note When the part    A percent of a whole is a part. is  unknown, using many questions did she answer 

word-  for-word  trans-                                       u

30%  of    400  is what number?

 0.3 lation requires fewer    # 400 = n

steps than the propor- Translate to an equation.

 120 tion method does. = n Multiply.

Answer:  The solution contains 120 ml of acetone.

Do Your Turn 1

 

Salespeople often earn a commission based on sales. The commission can be a 

percent of the total sales amount or a percent of the profit.

 

Definition Commission: The portion of sales earnings that a salesperson receives.

Answer to Your Turn 1

0.8 #               80     n 60 = n or       =                Example 2 

; 48 Carrie earns 15% of total sales in commission. If she sells $2485 

100    60

in merchandise over a two-week period, what is her commission?

Answers to Warm-up 45 Solution:  The unknown is Carrie’s commission, which is the part. We are given  n

1. 0.45 # 82 = n;      =    ; 36.9          her commission rate (15%) and her total sales ($2485), which is the whole. 100 82

2. p #              P    54 20 = 5.4;        =; 27,

100    20
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Her commission is 15 , of her total sales.                                         Your Turn 2

What number is 15 , of   2485?                                     Translate to an equation; then 

n                                                     solve. = 0.15 # 2485 Translate to an equation.

n = 372.75 Multiply. Brin sells scanning equipment.  She earns 20% of the net profit 

Answer:  Carrie’s commission is $372.75. in commission. If the net profit 

Do Your Turn 2 was $16,148, what was her 

commission?

 

Objective 2 Solve for the whole amount in percent problems.

Now let’s consider problems in which the whole amount is unknown.

 

Example 3 Translate to an equation; then solve.                                  Your Turn 3

a.  Tedra sells real estate and receives a commission of $5445.60. If her commis- Translate to an equation; then 

sion rate is 6%, what was the total sale?                                            solve.

Solution: a.  Todd earned 20% commis-   We must find Tedra’s total sale, which is the  whole  . We are given her 

commission rate (6%) and her commission ($5445.60), which is the  sion on the sale of medical  part  .

equipment. If Todd received 

5445.60 is 6 , of the total sale. $3857.79 as a commission, 

5445.60 is 6 what was his total sale?  ,  of what number?

 5445.60 b.  A power amplifier is operat- =  0.06  #  w  Translate to an equation.

ing at 80% of its full power 

5445.60    0.06w =

Divide both sides by 0.06 to isolate w. capability. If its current out-

0.06       0.06                                                                put is 400 W (watts), what is 

 90,760 = w its full power capability?

Answer:  Tedra’s total sale was $90,760.

b.  A reporter states that 456 people in a survey indicated that they believed 

their schools were safe. The reporter went on to say that this was 48% of the respondents. How many respondents were involved in the survey?

Solution:  We must find the total respondents in a survey, which is the whole. We 

are given that 456 people represent 48% of the total respondents.

456 is 48, of the total respondents.

456 is 48, of what number?

 456 = 0.48 # w Translate to an equation.

456    0.48w =

Divide both sides by 0.48 to isolate w.

0.48     0.48

 950 = w

Answer:  950 respondents were involved in the survey.

Do Your Turn 3

Answer to Your Turn 2

Objective 3 Calculate the percent.                                          0.2 #              20 n  16,148 =  n or       =

;

100 16,148

Finally, we will solve problems in which the percent is unknown. Recall that if we     $3229.60

use the proportion method to find the percent, the answer will be in percent form.     Answers to Your Turn 3

a.  3857.79 = 0.2 # w or 

20    3857.79 =; $19,288.95

100      w

b.  400 = 80 400  0.8 # w or       =

; 

100 w

 500 W
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Your Turn 4                       Example 4    Translate to an equation; then solve.

Translate to an equation; then          a.  Latasha answered 52 questions correctly on a test with a total of 60 ques-solve.                                      tions. What percent of the questions did she answer correctly?

 

a.  Out of the 286 students tak-       Solution:  We must find the percent of the questions that Latasha answered cor-ing foreign language at a rectly given that she answered 52 correctly ( part ) out of 60 total questions ( whole). certain school, 234 passed. 

What percent passed?                 What percent is 52 out of 60?

 

b. After four months of con-         P% written       P     52 d number correct 1part2                     part Use struction, 26 floors of the 55 e = percent . as a ratio 100 60 d total questions 1 whole 2 whole floors in a skyscraper are = 60 P 5200  Equate the cross products. complete. What percent re-

mains to be completed?                         60P    5200 =  Divide both sides by 60 to isolate P.               

60     60

P = 86.6

Answer: Latasha answered 86.6 , of the questions correctly. Her score on the test would most likely be rounded to 87%.

b.  A manufacturing plant produces 485 units of its product in one week. If 

three units are found to be defective, what percent of the units produced  are without defect?

Solution:  We must find the percent of the units produced that are without defect given that 3 units are defective (part) out of 485 units produced (whole).

First, we need to find the number of units that are without defect by subtracting the number of defective units from the total number of units.

Number of units produced without defect = 485-3 = 482

What percent is 482 out of 485?

 

as a ratio      e     =                           Use percent =      . 100 485 d total units whole 1 P% written       P     482   d    defect 1 units without part                      part 2 produced whole2

Answers to Your Turn 4                                  485P = 48,200   Equate the cross products.

 

a.       234                                      485P    48,200 P 234 = Divide both sides by 485 to isolate P. p = or = ; 485 485 286 100 286 ⬇ 81.81 P , 99.4

 

b. 29    P     29              Answer:  Approximately 99.4% of the products manufactured in a week are  p  =  or  =  ; 52.72  ,  55  100  55  without defect.

Do Your Turn 4

 

PORTFOLIO

 

8.3             For Exercises

Extra

Help

 

Objective 1

 Prep Exercise 1                                                           Prep Exercise 2 What is the general approach to solving Identify the percent, whole amount, and part.

problems involving percents? 20% of the students in a class received an A on their first test. 

If there are 24 students in the class, how many received an A?

Percent: 

Whole amount: 

Part: 
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For Exercises 1–10, translate to an equation and solve.

 1. 60% of an 800-milliliter mixture is HCl (hydrochloric      2. The label on a bottle of rubbing alcohol indicates that 

acid). How many milliliters of the solution are HCl?          it is 70% isopropyl alcohol. If the bottle contains 473 

milliliters, how many milliliters of isopropyl alcohol 

does it contain?   

 

Of Interest

Here’s a case where 1 + 1 does not equal 2. Measure 1 cup of water and mix with 1 cup of rubbing alcohol. This will not equal exactly 2 cups of liquid. The reason is that the water and alcohol molecules are different sizes and shapes, allowing the molecules to squeeze together so that the total volume is less than 2 cups. The purer the alcohol, the more evident this effect.

 

 3. Sabrina scored 90% on a test with 30 total questions.      4. Willis scored 85% on a test with 40 questions.

a.  How many questions did she answer correctly?          a.  How many questions did he answer correctly?

 

b. What percent did she answer incorrectly?                 b. What percent did he answer incorrectly? c.  How many questions did she answer incorrectly?        c.  How many questions did he answer incorrectly?

 

 5. Wright earns 10% of total sales in commission. If he       6. Kera is a salesperson at a car dealership and earns 

sells $3106 in merchandise over a two-week period,  25% of the profit in commission. If in one month the 

what is his commission? dealership made a profit of $9680 from her sales, how 

much will she receive as commission?

 

 7. Cush sells cars and earns 25% of the profit in com-        8. A writer earns 15% of the publishing company’s net 

mission. In one month, the dealership grossed  profit on the sale of her book in royalties (commis-

$78,950. If the total cost to the company was $62,100,  sion). If the company sells 13,000 copies of the book 

what was Cush’s commission? and makes a profit of $6 on each book, what is the 

writer’s royalty?

 

 9. The following graph shows where the money spent on a gallon of gas went 

in 2009.

2009 

Average Retail 

Price: $2.34     Distribution & 

Marketing 10%

Refining Costs & 

Profits 11%

 

Federal & 

State Taxes 18%

 

Crude Oil 61%

What We Pay For in a Gallon of Regular Grade Gasoline 

(Source: U.S. Energy Information Administration. http://www.eia.doe.gov/oog/info/gdu/

gasdiesel.asp)
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Complete the following table showing how much of the price of a gallon of 

gas goes toward each expense.

Expense               Percent          Equation          Amount spent

Taxes

 

Distribution & Marketing

 

Refining

 

Crude Oil

 

 10. The following graph shows where the money spent on a gallon of gas went in 2010.

What We Pay For in a Gallon of

Regular Gasoline (July 2010)

Retail Price: $2.73/gallon

Taxes 15%

 

Distribution & 

Marketing 10%

 

Refining 9%

 

Crude Oil 66%

  (Source: U.S. Energy Information Administration.  http://www.eia.doe.gov/oog/info/gdu/

gasdiesel.asp)

Complete the following table showing how much of the price of a gallon of 

gas goes toward each expense.

Expense                Percent          Equation         Amount spent

Taxes

 

Distribution & Marketing

 

Refining

 

Crude Oil

 

Objective 2

 Prep Exercise 3 Identify the percent, whole amount, and part.

Gary earns a commission rate of 12%. If he earned $4800 in commission, what were his total sales?

Percent: 

Whole amount: 

Part: 

For Exercises 11–16, translate to an equation and solve.

 11. Rosita sells real estate and receives a commission of       12. Andre earns 20% of the net profit in commission on 

$750. If her commission rate is 6% of the seller’s net,  the sale of cash registers. If he receives $2675.92 as a 

what is the seller’s net? commission, what is the net profit on his sales?
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 13. A basketball team in one game made 42% of the total       14. A football quarterback in one game completes 34% 

number of attempted shots. If the players made a total  of his pass attempts. If he completed 14 passes, how 

of 38 baskets, how many shot attempts did they have         many pass attempts did he have in the game? in the game?

 

 15. A company spends $245,000 on advertising during       16. $5,710,900 of the budget at a school comes from the 

the first quarter of the year. If this represents 49% of  state. If this represents 65% of the school’s total bud-

the company’s advertising budget for the year, what         get, what is the school’s total budget? is the company’s advertising budget for the year?

 

Objective 3

 Prep Exercise 4 Identify the percent, whole amount, and part.

In a survey, 4000 people were asked if they agreed or disagreed with a legislative decision. 2400 agreed with the decision. What percent agreed?

Percent: 

Whole amount: 

Part: 

 17. Hunter answered 48 questions correctly out of a total     18. Corrina answered 41 questions correctly out of a total 

of 54 questions. What percent of the total questions  of 45 questions. What percent of the total questions 

did Hunter answer correctly?                              did she answer correctly?

 

 19. A baseball player has 36 hits in a season where he         20. In one season, a football kicker scores 33 extra points 

was at bat 110 times. What percent of his times at bat  in 35 attempts. What percent of his attempts did he 

did he get a hit?                                                score?

 

Of Interest

In baseball, a player’s batting average is the ratio of the number of hits to the number of times at bat. It is expressed as a decimal number to the nearest thousandth. The batting  average can be expressed as a percent by multiplying by 100. For example, a player with a batting average of 0.345 gets a hit 34.5% (a little more than 1) of the times he goes to bat.

3

 21. Suppose in a 24-hour period a person spends 8 hours     22. If Mozart composed his first music at the age of 4 and 

sleeping, 7 hours working, 1 hour commuting, and   continued composing and performing until he died 

1 hour eating. What percent of the day is left? at the age of 35, what percent of his life was spent 

composing music?

 

Of Interest

Wolfgang Amadeus Mozart (1756–1791) is considered to be one of the greatest classical compos-ers. By the age of 6, he was an accomplished performer and had already composed several pieces of high quality. It is said that he completed his compositions in his head and then merely copied the completed work to paper with few or no corrections. He composed nearly 600 pieces in his lifetime and performed throughout Europe for royalty and common citizens.

 23. According to a report by the Nielsen Company,           24. According to a report by the Nielsen Company, kids 

the average American spends 31.5 hours per week  aged 6–11 watch 28 hours of live television per week. 

watching television. What percent of the week does  What percent of the week do kids aged 6–11 spend 

the average American spend watching television?           watching live television? (Source: Nielsen 2010 Media (Source: Nielsen 2010 Media Industry Fact Sheet.)            Industry Fact Sheet.)
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 25. Below are the results of a survey in which respondents could agree, disagree, 

or say that they have no opinion.

600                    585

500

400

300

200       180                      135

100

0

Agree       Disagree     No opinion

a.  Complete the following table.

Agreed   Disagreed   No opinion

Percent of 

Respondents

 

b. Draw lines in the circle below to create a circle graph with the appropriate 

percentages.

 

c.  What percent of all respondents either agreed or disagreed? 

d. What percent of all respondents either disagreed or said that they have no 

opinion? 

 26. Use the following graph to answer the questions.

Health Care Law Opinion Poll

Favor

Repeal                         580

 

Oppose

Repeal                 360

 

No

Opinion       60

Number of Eligible Voters

(Source: Rasmussen Reports, August 2010.)

a.  Complete the following table.

In favor of repeal    Oppose repeal    No opinion

Percent of those 

polled
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b. Draw lines in the circle below to create a circle graph with the appropriate 

percentages.

 

c.  What percent of all polled either favor or oppose repeal? d. What percent of all polled either oppose repeal or have no opinion? 

 27. The following table contains the Smith family’s net monthly income and 

expenses.

Income             Expenses

Mr. Smith: $3480.25     Mortgage: $1580

Mrs. Smith: $1879.75   Car Loan 1: $420

Car Loan 2: $345

Credit Card Payments: $280

Utilities: $540

Groceries: $600

a.  Complete the following table with the percent of the total monthly income that 

each expense represents. (Round each percent to one decimal place.)

Credit card 

Mortgage   Car loan 1   Car loan 2    payments    Utilities   Groceries

Percent of total  

monthly income

b.  What is the total percent of the family’s income paid toward expenses? c.  What percent of the family’s income is left after all expenses are paid? d.  Draw a circle graph showing the percent of the total monthly income that each 

expense represents, along with the percent remaining after all expenses are paid.
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 28. The following table contains the Jones family’s net monthly income and 

expenses.

Income             Expenses

Mr. Jones: $2252.70     Mortgage: $1680

Mrs. Jones: $2597.30    Car Loan 1: $380

Car Loan 2: $465

Credit Card Payments: $220

Utilities: $485

Groceries: $450

 

a.  Complete the following table with the percent of the total monthly income 

that each expense represents. (Round each percent to one decimal place.)

Credit card 

Mortgage   Car loan 1   Car loan 2    payments    Utilities   Groceries

Percent of total  

monthly income

b. What is the total percent of the family’s income paid toward expenses?

c.  What percent of the family’s income is left after all expenses are paid?

d. Draw a circle graph showing the percent of the total monthly income that 

each expense represents, along with the percent remaining after all ex-

penses are paid.

 

For Exercises 29–40, translate to an equation and solve. (mixed)

 29. The nutrition label on a cereal bar shows that one bar     30. The nutrition label on a jar of peanut butter shows 

has 3.5 grams of total fat and that this is 6% of the  that a serving has 3 grams of saturated fat and that 

recommended daily value. Based on the label, how  this represents 16% of the recommended daily value. 

many grams of fat are recommended? Based on the label, how many grams of saturated fat 

are recommended?

 

 31. According to the Center for Disease Control, 35% of       32. According to the Bureau of Justice Statistics, in 2009 

emergency room visits are injury-related. If 119 mil- 93% of America’s inmates were men. If there were 

lion visits occurred one year, how many were injury- about 1.6 million inmates in America, how many 

related? (Source: Center for Disease Control and              were men? (Source: Bureau of Justice Statistics.)

Prevention.)
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33. The sun is a sphere with a radius of about 695,990 kilometers. The core of the      Of Interest

sun is a sphere with a radius of about 170,000 kilometers. What percent of the  The sun is so large that if Earth 

sun’s total volume is made up of the core? were placed at its center, the 

moon would be about halfway 

to the surface of the sun.

34. In a 1860-square-foot house, the living room is 16 feet     35. Liz earns 8% of total sales in commission and $6 per 

wide by 20 feet long. What percent of the total area of  hour. If she works a total of 60 hours in two weeks 

the house is the living room area? and her total sales are $4249, what will her gross pay 

be for the two-week period?

 

36. Vastine earns 10% of total sales in commission and       37. Of the world’s 6.9 billion people, about 1.4 billion 

$5 per hour. If he works a total of 80 hours over two  live without electricity. What percent of the world’s 

weeks and has total sales of $5827, what is his gross          population live without electricity? (Source: World En-pay for the two-week period?                              ergy Outlook, 2010.)

 

38. The 2011 federal budget has $0.9 trillion allocated for     39. The Ramos family has $45,000 in home equity. If this 

the Department of Health and Human Services. If  represents 18% of the value of the home, how much 

the total budget was $3.8 trillion, what percent of the         is the home worth? total budget went toward the Department of Health 

and Human Services? (Source: Budget of the United States Government, Fiscal Year 2011.)

 

40. After two months of fund-raising, an organization raised 72% of its goal. 

If the current amount raised is $61,200, what is the goal amount?

[image: ]

 

Puzzle Problem                                     11 There are approximately 2 * 10 stars in our galaxy. Suppose 

[image: ]

10% of those stars have planets orbiting them. Suppose 1% of those planetary 

[image: ]

systems have a planet with a climate that could support life. Suppose that 1% 

[image: ]

of those planets that could support life actually have living organisms. Suppose 

[image: ]

that 1% of those planets with life have intelligent life. Suppose that 1% of the 

[image: ]

intelligent life have developed civilizations with communication devices. Sup-

[image: ]

pose that 1% of those civilizations with communication devices are within a 

[image: ]

500 light-year radius from Earth. Based on these suppositions, how many stars 

[image: ]

might we expect to have planets with intelligent life that have communication 

[image: ]

devices within a 500 light-year radius? 

[image: ]

 

Review Exercises

[image: ]

[6.2] 1. Combine like terms. 5.1x + 9.8 + x-12.4 

[image: ]

For Exercises 2–4, solve and check.

[image: ]

[6.6] 2. 14.7 = x + 0.05x

[image: ]

[6.6] 3. 24.48 = y-0.2y

[image: ]

[7.2] 4.      = m   5.6

[image: ]

2.4    8.4

[image: ]

[1.2] 5. Amelia receives a raise so that her new salary is $28,350. If her former 

[image: ]

salary was $25,800, what was the amount of the raise?

[image: ]

[image: ]

[image: ]
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8.4  Solving Problems Involving Percent 

of Increase or Decrease

 

Objectives                    Warm-up Translate to an equation; then solve.

 1   [8.3] 1.  In one week, 20% of a company’s employees were out with flu. If the  Use a percent of increase to 

find an increase amount and  company has 420 employees, how many were out with flu that week?

the final amount after the         [8.3] 2.  A theater has 150 seats. If 48 people attend a show, what percent of the 

increase.                                seats are occupied?

 2 Use a percent of decrease 

to find a decrease amount  In this section, we consider situations where, after calculating the part, we add 

and the final amount after  it to or subtract it from the whole to arrive at a final amount. For example, with 

the decrease. sales tax, we add the part (sales tax) to the whole (initial price) to find a final price. 

 3  The percent used to find the sales tax is a percent of increase. With discount, we  Find an unknown ini-

tial amount in a percent  subtract the part (discount) from the whole (initial price) to find a final price. The 

of increase or decrease  percent used to find the discount is a percent of decrease. For these problems, it is 

problem. helpful to rephrase the basic percent sentence and think of the whole as an initial 

amount and the part as an increase or decrease amount. 4 Find a percent of increase 

or decrease.                             Percent of          a whole   is        a part.

 

Connection                                            u                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          y To calculate Percent of an initial amount is an increase or decrease amount.

the amount of increase or 

decrease mentally when the  The sentence is the same whether the situation involves a percent of increase or 

percent is a multiple of 5%,  decrease. However, after calculating the increase or decrease amount, we either 

calculate the 10% amount,          add or subtract.

then adjust by an appropri-

ate factor. Because 10% is 0.1,  Objective 1  Use a percent of increase to find an increase amount and 

when we multiply a decimal                     the final amount after the increase.

number by 10%, the decimal  First, we will consider situations such as salary raises and sales tax that use a per-

point moves one place to the       cent of increase.

left.

10% of 35 is 3.5 (Move 

the decimal point left one         Procedure

place in 35.) Given a percent of increase and an initial amount, to find the final amount 

 after the increase:

Because 5% is half of 10%, 

the 5% amount is half of the           1.  Find the increase amount.

10% amount. Because 10% of          2.  Add the increase amount to the initial amount.

35 is 3.5, 5% of 35 will be half 

 

of 3.5, which is 1.75.                   Example 1 

We could also calculate per-

cents that are multiples of            a. A software package costs $35. If the sales tax rate is 5%, find the sales tax and 

10%. For example, 20% is               the total amount of the purchase.

twice the 10% amount. Be-          Solution: Use the percent, 5%, and the initial amount, $35, to find the sales tax (the 

cause 10% of 35 is 3.5, 20% is         increase amount.) Then add the sales tax to the initial price to find the final price.

twice 3.5, which is 7.

A  Note Because the in- percent  of  an  initial  amount  is  an  increase  amount  .

crease amount (part) is 

5%      of             35                is what number?           unknown, we use word-

Answers to Warm-up for-word translation to 

 

1.                   20                                                                          an equation. n 0.2 # 420 = n ; = ; 100 420 Write 5% as 0.05, of as ~ , is as 0.05     ~ 35               = n 84 employees , and what number as n .

 

2.                   P    48                                  1.75 = n Multiply. p # 150 = 48; = ; 32 , 100 150 = Answer: Sales tax $1.75
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Final price = $35 + $1.75 = $36.75 Add the sales tax to the initial price.          Your Turn 1

Alternative solution:  Consider the fact that we pay the entire price of the item,         Solve.

which is 100% of the price, plus tax. So if we pay 100% of $35 plus 5% of $35 in 

tax, the total is 105% of $35.  a. A suit is priced at $128.95. 

Find the sales tax and total 

 The final price is 105 , of $35. amount if the tax rate is 6%.

 final price = 1.051352       Translate to an equation.                  b. Benjamin has a current sal-

 final price ary of $22,600. If he receives  =  36.75  Multiply.

a 3% raise, what is his new 

Look at the multiplication process to see why this works.                               salary?

35

* 1.05     Multiplying 35 by the 5 digit in 

175   1.05 places the tax in the sum.

the ones place of 1.05 places the                        The tax and initial price are added Multiplying 35 by the digit 1 in              000 

initial price in the sum.                    + 35       within the multiplication pro-

36.75   cedure to end up with the total 

amount.

Conclusion:  In general, to calculate the total amount given the initial amount 

and the percent of increase, we can multiply the initial amount by the sum of 

100% and the percent of increase.

b.  Carlita’s current annual salary is $23,500. If she gets a 4% raise, what is her 

new salary?

Solution:  Let’s use the alternative solution we learned in Example 1a. If the 4% 

raise is added to 100% of her current salary to get her new salary, the new salary 

is 104% of the current salary 14 , + 100, = 104,2.

Carlita’s new salary is 104% of her current salary, $23,500.

S = 1.04 # 23,500 Translate to an equation.

 

S = 24,440       Multiply.                          Note If we need the amount of 

Note  The variable is often chosen to be the first letter of  the raise, we can subtract the 

the word that describes the unknown in the problem. In   initial salary from the new salary.

this case, we chose S to represent salary.

raise

 

Answer: amount = $24,440-$23,500   Carlita’s new salary is $24,440.   =  $940  Do Your Turn 1

 

Objective 2  Use a percent of decrease to find a decrease amount 

and the final amount after the decrease.

Now let’s consider situations such as pay deductions and discount that use a per-cent of decrease.

 

Procedure

Given a percent of decrease and an initial amount, to find the final amount af-

ter the decrease:

  1.  Find the decrease amount.

  2.  Subtract the decrease amount from the initial amount.

 

Answers to Your Turn 1

a. $7.74; $136.69 b. $23,278
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Your Turn 2                       Example 2 Solve.

Solve. a.  A 20% discount is to be applied to a sweater with an initial price of $49.95. 

What are the discount amount and final price?

 a. A coat with an initial price 

of $88.95 is marked 40% off.        Solution: Use the percent, 20%, and the initial amount, $49.95, to find the discount 

Find the discount amount         (the decrease amount). Then subtract the discount from the initial price to find the 

and final price.                    final price.

 b. Sandra’s total deductions          A percent of an initial amount is a decrease amount.

come to about 31% of her 

gross pay. If her gross pay              20%    of             49.95            is what number?    Write 20% as 0.2, of as ~ , is

is $1337.50, what is her net                                                                as , and what number as n.

pay?                             0.2     ~     49.95          = n

9.99 = n         Multiply.

Answer: Discount = $9.99;

 

Final price = Subtract the discount from  $49.95-$9.99 =  $39.96       the initial price.

Alternative solution:  Consider the fact that with discounts, we are subtracting the discount amount from the initial price. In our example, we subtracted 20% of the initial price from 100% of the initial price so that the final price is 80% of the initial price.

 The final price is 80, of the initial price.

 final price = 0.8 # 49.95   Translate to an equation.

 final price = 39.96       Multiply.

Conclusion:  In general, to calculate the final amount given the initial amount and the percent of decrease, we can multiply the initial amount by a percent found by subtracting the percent of decrease from 100%.

b.  Approximately 28% of Deanne’s gross monthly salary is deducted for So-

cial Security, federal withholdings, state withholdings, and insurance. If Deanne’s gross monthly salary is $2111.67, what is her net pay after the deductions?

Solution:  Let’s use the alternative solution we learned in Example 2a. If 28% of her gross monthly salary is deducted from her gross monthly salary, her net pay 

Note                                 will be 72% of her gross monthly salary 1100,-28, = 72,2. If we need the amount 

 deducted, we can subtract the net         Deanne’s net pay is 72% of her gross monthly salary, $2111.67.

pay from the gross montly salary.                          n = 0.72 # 2111.67   Translate to an equation.

deducted                                          n ⬇ 1520.40 = amount

$2111.67                                                        Multiply.-$1520.40

=                 $591.27     Answer:  Deanne’s net pay is $1520.40.

Do Your Turn 2

 

Objective 3  Find an unknown initial amount in a percent of increase 

or decrease problem.

Now let’s consider percent of increase or decrease problems in which the initial 

amount is unknown. We must look carefully at the given information as there are 

two cases to consider.

Case 1:  Given the percent of increase/decrease and the amount of increase/

decrease

Answers to Your Turn 2

a. $35.58; $53.37 b. $922.88
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Example 3 Solve.                                                        Your Turn 3

a.  Carmine receives a raise of $1950, which is a 6% increase to his salary. What       Solve.

was his former salary?                                                           a. Julia indicates that she 

Solution: received a 5% raise in the 

amount of $2260. What was 

A percent of an initial amount is an increase amount.                                her former salary?

6% of the former salary is the raise amount, $1950.                            b. Clayton purchased a suit-

 0.06 # case on sale for 20% off. If  f =

1950  Translate to an equation.

0.06f     1950                                                   $37.09, what was the initial = the discount amount was   Divide both sides by 0.06 to isolate f.

0.06     0.06                                                   price?

f = 32,500

Answer:  Carmine’s former salary was $32,500.

 b.  If 32% of Darlene’s gross monthly salary results in total deductions of 

$918.40, what is her gross monthly salary?

Solution:

A percent of an initial amount is a decrease amount. 

32% of her gross monthly salary is total deductions, $918.40.

 0.32 # g = 918.4   Translate to an equation.

0.32g    918.4 =

Divide both sides by 0.32 to isolate g.

0.32     0.32

g = 2870

Answer:  Darlene’s gross monthly salary is $2870.

Do Your Turn 3

 

Case 2:  Given the percent of increase/decrease and the final amount after the 

increase/decrease

 

Example 4

a.  After an 8% raise, Angela’s new salary is $45,360. What was her former 

salary?

Solution:  Angela’s new salary is her former salary plus the raise amount, which        Connection The equation 

is 8% of her former salary. in Example 4a agrees with 

 new salary = our alternative method for 

former salary + raise amount u finding the final amount 

 new salary given the initial amount and  =  former salary  +  8  ,  #  former salary

 

Note The expres- the percent of increase. The  Translate to an equation with   f  sion  f  +  0.08  f  is the   45,360  =  f  +  0.08  f  equation 45,360  =  f  +  0.08  f  representing her former salary.  same as 1  f  +  0.08  f  ;  indicates that 45,360 is the   45,360  so when we com- =  1.08  f  Combine like terms.  sum of 100% of the former 

terms, we add the               = bine those two like       45,360     1.08f                                                      salary and 8% of the former 

1.08 Divide both sides by 1.08 to isolate f. salary. After combining like  1.08

coefficients 1 and 

0.08 to get 1.08f.            42,000 =                                                                  terms, we have the equation 

f                                                                                        45,360 = 1.08f, which indi-

cates that 45,360 is 108% of 

Answer:  Angela’s former salary was $42,000.

the former salary.

b.  After deductions, Rodney’s net pay is $2516. If the total of the deductions 

was 26% of his gross monthly salary, what was his gross monthly salary?        Answers to Your Turn 3

Solution:  Rodney’s net pay is his gross monthly salary minus the total deduc-        a. $45,200 b. $185.45

tions, which are 26% of his gross monthly salary.
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Connection                              net pay = gross monthly salary-   total deductions

The equation                                                                 y

in Example 4b agrees with                    net pay = gross monthly salary-26, # gross monthly salary

 

our alternative method for                                                                                       repre-Note The expres- 2516 finding the final amount = Translate to an equation with g g-0.26 g senting his gross monthly salary. sion g-0.26 g is the given an initial amount and same as 1 g-0.26 g ;  2516 a percent of decrease. The = 0.74 g Combine like terms. so when we com-equation 2516 = g-0.26 g 2516 0.74 g bine those two like = Divide both sides by 0.74 to isolate g . indicates that 2516 is the terms, we subtract 0.74 0.74 amount left after subtracting the coefficients 1  3400 = g 26% of the gross monthly sal-and 0.26 to get 0.74 g .

ary from 100% of the gross 

monthly salary. After com-          Answer:  Rodney’s gross monthly salary was $3400.

bining like terms, we have 

the equation 2516                    Do Your Turn 4 = 0.74 g , 

which indicates that 2516 

is 74% of Rodney’s gross           Objective 4 Find a percent of increase or decrease.

monthly salary.

To find the percent of increase or decrease, we need the amount of the increase or 

decrease and the initial amount. Because we are finding a percent, we prefer the 

Your Turn 4                      proportion method.

 a. Josh recalls paying a total of        Procedure

$16.75 for a music CD. He 

knows that the sales tax rate       To find a percent of increase or decrease:

in his state is 5%. What was          1.  Find the amount of the increase or decrease.

the initial price of the CD?              a. For an increase situation, subtract the initial amount from the final 

 b.                                                            amount. Clarece purchased a robe 

discounted 25%. If the                 b. For a decrease situation, subtract the final amount from the initial 

price after the discount was               amount.

$59.96, what was the initial    2.  Translate to an equation with an unknown percent. For the proportion 

price?                                 method, use the following form:

P    increase or decrease amount =

100          initial amount

 

In Example 5, the amount of the increase or decrease is given; so step 1 of the 

procedure will not be needed.

 

Example 5 Solve.

a.  Tiera is visiting a different state and purchases a shirt that is priced $24.95. 

She notes that the tax on her receipt is $2.25. What is the sales tax rate?

Solution: The increase amount $2.25 is an unknown percent of the initial amount, $24.95.

A percent of an initial amount is an increase amount.

 

What percent of        24.95       is            2.25?

 

P% written      P      2.25 d increase amount 1part2                  part Use b = percent = . as a ratio 100 24.95 initial amount whole whole d 1 2

 24.95P = 225      Equate the cross products.

 

Answers to Your Turn 4

a. $15.95 b. $79.95
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24.95P     225                                                      Note = Divide both sides by 24.95. Most likely the actual tax 24.95 24.95 rate is exactly 9%, and when the  

P tax amount was calculated, it   ⬇  9   was rounded to the nearest cent.

Answer: The tax rate is 9,. Attach a percent sign to the result.

b.  By using coupons, a family reduced grocery expenses by $45 one month. If 

the family spent $600 the previous month, what was the percent of decrease?

 

Solution: The decrease amount $45 is an unknown percent of the initial amount $600.       Your Turn 5

A percent of an initial amount is a decrease amount.

Solve.

What percent of             600              is                45?                                    a. Marvin received a raise of 

 

P% written       P      45 d          amount 1 decrease $1728. If his former salary  part  2  part  Use percent  b  =  =  .  was $28,800, what was the  as a ratio  100  600  initial  amount  d  1  whole  2  whole  percent of increase?

 600P = 4500    Equate the cross products.                          b. A salesperson says that she 

600P    4500                                                   can take $1280 off the price =

600 Divide both sides by 600. of a car. If the initial price is  600

P $25,600, what is the percent  =  7.5  of decrease?

Answer: The percent of decrease was 7.5 ,.  Attach a percent sign to the result.

Do Your Turn 5

 

In Example 6, the initial amount and final amount are given; so step 1 of the pro-cedure is needed to find the amount of increase or decrease.

 

Example 6 Solve.

a.  Jerod was making $12.50 per hour. He is given a raise so that now he is mak-

ing $14.00 per hour. What was the percent of increase?

Solution:  We know the initial amount, $12.50, and the final amount, $14.00, af-

ter the increase. But to find the percent of the increase, we need the increase 

amount, which we find by subtracting.

 increase  amount = $14.00-$12.50 = $1.50    Subtract the initial amount 

from the final amount.

Now we can find the percent of increase just as we did in Example 5.

A percent of an initial amount is an increase amount.

What percent of             12.50             is               1.50?

 

P% written       P      1.50     increase amount d 1part2                  part Use percent b = . as a ratio 100 12.50 initial amount whole whole d 1 2

 12.50P = 150      Equate the cross products.

12.50P     150 =

Divide both sides by 12.50.

12.50     12.50

P = 12

Answer:  The percent of increase was 12%. Attach a percent sign to the result.

b.  Andrew purchases a stock at $56.75 per share. Two months later he sees that 

the stock price is down to $48.50 per share. What is the percent of decrease in price?

Answers to Your Turn 5

a. 6% b. 5%
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Your Turn 6 Solution:  We know the initial amount, $56.75, and the final amount, $48.50, af-

ter the decrease. But to find the percent of the decrease, we need the decrease 

Solve.                                amount, which we find by subtracting.

 

 a. A college increases tuition          decrease amount = 56.75-48.50 = 8.25   Subtract the final amount from the from $4800 to $6000 per se-initial amount.

mester. What is the percent 

of increase in tuition?              Now we can find the percent of the decrease.

 b. Marianne purchases a small                     A percent of an initial amount is a decrease amount.

rug on sale. The initial price 

was $185.79. The price after                  What percent of          56.75      is         8.25?

 

the discount was $157.92.            P% written       P      8.25 d decrease amount 1part2                   part What was the percent of de-Use percent = . as a ratio b = 100 56.75 initial amount whole d 1 2 whole crease (discount rate)?

 56.75P = 8.25     Equate the cross products.

56.75P     8.25 =   Divide both sides by 56.75.

56.75     56.75

P ⬇ 14.5

Answer:  The percent of decrease is about 14.5%. Attach a percent sign to 

the result.

Answers to Your Turn 6

Do Your Turn 6

a. 25% b. 15%

 

PORTFOLIO

 

8.4             For Exercises

Extra

Help

 

Objective 1

 Prep Exercise 1 Identify the percent, initial amount, and        Prep Exercise 2 Given a percent of increase and an initial amount of increase or decrease. amount, explain how to find the final amount after the 

Sharon’s current salary is $34,000. If she receives a 3%        increase. raise, how much will the raise be?

Percent: 

Initial amount: 

Amount of increase or decrease: 

For Exercises 1–36, solve.

 1. A desk is priced at $185.95. The sales tax rate is 5%.        2. A guitar is priced at $585.95. Find the sales tax and 

Find the sales tax and the total amount of the pur- the total amount of the purchase if the tax rate is 

chase.                                                          6%. 

 

Of Interest

Many states have a law that sets the maximum sales tax that can be charged on a purchase. It may be beneficial to shop around in differ-ent states for large purchases.

 

 3. The bill in a restaurant comes to a total of $48.75.          4. The bill in a restaurant comes to a total of $32.85. 

The patrons decide to tip the server 20%. What tip  The patrons decide to tip the server 15%. What tip 

amount should be left, and how much do they pay  amount should be left, and how much do they pay 

including the tip?                                             including the tip? 
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Connection When tipping, most people round to whole dollar amounts. A 

convenient scale for 15% is to recognize that every $10 of the bill corresponds 

to a tip of $1.50. The rest of the scale would be as follows:

Total Bill     Tip

$5         $0.75

$10        $1.50

$20        $3.00

In our example of a total bill of $48.75, we would round to $50. $50 is two $20s 

and one $10. Each $20 is a $3 tip and the $10 is a $1.50 tip for a total tip of $7.50.

Total bill = $20 + $20 + $10  = $50

 Tip = $3 +  $3 + $1.50 = $7.50

 

 5. Michele’s current annual salary is $29,600. If she gets      6. Lou’s current annual salary is $23,800. If he receives a 

a 3.5% raise, what is her new salary?                          6.5% raise, what is his new salary? 

 

Objective 2

Prep Exercise 3 Given a percent of decrease and an initial amount, explain how to find the final amount after the decrease.

 

 7. A 30% discount is to be applied to a dress with an ini-      8. A sweater with an initial price of $42.95 is marked 

tial price of $65.99. What are the discount amount and  25% off. What are the discount amount and final 

final price?                                                      price? 

 9. Approximately 27% of Sheila’s gross monthly income is     10. Approximately 29% of Natron’s gross monthly income 

deducted for Social Security, federal withholdings, state  is deducted for Social Security, federal withholdings, 

withholdings, and insurance. If her gross monthly sal- state withholdings, and insurance. If his gross monthly 

ary is $2708.33, what is her net pay?                              salary is $2487.50, what is his net pay? 

 11. In July, a company’s total expenses were $12,250. In       12. A large company has 4200 employees. As a result of a 

August, the company cut costs by 4%. How much  declining economy, the company must downsize and 

were the costs reduced? What amount did the com- let 6% of its employees go. How many employees are 

pany spend in August?                                   let go? How many are left? 

 13. Jack received a 4% raise that amounts to $1008. What      14. Lucia received a 5.5% raise in the amount of $1793. 

was his former annual salary?                               What was her former salary? 

 15. Rachel paid a total of $45.10 for a pair of shoes. She        16. Paul paid $635.95 for a new stereo system. If the 

knows that the sales tax rate in her state is 5%. What  sales tax rate in his state is 6%, what was the initial 

was the initial price of the shoes?                              price? 

 

Objective 3

 Prep Exercise 4 Identify the percent, initial amount, and amount of increase or decrease.

A 25% discount is applied to the price of an appliance, resulting in a discount of $80. What was the original price of the appliance?

Percent: 

Initial amount: 

Amount of increase or decrease: 

 17. If 26% of Gordon’s gross monthly salary results in         18. Marcelle’s retirement deduction from her monthly salary 

total deductions of $674.96, what is his gross monthly  is $187.50. If the retirement deduction is 6% of her gross 

salary?                                                          monthly salary, what is her gross monthly salary? 

 19. Patricia purchased a table on sale for 30% off. If the           20. A lamp is on sale for 15% off. If the discount amount 

discount amount was $44.09, what was the initial price?        is $13.49, what is the initial price? 
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Objective 4

Prep Exercise 5 One month a business earns $40,000 in revenue. The next month the business increases the rev-enue $5000.

a. Is $40,000 an initial amount, a final amount, or an increase amount? b. Is $5000 an initial amount, a final amount, or an increase amount? c.  With the information given, to find the percent of increase, do you need to  subtract prior to setting up the 

proportion? Why or why not? 

d. Write a proportion that can be used to find the percent of increase. 

 21. Melliah purchases a tennis racquet that is priced          22. The property tax on a vehicle is $286.45. If the ve-

$54.95. She notes that the tax on her receipt is $3.85.  hicle is assessed at a value of $8500, what is the tax 

What is the sales tax rate?                                      rate? 

 23. Tina received a raise of $849.10. If her former salary was     24. Jana notes that her July electricity bill is $8.96 higher 

$24,260, what was the percent of the increase?                   than last year’s amount. If last year’s bill was 

$148.75, what is the percent of increase? 

 25. A salesperson says that he can take $1512 off the           26. A company’s cost of production for one unit of a 

price of a car. If the initial price is $18,900, what is the  product was $328.50. After taking some cost-cutting 

percent of decrease?  measures, the company was able to reduce the cost of 

production by $14.50 per unit. What is the percent of 

decrease in cost? 

 Prep Exercise 6 By exercising and changing his diet, Marcus drops from 220 pounds to 180 pounds.

a. Is 220 an initial amount, a final amount, or an decrease amount? b.  Is 180 an initial amount, a final amount, or an decrease amount? c.  With the information given, to find the percent of decrease, do you need to subtract prior to setting 

up the proportion? Why or why not? 

d. Write a proportion that can be used to find the percent of decrease. 

 27. Lena was making $8.50 per hour. She is given a raise      28. Gloria notes that her water bill was $18.50 in March. 

so that now she is making $10.00 per hour. What was  Her April water bill is $32.40. What is the percent of 

the percent of increase?                                        increase? 

 29. Van purchases a DVD player on sale. The initial price        30. Risa’s gross two-week salary is $1756.25. If her net 

was $175.90. The price after the discount was $149.52.  pay is $1334.75, what is the percent of decrease? 

What was the percent of decrease (discount rate)? 

For Exercises 31–36, use the following graph, which shows the number of new homes sold in the United States each month in 2009.

Monthly New Home Sales in the U.S. in 2009
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(Source: U.S. Census Bureau and Department of Housing and Urban Development)
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 31. What was the percent of increase in the number of        32. What was the percent of increase in the number of 

new homes sold from January to February?                 new homes sold from April to May?

 33. What was the percent of decrease in the number of        34. What was the percent of decrease in the number of 

new homes sold from March to April?                      new homes sold from August to September? 

 35. What was the percent of decrease in the number of        36. What was the percent of decrease in the number of 

new homes sold from February to April?                    new homes sold from July to December? 

For Exercises 37–42, use the following graph, which shows the average price for regular gasoline at the beginning of January of each year.

Average Price of a Gallon of Regular Gasoline in the U.S.
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(Source: U.S. Department of Energy, Energy Information Administration)

 37. What was the percent of decrease in the average price     38. What was the percent of decrease in the average price 

of a gallon of gasoline from January 2001 to January  of a gallon of gasoline from January 2008 to January 

2002?                                                        2009? 

 39. What was the percent of increase in the average price     40. What was the percent of increase in the average price 

of a gallon of gasoline from January 2007 to January  of a gallon of gasoline from January 2009 to January 

2008?                                                        2010? 

 41. What was the percent of increase in the average price     42. What was the percent of increase in the average price 

of a gallon of gasoline from January 2002 to January  of a gallon of gasoline from January 2000 to January 

2008?                                                        2010? 

For Exercises 43–56, solve. (Mixed)

 43. A sofa with an initial price of $699.99 is marked           44. A necklace with an initial price of $349.90 is marked 

35% off. What are the discount amount and final  45% off. What are the discount amount and final 

price?                                                          price? 

[image: ]

 45. A social worker worked a total of 1259 cases in one        46. At the end of the first year of operation for a busi-

year. The next year he worked 1540 cases. What was  ness, the business recorded a profit of $15,280. Two 

the percent of increase in caseload?  years later the business recorded a profit of $80,450. 

What was the percent of increase in profit? 

 47. A car is priced at $26,450. If the sales tax rate is 6%,        48. A computer is priced at $1998.95. Find the sales tax 

calculate the sales tax and the total amount of the  and total amount of the purchase if the tax rate is 7%.

purchase. 

 49. After deductions, Luther’s net pay is $1850.40. If the      50.  After deductions, Wendy’s net pay is $1016.60. If the 

total of the deductions was 28% of his gross monthly  total of the deductions was 32% of her grosstwo-week 

salary, what was his gross monthly salary?                   salary, what was her gross two-week salary? 

 51. By insulating their water heater, adding a storm           52. Glenda is an office manager. Through her suggestions 

[image: ]

door, and installing new double-pane windows, the  for improving efficiency and cutting excessive spend-

Goto family decreased their electric and gas bills  ing, the cost of operation dropped from $65,886.35 in 

from a total of $1536.98 in one year to $1020.57 in the  one year to $60,245.50 in the next year. What was the 

next year. What was the percent of decrease in the            percent of decrease in operation cost? Goto family’s electric and gas charges? 
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 53. Huang received a 4% raise. His new salary is $30,420.     54. Denzel received a 9% raise. His new salary is 

What was his former salary?                                $39,828.60. What was his former salary? 

 55. Hannah purchased a curio stand discounted 35%. If       56. Vladimir purchased a set of golf clubs discounted 

the price after the discount was $246.68, what was  15%. If the price after the discount was $577.96, what 

the initial price?                                                    was the initial price? 

 

Review Exercises

For Exercises 1 and 2, simplify.

 

[5.7] 1. a 1 3 b                                                          1         2 [6.5] 2.             2 1 + 0.08

5

For Exercises 3 and 4, solve and check.

 

[4.3] 3. 20 = 9 1y + 22-3y                              [6.4] 4. 0.12x = 450 

[4.5] 5. Will has some $5 bills and $10 bills in his wallet. If he has 16 bills worth a 

total of $105, how many of each bill is in his wallet? Use a table.

Categories   Value   Number   Amount
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8.5 Solving Problems Involving Interest

 

Warm-up [8.4] Solve.                                                           Objectives

1.  Kenny purchases a coat for $49.95. If the sales tax rate is 7%, find the sales tax       1 Solve problems involving 

and the final price.                                                                     simple interest.

2.  Yolanda’s current salary is $56,000. If she receives a 2.5% raise, what is her          2 Solve problems involving 

new salary?                                                                     compound interest.

 3 Solve problems involving 

Objective 1 Solve problems involving simple interest.                           amortization. In this section, we explore a type of percent increase situation in which the per-cent is called an interest rate, the initial amount is called the principal, and the increase amount is called interest.

 

Definitions Interest rate: A percent used to calculate interest.

Principal: An initial amount of money invested or borrowed.

Interest: An amount of money that is a percent of the principal.

 

In general, a principal amount of money is deposited or borrowed and an interest rate is used to calculate the interest that is added to the principal after a certain amount of time. We will learn two ways to calculate interest. First, we will con-sider simple interest.

 

Definition Simple interest: Interest calculated using only the interest rate, the original principal, and the amount of time in which the principal earns interest.

 

To derive the formula for simple interest, we can use dimensional analysis. Inter-est rates are annual percentage rates, which means that they determine the amount of interest per year. So if $100 is invested in an account earning 5% simple interest, 5% of $100 is added to the account each year as interest.

 

 Simple interest after 1 year = 0.05                                 Note The interest rate means 5%  $100 #      # 1 yr. =

1 yr. $5               per year, or 0.05/yr. Multiplying 

 

 Simple interest after 2 years 0.05 years causes the unit year to divide  =  the interest rate by the time in 

$100 #      # 2 yr. = $10 1 yr.                   out so that the result is in dollars.

The dimensional analysis indicates that to calculate simple interest, we multiply the original principal by the interest rate and the time in years.

 

Rule

To calculate simple interest, use the following formula:

I = Prt

I represents the simple interest.

P represents the principal.

r represents the simple interest rate.

t represents the time in years.

 

Because interest is an increase amount, after the interest is calculated, we find the 

final balance by adding the interest to the principal.                                    Answers to Warm-up

1.  sales tax = $3.50;

final price = $53.45

2. $57,400
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Procedure

To find the final balance after calculating simple interest, add the interest to the principal.

Final balance = principal + interest

 

Your Turn 1                       Example 1    Find the simple interest and final balance.

Find the simple interest and the       a. $800 at 3% for 1 year final balance.

Solution:

a.  $640 at 8% simple interest 

rate for 1 year                             I = Prt

 

b.  $4500 at 12% simple interest             I = 1800210.032112    Replace P with 800, r with 0.03, and t with 1. 1 for 1 quarter ( of a year) 4 I = 24 Multiply.

c.  $900 at 5.5% simple interest        Answer: Interest = $24

for 30 days

Final balance = $800 + $24 = $824  Add the interest to the principal.

b. $1200 at 4.5% for 5 years

Solution:

I = Prt

I = 11200210.0452152  Replace P with 1200, r with 0.045, and t with 5.

I = 270                 Multiply.

Answer:  Interest = $270

Final balance = $1200 + $270 = $1470   Add the interest to the principal.

c. $2000 at 15% for 90 days

Solution:  The time must be in years; so we convert 90 days to years.

18

90 days = 90 days    1 yr.      18 #                                    = yr.  Convert 90 days to years.

1    365 days    73

73

Now find the simple interest.

I = Prt

I =                18     Substitute for P, r, and t. 1 200021 0.15 2a b

73     Remember that 15, 0.15.

I = 2000 0.15 18 #                  #                              Write 2000 and 0.15 over 1.

1    1   73

 

Note                                                              Multiply. We round to the nearest 73 I = 5400

money.                                       73.97 hundredth because interest is                  I ⬇

Divide and round to the nearest hundredth.

Answer: Interest = $73.97

Final balance = $2000 + $73.97 = $2073.97   Add the interest 

to the principal.

Do Your Turn 1

 

What if the principal is unknown? Like the problems involving percent of in-Answers to Your Turn 1 crease, our approach will depend on the given information. If we are given the 

a.                                               percent, interest rate, and time, we can use I $51.20; $691.20 = Prt and solve for P. b. $135; $4635

c. $4.07; $904.07
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Example 2 Sandy notes that $6.80 was deposited in her savings account after         Your Turn 2

3 months. The account earns 5.5% simple interest. What was the principal?          Solve.

Solution: a.  Ingrid notes that her savings    The time must be in years; so we convert 3 months to years.

1 account earned $42.32 in  

 

3 mo. 3 mo 1 year    1                                              1 year. If the account earns  #  =  =  yr.  Convert 3 months to years.  1  12  mo  4  6.2% simple interest, what 

Because $6.80 is simple interest, we use the simple interest formula I = 4                                                                                was her principal? Prt.

b.  Lawrence notes that his ac-

I = Prt count earned $59.50 in half 

 

 6.80 1 a year. If the account earns  1  Replace  =  P  1  0.055  2a  b  I  with 6.80,  r  with 0.055, and  t  with  .  14% simple interest, what  4  4  was his principal?  0.055  1  6.80  =  P  a  #  b  Write 0.055 over 1.  1  4

 6.80 =     0.055 P a b

Multiply.

4

 6.80 = 0.01375P       Divide 0.055 by 4.

6.80      0.01375P =

Divide both sides by 0.01375 to isolate P.

0.01375     0.01375

 494.55                                       We round to the nearest ⬇ Note P                     Connection hundredth because principal is Example 3 is 

Answer:  The principal was $494.55.     money.                                        the same type of problem as 

Do Your Turn 2 Example 4a in Section 8.4. 

Consider the meaning of the 

equation 1441.60 = 1.06P. 

Now suppose the final balance is given instead of the interest. Because the final bal- Because 1.06 is 106%, this 

ance is a combination of principal and interest, we can write the following equation: equation is saying that 1441.60 

Final balance is 106% of the principal. This  =  principal  +  interest

should make sense because 

Because interest is calculated by the relationship Prt, we can write this equation  1441.60 is 100% (all) of the 

as follows: principal combined with the 

B interest, where the interest is  =  P  +  Prt

6% of the principal.

We can rewrite this formula by factoring out P.

B = P1 + rt2

 

Example 3 Pedro notes that his new balance at the end of the year is $1441.60.       Your Turn 3

If the account earns 6% simple interest, what was the principal?                     Solve.

Solution:                                                                                     a.  The total amount that Nala   Because $1441.60 is a final balance, we use the final balance formula 

B must repay on a 1-year loan  =  P  1  1  +  rt  2  .

B = P1 with 8% simple interest  1 + rt 2

is $12,960. What was the 

 1441.60 = P31                                      r with 0.06, and  with 1. + 0.06 1 1 24 Replace B with 1441.60, t          principal?

 1441.60 = 1.06P            In the bracket, multiply and then add.                  b.  Ron notes that his new bal-

 

1441.60 ance at the end of 6 months  1.06  P  Divide both sides by 1.06 to isolate  =  P  .  is $1221. If the account earns  1.06  1.06  4% simple interest, what  =  1360  P  was the principal?

Answer:  The principal was $1360.

Do Your Turn 3

Answers to Your Turn 2

a. $682.58 b. $850

Objective 2 Solve problems involving compound interest.                  Answers to Your Turn 3 Where simple interest is calculated based on the original principal only, com-    a. $12,000 b. $1197.06 pound interest uses the principal and prior earned interest.
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Definition Compound interest: Interest calculated using the principal and 

prior earned interest.

 

To compound interest means that after interest is calculated and added to the prin-

cipal, the process is repeated with the new balance. When interest is compounded 

annually, the final balance at the end of each year is used to find the final balance 

for the next year. For example, let’s find the final balance if $5000 is invested at 4% 

compounded annually for 2 years.

First Year:   B = P11 + rt2

B = 15000231 + 10.0421124   Replace P with 5000, r with 0.04, and 

t with 1.

B = 500031.044             Simplify in the brackets.

B = $5200                Multiply.

Second year:   B = 520031.044              Replace P with the first year’s 

 balance, 5200.

B = $5408                Multiply.

Notice that we repeadedly multiply by 1.04; so the following expression describes 

the entire calculation.

 

B                   Note = 5000 1 1.04 21 1.04 2 Because 1.04 is used as a t factor twice, we could use expo-

u                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  nential form. The exponent corre-

B = 500011.042      sponds to the number of times the 

B =               interest is compounded. $5408

Now suppose the interest is compounded more frequently, such as semiannually, 

which means every six months (half of a year). Because 4% is an annual percent-

age rate, it must be converted to a semiannual rate.

 

Semiannual rate     4 ,   1      4, # = year = = 2, 1 year 2 2

This means that every six months, 2% of the principal is added to the account. 

Also, every six months means that the interest is compounded twice per year; so 

in two years, 4 compound periods occur.

 

B                            Note = 5000 1 1.02 21 1.02 21 1.02 21 1.02 2 We divide the interest rate by the num-x ber of compounds per year. Also, the exponent 

u is the total number of compound periods. It is 

 

B 4 found by multiplying the time by the number  =  5000  1  1.02  2   of compounds per year.  B  ⬇  $5412.16

Our exploration suggests the following procedure for the finding the final balance 

if interest is compounded.

 

Procedure

To find the final balance if interest is compounded, use the following formula:

 

B = P a    r   nt 1 +   b

n

B represents the final balance. P Note Common compound periods   represents the principal.

and corresponding values of n:

r represents the annual percentage rate. n  represents the number of compound    Annually: once per year, n = 1

periods per year.                          Semiannually: twice per year, n = 2

t Quarterly: four times per year, n = 4  represent the time in years.

Daily: 365 times per year, n = 365
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Because the final balance is the principal and interest combined, if we needed to know the interest, we could subtract the principal from the final balance.

 Interest = final balance -principal

= $5412.16     -$5000 = $412.16

 

Procedure

To find the interest if the principal and the final balance are known, subtract 

the principal from the final balance.

Interest = final balance-principal

 

Example 4 Find the final balance and interest.                                   Your Turn 4

a.  Find the final balance and  $15,000 at 12% compounded annually for 4 years

nt                                                                                      interest.

 

Solution: r   $12,000 at 14% compounded  B  =  P  a  1  a.  +  b  n  annually for 2 years

 

B = 15,000 c 1 +     d                  0.12, n with 1, and t with 4.              semiannually for 2 years 0.12 1 # 4                            Replace P with 15,000, r with            b.  $12,000 at 14% compounded 

1

 

B  c. $8000 at 8% compounded  =  15,000  3  1  +  0.12  4  4  Divide 0.12 by 1 and multiply  semiannually for 3 years  4 by 1.

 

B B d.  $8000 at 8% compounded  =  15,000  3  1.12  4  4  Add 1 and 0.12.  quarterly for 3 years  ⬇  $23,602.79  Evaluate the exponential 

 expression; then multiply.

 

 Interest =                                                                                     Connection Comparing $23,602.79-$15,000 = $8602.79   Subtract the principal from the         Example 4b with 4a, we see final balance.

that if the same principal is 

b. $15,000 at 12% compounded semiannually for 4 years invested at the same rate but 

 

Solution:                r                                                                      more interest is earned. B nt compounded more frequently, 

= P a 1 +   b n

 

B = 15,000 c 1 +     d                  0.12, n with 2, and t with 4. 2 0.12 2 # 4                            Replace P with 15,000, r with 

B = 15,0003         8 1                 Divide 0.12 by 2 and multiply 2 4. + 0.06 4 #

B            8                               Add 1 and 0.06. = 15,000 3 1.06 4

B ⬇ $23,907.72                      Evaluate the exponential expres-

sion; then multiply.

 Interest = $23,907.72-$15,000 = $8907.72   Subtract the principal from the 

final balance.

Do Your Turn 4

 

Example 5 Paula has a balance of $685.72 on a credit card that has a 14.9% 

interest rate. The interest with this particular card is compounded daily. If she 

does not charge any money to this account until after she receives her next bill 

(30 days), what will her balance be on the next bill?

Understand  We must calculate the final balance given the principal, the inter-

est rate, and the fact that the interest is compounded daily for 30 days. Com-

pounding daily means that the interest is compounded 365 times per year; so      Answers to Your Turn 4

n = 365.                                                                  a. B = $15,595.20; I = $3595.20

b. B = $15,729.55; I = $3729.55 c. B = $10,122.55; I = $2122.55 d. B = $10,145.93; I = $2145.93 570   Chapter 8  Percents

 

Your Turn 5                                                                         r nt Plan Use the compound interest formula B = P a 1 +   b.

n

Marla has a balance of $426.85 

on a credit card that has a                      P = $685.72

 

12.9% interest rate. The inter-                                            Note Because t must be in years, we must r = 14.9 , = 0.149 convert 30 days to years. est with this particular card is n = 365 1 year compounded daily. If she does 30 30 days # 30 =  years not charge any money to this ac-365 days 365 t = 365 count until after she receives her We did not simplify to lowest terms because we 

 

balance be on the next bill?            Execute  B = P a1 +   b n next bill (30 days), what will her                                 nt       will use a calculator to calculate the final balance. r

0.149 365 30 #

B = 365            Replace P with 685.72, r with 0.149, n  685.72 c  1 +      d

365            with 365, and        30 t with .

365

B = 685.723               30 1 + 0.000408219 4   Divide 0.149 by 365 and multiply 

365 30 # .

365

B                  30          Add. = 685.72 3 1.000408219 4

B ⬇ 694.17 Evaluate the exponential  expression; 

then multiply.

Answer Paula’s balance will be $694.17 on the next bill.

Do Your Turn 5

Of Interest

Read the fine print of a credit card statement to find out how the interest is calcu-lated for the card. Sometimes several methods are listed for the same type of card. The method used will be indicated somewhere on the statement. In addition to the daily compounding method used in Example 5, here are a few other methods.

Method 1: Apply the monthly percentage rate to the average daily balance.  Applying this method to Example 5 gives the following:

monthly percentage rate = 14.9, , 12 = 1.242, = 0.01242

finance charge 1interest2 = 685.7210.012422 ⬇ $8.52

final balance = 685.72 + 8.52 = $694.24

Method 2: Apply the daily percentage rate to the average daily balance. Then multiply the result times the number of days in the billing cycle (simple inter-est). Applying this method to Example 5 gives the following:

daily percentage rate = 14.9, , 365 = 0.04082, = 0.0004082

finance charge = 685.7210.000408221302 ⬇ $8.40   There were 30 days in the 

billing cycle.

final balance = 685.72 + 8.40 = $694.12

Objective 3 Solve problems involving amortization.

In Example 5, notice that the interest charged during the month was $8.45 

1694.17-685.72 = 8.452. If Paula paid just $8.45, her balance would go back to the 

initial balance, $685.72, and the next month’s balance would be back to $694.17. Thus, 

if all she does is pay the finance charge (interest), she will never pay off the debt.

To pay off a debt, we must pay more than the interest. Any amount that we pay 

in addition to the interest will decrease the principal. This will then decrease the 

amount of interest for the next payment.

 

Answer to Your Turn 5

$431.40
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For example, suppose we borrow $1000 at 12% and make a $200 payment each month. We will need to calculate the balance at the end of each month. Because the interest rate is 12%, the monthly rate will be 1%.

 

First month balance: B =                 1 1000 c 1 + 0.12 a b d = 100011.01 2 = $1010

12

Applying the $200 payment: $1010-$200 = $810 

Note $10 of the $200 payment is going toward interest while the other $190 is going toward the principal. In our next payment, we will owe less interest because the principal is now less.

 

Second month balance: B = 810 11.012 = $818.10

Applying the $200 payment:  $818.10-$200 = $618.10 

Note Now only $8.10 is interest; so the rest of the $200 payment, which amounts to $191.90, goes toward principal. In the next payment, we will pay even less interest and more of the $200 goes toward principal.

 

This process continues until we pay off the loan. The payments we make to pay off a loan are called installments. When we pay off a loan in installments, we amortize the loan.

 

Definition Amortize: To pay off a loan or debt in installments.

 

In amortizing a loan, we are interested in the payment we must make. The factors that affect this payment are the principal, percentage rate, number of payments per year, and agreed-upon time to pay off the loan.

Because the calculations can be rather involved, it is common to use amortization tables to determine the payment. Most bookstores carry amortization books that list tables by percentage rate. Table 8.1 (next page) shows the monthly payment for vari-ous principal amounts borrowed at a rate of 9% and paid off in 3, 4, 5, 15, or 30 years.

Notice that under the 30-year column and the row for 90,000, the payment is $724.16. Note that the table does not list every possible principal amount. How-ever, we can use combinations of the listed principal values to determine the pay-ment for a principal that is not listed.

 

Example 6 Use Table 8.1 to find the monthly payment for $72,300 at 9% for         Your Turn 6

15 years.                                                                              Use Table 8.1 to find the 

Understand                                                                     monthly payment. We must determine the monthly payment using the amortization 

table. Because 72,300 is not listed, we must use combinations of principals that        a.  $15,000 for 5 years

are listed. We can use any of the principals whose sum is 72,300.                      b.  $125,000 for 30 years

Plan                                                                                       c.  $97,500 for 15 years Locate principal amounts whose sum is 72,300, find each of their monthly 

payments in the 15-year column, and add all of the monthly payments to get 

the total monthly payment for 72,300.

Execute Write 72,300 as a sum of values in the amount column of Table 8.1.

72,300 = 70,000 + 2000 + 200 + 100

Now using the 15-year column, we find the monthly payment for each of our 

listed principals and add those monthly payments.

72,300 = 70,000 + 2000  + 200  + 100

  709.99 + 20.29 + 2.03 + 1.01 =                             Answers to Your Turn 6

 733.32                 a. $311.38

Answer The monthly payment will be $733.32.                                    b. $1005.78

c. $988.91

Do Your Turn 6
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Table 8.1  9% APR Monthly Payment Schedule

Amount    3 Years   4 Years    5 Years    15 Years    30 Years

100        3.18       2.49        2.08        1.01         0.80 200        6.36       4.98        4.15        2.03         1.61 500       15.90      12.44      10.38        5.07         4.02

1,000       31.80       24.89       20.76       10.14         8.05 2,000       63.60       49.77       41.52       20.29        16.09 5,000      159.00     124.43      103.79       50.71        40.23 6,000      190.80     149.31      124.55       60.86        48.28 7,000      222.60     174.20      145.31       71.00        56.32 8,000      254.40     199.08      166.07       81.14        64.37 9,000      286.20     223.97      186.83       91.28        72.42

10,000      318.00     248.85      207.58      101.43        80.46 15,000      477.00     373.28      311.38      152.14       120.69 20,000      635.99     497.70      415.17      202.85       160.92 25,000      794.99     622.13      518.96      253.57       201.16 30,000      953.99     746.55      622.75      304.28       241.39 35,000     1112.99      870.98      726.54      354.99       281.62 36,000     1144.79     895.86      747.30      365.14       289.66 37,000     1176.59     920.75      768.06      375.28       297.71 38,000     1208.39      945.63      788.82      385.42       305.76 39,000     1240.19      970.52      809.58      395.56       313.80 40,000     1271.99      995.40      830.33      405.71       321.85 41,000     1303.79    1020.29      851.09      415.85       329.90 42,000     1335.59    1045.17      871.85      425.99       337.94 43,000     1367.39    1070.06      892.61      436.13       345.99 44,000     1399.19    1094.94      913.37      446.28       354.03 45,000     1430.99     1119.83      934.13      456.42       362.08 46,000     1462.79     1144.71      954.88      466.56       370.13 47,000     1494.59     1169.60      975.64      476.71       378.17 48,000     1526.39     1194.48      996.40      486.85       386.22 49,000     1558.19    1219.37     1017.16      496.99       394.27 50,000     1589.99    1244.25     1037.92      507.13       402.31 51,000     1621.79    1269.14     1058.68      517.28       410.36 52,000     1653.59    1294.02     1079.43      527.42       418.40 53,000     1685.39    1318.91     1100.19      537.56       426.45 54,000     1717.19    1343.79     1120.95      547.70       434.50 55,000     1748.99    1368.68     1141.71      557.85       442.54 56,000     1780.79    1393.56     1162.47      567.99       450.59 57,000     1812.58    1418.45     1183.23      578.13       458.63 58,000     1844.38    1443.33     1203.98      588.27       466.68 59,000     1876.18    1468.22     1224.74      598.42       474.73 60,000     1907.98    1493.10     1245.50      608.56       482.77 65,000     2066.98    1617.53     1349.29      659.27       523.00 70,000     2225.98    1741.95     1453.08      709.99       563.24 75,000     2384.98    1866.38     1556.88      760.70       603.47 80,000     2543.98    1990.80     1660.67      811.41       643.70 85,000     2702.98     2115.23    1764.46      862.13       683.93 90,000     2861.98    2239.65     1868.25      912.84       724.16 95,000     3020.97    2364.08     1972.04      963.55       764.39

100,000     3179.97    2488.50     2075.84     1014.27       804.62 105,000     3338.97    2612.93     2179.63     1064.98       844.85 110,000     3497.97    2737.35     2283.42     1115.69       885.08 120,000     3815.97    2986.21     2491.00     1217.12       965.55 130,000     4133.97    3235.06     2698.59     1318.55      1046.01 140,000     4451.96    3483.91     2906.17     1419.97      1126.47 150,000     4769.96    3732.76     3113.75     1521.40      1206.93 175,000     5564.95    4354.88     3632.71     1774.97      1408.09 200,000     6359.95    4977.01     4151.67     2028.53      1609.25 225,000     7154.94    5599.13     4670.63     2282.10      1810.40 250,000     7949.93    6221.26     5189.59     2535.67      2011.56
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PORTFOLIO

 

8.5             For Exercises

Extra

Help

 

Objective 1

 Prep Exercise 1 What is principal?                               Prep Exercise 2 What is interest?

 

 Prep Exercise 3 What formula is used to calculate simple        Prep Exercise 4 After calculating simple interest, how do interest? What does each variable represent?                  you determine the final balance? 

 

For Exercises 1–10, calculate the simple interest and final balance.

 1. $4000 at 3% for 1 year                                     2. $500 at 4% for 1 year  

 3. $350 at 5.5% for 2 years                                   4. $1200 at 6.5% for 3 years  

 5. $12,250 at 12.9% for 5 years                                6. $18,000 at 14.5% for 4 years  

 7. $2400 at 8% for six months a 1                                                1 year b 8. $840 at 12% for 3 months a year b

2                                                4

 9. $2000 at 6.9% for 60 days                                  10. $600 at 4.9% for 30 days  

For Exercises 11–14, solve.

 11. Nuno notes that his savings account earned $331.12       12. Sharice notes that her savings account earned $21.28 

in 1 year. If the account earns 6.9% simple interest,  in 1 year. If the account earns 5.5% simple interest, 

what was his principal?                                      what was her principal?  

 13. Kelly notes that her savings account earned $15.57 in      14. Roger notes that his savings account earned $24.56 in 

3 months. If the simple interest rate for her account is  9 months. If the simple interest rate for his account is 

3.2%, what was her principal?                                4.8%, what was his principal?  

Objective 2

 Prep Exercise 5 What formula is used to calculate the final      Prep Exercise 6 Suppose interest is compounded semian-balance when interest is compounded? What does each      nually. What is the value of n in the compound interest variable represent?                                            formula? 

 

Prep Exercise 7 After using the compound interest formula to find a final balance, how do you determine the interest? 

For Exercises 15–30, find the final balance and interest.

 15. $5000 at 8% compounded annually for 2 years             16. $6400 at 12% compounded annually for 2 years 

 

 17. $840 at 6% compounded annually for 2 years             18. $1450 at 10% compounded annually for 2 years 

 

 19. $400 at 9% compounded annually for 3 years             20. $650 at 5% compounded annually for 3 years 

 

 21. $14,000 at 8% compounded semiannually for 1 year       22. $20,000 at 10% compounded semiannually for 1 year 

 

 23. $1600 at 6% compounded semiannually for 3 years       24. $960 at 14% compounded semiannually for 3 years 

 

 25. $290 at 9% compounded semiannually for 4 years        26. $500 at 11% compounded semiannually for 5 years 574   Chapter 8  Percents

 

 27. $1300 at 12% compounded quarterly for 2 years          28. $900 at 8% compounded quarterly for 3 years 

 

 29. $450 at 6% compounded quarterly for 4 years             30. $2400 at 10% compounded quarterly for 4 years 

 

For Exercises 31–34, solve.

 31. Kevin has a balance of $860.20 on a credit card that        32. Phyllis has a balance of $285.32 on a credit card that 

has a 16.9% interest rate. The interest is compounded  has a 7.9% interest rate. The interest is compounded 

daily. If he does not charge any money to this account  daily. If she does not charge any money to this ac-

until after he receives his next bill (30 days), what  count until after she receives her next bill (30 days), 

will his balance be on the next bill?                             what will her balance be on the next bill?  

 33. Lindsey has a balance of $694.75 on a credit card that      34. Scott has a balance of $1248.56 on a credit card that 

has a 19.8% interest rate. The interest is compounded  has a 21.9% interest rate. The interest is compounded 

daily. If she does not charge any money to this ac- daily. If he does not charge any money to this account 

count until after she receives her next bill (30 days),  until after he receives his next bill (30 days), what 

what will her balance be on the next bill?                      will his balance be on the next bill?  

Objective 3

Prep Exercise 8 What does amortize mean? 

For Exercises 35–44, use Table 8.1 to find the monthly payment.

 35. $7000 for 5 years                        36. $9000 for 3 years                        37. $17,000 for 4 years  

 38. $21,000 for 5 years                      39. $92,500 for 30 years                     40. $78,000 for 15 years  

 41. $84,100 for 15 years                     42. $103,500 for 30 years                   43. $115,200 for 30 years  

 44. $147,200 for 15 years  

 

Review Exercises

3                                              5

[5.1] 1. Graph -6  on a number line.                       [6.4] 2. Write  as a decimal number.  

4                                              6

 

[6.4] 3. Simplify.                                                [3.1] 4. Evaluate 2x + 3y when x = 65 + 90 + 72 + 84-3 and y = 4. 

4

 

[5.4] 5. Solve and check. x = 3      21

8     -30
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8.1 Introduction to Percent

Definitions/Rules/Procedures                           Key Example(s)  

 

Percent is a ratio representing some part out of              Write each percent as a fraction in lowest terms.

.

a. 45,    45     9 = =

To write n% as a fraction or a decimal number:                      100    20

 

2.  Simplify to the desired form.                              b.  16.2, =       =           =       = 100 1. Write n% as          .                                               16.2    16.21102     162     81

100 1102    1000    500

1

9 

c.  9 , 1       2    19         19   1     19 = = , 100 = #                  =

2      100    2          2 100    200

Write each percent as a decimal number.

 

a. 62,    62 = = 0.62

100

 

b. 4.5,    4.5 = = 0.045

100

 

c. 33 , 1              33.3 = 33.3, = = 0.3

3              100

 

[8.1] For Exercises 1–4, write each percent as a fraction in lowest terms. 

1. 40%                        2. 26%  3. 6.5%      4. 24 , 1

2

[8.1] For Exercises 5–8, write each percent as a decimal number.

 

5. 16%  6. 150%  7. 3.2%    8. 40 , 1

3

 

Definitions/Rules/Procedures                          Key Example(s)

 

To write a fraction or a decimal number as a percent:      Write each fraction as a percent.

1. Multiply by                                                      20 .

a.     = 3    3 100 #              , = 60,

2. Simplify.                                                     5    5   1 1

b.     = 2    2 100      200        2 #              , = , = 66 ,

3    3   1       3        3

Write each decimal number as a percent.

a. 0.49 = 10.4921100,2 = 49,

b. 0.067 = 10.06721100 ,2 = 6.7,

c. 1.03 = 11.0321100,2 = 103,

 

[8.1] For Exercises 9–12, write each number as a percent.

3                        4

 9.                                     10.                                      11. 0.54                               12. 1.3 

8                        9

576   Chapter 8  Percents

 

8.2 Solving Basic Percent Sentences

Definitions/Rules/Procedures                          Key Example(s)

 

To translate a basic percent sentence to an equation, use     Translate to an equation and solve.

one of the following methods:

a. 40% of 70 is what number?

Method 1: Write the percent as a fraction or decimal           Translation: 40, # 70 = n

number, of as                 , and is as a(n)             .         Solution:   10.421702 = n

A percent of a whole is a part.                     28 = n

percent ~   whole =  part                 b. 15% of what number is 60?

Method 2: Write a proportion in the following form:           Translation: 0.15w = 60

Solution:           = 0.15w     60

Percent =                                          0.15     0.15

Note                                                                          w = 400

Either method works in all cases. However, we sug-

gest using Method 1 when the part or whole is unknown and 

Method 2 when the percent is unknown. c. What percent is 20 out of 30? (Or what percent is 20 of 30?)

 

Translation:      = P    20

100    30

Solution:      30P = 2000

30P    2000 =

30     30

P = 66.6,

 

[8.2] For Exercises 13–16, translate to an equation and solve.

 13. What number is 15% of 90?                                14. 12.8% of what number is 5.12?

 

 15. 12.5 is what percent of 20?                                        16. What percent is 40 of 150? 

 

8.3 Solving Percent Problems (Portions)

Definitions/Rules/Procedures                          Key Example(s)

 

To solve application problems involving percents: Brianna earns 20% commission. One week her sales 

1.  Identify the                                                 totaled $4500. Find her commission. , , and , not-

ing which is unknown.                                 Solution: The percent is 20%. The $4500 in total sales is 

2.  Write a basic percent sentence (if needed).                the whole. The unknown commission is the part.

3.   Translate to an equation (word for word or                  A percent of a whole is a part.

proportion).

4.  Solve for the unknown.                                       20 , of     4500    is what number?

Commission   0.2      ~    4500 = n   Translate to an equation.  is the portion of   earnings that a 

salesperson receives.                                                          900 = n   Multiply.

Answer:  Brianna’s commission is $900.
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[8.3] For Exercises 17–20, translate to an equation and solve.

 17. Use the graph at right, which shows the results of a                            No opinion,

survey of 680 people.                                                          12.9%

a. How many people agreed?

 

Agree, Agree,

b. How many had no opinion?                                                      65.0% 65%

Disagree,

22.1%

 

 18. Trent earns 15% commission. One week his sales to-       19. After traveling 180 miles, Boris completed only 35% 

taled $7800. Find his commission.  of a trip. What was the total distance of the trip?

 

20. In a survey of 554 adults, 321 supported raising the minimum wage. What percent of those surveyed supported 

raising the minimum wage? 

 

8.4 Solving Problems Involving Percent of Increase or Decrease

Definitions/Rules/Procedures                          Key Example(s)

Given a percent of increase and an initial amount, to 

A book costs $6.95. If the tax rate is 5%, find the sales tax 

find the final amount after the increase:

and the final price.

1. Find the               amount.

Solution:

2.  Add the increase amount to the           amount.

A percent of an initial amount is an increase amount.

5,  of              6.95              is         what number?

 0.05 # 6.95 =     Write 5% as 0.05, of as , is ~

n   as , and what number as n.

 0.35 ⬇ n Multiply.

Sales tax = $0.35 Final price = $6.95 + $0.35 = $7.30

Given a percent of decrease and an initial amount, to  A table is discounted 30%. If the original price was $275, 

find the final amount after the decrease: what is the discount and the price after the discount?

1. Find the                                                 Solution: amount.

2.   Subtract the decrease amount from the                       A percent of an initial amount is a decrease amount.

amount.

30%    of            275                is     what number?

 0.3 # Write 30% as 0.3, of as , is as ~  275 =

n

 , and what number as n.

 82.5 = n     Multiply.

Discount = $82.50 Final price = $275-$82.50 = $192.50

[8.4] For Exercises 21–24, translate to an equation and solve.

 21. A home theater system is priced at $495.95. The            22. A dress is on sale for 25% off. If the initial price is 

sales tax rate is 6%. Calculate the sales tax and total           $56.95, what is the price after the discount? amount of the purchase. 
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 23. Kat received a 3.5% raise that amounted to $1102.50.       24. Gaven lost 4% of his body weight so that he now 

What was her former salary? weighs 168 pounds. What did he weigh before he lost 

weight? 

 

Definitions/Rules/Procedures                          Key Example(s)

 

To find a percent of increase or decrease: Marcus notices that his electric bill increased from $120 

1.  Find the amount of the increase or decrease. in January of one year to $140 in January of the next 

a.                                                                   year. What was the percent of the increase? For an increase situation, subtract 

.                                                        Increase amount: $140-$120 = $20

b. For a decrease situation, subtract 

.                                                     Basic sentence: What percent of 120 is 20?

 

2.   Translate to an equation with an unknown percent.              P% written    P      20 d   increase amount b =

For the proportion method, use the following form:             as a ratio     100    120 d initial amount

 

100 =       initial amount P    increase or decrease amount                                120P = 2000

120P    2000 =

120     120

P = 16.6

Answer: The percent of increase was 16.6 ,.

 

[8.4] For Exercises 25 and 26, translate to an equation and solve.

 25. The Johnsons’ power bill increased $27.68 from last        26. Dave’s hourly wage is raised from $12.00 per hour to 

month. If the bill was $86.50 last month, what was the  $15.50 per hour. What is the percent of increase?

percent of increase?

 

8.5 Solving Problems Involving Interest

Definitions/Rules/Procedures                          Key Example(s)

 

An  Find the simple interest and final balance if $600 is in- interest rate  is a(n)   used to calcu-

late interest.                                                       vested at 4% for 9 months.

Principal                                                                   I = Prt is a(n)  amount of money 

 invested or borrowed.                                                                           3 I = 1 600 21 0.042a b

Interest                                                                                          4 is an amount of money that is a percent of the 

.                                                                                                       I = 18

Simple interest is interest calculated using only the in-      Interest = $18

terest rate, the                    , and the amount of time      Final balance = $600 + $18 = $618

in which the principal earns interest.

Bill notes that his new balance at the end of the year is 

To calculate simple interest, use the following formula: $1310.40. If the account earns 4% interest, what was the 

I =                                principal?

I                                                                                                            B = P11 + rt2 represents the simple Prt

.                                                             1310.40 = P31 + 0.041124

P represents the                  .                                               1310.40 = 1.04P

 

r represents the simple interest                  .                               1310.40    1.04P 1.04   = 1.04

t represents the                   in years. 

 1260 = P

Answer: The principal was $1260.
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Definitions/Rules/Procedures                          Key Example(s)

 

To find the final balance after calculating simple in-

terest, add the                  to the                 .

Final balance =                  +

 

[8.5] For Exercises 27 and 28, find the simple interest and final balance.

 27. $480 at 6% for 1 year                                           28. $8000 at 5.2% for 3 months. 

 29. After 1 year at 8%, the simple interest added to a sav-        30. After 1 year at 4.5% simple interest, the balance in an 

ings account was $62.80. What was the principal?  account is $627. If no deposits or withdrawals were 

made during the year, what was the principal? 

 

Definitions/Rules/Procedures                          Key Example(s)

 

To find the final balance if interest is compounded,  Find the final balance and interest if $5000 is invested at 

use the following formula:                               8% compounded quarterly for 2 years.

 

B = P a    r nt                                                                                   nt r 1 +   b B = P a 1 +   b

n                                               n

 

B represents the                  .                                              B = 5000 a 1 +      b 4 0.08 4 # 2

P represents the                  .                                                              8 B = 5000 1 1.02 2

r represents the                        .                                          B ⬇ 5858.30

n represents the number of                    per year.      Final balance = $5858.30

t represents the                   in years.                      Interest = $5858.30-$5000

To find the interest if the principal and the final bal-               = $858.30

ance are known, subtract the                 from the

.

Interest =                   -

 

[8.5] For Exercises 31 and 32, find the final balance and interest.

[image: ]

 31. $5000 at 8% compounded annually for 3 years            32. $1800 at 12.4% compounded quarterly for 1 year

 

Definitions/Rules/Procedures                          Key Example(s)

 

To  Use Table 8.1 to find the monthly payment if 92,500 is to  amortize  a loan means to   a loan or 

debt in installments.                                          be amortized at 9% APR over 30 years.

92,500 = 90,000 + 2000 + 500

724.16 + 16.09 + 4.02 = 744.27

Answer: $744.27

 

[8.5] For Exercises 33 and 34, use Table 8.1 to find the monthly payment.

 33. $90,500 for 15 years                                            34. $162,000 for 30 years 
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For Extra Help
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[8.1] For Exercises 1 and 2, write each percent as a fraction in lowest terms.

 1. _____________________              1. 24%

 

2. 40 , 3

 2. _____________________                  4

 

[8.1] For Exercises 3 and 4, write each percent as a decimal number.

 3. _____________________              3. 4.2%

 

 4. _____________________              4. 12 , 1

2

 

[8.1] For Exercises 5–8, write each number as a percent.

2

 5. _____________________              5. 

5

 

5

 6. _____________________              6.

9

 

 7. _____________________              7. 0.26

 

 8. _____________________              8. 1.2

 

[8.2] For Exercises 9–12, translate to an equation and solve.

 9. _____________________              9. What number is 15% of 76?

 

 10. ______________________              10. 6.5% of what number is 8.32?

 

 11.  _____________________               11. 14 is what percent of 60?

 

 12. ______________________              12. What percent is 12 of 32?

 

For Exercises 13–19, translate to an equation and solve.

A,

 13.                                                                                        F, ______________________ [8.3] 13. Use the graph at right, which shows the grade     12%

distribution in a class of 50 people.                     18%

B,

  How many people earned an A? 24%  16%  D,

C,

30%
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[8.3]  14. Carolyn earns 25% of total sales in commission. If she sells a total of   14.  _________________________

$1218 in merchandise in one week, what is her commission?

 

[8.3]  15. The Morgan family has a net monthly income of $2786.92. If the  family   15.  _________________________

has a $345.75 car payment, what percent of the net monthly income goes toward paying for the car?

 

[8.4]  16. A microwave oven is priced at $295.75. The sales tax rate is 5%. Calcu-  16.  _________________________

late the sales tax and total amount of the purchase.

 

[8.4]  17. A pair of boots is on sale for 30% off. If the initial price of the boots is   17.  _________________________

$84.95, what is the price after the discount?

 

[8.4]  18. Barbara received a 2.5% raise that amounted to $586.25. What was her   18.  _________________________

former salary?

 

[8.4]  19. Andre’s hourly wage is raised from $8.75 per hour to $10.50 per hour.   19.  _________________________

What is the percent of increase?

 

[8.5] For Exercises 20 and 21, find the simple interest and final balance.

20. $5000 at 6% for 1 year  20.  _________________________

 

21. $800 at 4% for 6 months  21.  _________________________

 

[8.5]  22. After 1 year at 6% simple interest rate, the balance in an account is   22.  _________________________

$2544. If no deposits or withdrawals were made during the year, what was the principal?

 

[8.5] For Exercises 23 and 24, find the final balance and interest.

23. $2000 at 9% compounded annually for 3 years                             23. __________________________

 

24. $1200 at 4% compounded quarterly for 1 year  24.  _________________________

 

25. A family borrows $112,000 at 9% APR to be amortized over 30 years.         25. __________________________

Use Table 8.1 to find the monthly payment.
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Chapters 1-8 Cumulative Review Exercises

 

For Exercises 1–4, answer true or false.

[2.4] 1. There are two solutions for 1?22 = 81:               [3.5] 2. 91 is a composite number. 

+ 9 and -9. 

[6.4] 3. p is an irrational number.                            [8.1] 4. 9, 7 0.1 

[5.6]  5. Explain how to add fractions.                        [6.6] 6. Explain how to clear decimal numbers from an 

equation. 

 

[1.3] 7. Estimate 7805 # 246 by rounding.                    [3.2] 8. What is the degree of -5y? 

[5.5]                             2                                         [6.1] 10. Graph    5.6 on a number line. 9. Find the LCM of 24 y and 30 x . -

 

For Exercises 11–14, simplify.

 

[2.5]  11. 3                                 3                                                   5       3     1 12 + 41 6-824--2 1 2 +   100 2-36            [5.7] 12. 10   , a b

8     -    -16 2

 

[6.5]                                                                            3       2 13. 4.86 , 0.8 + 58.9 [6.5] 14. -1 0.6 2 4

 

[5.4] 15. Simplify.       ,                                        [5.6] 16. Simplify.    -2 9 10                                                         y m 5 3 n     12n                                          5   4

c 5.7d 17. Subtract.                                                    [6.3] 18. Multiply. 16.2x-1214x + 5 2

6.2

 

a 4     1                  3 2 2 x-x + 9.6 b-a 3 4 x + x-14.6b 3 5

 

[8.1] 19. Write 12 , 1

 as a decimal number.                   [8.1] 20. Write 0.71 as a percent. 

2

For Exercises 21 and 22, solve and check.

 

[5.8] 21.    y-3 = 5        3                                       [6.6] 22. 3.5x-12.1 = 6.8x + 3.08 

8        4

[7.3] 23. Convert 9.5 pounds to ounces.                       [7.4] 24. Convert 80 milliliters to liters. 
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For Exercises 25–30, solve.

[1.5] 25. Use the following graph to find the mean, median, and mode income of 

the actors listed. Write the answers in standard form.

Highest Paid Actors of 2010

(in millions)

$80    $75

$70

$60          $56

$53

$50                      $45

$40

$40

$32    $32

$30                                               $28    $27    $25 $20

$10

$0

 

Johnny Depp         Ben StillerTom Hanks

Sandra Bullock                 Adam Sandler       Cameron Diaz

Jennifer Aniston Daniel Radcliffe

Reese Witherspoon   Leonardo DiCaprio

(Source: Forbes.com)

 

[3.4] 26. Write an expression in simplest form for the          [4.5] 27. The sum of two integers is 123. One integer is 

area of the rectangle shown. Calculate the area  three more than twice the other integer. What 

if x is 3 inches.                                                         are the integers? 

 

3x    5 2 

 

4x    1 1 

[6.5] 28. Find the area of the shaded region. Use 3.14          [7.2] 29. The following triangles are similar. Find the un-

for p.                                                              known side lengths. 

15 cm

y

11 cm                                            7 cm            15 cm      9 cm

4 cm

12.5 cm                           x

9 cm

[8.4] 30. Of the 450 people in attendance at a retirement seminar, 384 are over 50. 

What percent of the people in attendance are over 50? 
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9.1 Points, Lines, and Angles            Chapter Overview 9.2 The Rectangular Coordinate 
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System In Chapter 9, additional topics in geometry will be explored. 
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After formally defining some of the basic terminology, we will 
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9.3 Graphing Linear Equations
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explore angles more extensively. Then we will add to what 
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9.4 Applications with Graphing we have learned about plotting points on a number line and 

explore coordinate geometry.
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9.1 Points, Lines, and Angles

 

Warm-up [4.3] Solve.                                                               Objectives

 1. n + 3n-20 = 180                                                            1 Identify points, lines, line  2. 4a + 36 = 7a-90 segments, rays, planes, and 

parallel lines.

Objective 1   Identify points, lines, line segments, rays, planes,                  2 Identify angles.

and  parallel lines.                                                       3 Solve problems involving 

In this section, we will explore more concepts in geometry. First, we need to de- angles formed by intersect-

fine some terms.                                                                   ing lines.

 4 Solve problems involving 

Definitions Point: A position in space having no length or width.                        angles in a triangle.

Line: A straight, one-dimensional figure extending forever in both directions.          5 Solve problems involving Line segment: A straight, one-dimensional figure extending between two end            congruent triangles. points.

Ray: A straight, one-dimensional figure extending forever in one direction from a single point.

Plane: A flat, two-dimensional surface extending forever in both dimensions.

Parallel lines: Lines lying in the same plane that do not intersect.

 

Usually, the geometrical figures defined above are named using letters as shown in Example 1.

 

Example 1 Identify the figure.                                                 Your Turn 1

a.                                                                                                              Identify the figure. A ~

Answer:                                                                          a. point A                                                               H

 

b.                                     place and are used to name the line. A line can Note The two points, M and N, fix the line in  K  M                                                 T b. N also be named using a lower-case letter, as in c. g part f below.

Answer:                                                                             p line MN

c.                                                                                                         n

Y

X

h

Answer: ray XY

d.

B

A

Answer: line segment AB

e.                                     allelogram to give the impression of a flat sur-Note When drawing a plane, we draw a par-

 face. Although we have drawn boundaries, it 

is assumed that the plane has no boundaries.

Z

Answer: plane Z

f.     l

m                                                     Answers to Your Turn 1

a. line segment HK

Answer:                                                                           b. point T   c. p 兩兩n parallel lines l and m ; to indicate that they are parallel, we can write l 兩兩 m .

Do Your Turn 1                                                                     Answers to Warm-up
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Objective 2 Identify angles.

In Section 4.5, we introduced angles. In this section, we will explore angles in a 

little more detail. When two lines, line segments, rays, or planes intersect, they 

form an angle.

Definition Angle: A figure formed by the intersection of two lines, line seg-

ments, rays, or planes.

 

To simplify our discussion, we will speak of angles as being formed by two rays. 

The common end point for the two rays is called the vertex of the angle. For ex-

ample, the vertex of the following angle is point B.

An angle is named using the vertex, or the vertex 

along with a point on each ray forming the angle, as               A

follows:

B  or  ABC  or  CBA

Notice that if three points are used, as in ABC or  B

CBA, the vertex is the letter written in the middle.                     C

Of Interest Usually, angles are measured in degrees. Imagine a greeting card. When the card 

Angles can also be measured in  is closed, the measure of the angle between the front and back is 0. As the card is 

radians. opened, the angle increases. When the card is opened to the point where it can lie 

flat, the measure of the angle is 180.

 

0                                        120             1808 8 90 8 20 8 8

 

An angle can open beyond 180 . Imagine the greeting card being opened past flat.

 

200               270               300               360 8 8 88

 

We will focus on angles measuring between 0 and 180. Those angles can be cat-

egorized according to their measure.

Definitions Acute angle: An angle measuring between 0 and 90.

Right angle: An angle measuring 90 .

Obtuse angle: An angle measuring between 90 and 180.

Straight angle: An angle measuring 180 .

 

Example 2 State whether the angle is acute, right, obtuse, or straight.

a. 

 

658

 V

Answer: Angle V is acute because its measure is between 0 and 90.
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b.                                                                                                                 Your Turn 2

State whether the angle is acute, 

right, obtuse, or straight.

115                                                                     a. 8

 

D                                                             8 135

Answer: Angle D is obtuse because its measure is between 90 and 180.

c.                                                                                                                       b. 

 

388

 c. 

Note Remember, the small square indicates that the measure of the 

 F                                                                      180 angle is 90 . 8

Answer: Angle F is a right angle because its measure is 90.

d.             1808

C

Answer:                                                                          d.  Angle C is a straight angle because its measure is 180 .

Do Your Turn 2

 

Also, in Section 4.5, we defined congruent angles, complementary angles, and supplementary angles. Let’s review those definitions.

 

Definitions Congruent angles: Angles that have the same measurement.

Complementary angles: Two angles whose measurements sum to 90.

Supplementary angles: Two angles whose measurements sum to 180.

 

Congruent Angles       Complementary Angles    Supplementary Angles

V

H

A

 

B     35                                 J                           1358 45 8 8

C                                        T        U       W

50 8                         Note    TUV  and VUW

40 8

K     are supplementary because 

D                             45 I           . + 135 = 180

Note    HIJ  and JIK are 

E     35                   complementary because 8

F            50 + 40 = 90.



Note    ABC  and DEF

are congruent because their 

measurements are equal. 

Using the symbol for con-

gruence, ⬵, we can write 

ABC ⬵ DEF.

Answers to Your Turn 2
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Now we can explore some properties of the angles formed from intersecting lines. If 

two lines intersect, two pairs of congruent angles are formed, called vertical angles.

Definition Vertical angles: A pair of congruent angles formed by the intersec-

tion of two lines.

 

We see vertical angles in the following figures.

 

Connection  A                        C        A                        C  Notice that 

ABC and CBE together 

form a straight angle; so they 

are supplementary, as are                              B                                        B

 

ABD and DBE.              D                   E      D                   E 

Note    ABC  and DBE are verti-          Note ABD and CBE are verti-cal; therefore, ABC ⬵ DBE.            cal; therefore, ABD ⬵ CBE.

 

If the two lines that intersect form a 90 angle, the two lines are perpendicular.

Definition Perpendicular lines: Two lines that intersect to form a 90 angle.

g g

For example, in the following figure, lines AB and CD are perpendicular.

 

A

 

Note Although we have drawn the 90 angle only for AED, all four angles measure 90. Because 

C                         AEC and AED form a straight E D angle, they are supplementary; so 

AEC = 90. Vertical angles are congruent; so BEC = 90 and BED = 90.

B

 

When two lines are intersected by a third line (called a transversal), eight angles 

are created, as shown in the following figure.

t

h

1 2

3 4

Note The line t is a transversal be-

 cause it intersects both lines  

5 6                       h and k.

7 8                  k

 

Pairs of those eight angles have special names: corresponding angles, alternate 

interior angles, alternate exterior angles, consecutive interior angles, and con-

secutive exterior angles.
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Definitions Corresponding angles: In a figure formed by a transversal inter-secting two lines, a pair of angles in the same relative position.

Examples: 1 and 5, 2 and 6, 3 and 7, or 4 and 8

Alternate interior angles: In a figure formed by a transversal intersecting two lines, a pair of angles between the lines but on opposite sides of the transversal.

Examples: 3 and 6 or 4 and 5

Alternate exterior angles: In a figure formed by a transversal intersecting two lines, a pair of angles outside the lines but on opposite sides of the transversal.

Examples: 1 and 8 or 2 and 7

Consecutive interior angles: In a figure formed by a transversal intersecting two lines, a pair of angles between the lines on the same side of the transversal.

Examples: 3 and 5 or 4 and 6

Consecutive exterior angles: In a figure formed by a transversal intersecting two lines, a pair of angles outside the lines on the same side of the transversal.

Examples: 1 and 7 or 2 and 8

 

If two parallel lines are intersected by a transversal, the following rules apply:

 

Rules

If two parallel lines, m and n, are intersected by a transversal, t, all of the 

 following  apply:

The corresponding angles are congruent.

1 ⬵ 5, 2 ⬵ 6, 3 ⬵ 7, and 4 ⬵ 8

The alternate interior angles are                                       t

congruent.

3 ⬵ 6 and 4 ⬵ 5               1 2 m

The alternate exterior angles are congruent.                     3 4

 

The consecutive interior angles are 1 ⬵ 8 and 2 ⬵ 7            5 6 n 7 8 supplementary.

3 + 5 = 180 and 4 + 6 = 180

The consecutive exterior angles are 

supplementary.

1 + 7 = 180 and 2 + 8 = 180

 

Example 3 In the following figure, lines l and m are parallel. State whether

 each pair of angles is congruent or supplementary and explain why.

a.                                                                              t 2 and 

6

 

Answer:  congruent; they are corresponding                  1 2 m angles. 34

b. 3 and 6

Answer:  congruent; they are alternate inte-                     5   6 l

rior angles.                                                        7   8
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Your Turn 3                       c. 1 and 7

In the following figure, lines              Answer:  supplementary; they are consecutive exterior angles.

i and j are parallel. State whether        d. 4 and 6

each pair of angles is congruent 

or supplementary and explain          Answer:  supplementary; they are consecutive interior angles.

why.                             e. 1 and 4

t                                        Answer:  congruent; they are vertical angles.

 

i               1                       f.    5 and 7 2

3                      Answer:  supplementary; they form a straight angle. 4

j                  5                       Do Your Turn 3 6

7 8

Example 4 In the following figure, lines p and q are parallel. If 1 = 57, 

 a. 1 and                           find the measure of each of the other angles. 5

 b. 4 and 6                   Solution: Because 1 and 4 are vertical,               t c.                                              4 and 5 are alternate interior angles and 5 and 8

 d.                                                      5 and 8 are vertical; all of those angles are             1   2 3 and 4 p congruent. Therefore, the measure of each of 3 4

those angles is 57.

Your Turn 4                              1 ⬵ 4 ⬵ 5 ⬵ 8 = 57                     5 6 q

In the following figure, lines                                                                                7 8 h Because 1 and 2 form a straight angle, and k are parallel. If 1 = 42,        they are supplementary; so 1 + 2 = 180.

find the measure of each of the          57 +   2 = 180         other angles.                                               In    1      2    180 , 

replace 1 with 57 . 

t                                                    57 + 2 = 180

h     1                          -57       -57 Subtract 57 from both sides. 2

3   4                         0 + 2 = 123

k              5                           2 = 123 6

7   8             Because 2 and 3 are vertical, 3 and 6             t

 

Answers to Your Turn 3                  are alternate interior angles and 6 and 7                  1238 are vertical angles; they are all congruent. 57 8 p 8 Therefore, the measure of each of those 57 123 8 angles is 123 .

a.                                                                                                                                          1238 congruent; they are corre-2 ⬵ 3 ⬵ 6 ⬵ 7 = 123

578

sponding angles.                                                               q                     8

b.                                                                                                                          123 The figure to the right contains each angle’s                          57 supplementary; they are con-                                                                    8

secutive interior angles.             measurement.

c. congruent; they are vertical            Do Your Turn 4

angles.

d. supplementary; they form a 

straight angle. Objective 3 Solve problems involving angles formed by intersecting lines.

Answer to Your Turn 4 In Section 4.5, we solved problems with two unknown angles given that the two 

angles were congruent, complementary, or supplementary. Now we will solve simi-

t lar problems using what we just learned about angles formed by intersecting lines.

1388

428                               Example 5 

h          42                                  In the figure to the right, four angles are 8 138                                                                                             5x 1 

8                                                                                                                                                                  12 42    138             formed by the  intersecting lines. Find the measure of 8               x 8

k                                     each angle. 42 8 138 8
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Understand Because the two angles with variable expressions form a straight          Your Turn 5

angle, they are supplementary; so the sum of their measures is 180 .

In the following figure, four 

Plan  Translate to an equation; then solve. The sum of x and 5x + 12 is 180.  angles are formed by the inter-

Execute x + 5x + 12 = secting lines. Find the measure  180

 6x + 12 = 180   Combine like terms.                                  of each angle.

 6x                                                                                                      4x 1 20 + 12 = 180

-12    -12 Subtract 12 from both sides.                                    x

 6x + 0 = 168

6x = 168   Divide both sides by 6.

6     6

x = 28

The measure of the smaller angle is 28 . To find the measure of the larger angle, 

we replace x in 5x + 12 with 28.

51282        Replace  in 5x + 12  x 12 with 28.

= 140 + 12

= 152

 

Answer  The two angles are 28 and 152. Because the two            1528 intersecting lines form two pairs of vertical angles, the 8 28288 measures of the other angles are also 28  and 152 . 8 152 Check  The sum of the measures of the supplementary 

angles is 28 + 152 = 180.

Do Your Turn 5

 

Example 6                                                 t In the figure to the right, lines            Your Turn 6

m                                           m and n are parallel. The  transversal t forms x    In the following figure, m and n

 

eight angles. Find the measure of each angle. are parallel lines. The transver- 7  x  2  16  sal  t  forms eight angles. Find the  Understand   The variable expressions represent  n  measure of each angle.  the measures of angles that are consecutive 

 interior angles; so they are supplementary.                                                 t

Plan                                                        x and 7x-16 is 180. Af-Translate to an equation; then solve. The sum of  x m

ter finding the values of x and 7x-16, we can use the rules about the angles  n

formed by a transversal intersecting two parallel lines to find the other angles.                     9x   15 2 

Execute x + 7x-16 = 180

 8x-16 = 180   Combine like terms.

 8x-16 = 180

+ 16  + 16 Add 16 to both sides.

 8                                                                                                                     Answer to Your Turn 5 x + 0 =

196

 

8                                                          1488 x 196 Divide both sides by 8. = 32 8328 8 8 8 148 x = 24.5

The measure of the smaller angle is 24.5. To find the measure of the larger           Answer to Your Turn 6

 

angle, we replace x in 7x-16 with 24.5. 7                                                      19.5    160.5 88 1 =   24.5 2         Replace  in 7x-16  x 16 with 24.5.                                         m 19.5 8 160.5 8 171.5-16 160.5 8

19.5            n 8

= 155.5                                                                  160.58 19.5 8 592   Chapter 9  More with Geometry and Graphs

 

Connection  Answer t   The two angles are 24.5    and 155.5   .  155.5  8  Look at the  24.5  We can find all of the other angles using 8  m  final figure in Example 6.  24.5  8  the rules concerning angles formed by a  155.5  8  Notice that the vertical an- transversal intersecting two parallel lines.  155.5  8  24.5  8  gles, corresponding angles,  n  8  24.5  Check   The sum of the measures of  alternate interior angles, and  155.5  8  the two consecutive interior angles is  alternate exterior angles are   24.5  155.5  congruent. Also, the angle  +   =  180   .

pairs forming straight angles,          Do Your Turn 6

consecutive interior angles, 

and consecutive exterior 

angles are supplementary.         Objective 4 Solve problems involving angles in a triangle.

In Section 4.5, we learned about equilateral and isosceles triangles, which are 

classifications related to the lengths of the sides. Triangles can also be classified 

according to their angles. We will consider right, acute, and obtuse triangles.

Definitions Right triangle: A triangle with one angle measuring 90.

Acute triangle: A triangle in which each angle measures less than 90 .

Obtuse triangle: A triangle in which one angle measures greater than 90.

 

Acute Triangle

 

34

Your Turn 7                           Right Triangle                      8

For each triangle, indicate 

whether it is a right triangle, an 

acute triangle, or an obtuse tri-                                                                       Obtuse Triangle angle and explain why.                             5 ft. 4 ft.

a. 

 

8                                                 1308

20                                            3 ft. 8                78          68

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

Note This is a right            Note This is an acute trian-    Note This is an obtuse tri-triangle because the mea-     gle because the measure of     angle because the measure of sure of one angle is 90.        each angle is less than 90.     one angle is greater than 90.

 

85   75 8                             triangle, or an obtuse triangle. Explain why. 8 Example 7 For each triangle, indicate whether it is a right triangle, an acute 

b.                                              a. 

110                                         124 8 8

 

Answer:  obtuse triangle; the measure of one angle is greater than 90.

b. 

Answers to Your Turn 7

a. acute triangle; the measure of 

each angle is less than 90.

b. obtuse triangle; the measure of       Answer:  right triangle; the measure of one angle is 90.

one angle is greater than 90.          Do Your Turn 7
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We can use what we learned about parallel lines in-

tersected by a transversal to derive a property about 

all triangles. In the figure to the right, lines             m l and m

1

triangle, 1, 2, and                             l               2     3 are parallel and we have numbered the angles in the 3. Using the rules that verti-

cal angles and corresponding angles are congruent, 

we can conclude that the three angles along the top 

are congruent to 1, 2, and 3, as shown below.

 

Note Along the top, 1, 2, and 3 together                                              Connection In Section 4.5, form a straight angle; so their sum is 180 1 . 3 2 m we learned that the three  Therefore, the sum of the measures of the  1 sides of an equilateral trian-angles in any triangle is 180 . 2 3 l gle are of equal length. It can 

be shown that all three angles 

also have equal measure. Be-

cause the sum of the angles 

in any triangle is 180, in any 

Rule equilateral triangle, each 

For any triangle, the sum of the measures of the angles is 180.                         angle must measure 60.

 

Example 8 Find the measure of each angle in the following triangle.               Your Turn 8

Find the measure of each angle 

in the following triangle.

x

 

1.5x

 

0.5x     16    x 12 36

x           x 1 5

Understand  The sum of the measures of the angles is 180.

Plan  Translate to an equation; then solve. The sum of x, 0.5x + 16, and x-36 

is 180.

Execute x + 0.5x + 16 + x-36 = 180

2.5x-20 = 180 Combine like terms.

2.5x-20 = 180

+ 20  + 20 Add 20 to both sides.

2.5x + 0 = 200

2.5x    200    Divide both sides by 2.5. =

2.5     2.5

x = 80

The measure of the angle labeled x is 80. To find the measure of the other two 

angles, we replace x in 0.5x + 16 and x-36 with 80.

0.51802 + 16    Replace x in 0.5x 16         80        Replace x in x 36-36 

= 40 + 16    with 80.                = 44    with 80.

= 56

Answer  The measures of the angles are 80 , 56, and 44.

Check  The sum of the measures of the angles in the triangle is 

80 + 56 + 44 = 180.

Do Your Turn 8                                                                     Answer to Your Turn 8

50, 75, 55
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Objective 5 Solve problems involving congruent triangles.

In Section 7.2, we learned that similar triangles have the same shape but not neces-

sarily the same size. Congruent triangles, on the other hand, have the same shape 

and the same size, which means that all of the sides are equal length and all of the 

angles are congruent. The two triangles below are congruent.

A                       D              Note Angles with the same 

number of arcs are congru-

ent. For example, BAC and EDF have two arcs; 

10 cm           12 cm         10 cm           12 cm        so they are congruent. Sides 

with the same number of 

slashes are equal length.

 

B            C          E            F 8 cm 8 cm

The following four rules can be used to determine whether two triangles are 

congruent.

 

Rules

The Side-Side-Side (SSS) Postulate          B    ABC ⬵   DEF   E If the lengths of the three sides  

of one triangle are equal to the 

lengths of the three sides of  

another triangle, the triangles   A              C    D              F

are congruent.

 

The Side-Angle-Side (SAS)        I         HIJ ⬵   KLM   L Postulate

If two sides and the  

included angle of one  

triangle are equal to two     H                      J     K                     M sides and the included  

angle of another triangle,  

the triangles are congruent.

 

The Angle-Side-Angle N                    P    Q                    S (ASA) Postulate

If two angles and the 

included side of one                      O     NOP ⬵   QRS triangle are equal to                                                       R two angles and the in-

cluded side of another 

triangle, the triangles 

are congruent.

The Angle-Angle-Side T                   V    X                   Z (AAS) Postulate

If two angles and a 

 

nonincluded side of               U      TUV ⬵   XYZ     Y one triangle are equal or to two angles and the T V X          Z corresponding nonin-cluded side of another 

triangle, the triangles 

are congruent.                  U                          Y TUV ⬵ XYZ
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Example 9                                                           Your Turn 9 Determine whether the following triangles are congruent. If they 

are congruent, state the rule that explains why. Determine whether the follow-

ing triangles are congruent. If 

A                                                they are congruent, state the N

6 cm             8 cm                                 rule that explains why.

a.                     I

P                                                65 ° 65°

8 cm            6 cm

C                        R

H          J           K

Solution: AP ⬵ RP and CP ⬵ NP. Also, APC and RPN are vertical angles.      b. W                      Y Therefore, they are congruent. 9.5 cm 9.5 cm

 

A                          N                                 X 11 cm       13 cm

6 cm            8 cm

V

Z

P                                     c.          Q

8 cm            6 cm

C                                                   1 _ R 15   ft. 2

52             24 °

Because the corresponding congruent sides form congruent angles, we have             P                        R

side-angle-side.

S U

Answer:  The triangles are congruent because of SAS.                                         52 °             24°

Do Your Turn 9                                                                           1 _ 15   ft.

2

T

Example 10 The following triangles are congruent. Find the measure of the      d.                 F

angles.

10 m 10 m

D                               H

8 m       8 m

 

A          E   3x − 15                                  E                           G x

12 cm

12 cm

 

35 °

B                 C

F

 

Solution:  Because the triangles are congruent, their angles are congruent; so 

ABC ⬵ DEF = 3x-15, BAC ⬵ EDF = x, and ACB ⬵ DFE = 35. We also know that the sum of the measures of the angles in a triangle is 180; so we can write the following equation:

ABC or DEF + BAC or EDF + ACB or DFE = 180

3x-15      +        x        + 35 = 180

 

Answers to Your Turn 9

a. congruent; ASA b. not congruent c. congruent; AAS d. congruent; SSS
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Your Turn 10                                      4x + 20 = 180   Combine like terms.

The following triangles are con-                         4x + 20 = 180

gruent. Find the measure of the                             -20    -20 Subtract 20 from both sides.

angles.                                                  4x +   0 = 160

 

H                              4x = 160 Divide both sides by 4. 4 4

105°                                                x = 40 10 in.

Answers:   BAC ⬵ EDF = x = 40

I                                           n                                ABC ⬵ DEF = 3x-15

J = 3 1402       In 3 x-15 15, replace x with 40.

L                                   120 =-15     Multiply.

= 105        Subtract.

4n − 20                     ACB ⬵ DFE = 35

Do Your Turn 10

 

M

10 in.

K

Answers to Your Turn 10

IHJ ⬵ LKM = 105;

IJH ⬵ LMK = 19;

HIJ ⬵ KLM = 56

 

9.1             For Exercises

Extra

Help

 

Objective 1

Prep Exercise 1                                                       Prep Exercise 2 What is a point? What are parallel lines?

 

For Exercises 1–12, identify the figure.

 

 1.                                           2. A         B

Y

 

X

 

 3.                                                   4. 

N                                                     K

M                          H

 5. J                                                  6. P

 7.                                                   8. 

R                                                N

 

 9.                                                   10.                        J

T                 U

 

I
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 11.                                                                                             r           s a 12.   

b

 

Objective 2

Prep Exercise 3 What is the difference between an acute angle and an obtuse angle? 

 

For Exercises 13–20, state whether the angle is acute, right, obtuse, or straight.

 13.                                                            14.                                                          15.                  1808

1388

1258

 

 16.                                                            17.                                                            18.   

 

180 8

 

 19.                                                                                           20.   

54 8

 

32 8

 

Objective 3

 Prep Exercise 4 In the figure to the right, lines l and m are parallel. What rule applies to the alternate interior angles?          l

 

Prep Exercise 5.                                                             m In the figure to the right, lines l and m are parallel. What rule applies to the consecutive interior 

angles? 

For Exercises 21–34, use the following figure. Lines l and m are parallel. State whether each pair of angles is congruent or supplementary and explain why.

t

 

1 2

m

3 4

 

5 6

l

7 8

 

 21. 1 and 4                      22. 6 and 7                      23. 4 and 5

 

 24. 3 and 6                      25. 2 and 8                      26. 1 and 7
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 27. 3 and 4              28. 6 and 8              29. 2 and 7              30. 1 and 8

 

 31. 3 and 5              32. 4 and 6              33. 3 and 7              34. 2 and 6

 

For Exercises 35–38, use the following figure. Lines h and k are parallel.

t

 

1 2

h

3 4

 

5 6

k

7 8

 

 35. If 1 = 52, find the measure of each of the following.

a. 3                      b. 4                      c. 5                      d. 6 

 36. If 8 = 64, find the measure of each of the following.

a. 7                      b. 6                      c. 4                      d. 1 

 37. If 2 = 110, find the measure of each of the following.

a. 4                      b. 5                      c. 7                      d. 8 

 38. If 6 = 114, find the measure of each of the following.

a. 7                      b. 3                      c. 2                      d. 1 

For Exercises 39–42, four angles are formed by the intersecting lines. Find the measure of each angle.

 39.                3x 1 32                                                 40.   

x                                                                   2n 1 24

n

 

 41.                                                                                           42. 

 

0.6a 2 36

a

y

 

0.5y    9 2

 

 43. In the following figure, lines r and s are parallel. The transversal t forms eight angles. Find the measure of each angle.

t

 

r

2x    21 2

x

s
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 44. In the following figure, lines l and m are parallel. The transversal t forms eight angles. Find the measure of each angle.

t

 

l

3x    8 1

x

m

 

 45. In the following figure, lines i and j are parallel. The transversal t forms eight angles. Find the measure of each angle.

t

y

i

 

j

0.4y    15.5 1

 

 46. In the following figure, lines l and m are parallel. The transversal t forms eight angles. Find the measure of each angle.

t

 

y

l

 

0.5y    10.2

2                 m

 

Objective 4

Prep Exercise 6 For any triangle, what is the sum of the measures of the angles? 

For Exercises 47–52, indicate whether each triangle is a right triangle, an acute triangle, or an obtuse triangle. Explain why.

 

 47.                                                   48.                                                   49.                   1228 34 8 23 8

618

 

838                                                       8 85

 

748
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 50.                                                   51.                                                   52. 

1138

 

For Exercises 53–56, find the measure of each angle in the triangle.

 53.                                                                              54. 

x                                                               1.5y 2 15

 

0.5                                                                       0.5                  y y 9 x 2 1 16 x 2 46

 55.         0.2n 2 0.6 0.3n                                           56.   2 11.4     t           0.4t 1 8.2

3.5t    15 1

n

 

Objective 5

 Prep Exercise 7    If two triangles are congruent, what is                                             F true about their angles and side lengths?                                           A

38 °

15 in.

 Prep Exercise 8    Which postulate—SSS, SAS, ASA, or 

 

congruent?  42               38 °°                   42 °     E  AAS—explains why the triangles to the right are 

B         15 in.         C

D

For Exercises 57–68, determine whether the triangles are congruent. If they are congruent, state the rule that explains why.

 57.                                                 13 m                        58.       9 in.

95                     105 ° ° 6 m

6 m    95       13 m °

 

105 °

9 in.

 

 59.                         1 _ 4   ft.                                                    60. 2

18 °

3 ft.                                                          1 _                                   2.5 cm                     2.5 cm 4   ft. 2 3 ft.

3.5 cm                3.5 cm

18°

 

24                 24 °°

 

 61.                                     14 yd.

16 yd.

 

16 yd.

14 yd.
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 62.                                                                               1 _ 8   ft. 2

13 ft.                                                                     5 ft.

8   ft. 1 _                                           13 ft.

2

5 ft.

 63.                                                                              64. 

45

°        25.5 cm

8 yd.

8 yd.

36 °

25.5 cm       45                                      36° °

 

 65.                                                                              66.                                       25°                   30°

35                                                125 °°                   125°

80 °

30                    25 °

65°

80 °

35                    65 ° °

 

 67.                                                                              68. 

 

27 27 °

40 40 °°

 

For Exercises 69–72, find the measures of the angles in the congruent triangles.

 69.                                              R                              70.                                           G M

B

P                                        2y11

y

L    x

F

2x 60 2

x 32 2

N                                      2 9y 13

Q

C

D

E

602   Chapter 9  More with Geometry and Graphs

 

71.                                                        W          72.                                                      L

2n 3 2

H

Y

4m 12           Z 1   m

3 V                             n                 2n J18  m  2  8

K

X

I

[image: ]

 

Puzzle Problem In the figure to the right, lines m and n are                                  A

[image: ]

parallel. Triangle ABC is an equilateral triangle. Find the 

[image: ]

measure of each angle indicated.                                                      1

[image: ]

B   2      3   C

[image: ]

m

[image: ]

4   5         6   7

[image: ]

 

8   9                 10   11

[image: ]

n

[image: ]

12   13                   14   15

 

Review Exercises

[1.5] 1. Find the mean and median of the following set of scores. 

84, 98, 46, 72, 88, 98

[2.1]  For Exercises 2 and 3, graph on a number line.

2.  3                                                                            3. -4

 

[3.1]  For Exercises 4 and 5, evaluate the expression x 2y using the indicated values.

4. x = 3, y =-5                                            5. x =-1, y =-2 




9.2  The Rectangular Coordinate System      603

 

9.2 The Rectangular Coordinate System

 

Warm-up                                                      Objectives 2 4n   10

 [2.1] 1. Graph -3 on a number line.                                                   1 Determine the coordinates n [9.1] 2. In the figure shown, find the measure of each angle. of a given point.

 2 Plot points in the coordinate 

Objective 1 Determine the coordinates of a given point.                        plane.

In 1619, René Descartes, the French philosopher and mathematician, recognized   3 Determine the quadrant for 

that positions of points in a plane could be described using two number lines that         a given ordered pair. intersect at a right angle. Each number line is called an axis.                             4 Find the midpoint of two 

points in the coordinate 

Definition Axis: A number line used to locate a point in a plane.

plane.

Two perpendicular axes form the rectangular, or Cartesian, coordinate system, named in honor of René Descartes. Usually, we call the horizontal axis the x-axis and the vertical axis the y-axis.

y-axis

Of Interest

3 Born in 1596 near Tours, France, 

2 The point where the axes intersect is 0  René Descartes became skepti-

for both the x-axis and y-axis. This po- cal of the teachings of his day 

1                          sition is called the origin. The positive The origin    and began formulating his own 

 

–3 0 x numbers are to the right and up from  methods for reasoning. One of  -axis  the origin, whereas negative num- –2  –1  1  2  3  his most famous philosophical 

–1                          bers are to the left and down from the     conclusions is “I think, therefore –2                          origin.                                    I am.” In 1637, after some urg-–3 ing by his friends, he allowed 

one work known as the Method to be printed. It was in this book 

that the rectangular coordinate 

Any point in the plane can be described using two numbers, one number from  system and analytical geometry 

each axis. To avoid confusion, these two numbers are written in a specific order.     were given to the world. The number representing a point’s horizontal distance from the origin is given first, and the number representing a point’s vertical distance from the origin is given second. Because the order in which we say or write these two numbers matters, we say that they form an ordered pair. Each number in an ordered pair is called a coordinate of the ordered pair. We write an ordered pair as follows:

1horizontal coordinate, vertical coordinate2

Consider the point labeled A in the coordinate plane below. The point is drawn at the intersection of the third line to the right of the origin and the fourth line up from the origin. The ordered pair that describes point A is 13, 42.

y

Connection Think of the intersecting 

5                        lines in the grid as avenues and A

4                        streets in a city such as New York, 3                        where  avenues run north-south and 

 

–5          2                        streets run east-west. To describe an           Answers to Warm-up 1 intersection, a person would say the 1. x avenue first, then the street. Point A on –4 –3 –2 –1 0 1 2 3 4 5 –1 the figure is at the intersection of 3rd 2 4 2 3 2 2 2 1 0 1   2   3   4

 

–4 –2                        Avenue and 4th Street—or as a New           2.       142 8 –3 Yorker would say, “3rd and 4th.” 38 8 388 8 142 –5
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Procedure

To determine the coordinates of a given point in the rectangular coordinate system:

  1.  Follow a vertical line from the point to the x-axis (horizontal axis). The 

number at this position on the x-axis is the first coordinate.

  2.  Follow a horizontal line from the point to the y-axis (vertical axis). The 

number at this position on the y-axis is the second coordinate.

 

Your Turn 1                       Example 1    Determine the coordinates of each point shown.

 

Determine the coordinates of                         y                    Answers: each point shown.

y 5                    A: 12, 32        The vertical line through 

4                                   point A intersects the x-

5                                                   A

A                           3                               axis at 2. The horizontal line 

 

–5 –4 –3 –2 –1 0 1 2 3 4 5 B     4                                    B                                            through point A intersects 2 3 F the y-axis at 3. 2 1 E 1 x B : 1-2, 2 2 The vertical line through E –5 –4 –3 –2 –1 0 1 2 3 4 5 x point B intersects the x-axis –1 –1 C at 2. The horizontal line –2 –2 D D through point B intersects –3 –3

–4                                                                            the y-axis at 2. –4

C                                F –5 –5              C: 1-3, -12 The vertical line through 

point C intersects the x-axis at  3. The horizontal line  

through point C intersects the y-axis at    1. 

D: 12, -22  The vertical line through 

point D intersects the x-axis at 2. The horizontal line 

through point D intersects the y-axis at    2. 

E: 14, 02  The vertical line through 

point E intersects the x-axis at 4. The horizontal line 

through point E intersects the y-axis at 0.

F: 10, -52  The vertical line through 

point F intersects the x-axis at 0. The horizontal line 

through point F intersects the y-axis at    5. 

Do Your Turn 1

 

Objective 2 Plot points in the coordinate plane.

Now let’s learn how to plot a point in the rectangular coordinate system given its 

coordinates in an ordered pair. Recall that the first coordinate in an ordered pair 

describes a point’s horizontal distance from the origin and that the second coordi-

nate describes that point’s vertical distance from the origin. For example, to plot 

13, 42, we move from the origin three units to the right, then four units up.

Answers to Your Turn 1                                                         13, 42

A                                         right 3   up 4 : 1 1, 4 2 B : 1-4, 3 2

C: 1-1, -52   D: 15, -22

E: 1-3, 02   F: 10, 22
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Procedure

To plot a point given an ordered pair of coordinates:

  1.  Beginning at the origin 10, 02, move right or left along the x-axis the 

amount indicated by the first coordinate.

  2.  From that position on the x-axis, move up or down the amount indicated 

by the second coordinate.

  3.  Draw a dot to represent the point described by the coordinates.

 

Example 2 Plot and label the point described by each ordered pair of              Your Turn 2

coordinates. Plot and label the point de-

 

a.  scribed by each ordered pair of  1  4,  - 2  2  b.  1 - 3,  - 4  2  c.  1  0, 5  2  coordinates.

Solution:                                                                                     a. 1-4, 22

y                           TACTILE                                                                                                    b. 13, 12

 c. 10, -42

5                             Learning Strategy                     d. 1-2, 02

(0, 5)

4                        If you are a tactile learner, when plotting      e. 1-1, -52 3                        an ordered pair, try using your pencil or Up 5                                                               f. 13, -2 2 2                        finger to trace the path to the point. More 1                        specifically, move your pencil point or                    y

Left 3    Right 4           x        fingertip along the x-axis the amount in-

–5 –4 –3 –2 –1 0 1 2 3 4 5

–1                        dicated by the x-coordinate (blue arrows 

Down 2

Down 4                   (4, –2                        in Example 2). Then from that position on 2)

–3                        the x-axis, move up or down the amount 

 

( –4                      indicated by the y- coordinate (red arrows                                   x  3   ,   4  )  –5  in Example 2). The resulting position is 

the point  described by the ordered pair.

Do Your Turn 2

 

Objective 3 Determine the quadrant for a given ordered pair.

The two axes divide the coordinate plane into four regions called quadrants.

Definition Quadrant: One of four regions created by the intersection of the axes in the coordinate plane.

 

The quadrants are numbered using Roman numerals, as shown below.

y                          We can use the signs of the coordinates to 

determine the quadrant in which a point 

lies. For each point in quadrant I, both 

Quadrant II       Quadrant I              coordinates are positive. Each point in 

(   ,    )                (   ,    )                        quadrant II has a negative first coordinate 

(horizontal) and a positive second coor-

x        dinate (vertical). For each point in quad-

rant III, both coordinates are negative. 

 

Quadrant III                                first coordinate and a negative second (   ,    )                ( ,     )                                                                                                                              x Quadrant IV             Each point in quadrant IV has a positive     Answers to Your Turn 2

coordinate.                                          5

4

3

a. (–4, 2)

2

b. (3,1)

1

d. (–2,0)

y

–5 –4 –3 –2 –1 0 1 2 3 4 5

–1

–2

f. (3, –2)

–3

c. (0, –4)

–4

–5

e. (–1, –5)
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Procedure

To determine the quadrant for a given ordered pair, consider the signs of the coordinates.

1+, + 2 means that the point is in quadrant I.

1-, + 2 means that the point is in quadrant II.

1-, -2 means that the point is in quadrant III.

1+, -2 means that the point is in quadrant IV.

 

Your Turn 3                       Example 3    Determine the quadrant in which each point is located.

Determine the quadrant in            a. 1-45, 192

which each point is located.

 a. 1 Answer:  quadrant II (upper left) because the first coordinate is negative and the  79, 1092

 b. 1                                           second coordinate is positive-207, -12 2

 c.                                             b. 1102, -682 1-45, 0 2

 d. 1-55, 722                           Answer:  quadrant IV (lower right) because the first coordinate is positive and 

the second coordinate is negative

c. 10, 912

Answer: Because the x-coordinate is 0, this point is on the y-axis and is not in a quadrant.

Do Your Turn 3

 

Objective 4 Find the midpoint of two points in the coordinate plane.

Suppose we draw a line segment                     y

with end points at 12, 32 and 16, 92

 

as shown in the graph. The point at                     10           (6, 9) 9 1 4, 6 2 is the midpoint between the 

end points because it divides the                     8

line segment into two segments of                     7      (4, 6)

equal length.                                            6 y-axis midpoint is 6

5

Definition                                          4 Midpoint of two (2, 3)

points:                                                   3 The point that lies half-

way between the two points on a                      2

line segment connecting the two                       1

x

points.                                           3 21    1 2 3 4 5 6 7

x-axis midpoint is 4

We can check that 14, 62 is in fact 

the midpoint by constructing two                 y

right triangles as shown. Because 

the two triangles are identical, the                10

distance from                             9 2, 3 2 to 1 4, 6 2 is 1                                          (6, 9)

equal to the distance from                     8 1 4, 6 2

to 1                                                7 6, 9 2 . Therefore, 1 4, 6 2 is ex-                       (4, 6) 6

actly halfway between 12, 32 and               5

16, 92.                                                    4 (2, 3)

3

2

1

Answers to Your Turn 3                                                                                             x a. I    b. III c. 1-45, 02 is                                                                    3 2 1     1 2 3 4 5 6 7 not in a quadrant; it is on  

the x-axis.    d. II
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Notice that the x-coordinate of the midpoint, 4, is the mean of the x-coordinates of the two given points, 12, 32 and 16, 92.

 

2 + 6    8 = =

4

2     2

Similarly, the y-coordinate of the midpoint, 6, is the mean of the y-coordinates of the two given points, 12, 32 and 16, 92.

 

3 + 9   12 = =

6

2      2

Our example suggests the following rule:

 

Rule

Midpoint

Given two points with coordinates 1x 1, y12 and 1x2, y22, the coordinates of their 

midpoint are a x 1 + x y 21 + y2 ,                b

.

2      2

 

Example 4 Find the midpoint of the given points.                               Note Because of the commutative 

a. 1 property of addition, it does not  2, 6 2  and 1 -4, -142

matter which point we consider to 

 

Solution:                                                                                      be 1x  Use the midpoint formula. We will consider 1 2, 6 2 to be 1 x1, y12 and which we consider 1 , y 1 2 and to be 1 1 x 2 , y 2 2 . To illustrate, let’s -4, -14 2 to be 1 x 2 , y 2 2 . work through Example 4a again 1 2 x +-4 2 6 + 1-14 2 1 x 2 y y 1 2 with 1-4, -14 2 as 1 x 1 , y 1 2 and  Using a , b , replace x 1 with midpoint = a , b 2 2 1 2, 6 2 as 1 x 2 , y 2 2 2 2 .

 

=- 2, x2 with 4, y1 with 6, and y2 with 14.                   -4 + 2-14 + 6 midpoint = a , b  2 - 8  2  2  a  ,  b  Add in the numerators.  2  2 - 2 - 8  =  a  ,  b  =  1 - 1,  -42  =  1 - 1,  Simplify. - 4  2  2  2

b. 1-4, 82 and 19, -12

Solution:  Use the midpoint formula. We will consider 1                                Your Turn 4-4, 8 2 to be 1 x 1 , y 1 2 and 

19, -12 to be 1x 2, y22. Find the midpoint of the given 

 

 midpoint      -                            y                            points. 4 + 9 8 + 1-1 2 x x 2 1 y 2 , = a b Using a 1 , b , replace x 1 with 2 2 a. 1 9, 12 and 15, -32 2 2 1 4, x 2 with 9, y 1 with 8, and y 2 with 1. b. 1, -6 2 and 1 8, 4 2

 

= a , b                Add in the numerators. 2 5 7                                                        c. 1-2, 72 and 1-5, -22 2



 

ordinates as mixed numbers    1 1 Note Athough it is not preferred, we could also express the co-2

2      1 , 3  or as decimals 2.5, 3.5 12.

2    2

Do Your Turn 4

 

Answers to Your Turn 4

a. 1                9 7, -12 b. a, -1 b

2

c. a   7 5-,    b

2 2
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9.2             For Exercises

Extra

Help

 

Objective 1

 Prep Exercise 1 Draw and label the two axes that form the rectangular coordinate system. Label the origin.

Prep Exercise 2 When writing an ordered pair, which 

is written first, the horizontal-axis coordinate or the 

vertical-axis coordinate? 

 

For Exercises 1–4, determine the coordinates of each point shown.

 1.              y                                   2.              y

 

5                                                         5 A 4 4 A 3 3    B 2 2

1                                                         1

B

x                                                                  x

–5 –4 –3 –2 –1 0 1 2 3 4 5                             –5 –4 –3 –2 –1 0 1 2 3 4 5

–1                                                        –1

C                                                        C –3 –2                                                        –2

–3

D

–4                                                    –4

D

–5                                                        –5

 

 3.              y                                   4.              y

5                                                         5

4                                                         4

B                                         A

3                                                         3

2                                                         2

A

1                                                         1

B

x                                                                  x

–5 –4 –3 –2 –1 0 1 2 3 4 5                             –5 –4 –3 –2 –1 0 1 2 3 4 5

–1                                                        –1

–2                                                        –2

C                                            C

–3                                                        –3

D

–4                                                    –4

–5                                                        –5

D

 

Objective 2

 Prep Exercise 3 Describe how to use the coordinates in an ordered pair to plot a point in the rectangular coordinate system. 
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For Exercises 5–8, plot and label the point described by each ordered pair of coordinates.

 5. 14, 52, 13, -22, 1-4, -12, 10, 22                              6. 1-1, 02, 12, 12, 1-3, -32, 15, -22

y                                                                  y

5                                                         5 4                                                         4 3                                                         3 2                                                         2 1                                                         1

x                                                                  x

–5 –4 –3 –2 –1 0 1 2 3 4 5                             –5 –4 –3 –2 –1 0 1 2 3 4 5

–1                                                        –1 –2                                                        –2 –3                                                        –3 –4                                                    –4 –5                                                        –5

 

 7. 1-4, 02, 11, -42, 1-3, -52, 14, 42                           8. 1-2, -42, 10, -32, 15, -32, 1-4, 22

y                                                                  y

5                                                         5 4                                                         4 3                                                         3 2                                                         2 1                                                         1

x                                                                  x

–5 –4 –3 –2 –1 0 1 2 3 4 5                             –5 –4 –3 –2 –1 0 1 2 3 4 5

–1                                                        –1 –2                                                        –2 –3                                                        –3 –4                                                    –4 –5                                                        –5

 

Objective 3

 Prep Exercise 4 Which quadrant is the upper-left               Prep Exercise 5 What are the signs of the coordinates of a quadrant?                                               point in the third quadrant? 

For Exercises 9–20, determine the quadrant in which the point is located.

 9. 1-99, 2012                10. 1-61, -782                11. 1105, 502                   12. 1-84, 562

 13. 142, -602                    14. 178, 652                      15. 1-92, -1062                 16. 128, -592

 17. 10, -342                     18. 10, 472                       19. 139, 02                       20. 1-86, 02

 

Objective 4

 Prep Exercise 6 Given two points with coordinates 1x 1, y12 and 1x2, y22, what are the coordinates of their midpoint?

 

For Exercises 21–34, find the midpoint of the given points.

 

 21. 10, 62 and 18, 02                                               22. 11, 72 and 19, -82

 

 23. 13, -12 and 17, 22                                            24. 11, -22 and 110, -142

 

 25. 12, -62 and 1-3, 82                                         26. 1-4, 92 and 1-1, -12
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 27. 10, -82 and 1-7, 112                                       28. 1-12, -82 and 10, -32

 

 29. 1-9, -32 and 1-5, -22                                    30. 1-11, -42 and 1-17, -72

 31. 11.5, -92 and 1-4.5, 2.22                                    32. 1-3.6, 12.42 and 11.2, 4.82

 

 33. a 1            1                                         2            5  3 , 8 b  and a  5, 2    b  34. a -14, 6 b  and a  7, -2 b

4            2                                         3            6

 

Review Exercises

1

[5.1] 1. Graph -3  on a number line.

2

 

For Exercises 2 and 3, evaluate.

[3.1] 2. 2x-3y; x = 4, y = 2 

[3.1] 3.      2-4 x-5y; x =-3, y = 0 

For Exercises 4 and 5, solve and check.

[4.3] 4. 2x-8 = 10 

[5.8] 5. -y = 5     3

6     4
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9.3 Graphing Linear Equations

 

Warm-up                                                      Objectives

[3.1] 1. Evaluate 2x-3y when x = 4 and y =-1.                                  1 Determine whether a given  [9.2] 2. In what quadrant is 1-12, -302 located? ordered pair is a solution for 

a given equation with two 

Objective 1                                                                  unknowns. Determine whether a given ordered pair is a solution for a 

given equation with two unknowns.                            2 Find three solutions for an 

equation in two unknowns.

In the past, we’ve considered equations with one variable. Now let’s consider equations that have two variables, such as   3 Graph linear equations in x  x  +  y  =  5 and  y  =  3  x - 4.

and y.

Recall that a solution for an equation with one variable is a number that can re-

 4 Graph horizontal and verti-

place the variable and make the equation a true statement. For an equation with 

cal lines.

two variables, a solution will be a pair of numbers, one number for each variable, that can replace the corresponding variables and make the equation true. Because   5 Given an equation, find the 

these solutions are ordered pairs, we can write them using coordinates. The or- coordinates of the x- and 

dered pair                                                                                y-intercepts. 1 1, 4 2 is a solution for x + y = 5 because replacing x with 1 and y with 4 makes the equation true.

Note                    x + y = 5 Recall 

from Section 9.2  

that 11, 42 means            1 + 4 = 5   Replacing x with 1 and y with 4 makes that                                           the equation true; so the ordered pair  x = 1 and y = 4.

1 1, 42 is a solution.

 

Procedure

To determine whether a given ordered pair is a solution for an equation with 

two variables:

  1.  Replace each variable in the equation with its corresponding coordinate.

  2.  Simplify both sides of the equation as needed. If the resulting equation is 

true, the ordered pair is a solution.

 

Example 1 Determine whether the ordered pair is a solution for the equation.       Your Turn 1

a.  Determine whether the or- 1  2,  - 5  2  ; 3  x  +  y  =  1

Solution:  31 dered pair is a solution for the  22  +    5 1   2   1   Replace x with 2 and y with 5.                     equation.

 6 + 1-52 1 Simplify both sides of the equation.                   a. 15, 02; 4x + y = 20

 1 = 1  True                                               b. 1-1, 62; 2y-3x =-9

Answer:                                                                              c.   Because the resulting equation is true, 1 2, -5 2 is a solution for 3 x + y 1 = 1.-3, -142; y = x + 11

 b.                                                                                                    d. 10, -12; y = 3x-1 1-4, -7 2 ; y = 2 x-1

Solution:    7 2 1 42-1   Replace x with 4 and y with 7.

-7 -8-1     Simplify both sides of the equation.

-7 =-9         False

Answer:  Because the resulting equation is false, 1-4, -72 is not a solution for 

y = 2x-1.

Do Your Turn 1

Answers to Your Turn 1

a. yes b. no c. no d. yes

Answers to Warm-up

1. II 2. III

612   Chapter 9  More with Geometry and Graphs

 

Fractions and decimal numbers can also be solutions.

 

Your Turn 2                                                           1                       3 Example 2 Determine whether a-, 3.5 b is a solution for y = x + 4.

3                       2

Determine whether the or-                           1

 

dered pair is a solution for the                           3    1                      1 Solution: 3.5 a b Replace  and y with 3.5. Divide out + 4 x with 2 3 3 equation. common factors. 1

 a. 1               1 3, 1.5 2 ; y =

2                          3.5 x                               1-           Multiply. + 4

2

 b. a     1       x 5, 2 b ; y = 3        + 1                    3.5 -0.5 + 4     Write the fraction as an equivalent decimal 3

number.

 3.5 = 3.5              Add. The equation is true.

 

Answer:  Because the resulting equation is true, a   1-, 3.5 b is a solution for 

 

y = x + 4. 2 3                                     3

Do Your Turn 2

 

Objective 2 Find three solutions for an equation in two unknowns.

How can we find solutions to equations in two variables? Consider the equation 

x + y = 5. We’ve already seen that 11, 42 is a solution. But there are other solu-

tions. We list some of those solutions in the following table.

 

x    y   Ordered Pair

0     5      10, 52          Note Every solution for 1     4      11, 42            x + y = 5 is an ordered pair 

2                          of numbers whose sum is 5. 3 1 2, 3 2

3     2      13, 22

4     1      14, 12

5     0      15, 02

6    -1     16, -12

 

In fact, x + y = 5 has an infinite number of solutions. For every x value, there 

is a corresponding y value that will add to the x value to equal 5 and vice versa. 

This gives a clue as to how to find solutions. We can simply choose a value for x

or y and solve for the corresponding value of the other variable. (In this case, our 

equation was easy enough that we could solve for y mentally.)

 

Procedure

To find a solution to an equation in two variables:

  1.  Replace one of the variables with a value (any value).

  2.  Solve the equation for the other variable.

 

Answers to Your Turn 2

a. yes b. no
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Example 3 Find three solutions for the equation 2x + y = 5.                     Your Turn 3

Solution: Find three solutions for each    To find a solution, we replace one of the variables with a chosen value 

and then solve for the value of the other variable. equation. (Answers may vary.)

 a. x + y = 6

For the first solution, we       For the second solution,        For the third solution, we        b. 3x + y = 9 will choose x to be 0.           we will choose x to be 1.       will choose x to be 2.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             c.                              2x                                                        -                                                                 3y                                                      =

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    12

 2x + y = 5                  2x + y = 5                 2x + y = 5

 2102 + y = 5               2112 + y = 5               2122 + y = 5

 0 + y = 5                    2 + y = 5                   4 + y = 5

y = 5               2 + y = 5               4 + y = 5

Solution: 0, 5 12                  -2           -2                   -4           -4

Note Choosing x (or y)                  0 + y = 3                    0 + y = 1

 

to be 0 usually makes the                    y = 3                        y = 1 equation easy to solve. Solution: 1 1, 3 2 Solution: 1 2, 1 2

Keep in mind that there are an infinite number of solutions for a given equation 

in two variables; so you may get solutions that are different from those of some-

one else solving the same equation.

Do Your Turn 3

 

Example 4                                    1                        Your Turn 4 Find three solutions for the equation y = x-5.

3

Find three solutions for each 

Solution:  Notice that in this equation, y is isolated. If we select values for x, we  equation. (Answers may vary.)

will not have to isolate y as we did in Example 3. We will simply calculate the y       a. y = x-3

value. Also notice that the coefficient for x is a fraction. Because we can choose        b. y =-4x

with the denominator of 3.                                                                 2 c. any value for x, let’s choose values such as 3 and 6 that will divide out nicely 

y = x 3

 

will choose x to be 0.           we will choose x to be 3.      will choose x to be 6.             d. y =   x + 5 2 For the first solution, we       For the second solution,       For the third solution, we                 1

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

y = 1                       1                      1 x-5             y = x-5             y = x-5

3                       3                      3

y = 1                       1                      1 1 02-5            y = 1 32-5           y = 162-5

3                       3                      3

y                              1                                    2 =-5                    1

y =    3                    1 6 a b-5          y = a b

Solution:                                                                  -5 1 0, -52

3 1                    3 1 1                                    1

y = 1-5              y = 2-5

y =-4                y =-3

Solution: 3, 1-42             Solution: 16, -32

 Do Your Turn 4                                                                 Answers to Your Turn 3

a. 10, 62, 11, 52, 12, 42 b. 10, 92, 11, 62, 12, 32

c. 1                         10 0, -42 , 1 6, 0 2 , a 1, - b

3

Answers to Your Turn 4

a. 10, -32, 11, -22, 12, -12 b. 1-1, 42, 10, 02, 11, -42 c. 10, 02, 13, 22, 16, 42 d. 10, 52, 12, 62, 14, 72 614   Chapter 9  More with Geometry and Graphs

 

Objective 3 Graph linear equations in x and y.

We’ve learned that equations in two vari-                  y

 

ables have an infinite number of solutions.       x y  5      (0, 5) 5 Consequently, it is impossible to find all (1, 4) 4 solutions for an equation in two variables. (2, 3) 3 However, we can represent all of the solu-(3, 2)

tions using a graph.                                           2

(4, 1)

1 (5, 0)

Watch what happens when we plot solu- x

tions for  –5 –4 –3 –2 –1 0 1 2 3 4 5  x  + y  =  5. Recall some of the 

 solutions: 1                                                       –1 0, 5 2 , 1 1, 42 , 1 2, 3 2 , 1 3, 22 , 1 4, 1 2

,                            –2

and 15, 02.                                                     –3

Notice that when we plot the ordered pairs,                 –4

the points lie on a straight line. In fact, all                  –5

solutions for x + y = 5 are on that same 

line, which is why we say it is a linear equation. By connecting the points, we are 

graphically representing every possible solution for x + y = 5. Placing arrows on 

either end of the line indicates that the solutions continue beyond our “window” 

in both directions.

Your Turn 5 The graph of the solutions of every linear equation will be a straight line. Because two 

Graph each equation. (Note that  points determine a line in a plane, we need a minimum of two ordered pairs. This 

you found three solutions for  means that we must find at least two solutions in order to graph a line. However, it 

each of these equations in Your  is wise to find three solutions, using the third solution as a check. If we plot all three 

Turn 3.) points and they cannot be connected with a straight line, we know something is wrong.

 a. x + y = 6

 b. 3x + y = 9                       Procedure

 c. 2x-3y = 12                   To graph a linear equation:

  1.  Find at least two solutions to the equation.

  2.  Plot the solutions as points in the rectangular coordinate system.  3.  Draw a straight line through these points.

 

Example 5 Graph. 2x + y = 5

Solution:  We found three solutions to this equation in Example 3. Recall those solutions: 10, 52, 11, 32, and 12, 12.

Answers to Your Turn 5 Now we plot each solution as a point in the rectangular coordinate system, then 

a.                                                 draw a straight line through these points. y 1 x y 5 6 (0, 6)

(1, 5)

(2, 4)                                                                                                                                                                      y

2x   y    5     (0, 5) 5

x

4

(1, 3)

3

b.         y 3 x 1 y 5 9                                                                                              2          (2, 1) (0, 9)

1

(1, 6)                                                                                                                                                                                                                      x

–5 –4 –3 –2 –1 0 1 2 3 4 5

(2, 3)                                                                                                                                                                –1

–2

x

–3

c.         y                                                                                                                                                   –4

2                                                                                                                                            –5 x 2 3 y 5 12 

x

(6, 0)

(1,      1) 2 3 3                                                                    Do Your Turn 5

(0, 24)
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Example 6             1                                                Your Turn 6 Graph. y = x-5 3 Graph each equation. (Note that 

Solution:  We found three solutions to this equation in Example 4. Recall those  you found three solutions for 

solutions: 10, -52, 13, -42, and 16, -32. each of these equations in Your 

Turn 4.)

Now we plot each solution as a point in the rectangular coordinate system, then 

draw a straight line through these points.  a. y = x-3  b. y =-4x

 c. y = 2          1 x d. y =

y x + 5

3          2

5                                                                 y 4

3

2

1

x

–4 –3 –2 –1 0 1 2 3 4 5 6 x

–1

 

–2                         1 y     5 (6, x 3) 3 –3 (3, 4) –4

–5     

(0,    5)

Do Your Turn 6

 

Objective 4 Graph horizontal and vertical lines.

In Objective 3, we graphed linear equations in two variables. Now let’s graph lin-ear equations in one variable, such as y = 3 and x = 2, in which the variable is equal to a constant.

 

Example 7 Graph.

a.                                                                                                              Answers to Your Turn 6 y = 3

Solution: The equation y =                                                       a.           y 3 indicates that y is equal to a constant, 3. In other                    y 5 x 2 3  

words, y is always 3 no matter what value we choose for x. If we choose x to 

be 0, y equals 3. If we choose x to be 2, y is 3. If we choose x to be 4, y is still 3.                           x

We now have three solutions:                                                                (1, 22) 0, 3 2 , 1 2, 3 2 , and 1 4, 3 2 . 1                                                              (2, 21) (0, 23)

 

y                                                                                y b. y 5 2 4 x

5                                                                  (21, 4) 4

x

y                                                                                                                                  (0, 0) 3 3 Note The graph of y = (0, 3)                                                          3 is a (2, 3)

2            (4, 3)                                                                                  2 horizontal line parallel to the x-(1, 4) 1                         axis that passes through the y-axis 

–4 –3 –2 –1                       x      at 10, 32.                                      c.         y 0 1 2 3 4 5 6     (6, 4) –1

(3, 2)

–2

x

–3                                                                     (0, 0)

–4                                                             2 y 5    3x –5

d.        y   (4, 7)

b.                                                                                                                       (0, 5)        (2, 6) x = 2

Solution: The equation x =                                                            1 y 5    2x 15 2 indicates that x is equal to a constant, 2. In other          x

words, x is always 2 no matter what value we choose for y. If we choose y to be 

0, x equals 2. If we choose y to be 1, x is 2. If we choose y to be 4, x is still 2.
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Your Turn 7                       We now have three solutions: 12, 02, 12, 12, and 12, 42.

Graph.                                           y

 a. y =                                                            x    2-4                                  5 b. x =-3                                            4        (2, 4)

y                                                                                     3 Note The graph of x = 2 is a ver-

1       (2, 1)                passes through the x-axis at 1 2                         tical line parallel to the y-axis that (2, 0) 2, 0 2.

x

–4 –3 –2 –1 0 1 2 3 4 5 6

–1

–2

x

–3

–4

–5

 

Rules

Horizontal and Vertical Lines

The graph of y = c, where c is a constant, is a horizontal line parallel to the x-axis and intersects the y-axis at the point with coordinates 10, c2.

The graph of x = c, where c is a constant, is a vertical line parallel to the y-axis and intersects the x-axis at the point with coordinates 1c, 02.

Do Your Turn 7

 

Objective 5   Given an equation, find the coordinates of the x- and 

y-intercepts.

Consider the following graph. Note that the line intersects the x-axis at the point 

with coordinates 14, 02. It intersects the y-axis at the point with coordinates 

10, -22. These points are called intercepts.

y

5

4

3 The point where a graph intersects 

 

–4 –3 –2 –1 0 2                       the x-axis is called the x-intercept. x-intercept 1 The point where a graph intersects (4, 0) the x y-axis is called the y-intercept. 1 2 3 4 5 6 –1

–2     2 (0,    2)

–3

Answers to Your Turn 7                                   –4   y-intercept a.           y                                                             –5

 

x                                           Definitions x-intercept: A point where a graph intersects the x-axis.

(0, 24)      y 5 24                                             y-intercept: A point where a graph intersects the y-axis.

 

b.    x 523   y                                      Note that the y-coordinate of any x-intercept is always 0. Similarly, the x- 

coordinate of any y-intercept is always 0. These facts about intercepts suggest the 

x                                           following procedures:

(–3, 0)
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Procedures

To find an x-intercept:                   To find a y-intercept:

 1. Replace y with 0 in the given          1. Replace x with 0 in the given 

equation.                               equation.

 2. Solve for x.                           2. Solve for y.

 

Example 8 Find the coordinates of the x- and y-intercepts.                        Your Turn 8

a. 3x-4y = Find the coordinates of the   12

x- and y-intercepts.

Solution:        x-intercept                           y-intercept                          a. x-4y = 8

For the x-intercept, replace y with 0           For the y-intercept, replace x with 0             b. y =-x + 3 and solve for x.                                and solve for y.                                  c. y =-6x

 3x-                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             d. y =                                                        9 4y = 12                         3x-4y = 12

 3x-4 102 = 12                        3102-4y = 12

 3x-0 = 12                           0-4y = 12

3x    12   Divide both                -4y    12     Divide both = =

3    3    sides by 3.                 -4     -4    sides by 4.

x = 4                           y =-3

Answer: The x-intercept is 14, 02, and the y-intercept is 10, -32.

 

b. y = 3

x

4

Solution:        x-intercept                           y-intercept

 

0 = 3                             3 x     Replace y with 0.      y = 102   Replace x with 0.

4                             4

 

4      4 3    Multiply both          y = 0       Multiply. # 0 = # x 4 3 3 4 sides by . 3

 0 = x

Answer: The x- and y-intercepts are the same point, 10, 02.

c. x =-5

Solution:  The graph of x =-5 is a vertical line parallel to the y-axis that passes 

through the x-axis at the point 1-5, 02. Notice that this point is the x-intercept. 

Because the line is parallel to the y-axis, it will never intersect the y-axis. There-

fore, there is no y-intercept.

d. y = 7

Solution:  The graph of y = 7 is a horizontal line parallel to the x-axis that passes 

through the y-axis at the point 10, 72. Notice that this point is the y-intercept. Be-

cause the line is parallel to the x-axis, it will never intersect the x-axis. Therefore, 

there is no x-intercept.

Do Your Turn 8

 

Answers to Your Turn 8

a. 18, 02, 10, -22 b. 13, 02, 10, 32 c. 10, 02 for both d. no x-intercept, 10, 92 618   Chapter 9  More with Geometry and Graphs

 

9.3             For Exercises

Extra

Help

 

Objective 1

 Prep Exercise 1 How do you determine whether an ordered pair is a solution to an equation with two variables? 

 

For Exercises 1–12, determine whether the ordered pair is a solution for the equation.

 1. 12, 32; x + 2y = 8                    2. 13, 12; 2x-y = 5                   3. 1-5, 22; y-4x = 3 

 4. 14, -62; y = 3x-1                  5. 19, 02; y =-2x + 18                6. 10, -12; y = 2x + 1 

 7. 1            2                              2                            2 6, -22 ; y =-x                8. 1 0, 0 2 ; y = x                    9. a-1 , 0 b ; y-3x = 5 

3                              5                            5

 

 10. a 2    5       1 , -4    b ; y = x-5              11. 12.2, -11.2 2; y + 6x =-2            12. 1-1.5, -1.32; y = 0.2x-1 

3    6       4

Objectives 2–3

Prep Exercise 2 How do you find a solution to an equation     Prep Exercise 3 What will the graph of every linear equa-in two variables?                                             tion look like? 

 

 Prep Exercise 4 Although two solutions are the minimum needed to graph a linear equation in two variables, why is it beneficial to find three solutions? 

 

For Exercises 13–36, find three solutions for the given equation and graph. (Answers may vary for the three solutions.)

 13. x-y = 8                                                 14. x + y =-5 

 

 15. 2x + y = 6                                                16. 3x-y = 9 
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 17. y = x                                                       18. y =-x

 

 19. y = 2x                                                    20. y =-2x

 

 21. y =-5x                                                 22. y = 3x
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 23. y = x-3                                                  24. y =-x + 5 

 

 25. y =-2x + 4                                             26. y = 2x-5 

 

 27. y = 3x + 2                                                28. y =-5x-1 
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 29. y = 1                                                   3 x                                          30. y =-x

2                                                   4

 

 31. y =    2                                                4-x + 4                                       32. y = x-1 

3                                                5

 

 33. x-   y = 1                                              1 2                                                       34.    x + y =-1 

4                                              3
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 35. y = 0.4x-2.5                                             36. 1.2x + 0.5y = 6 

 

Objective 4

For Exercises 37–40, graph.

 37. y =-5                                                      38. x =-6 

 

 39. x = 7                                                          40. y = 4 

 

Objective 5

 Prep Exercise 5 What is an x-intercept?                           Prep Exercise 6 What is a y-intercept? 

 

Prep Exercise 7 What is the y-coordinate of an                  Prep Exercise 8 What is the x-coordinate of a x-intercept?                                                    y-intercept? 
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For Exercises 41–60, find the coordinates of the x- and y-intercepts.

 41. x + 2y = 12                                              42. x-3y = 6 

 43. 5x-4y = 20                                            44. 4x + y = 16 

 45.    x-y = 3                                                       3-6                                            46. -x +   y = 9 

4                                                       5

 47. 6.5x + 2y = 1.3                                            48. 4x-5.6y = 2.8 

 49. y = 6x                                                    50. y =-2x

 51. y =-4x + 1                                             52. y = 2x-3 

 

 53. y = 1                                                  2 x-5                                            54. y = x + 6 

5                                                  3

 55. x =-9                                                      56. y = 3

 57. y = 4                                                          58. x = 2 

 59. y =-3                                                      60. x =-6 

 

Puzzle Problem Without lifting your pencil from the paper, connect the dots 

 below using only four straight lines.

#            #            #

#            #            #

#            #            #

 

Review Exercises

 

c 3.1                                                             10.4 m d 1.  Evaluate -32t + 70 when t =

4.2. 

6.5

[ 6.2 ] 2.                                                                                8.2 m Find the perimeter of the shape. 

9 m

 

6.1 m

6.3 m

 

c 1.6 3.   Find the area of the parallelogram with a base            4.  Find the area of the triangle with a base of 4.2 5.3 d c d

5.3           1                                              inches and a height of 2.7 inches. 6.3 of 6  feet and a height of 7 feet. 2

 

c 5.7 5.  Find the area of the trapezoid. d

6.3

11 ft.

 

6 ft.

 

7.5 ft.
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9.4 Applications with Graphing

 

Objectives                    Warm-up

 

 1                                                                     2 Solve problems involv-[9.3] 1. Is 1-3, 10 2 a solution for y = x + 12? 3 ing linear equations in two 

variables.                         [9.3] 2. Find the x- and y-intercepts of 5x-3y = 15.

 2 Find the centroid of a figure 

given the coordinates of its       Objective 1 Solve problems involving linear equations in two variables.

vertices.

Linear equations in two variables often describe real situations. Graphing linear  3 Find the area of a figure          equations gives us insight into the situation being described.

given the coordinates of its 

 

vertices.                            Example 1    The linear equation v =-32.2t + 140 describes the  velocity

of a ball thrown straight up. The variable t represents the time of the ball’s flight in seconds, and v represents the velocity of the ball in feet per second (ft./sec.).

a. Find the initial velocity of the ball.

Solution:  Initial velocity means the velocity at the time the ball is released, which is 0 seconds. Therefore, we must solve for v when the time is 0 1t = 02.

v =-32.2102 + 140  In v    32.2t 140, replace t with 0.

v = 0 + 140         Multiply. 

v = 140             Add.

Answer:  Initially, the ball is traveling at 140 ft./sec.

 

Connection Values for time are usually placed on the horizontal axis and val-ues for velocity on the vertical axis; so the t and v values can be written in an ordered pair of the form 1t, v2. When t = 0, we found that v = 140; so that or-dered pair is 10, 1402. Notice that 10, 1402 is the intercept on the vertical axis, which is the v-axis in this case; so 10, 1402 is the v-intercept.

 

b. Find the velocity of the ball 2 seconds after being released.

Solution: Let t = 2 and solve for v.

v =-32.2122 + 140   In v     32.2t 140, replace t with 2.

 

v =-64.4 + 140      Multiply.      Connection When t = 2, v = 75.6; v = 75.6 Add. so this ordered pair is 1 2, 75.6 2 .

 

Answer:  2 sec. after being released, the ball is traveling only 75.6 ft./sec.

Connection In this case, 

v c.  How many seconds after the ball is released does it come to a stop before  =  0 and we solve for  t  . 

 Because                                     descending? t will be shown on 

the horizontal axis, we have         Solution:  When an object is at a stop, its velocity is 0; so we must solve for t

just found the t-intercept.             when v = 0.

The coordinates of the t-

intercept would be written                        0 =-32.2t + 140  In v    32.2t 140, replace v with 0.

this way:                                      -140            -140 Subtract 140 from both sides.

1                                 -140 = 4.3, 0 2-32.2t + 0

 

--140    -32.2t        Divide both sides by = 32.2. 32.2-32.2

Answers to Warm-up                              4.3 ⬇ t

1. yes 2. 13, 02, 10, -52

Answer:  The ball will stop in midair approximately 4.3 sec. after being released.

9.4  Applications with Graphing      625

 

d. Graph the equation with t shown on the horizontal axis and v on the vertical axis.        Your Turn 1

Solution:  To graph, we need at least two solutions. In the answers to questions       The linear equation 

a, b, and c, we actually have three solutions.                                           p = 0.25r-30,000 describes 

1 the profit for a company, where  0, 140  2  1  2, 75.6  2  1  4.3, 0  2

r represents revenue.

Now plot each solution in the rectangular coordinate system; then connect the 

 a. Find the profit if the revenue 

points to form a straight line.

is $180,000.

v                                                          b. Find the revenue required 

to break even (the point at 

160 (0, 140)                                                           which profit is $0).

140                                                      c. Graph the equation. 120

100

80       (2, 75.6)

60

40

20            (4.3, 0)

t

0 1 2 3 4 5

 

Do Your Turn 1

 

Objective 2   Find the centroid of a figure given the coordinates of its vertices.

We can use coordinates to describe points that define the corners of a figure. A cor-ner in a figure is called a vertex.

Definition Vertex: A point where two lines join to form an angle.

 

Points A, B, C, and D are the vertices of the following figure.

 

A                 B

 

C                 D

 

If a figure such as a triangle or parallelogram is drawn in the rectangular coordi-nate system, we can use the coordinates of its vertices to determine the coordi-nates of a point in the figure called its centroid.

Definition Centroid: The balance point, or center of gravity, of a figure.               Answers to Your Turn 1

a. $15,000 b. $120,000

To better understand what a centroid is, imagine cutting the figure shown above     c.         p out of cardboard and balancing it on the point of a pencil. Once the figure is bal-                p 5 0.25r 2 30,000 anced, the tip of the pencil would be touching the figure’s center of gravity, which         40,000

(180,000, 15,000)

is its centroid.                                                                                        30,000

20,000

A                 B                               10,000

r

0 80,000 200,000

–10,000

C                D                          –20,000

centroid                                               –30,000   (0, 230,000)

–40,000

(120,000, 0)
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To see how we use the coordinates of the vertices of a figure in the coordinate 

plane to find its centroid, let’s consider a line segment, which is like a stick. If we 

balance a stick on a pencil, the tip will touch a point halfway up the stick, which 

corresponds to the midpoint of a line segment. Recall from Section 9.2 that we 

find the coordinates of the midpoint of a line segment connecting two points in 

the rectangular coordinate system by finding the mean of the x-coordinates and 

the mean of the y-coordinates of the two points. Similarly, we find the coordinates 

of the centroid of a figure using the mean of the x-coordinates and the mean of the 

y-coordinates of the vertices.

 

Rule

Given the coordinates of the vertices of a figure in the rectangular coordinate system, the coordinates of its centroid are as follows:

 

a mean of the x @coordinates   mean of the y@coordinatesb of all vertices , of all vertices

 

Your Turn 2                       Example 2    Find the centroid of the triangle with vertices 13, 22, 1-4, 42, 

Find the centroid of the triangle        and 1-5, 32.

 

and 1-2, 62.                                                                                 Find the mean of the x- x 1 + x 2 + x 3 y 1 + y 2 + y 3 centroid with vertices 13, 42, 1-4, -12,          Solution:

1 = a          ,            b         coordinates and the mean 3 3 of the y-coordinates of the 2 3 , 2 1 4 , 4 2 1 5 , 3 2 three vertices.

x 1 y1          x2 y2         x3 y3

 

Note                                              3 + 1 42 + 1 52 2 + 4 + 3 , The mean of the x- = a b 3 3 coordinates is the sum of the  

three x-coordinates divided                                -6 9 = a ,     b                                    Add in each numerator.

by 3. Similarly, the mean of the y-                           3   3

coordinates is the sum of the three                   = 1-2, 32                                    Simplify to lowest terms.

y-coordinates divided by 3.

Answer:  The centroid of the triangle is 1-2, 32.

To visualize this, let’s plot the vertices and the centroid.

y

8

7

6

(–4, 4)         5

4

(–5, 3)                 3

Centroid (–2, 3) 2

(3, 2)

1

x

–6 –5 –4 –3 –2 –1 0 1 2 3 4

–1

–2

 

Do Your Turn 2

 

Centroids of figures with four vertices can be found in much the same way.

 

Answer to Your Turn 2

1-1, 32
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Example 3 Find the centroid of the figure with vertices 13, 22, 1-4, 22,             Your Turn 3

13, -32, and 1-5, -32. Find the centroid of the figure 

Solution: with vertices 12, 32, 14, -52, 

 Find the mean of the          1-4, 12, and 18, 72.

 centroid =   x     2 + 3 + x4 y1 + y2 + y3 + y4 1 + x x a ,                                     b

4                           x-coordinates and 4

1                                              the mean of the  3, 22 1 4, 22 1 3, 32 1 5, 32 y- coordinates of the four vertices.

x1 y1          x2 y2        x3 y3         x4 y4

 

= 3 + 1 42 + 3 + 1 52 2 + 2 + 1 32 + 1 32 , a b 4 4

 

=-3-2   Add in each numerator. a , b 4 4

=    3   1 a-       Simplify to lowest term. , -b

4   2

 

Answer:  The centroid is a   3                            y 1-, -b

.

4   2

 

(    4, 2)                    (3, 2) 

 

x

Centroid   3    1 ( 2 4 ,    2 2)

(    5,    3)                    (3,    3) 

 

Do Your Turn 3

 

Objective 3 Find the area of a figure given the coordinates of its vertices.

Given the coordinates of the vertices of a figure, we can also find its area.

 

Example 4 Find the area of the figure with vertices 14, 32, 1-2, 32, 1-4, -22, 

and 12, -22.

Understand  This is a four-sided figure. We are to calculate the area.

Plan  Plot the points to get a sense of the shape. Then determine the lengths of 

the sides that are needed to find the area. Finally, calculate the area.

Execute

y

5

( 2         4

2, 3)                 (4, 3)                 Notice that the figure is a parallelo-3

2                       gram. The formula for the area of a 1                       parallelogram is A = bh; so we need 

x      the base and height. Because the base 

–5 –4 –3 –2 –1 0 1 2 3 4 5        is parallel to the x-axis, we can subtract –1

–2       (2, 22)            the x-coordinates.

( 24, 22)

–3                       Base: 兩 2-1-42 兩 = 兩 2 + 4兩 = 兩 6兩 = 6     Answer to Your Turn 3

–4                                                               5 3 –5                                                                    , ab

2 2
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Your Turn 4 Recall that height is a vertical measurement from the base to the top of a shape. 

The line along which height is measured is parallel to the y-axis. Therefore, we 

Find the area of the figure with        can subtract the y-coordinates.

 

 a. 1 the given vertices.                                         Height: 兩 3--2 12 兩 = 兩 3 + 2 兩 = 兩 5 兩 = 5 5, 2 2 , 1 3, -1 2 , 1-1, 22

, and 

1-3, -12                         Now we can calculate the area.

 

 b. 1-1, 42, 1-3, 42, 1-5, -52,                                                  A = 6 # 5 and 1 2, -5 2 A = 30

Answers to Your Turn 4                  Answer  The area is 30 square units. a. 18 square units

b.                                             Do Your Turn 4 40.5 square units

 

9.4             For Exercises

Extra

Help

 

Objective 1

Prep Exercise 1 The linear equation v =-32.2t + 200 describes the velocity of an ob-ject after being thrown straight up, where t represents the time of the object’s flight in seconds and v represents the velocity in feet per second. How do we determine the amount of time it takes the object to come to a stop before descending? 

 

For Exercises 1–10, use the given linear equation to answer the questions.

 1. The linear equation v =-32.2t + 600 describes the velocity in 

feet per second of a rocket t seconds after being launched.

a. Find the initial velocity of the rocket. 

b. Find the velocity after 3 seconds. 

c. How many seconds after launch will the rocket stop before 

returning to Earth? 

d. Graph the equation with t as the horizontal axis and v as the 

vertical axis.

 

Of Interest

At a velocity of 7.9 kilometers per second, an object would just over-come the effects of gravity so that it would enter the lowest possible circular orbit around Earth. An object traveling between 7.9 kilome-ters per second and 11.18 kilometers per second would travel in an elliptical orbit around Earth. An object traveling 11.18 kilometers per second or faster would escape Earth’s gravity altogether. What are these velocities in feet per second? Miles per hour?

 

 2. The linear equation v =-32.2t + 86 describes the velocity in 

feet per second of a ball t seconds after being thrown straight up.

a. Find the initial velocity of the ball. 

b. Find the velocity after 1.5 seconds. 

c. How many seconds after launch will the ball stop before 

descending? 

d. Graph the equation with t on the horizontal axis and v on the 

vertical axis. 
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 3. The equation p = 0.24r-45,000 describes the profit 

for a company, where r represents revenue in dollars.

a. Find the profit if the revenue is $250,000.

b. Find the revenue required to break even (the point 

at which profit is $0). 

c. Graph the equation with r on the horizontal axis 

and p on the vertical axis. 

 

 4. The equation p = 0.18r-36,000 describes the profit 

for a company, where r represents revenue in dollars.

a. Find the profit if the revenue is $450,000. 

b. Find the revenue required to break even (the point 

at which profit is $0). 

c. Graph the equation with r on the horizontal axis 

and p on the vertical axis.

 

 5. The equation b = 13.5t + 300 describes the final bal-

ance of an account t years after the initial investment is made.

a. Find the initial balance (principal). (Hint: t = 0.)  

b. Find the balance after 5 years. 

c. Find the balance after 20 years. 

d. Graph the equation with t on the horizontal axis 

and b on the vertical axis. 

 

 6. The equation b = 17.5t + 500 describes the final bal-

ance of an account t years after the initial investment is made.

a. Find the initial balance (principal). (Hint: t = 0.)  

b. Find the balance after 5 years. 

c. Find the balance after 20 years. 

d. Graph the equation with t on the horizontal axis 

and b on the vertical axis.
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 7. The equation F = 9

C + 32 is used to convert a  

5

temperature in C to temperature in F.

a. What is the F-intercept? 

b. What is the C-intercept? 

c. Convert 40C to F. 

d. Graph the equation with C on the horizontal axis and F on the 

vertical axis.

 

 8. The equation C = 5 1F-32 2

 is used to convert a 

9

temperature in F to temperature in C.

a. What is the F-intercept? 

b. What is the C-intercept? 

c. Convert 68F to C. 

d. Graph the equation with F on the horizontal axis and C on the 

vertical axis.

 

 9. An HVAC (heating, ventilation, and air-conditioning) service tech-

nician charges $60 per hour for labor plus a $100 flat fee for the 

visit.

a. Write a linear equation that describes the total 

cost. 

1

b. What would be the total cost for 2  hours of labor? 

2

c. How many hours of labor can the service technician work for 

$355? 

d. Graph the equation.

 

 10. The weekly cost to produce a toy is $0.75 per unit plus a flat $4500 

for lease, equipment, supplies, and other expenses. Let C represent 

the total cost and u represent the number of units produced.

a. Write a linear equation that describes the total 

cost. 

b. What would be the total cost to produce 600 units? 

c. What would be the total cost to produce 800 units? 

d. Graph the equation.
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Objectives 2 and 3

Prep Exercise 2 What is a vertex?                                Prep Exercise 3 A figure has vertices 12, 42, 1-3, 42, 

1-3, -12, and 12, -12. What is the figure? 

Prep Exercise 4 A triangle has vertices 1x , y 12, 1x , y , and 1 2 2 2 1x , y . What is the formula for calculating the coordi-3 3 2

nates of its centroid?

 

For Exercises 11–30, find the centroid and area of the figure with the given vertices.

 11. 10, 02, 15, 02, 14, 62                                                12. 10, 02, 18, 02, 11, 32

 13. 1-3, -42, 15, -42, 11, 22                                      14. 1-6, -22, 14, -22, 1-4, 72

 15. 10, 02, 10, 62, 16, 62, 16, 02                                        16. 1-1, 02, 1-1, 42, 13, 42, 13, 02

 17. 14, 12, 1-3, 12, 1-3, -52, 14, -52                             18. 12, 52, 1-5, 52, 1-5, -32, 12, -32

 19. 1-1, 22, 1-6, 22, 1-6, -42, 1-1, -42                        20. 10, -22, 18, -22, 10, -72, 18, -72

 21. 11, 02, 14, 62, 17, 62, 14, 02                                        22. 12, 52, 13, -12, 17, 52, 18, -12

 23. 1-3, 22, 14, 22, 16, -72, 1-1, -72                            24. 1-6, 52, 1-4, -32, 13, 52, 15, -32

 25. 1-3, 02, 1-3, 82, 14, 82, 16, 02                                  26. 1-3, -22, 1-2, 42, 16, 42, 17, -22

 27. 10, 32, 1-3, -12, 14, 32, 15, -12                               28. 1-2, 02, 1-2, -42, 14, 02, 17, -42

 29. 1-5, -12, 1-7, -42, 13, -12, 14, -42                        30. 1-7, -22, 1-6, -52, 14, -22, 10, -52

[image: ]

 

Puzzle Problem Find the centroid and area of the figure with the following vertices:

[image: ]

 

1-2, 12, 1-2, -52, 16, -52, 16, -22, 10, -22, 10, 12

[image: ]

 

Review Exercises

[4.5] 1. The sum of two integers is 106. One integer is 6                                     3

more than three times the other integer. What are                                  4 [5.3] 2. A company allocates  of its costs for employee the integers?                                                           2

wages;  of the employee wages are for nonsalary 

3

  wages (hourly wages). What portion of the com-

pany’s total cost goes toward nonsalary wages? 

[6.5] 3. Find the mean, median, and mode of the follow-    [8.3] 4.  20% of the people in a class received an A. If 

ing scores. 45 people were in the class, how many received 

an A? 

88, 72, 91, 84, 88, 87, 90, 56, 71, 70, 95, 82, 70, 65

 

[8.5] 5. Find the final balance in an account if $400 

earning 4.8% APR is compounded quarterly  

over 2 years. 
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Chapter 9  Summary and Review Exercises

 

9.1 Points, Lines, and Angles

Definitions/Rules/Procedures                           Key Example(s)  

 

A point is a(n)           in space having no length or         Identify the figure.

width.                                                  a. 

A                                                                        N line is a straight, one-dimensional figure extending 

 in both directions.

A                                                       M line segment is a straight, one-dimensional figure 

 extending between two          .                          Answer: line segment MN

A ray is a straight, one-dimensional figure extending        b.

forever in            direction.

A                                                         Y plane is a flat, two-dimensional  extending 

forever in both dimensions.

Answer: plane Y

Parallel lines are lines lying in the same place that 

.

 

[9.1] 1. Identify the figure.

a.    P                                    b.                                               c. h R T

k

 

Definitions/Rules/Procedures                           Key Example(s)  

 

An angle is a figure formed by the             of two        State whether the angle is acute, right, obtuse, or 

lines, line segments, rays, or planes.                          straight.

An acute angle measures                 .

A right angle measures         .                                                   1408

An obtuse angle measures                   .

A straight angle measures         .                        Answer: obtuse

 

[9.1] 2. State whether the angle is acute, right, obtuse, or straight.

a.                                                           b.  

 

1358

 

c.                                                         d.  180 8

208
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Definitions/Rules/Procedures                           Key Example(s)  

 

Congruent angles have the          measurement.        In the following figure, lines l and m are parallel. The trans-

versal t forms eight angles. Find the measure of each angle.

Complementary angles are two angles whose mea-

surements sum to         .                                                                t

Supplementary angles are two angles whose measure-                                x

ments sum to         .                                                   l

Vertical angles are a pair of             angles formed 

by the intersection of two lines.

m

Perpendicular lines are two lines that intersect to form                        0.5x 1 3

a(n)            angle.

If two parallel lines, m and n, are intersected by a 

transversal, The variable expressions represent the measures of  t  , all of the following apply:

angles that are consecutive exterior angles; so they are 

t                                             supplementary.

m         1                                x + 0.5x + 3 = 180 2

3 4                                 1.5x + 3 = 180   Combine like terms.

 

n 5 6 -3    -3 Subtract 3 from both sides. =  1.5  x  +  0  177  7 8

1.5x    177 = Divide both sides by 1.5.

1.5     1.5

The corresponding angles are congruent.                                 x = 118

 

 We determine the measure of the other angle by replac- 1 ⬵   ,  2 ⬵   ,  3 ⬵   , and  4 ⬵   .        ing x with 118 in 0.5x +

3.

The alternate interior angles are congruent.                                         0.511182 + 3

3 ⬵  and 4 ⬵ .                   = 59 + 3

The alternate exterior angles are congruent.                                     = 62

1 ⬵  and 2 ⬵  According to the rules for angles in a figure formed by 

two parallel lines intersected by a transversal, the mea-

The consecutive interior angles are supplementary.         sure of each angle will be either 118 or 62.

3 + = 180 and 4 +    = 180                         t

The consecutive exterior angles are supplementary.

                                           1188 1 + = 180 and 2 + = 180

62 8

l                      8          8 62

118

1188      8 62

m

62 8       8 118

 

[9.1] 3.  In the figure to the right, lines l and m are parallel. State whether                      t

each pair of angles is congruent or supplementary and explain why.

 a.                                              1 2 1 and 4 m

 b.                                    3 4 4 and 

5 

 

 c. 2 and 8                                                5 6 l 7 8 d. 6 and 8 
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[9.1] 4.  In the figure to the right, lines h and k are parallel. If                          t

1 = 57, find the measure of each of the following.

 a. 3     b. 4                          1 2 h

 c. 5       d.                                 3 4 7 

 

[9.1] 5.  Four angles are formed by the following intersecting                         5 6 k lines. Find the measure of each angle. 7 8

4x    25 1

x

 

[9.1] 6.  In the following figure, lines i and j are parallel. The transversal t forms eight angles. Find the measure of 

each angle.

t

 

y

i

 

j

0.6y     19.2 2

 

Definitions/Rules/Procedures Key Example(s)

 

A right triangle has one angle measuring          .         Find the measure of each angle in the following triangle.

In an acute triangle, each angle measures              90 .

In an                                                                                    x obtuse triangle , one angle measures  90 .

For any triangle, the sum of the measures of the 

 angles is          .                                                                        x 2 2         0.4x 1 2

 

The sum of the measures of the angles is 180.

x + x-2 + 0.4x + 2 = 180

 2.4x = 180 Combine like terms.

2.4x    180 = Divide both sides by 2.4.

2.4     2.4

x = 75

Now determine the other measures by replacing x with 75 in x-2 and 0.4x + 2.

 For x-2:         For 0.4x + 2:

 75-2         0.41752 + 2

= 73             = 30 + 2

= 32

Answer:  75, 73, 32
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[9.1] 7. Indicate whether each triangle is a right triangle, an acute triangle, or an obtuse triangle. Explain why.

 a.                              b. 

1058

628

28                47 8

 

828

 

36 8

 

[9.1] 8.  Find the measure of each angle in the triangle to 

the right.                                                               x

 

0.5x    17       x   42 1 2

 

Definitions/Rules/Procedures                           Key Example(s)  

 

The Side-Side-Side (SSS) Postulate Determine whether the following two triangles are 

If the lengths of the three sides of one triangle are equal   congruent. If they are congruent, state the rule that 

to the lengths of the three sides of another triangle, the        explains  why.

triangles are congruent.

 

B                                                                38 E° ABC ⬵ DEF 15 ft. 38 °

56°

15 ft.

A              C    D              F

 

The Side-Angle-Side (SAS) Postulate                                                         56°

If two sides and the included angle of one triangle are 

equal to two sides and the included angle of another tri-

Answer: congruent; ASA

angle, the triangles are congruent.

I            HIJ ⬵    KLM       L

 

H              J   K              M

The Angle-Side-Angle (ASA) Postulate

If two angles and the included side of one triangle are 

equal to two angles and the  included side of another 

triangle, the triangles are congruent.

N                 P   Q                 S

 

O     NOP ⬵ QRS    R
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Definitions/Rules/Procedures                          Key Example(s)

 

The Angle-Angle-Side (AAS) Postulate

If two angles and a nonincluded side of one triangle are 

equal to two angles and the corresponding nonincluded 

side of another triangle, the triangles are congruent.

T                  V    X                  Z

 

U      TUV ⬵ XYZ Y or

T                  V    X                  Z

 

U     TUV ⬵ XYZ   Y

9. Determine whether the triangles are congruent. If they are congruent, state the rule that explains why.

a.       12 cm                                                           b. 

4 cm      12 cm                                        9 in.

 

4 cm                                          68°               9 in.

10 in.

10 in.                            68°

 

 10. Find the unknown angles in the following congruent triangles. 

C        G

 

2n 7 1

 

n         3n219

A                   B    E                  F

9.2 The Rectangular Coordinate System

Definitions/Rules/Procedures                           Key Example(s)  

 

An axis is a(n)                 used to locate points in a       Determine the coordinates of each point shown.

plane.                                                                               y

To determine the coordinates of a given point in the 

5

rectangular coordinate system:

4

1.   Follow a vertical line from the given point to the x-                                   3

axis (horizontal axis). The number at this position on                       B

2

the                                                                                                    A x-axis is the  coordinate.

1

 

2.   Follow a horizontal line from the point to the                                                             x y-axis –5 –4 –3 –2 –1 0 1 2 3 4 5 –1 (vertical axis). The number at this position on the  C –2 y-axis is the  coordinate.

–3

–4

–5

 

Answers:

A: 14, 12   B: 1-4, 22   C: 10, -22
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[9.2] 11.   Determine the coordinates of each point shown at right.                      y

5

A

4

3

B

2

1

C

x

–5 –4 –3 –2 –1 0 1 2 3 4 5

–1

F

–2

–3

D   –4

–5 E

 

Definitions/Rules/Procedures                           Key Example(s)  

 

To plot a point given an ordered pair of coordinates: Plot the point described by each ordered pair of coordinates.

1.   Beginning at the origin, 10, 02, move right or              a. 1-3, -42   b. 12, -32   c. 10, 32

left along the x-axis the amount indicated by the                                      y

 coordinate.

2.   From that position on the x-axis, move up or down 

the amount indicated by the             coordinate.                                  (0, 3)

3.   Draw a dot to represent the point described by the 

coordinates.

x

 

(2, 23)

(23, 24)

 

[9.2] 12.  Plot and label the point described by each ordered pair of                               y

coordinates.

A 1                                                        5 5, 22 B 1 2, 0 2 C 1-4, -3 2 D 1 3, -52 E 1 0, -42 4

3

2

1

x

–5 –4 –3 –2 –1 0 1 2 3 4 5

–1

–2

–3

–4

–5

 

Definitions/Rules/Procedures                           Key Example(s)  

 

A quadrant is one of             regions created by the 

intersection of the axes in the coordinate plane.
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Definitions/Rules/Procedures                          Key Example(s) 

 

To determine the quadrant for a given ordered pair,  Determine the quadrant in which each point is located.

consider the signs of the coordinates.                          42, 95 a. 12: quadrant I

 means that the point is in quadrant I.            b. 1-65, 902: quadrant II

 means that the point is in quadrant II.                 91, c. 1--562: quadrant III

 means that the point is in quadrant III.               75, d. 1-102 2: quadrant IV

 means that the point is in quadrant IV.                 14, 0 e. 1-2: not in a quadrant; this point is on the x-axis.

 

 [9.2] 13. Determine the quadrant in which each point is located.

a. 1-105, 682     b. 1-47, -1582        c. 195, 722    d. 1 58, 02

 

Definitions/Rules/Procedures                           Key Example(s)  

 

1x 2, y22, the coordinates of their midpoint are                                         4 + (-12)-9 + (-2) midpoint Given two points with coordinates 1x 1, y12 and            Find the midpoint of 14, -92 and 1-12, -22.

 

a                                                             = a        ,           b 2 2 ?, ? b . 8-11 = a , -b 2 2

=      11 a-4, -   b

2

 

[9.2] For Exercises 14 and 15, find the midpoint.

14. 12, 92 and 16, 12                                              15. 1-4, 22 and 16, -32

 

9.3 Graphing Linear Equations

Definitions/Rules/Procedures                           Key Example(s)  

 

To determine whether a given ordered pair is a solu- Determine whether the ordered pair is a solution for the 

tion for an equation with two variables:                   equation.

1.   Replace each variable in the equation with its corre-      a. 1-6, 22; x + 5y = 4

sponding coordinate.                                                      -6 + 5 122 4

2.   Simplify both sides of the equation as needed. If the                               -6 + 10 4

resulting equation is             , the ordered pair is 

a solution.                                                                                   4 = 4

Because the equation is true, 1-6, 22 is a solution.

b. 12.2, 4.82; y = 4x-3

 4.8 4 12.22-3

 4.8 8.8-3

 4.8 ⬆ 5.8

Because the equation is false, 12.2, 4.82 is not a solution.

 

[9.3]  For Exercises 16–18, determine whether the ordered pair is a solution for the equation.

 16. 12, 72; 3x-y =-4                                            17. 12.5, -0.52; y =-x + 2 

18. a    3     9       2-4 , -1     b ; y =

x

4    10       5
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Definitions/Rules/Procedures                           Key Example(s)  

 

To find a solution to an equation in two variables:         Find a solution for 2x-y =-3.

1.  Replace one of the variables with a value (any value).      We will choose x to be 1 and solve for y.

2.  Solve the equation for                    .                   2112-y =        Replace x with 1.-3

 2-y =-3  Multiply.

 2-y =-3

-2       -2 Subtract 2 from both sides.

0-y =-5

 

-y    -5 Divide both sides by = 1. 1--1

y = 5     Solution: 11, 52

To graph a linear equation:                                Graph. 2x-y =-3

1.  Find at least               solutions to the equation.         In the preceding example, we found one solution, 11, 52.

2.   Plot the solutions as points in the rectangular coordi-     Two more solutions that can be found the same way are 

nate system.                                             0, 3 12 and 1-2, -12.

3. Draw a(n)            line through these points.

y

2x 2 y 5 23

(1, 5)

 

(0, 3)

 

x

( 22, 21)

 

[9.3] For Exercises 19–24, find three solutions for the given equation. Then graph. (Answers may vary for the three solutions.)

19. 2x + y = 6                          20. 3x-6y = 12                       21. y = x + 3 
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22. y =                                         2-3x                       23. y = x                         24.  y =-x-4 

3

 

Definitions/Rules/Procedures                           Key Example(s)  

 

The graph of y c, where c is a constant, is a(n)          Graph.

 

y         line parallel to the x-axis and intersects the       a. y = 3-axis at the point with coordinates 1 0, c 2 . b. x =-2 The graph of x c , where c is a constant, is a(n)         y line parallel to the y-axis and intersects the 

 

x-axis at the point with coordinates 1c, 02.                                      5 x 5 2 2 4 y 5 3 3 (0, 3) 2

( 2         1 2, 0)

x

–5 –4 –3 –2 –1 0 1 2 3 4 5

–1

–2

–3

–4

–5

 

[9.3] For Exercises 25 and 26, graph.

25.  y = 7                                                      26. x =-4 
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Definitions/Rules/Procedures                           Key Example(s)  

 

To find an x-intercept:                                    Find the coordinates of the x- and y-intercepts for 

1. Replace                                              3x + 5y = 12. with 0 in the given equation.

2. Solve for                                                 x-intercept:              y-intercept: .

To find a y-intercept:                                      3x + 5 102 = 12          3102 + 5y = 12

1. Replace                                                       3x = 12                  5y = 12 with 0 in the given equation.

 

2. Solve for                                                         3x    12              5y    12 . = = 3 3 5 5

 

x       x = 4                   12 y = 5-intercept: 1 4, 0 2

y-intercept: a   12 0,     b

5

 

[9.3] For Exercises 27–31, find the coordinates of the x- and y-intercepts.

 

 27.                                                                        28. y     4x                                                                   1 5x + y                             = = 10                                      -1                            29. y = x

5

 30. x = 6                                                                  31. y =-2 

 

9.4 Applications with Graphing

Definitions/Rules/Procedures                           Key Example(s)  

 

A vertex is a(n)              where two lines join to form      Find the centroid of the triangle with vertices 

an angle.                                                   14, -32, 1-2, -42, and 1-5, 12.

 

Given the coordinates of the vertices of a figure in the                       4 + 1-22 + 1-52-3 + 1-42 + 1 centroid = a , b rectangular coordinate system, the coordinates of its 3 3

 

centroid are as follows:                                                      -3-6 , = a b of the x @ coordinates of the y @ coordinates 3 3 a , b of all vertices of all vertices = 1-1, -2 2

 

[9.4] 32. Find the centroid of the figure with vertices 10, -12, 10, 42, 13, 42, and 17, -12. 

[9.4] For Exercises 33 and 34, solve.

[9.4] 33.  The linear equation p = 0.4r-12,000 describes the profit for a company, where r represents the revenue.

 a. Find the profit assuming that the revenue is $100,000. 

 b.  Find the revenue required to break even (the point at which profit is $0).

 c. Graph the equation. 

[9.4] 34.  Find the area of the figure with vertices 1-2, 52, 1-1, -32, 14, -32, and 13, 52. 
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For Extra Help
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 1. a. ___________________       [9.1]    1. Identify the figure.

b.  ___________________           a.     b. A B R    S

 

 2. a. ___________________

[9.1]     2. State whether the angle is acute, right, obtuse, or straight.

b.  ___________________           a.                b.

 

1348

 

 3. _____________________       [9.1]    3. Four angles are formed by the following intersecting lines. Find the 

measure of each angle.

 

2x    9 1 x

 

 4. _____________________       [9.1]    4. In the following figure, lines q and r are parallel. The transversal t

forms eight angles. Find the measure of each angle.

t

q

x

0.6x    8 1

r

 

 5. _____________________       [9.1]     5.  Determine whether the following two triangles are congruent. If they 

are congruent, state the rule that explains why.

 

35°

21 °

12.5 cm

 

12.5 cm                            35 °

 

21 °

 

Learning Strategy

If a test is based on formulas or theorems, I make flash cards and separate them 

into piles of the ones I know and the ones I don’t know until the “know” pile con-

tains all of the cards.

—Beth M.
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[9.1]     6. Find the measure of each angle in the following congruent triangles.         6. _________________________

 

x

 

x 51 2

0.5x 11.5 2

 

[9.2]     7. Determine the coordinates of each point shown.                             7. _____________________

y _____________________

_____________________

5 _____________________

4

3

A

2

1

B

x

–5 –4 –3 –2 –1 0 1 2 3 4 5

–1

–2

–3

D

–4

C

–5

 

[9.2]     8. In which quadrant is 1-16, 482 located?                                       8. _________________________

 

[9.2]     9. In which quadrant is 10, -42 located?                                          9. _________________________

 

[9.2]    10. Plot and label the point described by each ordered pair of coordinates.

A 1-4, 22   B 12, 12 C 10, -32 D 1-3, -52

y

5

4

3

2

1

x

–5 –4 –3 –2 –1 0 1 2 3 4 5

–1

–2

–3

–4

–5
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 11.  _____________________        [9.1] 11.  Find the midpoint of 15, 32 and 11, 12.

 

 12.  _____________________        [9.3] 12. Determine whether 15, -32 is a solution for -x + 2y =-11.

 

 13.  _____________________        [9.2] 13.  Determine whether 1                             2-3, -42 is a solution for y = x + 1.

3

 

 14.  _____________________        [9.3] 14. Find the coordinates of the x- and y-intercepts for 3x-5y = 6.

 

 15.  _____________________        [9.3] 15. Find the coordinates of the x- and y-intercepts for y = 3x-4.

 

 16.  _____________________        [9.3] 16. Find the coordinates of the x- and y-intercepts for y = 3.

 

[9.3] For Exercises 17–22, graph.

 

17. y =                                           1-3x                        18. y = x-3

5

 

19. x + y = 7                           20. 3x-y = 2
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21. y = 1                                22. x =-2

 

[9.4]    23. The linear equation v =-9.8t + 40 describes the velocity in meters          23. a.

per second of a model rocket t seconds after being launched.                  b.

 a.             c. Find the initial velocity of the rocket.

 b. Find the velocity of the rocket 3 seconds after being launched.

c.   How many seconds after launch will the rocket stop before return-

ing to Earth?

d.   Graph the equation with t as the horizontal axis and v as the 

vertical axis.

 

[9.4]    24. Find the centroid of the figure with vertices 14, 32, 1-2, 32, 1-2, -52,         24.  _________________________

and 14, -52.

 

[9.4]    25. Find the area of the figure with vertices 12, 42, 1-5, 42, 1-2, -42,              25.  _________________________

and 15, -42.
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Chapters 1–9 Cumulative Review Exercises

For Exercises 1–6, answer true or false.

[2.3] 1. 5-8 = 8-5                                       [3.5] 2. 41 is a prime number. 

[4.2] 3. 4x = 91x + 1.52 is a linear equation.                 [5.1] 4. 0 is a rational number. 

[8.1] 5.     7 37, 3

[9.1] 6. Alternate interior angles are congruent. 

8

[2.5] 7. State the order of operations agreement.             [2.2] 8. Explain how to add two numbers that have the 

same sign. 

 

[2.2] 9. Explain how to add two numbers that have          [2.3] 10. Explain how to write a subtraction statement as 

 different  signs.                                                        an equivalent addition statement.

 

[2.4] 11. When multiplying or dividing two numbers         [2.4] 12. When multiplying or dividing two numbers 

that have the same sign, the result is           .                that have different signs, the result is            .

 

c 1.2                                                                 14. Graph on a number line. 13. Estimate each calculation by rounding. d

1.3                                                                      [2.1] a. 3 a. 21,459 + 6741 

b. 729,105-4519 

c. 86 * 17 

d. 2219 , 112                                                       1

[5.1] b.  5 

4

 

[6.1] c. -7.2

 

[3.2] 15. What is the degree of each expression?              [6.1] 16. Write the word name for 4607.09.

a. -4y

b.       2 15 x

c.      3                 4 4 x-9 x + 10 x-7 

[6.3]                          6 17. Write 3.53 * 10 in standard form.                    [9.1] 18. Is the following angle acute, right, obtuse, or 

straight? 

 

308

B

For Exercises 19–21, simplify.

 

[2.5]  19. 19-1        3                                                                   1    3    3 6-82 +   100 2

-36                       [5.7] 20. -6    ,     -

8   16    4

[6.5] 21. a 3 2 b1-8.42

22. Write as a decimal number.

4                                                        3

[6.4] a. 

8

1

[6.4] b. 

3

[8.1] c.  8% 

[8.1] d.  24 , 2

5

[8.1] e. 4.5% 
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23. Write as a fraction.                                     [8.1] 24. Write as a percent.

1                                            1

[5.1] a. 5                                                            a. 

6                                            4

 

[6.1]                                                                           4 b. 0.145 b. 9 [8.1] c. 6%                                                          c. 0.65 

[8.1] d. 5 , 1

d. 0.035 

2

[8.1] e. 16.4%                                                e. 2.3 

[3.1] 25. Evaluate each expression using the given values.     [6.2] 26. Subtract. 

a. 3 t-5t; t =-4                                                         1                         3 a b a           b b. -xy + 2 2                                          x 4        2                     3        2-x + 9.6-4 x + x-14.6 x + y; x =-4, y =

20                                  3                       5

 

27. Multiply.                                             [3.5] 28.  Find the prime factorization of 630. 

 

[5.3]        5       4 2 a. a a b a-ab 8 9

[3.4] b. 1m-921m + 92

[6.3] c. 14.5t-3217.1t + 62

For Exercises 29–32, solve and check.

 

[4.3] 29. -4x + 19 =                                                 3        1-1                                     [5.8] 30.    k-7 =

5        4

 

[6.6] 31. 2.41                                                                   u    -3 n-52 + 8 = 1.6n-14                        [7.2] 32.     =

14    8

7.3    33. Convert.

C 7.4 S      a. 2.4 miles to           b.  4500 millimeters to         c.  4 square yards to           d.  42,000 square cen-

7.5 feet                            meters                          square feet                      timeters to square 

meters 

e.  4500 pounds to        f.  0.23 kilogram to             g.  68 cups to quarts           h.  400 milliliters to 

American tons         grams                                                  liters 

 

i. 77F to degrees Celsius                              j. -20C to degrees Fahrenheit 

For Exercises 34–50, solve.

[2.6] 34. A family has the following assets and debts. Calculate the family’s net worth. 

Assets               Debts

Savings = $1282      Credit card balance = $2942

Checking = $3548     Mortgage = $83,605

Furniture = $21,781    Automobile 1 = $4269

Jewelry = $5745

[3.7] 35. Use the figure to the right.

a. Write an expression in simplest form for the perimeter. b.                                                                                               h                  h 1 1 Find the perimeter if h is 5 cm. 

c. Write an expression in simplest form for the area. 

d. Find the area if h = 7 cm.                                                      h 1 3
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[4.5] 36. The sum of two positive integers is 123. One integer is three more than twice the 

other integer. What are the integers? 

3

[5.3] 37. On Sandra’s cell phone bill, 8 out of the 32 calls were out-of-network;   of those

4

  calls were to her parents. What fraction of all of her cell phone calls were to her 

 parents? How many calls were to her parents? 

[5.6]  38. A poll is taken to assess the president’s approval rating. Respondents can answer 

four ways: excellent, good, fair, or poor. 1                        3                         1 said “excellent,”  said “good,” and 

6                        5                         8

said “fair.”

a. What fraction of the respondents said “excellent” or “good”? 

b. What fraction said “poor”? 

39. Use the following graph, which shows the closing price for a stock each day for 

four days in April.

Stock Closing Price

$20

$13.20     $14.50

$15 $12.80 $11.90

$10

$5

Closing price

$0

4/2          4/3          4/4          4/5

Date

[1.2] a.   How much more was the closing price on April 5 than on April 3? 

[6.5] b. Find the mean, median, and mode closing price for the dates shown in 

the graph. 

[6.5] 40. Find the area of the shaded region. Use 3.14 for p. 

12 cm

 

10 cm

4 cm

 

7.5 cm

[6.5]  41. Find the volume of a can that is 3.5 inches tall and is 3 inches in radius. Use 3.14 

for p. 

[6.6] 42. A steel support beam on a tower needs to be replaced. The connecting joint is 20 

feet above the ground, and the base of the support beam is 8 feet from a point di-

rectly below the connecting joint. How long is the beam? 

[7.2] 43. The triangles shown are similar. Find the unknown side lengths.

 

y

12 cm

20 cm

9 cm

16.2 cm                            x
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44. Use the following graph, which shows the number of students who earned 

the indicated grade in English 101.

Grades in English 101

80

70

64

60

50              45

40

30      27                     25

Number of students                                                                      20                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                19

10

0

A     B     C     D     F

Grade

[1.2] a. How many students took English 101? 

[5.1] b. What fraction, in lowest terms, of the students earned an A? 

[8.4] c. What percent of the students earned a C? 

[8.4] d. Draw a circle graph that shows the percent of the students who 

earned each grade.

[8.5] 45. Because Coly is an employee of a store, he gets       [8.5] 46. A restaurant increases its price on a menu item 

a 20% discount when he purchases merchan- from $8.95 to $9.75. What is the percent of in-

dise. What would be his cost for an item that is                crease in price? normally $75.95? 

[8.6] 47. How much interest is earned if $680 is invested at 4.2% simple interest rate 

for half a year? 

[9.1] 48. In the following figure, lines l and m are parallel. The transversal t forms 

eight angles. Find the measure of each angle.

t

 

l

x

2x    21 2

m

 

[9.2]  49. Determine the coordinates of each point shown.     [9.3] 50. Graph. y =-3x + 2
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 Answers

 

Exercise Set 1.1

Prep Exercises 1. 0, 1, 2, 3   2. No, zero is not a natural number. 3. 
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4.  1. Write each digit multiplied by its place value.   2. Express it all as a sum. 5.  1. Write the name of the digits in the leftmost period. 2. Write the period name followed by a comma. 3. Repeat steps 1 and 2 until you get to the ones period. Do not follow the ones period with its name. 6. 

0   1   2   3   4   5

7. greater 8. Consider the digit to the right of the desired place value. If this digit is 5 or greater, round up. If it is 4 or less, round down.

Exercises 1. 0 3. 5    5. thousands place 7. hundred thousands place 9. 2 ten thousands + 4 thousands + 3 hundreds + 1 ten + 9 ones 11. 5 millions + 2 hundred thousands + 1 ten thousand + 3 thousands + 3 hundreds + 4 ones 13. 9 ten millions + 3 millions + 1 ten thousand + 4 thousands + 8 ones 15. 8792 17. 6,039,020 19. 40,980,109 21. seven thousand, seven hundred sixty-eight 23. three hundred ten million, four hundred sixty-four thousand, seven hundred thirty-four 25. one hundred  eighty-six thousand, one hundred seventy-one 27.                                                   29.                                                   31. 

0 0   1   2   3   4   5   6   7   8   9 10          0   1   2   3   4   5   6   7   8   9 10  1  2  3  4  5  6  7  8  9 10

33. 6   35. =   37. 7   39. 5,652,992,000 41. 5,653,000,000 43. 6,000,000,000 45. 5,652,992,500 47. 30,000 49. 900,000 51. 9000 53. 142,000,000 miles; 142,000,000 because the number is reasonably accurate yet simple. (Answers may vary.) 55. a. $64,424 b. $46,179 c. California, New York, Illinois, and Massachusetts d. $47,000  e. $53,000v f. cost of living

Exercise Set 1.2

Prep Exercises 1. addends; sum 2. Changing the order of the addends does not affect the sum. 3.  1. Round the smallest number to the highest possible place value so that it has one nonzero digit.  2. Round all of the other numbers to the same place value as the smallest number.  3. Add the rounded numbers. 4. minuend; subtrahend; difference. 5. A constant is a symbol that does not vary in value, whereas a variable is a symbol that can vary in value. 6. A solution to an equation is a number that makes the equation true when it replaces the variable in the equation. 7. Write a related subtraction equation, subtracting the known addend from the sum. 8. 

Addition              Subtraction

key words/key        key words/ 

question               key question

(Answers may vary.)   (Answers may vary.) 

sum, plus, total,         subtract, minus, 

perimeter; how           difference, take away; 

much in all?            how much is left?

Exercises 1. Estimate: 9000 Actual: 8849 3. Estimate: 101,000 Actual: 100,268 5. Estimate: 15,800 Actual: 15,814 7. Estimate: 15,200 Actual: 15,246 9. Estimate: 181,400 Actual: 181,383 11. Estimate: 5400; Actual: 5352 13. Estimate: 34,000; Actual: 34,161 15. Estimate: 45,000; Actual: 45,334 17. Estimate: 20,000; Actual: 26,519 19. Estimate: 170,000; Actual: 166,488 21. x = 4 23. t = 21 25. n = 18 27. u = 155 29. b = 225 31. 1810 tickets 33. 68 ft. 35. $16 37. 1720 sq. ft. 39. $134,650 41. 2100 K 43. 33 A 45. $6611 47. a. 69,463,000 b. 47,513,000 c. 22,000,000 d. 110,000 e. 5,000,000 f. 25,563,000

Review Exercises 1. 3 hundred millions + 7 millions + 4 hundred thousands + 9 ten thousands + 1 thousand + 2 tens + 4 ones 2. one million, four hundred seventy-two thousand, three hundred fifty-nine 3. 

4. 6   5. 23,410,000                                                                  0   1   2   3   4   5   6   7   8   9 10

Exercise Set 1.3

Prep Exercises 1.  factors;  product.    2. Changing the order of the factors does not affect the product. 3.   1. Round each factor to the highest possible place so that each has only are nonzero digit.  2. Multiply the rounded digits. 4. a1b + c2 = ab + ac 5. Multiply four 3s. 6. (Answer may vary.) Multiply, times, product. 7. A rectangular array is a rectangle formed by a pattern of neatly arranged rows and columns. 8. The area of a shape is the total number of square units that completely fill the shape.

Exercises 1. 352 3. 0 5. Estimate: 160; Actual: 192 7. Estimate: 4500; Actual: 4914 9. Estimate: 24,000; Actual: 22,576 11. 44,940 13. 995,330 15. 8,550,756 17. 241,356,618 19. 330,050 21. 16 23. 1 25. 243 27. 10,000,000    29. 42,719,296 31.                       4        5          6               4             3            2                          6             5            4 130,691,232 33. 9 35. 7 37. 14 39. 2 * 10 + 4 * 10 + 9 * 10 + 2 * 1 41. 9 * 10 + 1 * 10 + 2 * 10 + 8

*

A-1

A-2   Answers  

 

10 3                            8             6            5            4             2 + 2 * 10 43. 4 * 10 + 7 * 10 + 2 * 10 + 1 * 10 + 9 * 10 + 2 * 10 + 5 * 1 45. 7954 intersections; 63,632 traffic lights 47. 36,792,000 heartbeats in a year; 2,759,400,000 heartbeats in a lifetime 49. 740 mg 51. $41,600 53. 19,200,000,000 oz. 55. 112 combinations 57. 32 binary numbers; no, it cannot recognize 26 + 10 = 36 binary numbers. 59. 128 locations 61.         2                                            2 624 ft. ; no, he has overestimated. 63. 300 ft.

Review Exercises   1. sixteen million, five hundred seven thousand, three hundred nine 2. 2 ten thousands + 3 thousands + 5 hundreds + 6 ones 3. 56,988 4. 831,724 5. n = 13

Exercise Set 1.4

Prep Exercises 1. dividend; divisor;  quotient. 2. n   3.  0 4. undefined 5. indeterminate. 6. 1 7. even  8. the sum of the digits is di-visible by 3. 9. have 0 or 5 in the ones place. 10. Try rounding the dividend to two nonzero digits. 11. Write a related division equa-tion in which the product is divided by the known factor. 12. (Answers may vary.) divide, distribute, evenly each, split, quotient, into, per, over

Exercises 1. 1 because 26 # 1 = 26 3. 0 because 49 # 0 = 0 5. indeterminate because x # 0 = 0 is true for any number 7. unde-fined because no number can make x # 0 = 22 true   9. no 11. yes 13. yes 15. yes 17. no 19. yes 21. yes 23. yes 25. no  27. Estimate: 400 Actual: 403 29. Estimate: 200 Actual: 207 r3 31. Estimate: 150 Actual: 217 33. Estimate: 200 Actual: 246 r3 35. Estimate: 300 Actual: 304 37. Estimate: 40 Actual: 40 39. Estimate: 2000 Actual: 1900 r13 41. Estimate: 1500 Actual: 1601 r12 43. undefined 45. x = 6 47. m = 8 49. n = 7 51. t = 0 53. v = 42 55. h = 20 57. $2854 59. 14 ml 61. 125 pieces of paper 63. 22 stamps; there are 1000 cents in $10 and 1000 , 44 = 22 r32. We round down because we cannot buy part of a stamp. 65. a. 9600 boxes b. 1200 bundles c. 50 pallets d. 2 trucks; 50 , 28 = 1 r22. Because all of the pallets cannot fit on one truck, we round up to 2. 67. 18 ft. 69. 22 sections 

Review Exercises 1. t =                                                                         4            3           2 177 2. 60 ft. 3. Estimate: 16,000 Actual: 15,414 4. 625 5. 4 * 10 + 9 * 10 + 6 * 10 + 2 * 1

Exercise Set 1.5

Prep Exercises 1.  1. Grouping symbols  2. Exponents  3. Multiplication or division from left to right  4. Addition or subtraction from left to right    2. Multiply 4 by 3. We multiply before subtracting. 3. Divide 20 by 5. We multiply or divide from left to right before adding. 4. Subtract 4 from 10 within the parentheses. We work within grouping symbols before simplifying any other op-erations. 5. describe some characteristic 6.  1. Find the sum of the values.  2. Divide the sum by the number of values. 7. Find the mean of the middle two values. 8. The value that occurs most often.

Exercises 1. 22 3. 45 5. 141 7. 14 9. 1 11. 35 13. 44 15. 49 17. 24 19. 5 21. 25 23. 99 25. 81 27. 37 29. 18 31. 83 33. 46 35. 47 37. 48 39. 30 41. 10 43. 13 45. 1354    47. Mistake: subtracted 6 from 48 instead of multiplying 5 by 6; Correct: 18 49. Mistake: squared 3 and 5 instead of squaring their sum; Correct: 50 51. mean: 8; median: 7; mode: 13 53. mean: 10; median: 9; modes: 4, 17 55. mean: 37; median: 40; no mode 57. mean: 62; median: 61; mode: 83 59. mean: 74 in.; median: 74 in.; mode: 74 in. 61. mean: 26; median: 25; mode: 25, 21 63. mean: $101,230,000; median: $89,100,000; no mode 

Review Exercises 1. 70,000 2. 104,187,127 3. 1250 r3 4. 56 ft. of molding; $224 5. 192 tiles

Exercise Set 1.6

Prep Exercises 1. Replace the variables with the corresponding known values; then solve for the unknown variable. 2. p = 2l + 2w   3. A parallelogram is a four-sided figure with two pairs of parallel sides. 4. A = bh   5. Volume is the total number of cubic units that completely fill an object. 6. v = lwh   7. Understand the problem. 8. Check the results. 9. Add the areas of the two smaller shapes. 10. Subtract the area of the portion that is removed from the area of the larger shape.

Exercises                                               2              2                2              3               3                3 1. 94 cm 3. 128 in. 5. 64 km 7. 228 m 9. 144 in. 11. 112 km 13. 280 ft. 15. 216 in. 17. 210 km   19. 9 m 21. 62 in. 23. 20 in.    25.  2 cm 27. 18 in.  29. 4 ft. 31. 21 ft. 33. $288 35. $28 37. $5525    39. a. 138 posts; $276 b. 4360 ft.; 4 rolls of barbed wire; $180 c. 552 nails; 6 boxes of nails; $18 d. $549. e. $4976; He must consider how long it will take, what the price of the tools are, and whether building a fence is something he knows how to do.                                  2 41. 70 sheets; $1050 43. 648 ft.; 2 gallons 45.            2                   3             3 35,602 ft. 47. 486,000 ft. 49. 28 ft.

Review Exercises                            6            5             3 1. x = 1929 2. 2 * 10 + 4 * 10 + 8 * 10 + 7 * 10 + 3 * 1 3. Estimate: 35,000,000 Actual: 32,183,756 4. y = 203 5. 53




Chapter 1 Summary and Review Exercises

1.1 Definitions/Rules/Procedures   a group of elements; a set within a set; 1, 2, 3, c ; 0, 1 2, 3, c ; Ten millions; Millions;  Hundred thousands; Thousands; Tens; digit; place-value name and a plus sign; write each digit in the place indicated by the  corresponding place value Exercises 1. 5 millions + 6 hundred thousands + 8 ten thousands + 9 hundreds + 1 one 2. 4 ten thousands + 2 thousands + 5 hundreds + 1 ten + 9 ones 3. 98,274 4. 8,020,096 Definitions/Rules/ Procedures word name of the number formed by the digits in the period Exercises   5. nine thousand, four hundred twenty-one 6. one hundred twenty-three million, four hundred five thousand, six hundred Definitions/Rules/ Procedures  draw a dot on the mark for that number

Exercises 7.                                              8. 

0   1   2   3   4   5   6   7   8   9 10         0   1   2   3   4   5   6   7   8   9 10

Answers      A-3

 

Definitions/Rules/Procedures a mathematical relationship that contains an equal sign 1 = 2; a mathematical relationship that con-tains an inequality symbol 16, 7 2; =; greater Exercises   9. 6    10. 7   Definitions/Rules/Procedures  round up by increasing the digit in the given place value by 1; round down by keeping the digit in the given place value the same Exercises   11. 3,380,000 12. 1949–1950 to 1969–1970 13. 46,000,000 14. 2,600,000

1.2 Definitions/Rules/Procedures combines; the corresponding place values align; the smallest number to the highest possible 

place value so that it has only one nonzero digit Exercises   15. Estimate: 53,000; Actual: 52,721 16. Estimate: 39,680; Actual: 39,673 Definitions/Rules/Procedures the total distance around the figure; add the lengths of all sides of the figure Exercises   17. 40 in 18. 55 ft. Definitions/Rules/Procedures take one amount away from another; difference; unknown  addend; rename the top digit; the smallest number to the highest possible place value so that it has only one nonzero digit Exercises 19. Estimate: 480,000; Actual: 485,716 20. Estimate: 7700; Actual: 7707    Definitions/Rules/Procedures subtraction; addend; sum Exercises   21. x = 25 22. y = 189 Definitions/Rules/Procedures  add, plus, sum, total, increased by, in all (Answers may vary.); subtract, minus, difference, remove, decreased by, take away (Answers may vary.) Exercises   23. $706 24. 40,839,000

1.3 Definitions/Rules/Procedures   calculates repeated addition of the same number; 0; n; the distributive property; each factor to the highest possible place value so that each has only one nonzero digit Exercises   25. Estimate: 2100; Actual: 1800 26. Estimate: 180,000;  Actual: 181,437 Definitions/Rules/Procedures  base; exponent; write the base as a factor the number of times indicated by the exponent                                     5        8 Exercises 27. 128 28. 125 29. 10 30. 7   Definitions/Rules/Procedures  a rectangle formed by a pattern of neatly arranged rows and columns; 1 * 1; square units that completely fill a shape; describes a procedure; Replace the variables with the corresponding known values;                                                                             2 lw ; multiply, times, product, each, of, by Exercises 31. 64 numbers 32. 288 ft.

1.4 Definitions/Rules/Procedures calculates repeated subtraction of the same number; the amount left over after dividing two 

whole numbers; n; undefined; 0; indeterminate; 1 Exercises   33. 0 34. undefined 35. 24 36. 1; even number Definitions/ Rules/Procedures  the sum of the digits is divisible by 3; a 0 or 5 in the ones place Exercises   37. No, because 5 + 9 + 6 = 20, which is not divisible by 3 38. Yes, because 1780 has 0 in the ones place; long division Definitions/Rules/Procedures each number to the highest possible place value so that each has one nonzero digit Exercises   39. Estimate: 4000; Actual: 127 40. Estimate: 2000; Actual: 2109 r14 Definitions/Rules/Procedures  division; product; known factor Exercises   41. b = 24 42. k = 306 Definitions/Rules/Procedures  divide, distribute evenly, each, split, quotient, into (Answers may vary.) Exercises   43. 2 ml each minute 44. $3275

1.5 Definitions/Rules/Procedures   Grouping symbols; Exponents; Multiplication or division; Addition or subtraction Exercises 45. 43 46. 58 47. 32 48. 10  Definitions/Rules/Procedures number used to describe some characteristic; the sum of the given values and the number of values; the number of values; middle; ordered; middle value; mean of the middle two values; the value that occurs most often; most Exercises   49. mean: 12; median: 10; modes 7 and 16

1.6 Definitions/Rules/Procedures   do not intersect; two pairs of parallel sides; 90; 1 * 1 * 1; cubic units; 2l + 2w; bh; lwh Exercises            2              3 50. 168 m 51. 378 ft.   Definitions/Rules/Procedures  Understand; Plan; Execute; Answer; Check; add;  subtract                                  2 Exercises 52. 89,500 ft.




Chapter 1 Practice Test

1.                  7            6            5             4            2 5 2. 4 * 10 + 8 * 10 + 2 * 10 + 1 * 10 + 9 * 10 + 7 * 1 3. 7   4. sixty-seven million, one hundred ninety-four thousand, two hundred ten 5. 2,800,000 6. Estimate: 68,000 Actual: 68,190 7. Estimate: 430,000 Actual: 425,709 8. x = 8 9. Estimate: 2,800,000 Actual: 2,466,870 10. 64 11. Estimate: 2500 Actual: 2501 r1 12. y = 18 13. 25 14. 22 15. 18 16.                                                                                                                                          2 1 17. 2 18.  a. $1,060,000,000 b. $830,000,000 19. $189,000,000 20. 83 classes 21. a. 93 b. 95 c. 85 22. 162 ft. 23. a.                                 3              2 290 ft.  b. $1740 24. 336 ft. 25. 123 ft.




Chapter 1–2 Cumulative Review Exercises

1. true 2. false 3. false    4. true    5. commutative; addition 6. associative; multiplication 7. negative 8. Grouping symbols; Exponents or roots; Multiplication or division; Addition or subtraction 9. four hundred nine million, two hundred  fifty-four thou-sand, six 10. 57,000 11.                                                  12. 7   13. 16 14. 93 15.-50 16. -144 17. 64

5 4 3 2 1 0 1 2 3 4 5

18.                                                                                                             2              3 201 r2 19.-15 20. 11 21.-19 22.-48 23. x = 25 24. c =-7 25. perimeter: 74 m; area: 300 m 26. 36 in.   27. mean: 80; median: 78; mode: 95               2 28. 21,325 ft.   29. a. 36F b. 58F 30.-$17,010; loss

Exercise Set 2.1

Prep Exercises 1. c-3, -2, -1, 0, 1, 2, 3 c   2.                                             3. positive 4. positive 5. zero

–5 – 4 –3 –2 –1   0   1   2   3   4   5

Exercises 1. + 450 3. -35 5. + 29,035 7. -13,200 9. + 100  11. -20 13. -8F 15. -20F 17. The average critical reading score of students whose parents have no high school diploma is 81 points below the overall average critical reading score. 19. The average math score of students whose parents have a high school diploma is 41 points below the overall average math score.    21. The average writing score of students whose parents have a bachelor’s degree is 19 points above the overall average verbal score. 23. The average math score of students whose parents have a bachelor’s degree is 20 points above the overall aver-age math score.

25.                                                      27. 

1 0 1 2 3 4 5 6 7 8 9       2 1 0 1 2 3 4 5 6 7 8

A-4   Answers  

 

29.                                                    31. 

109 8 7 6 54 3 2 1 0    765 4 32 1 0 1 2 3

33.

54 3 2 1 0 1 2 3 4 5

35. 6   37. 7   39. 6   41. 7   43. 7   45. 6   47. 26. 49. 21. 51. 18. 53. 10. 55. 0. 57. 14 59. 18 61. 2004 63. 8 65. 0 67. 47

Review Exercises 1. 94,265 2. 864,488 3. 278,313 4. 2031 r12 5. $482 6. 46

Exercise Set 2.2

Prep Exercises 1. Adding a debt of $6 to a debt of $24 increases the debt to $30; so the result is -30. 2. Making a $12 payment  toward a $20 debt means that we are decreasing the debt. But because the debt exceeds the payment, we have a debt of $8 remain-ing; so the result is -8. 3. add; keep the same sign.  4. subtract; keep the sign of the number with the greater absolute value. 5. absolute value; opposite 6. 0

Exercises 1. 23 3. -23 5. -15 7. 46 9. -76 11. 10 13. -14 15. 14 17. -18    19. 56 21. 138 23. -72 25. 61 27. 27 29. -21 31. -21 33. 0    35. 34 37. 32 39. 0    41. -59 43. -18 45. 29 47. -$33 49. -$55,551 51. $29 53. -78°F 55. -78 ft. 57. 257 lb.

59. a. 

No H.S. diploma   H.S. diploma    Associate degree    Bachelor’s degree    Graduate degree

Expression      501 + 1-812     501 + 1-372      501 + 1-192          501 + 20           501 + 58  

Sum            420           464            482              521              559

b. Students whose parents achieved higher levels of education tend to perform better on the SAT.

Review Exercises             7            6            5             4            3 1. 4 * 10 + 2 * 10 + 5 * 10 + 6 * 10 + 1 * 10 + 9 * 1 2. two million, four hundred seven thousand, six 3. 55,445 4. n = 13 5. 25 6. $7265

Exercise Set 2.3 

Prep Exercises 1. Change the operation symbol from - to + and change the subtrahend (second number) to its additive inverse. 2. The subtrahend is 8. Its additive inverse is -8.    3. + 1-132   4. +1-142   5. The subtrahend is -7. Its additive inverse is 7. 6. +4    7. +6 8. -9-10

Exercises 1. 18 + 1-252 =-7 3. -15 + 1-182 =-33 5. 0 + 1-92 =-9 7. 20 + 8 = 28 9. -14 + 18 = 4 11. -15 + 8 =-7 13. -21 + 1-192 =-40 15. -4 + 19 = 15 17. 31 + 1-442 =-13 19. 35 + 10 = 45 21. -28 + 16 =-12 23. 0 + 1-182 =-18 25. 0 + 5 = 5 27. t =-6 29. d = 15 31. u = 13 33. m = 14 35. h =-5 37. k =-12 39. -$119 41. net: $6428 million; profit 43. net: -$21,958; loss 45. 1980; -$3,177,000,000 47. 46F 49. 55C 51. $67 53. 1396 ft.    55. a. 

Barrow, AK   Duluth, MN   Nashville, TN

Expression    -8 -1-202    18 -1-12       46 - 28

Difference          12             19              18

b. Duluth, MN

Review Exercises 1. 30,305 2. 243 3. 504 r5    4. y =                     2 8 5. 168 6. 4 mi.

Exercise Set 2.4

Prep Exercises                                                                  2 1. positive. 2. negative. 3. positive. 4. negative. 5. Multiply -8 by the understood -1 6. positive   7. negative 8. -15 , 3 9. positive; negative 10. no 11. positive 12. negative

Exercises   1. -32 3. -8    5. 64    7. 168 9. 0 11. 0    13. -15 15. 380 17. -35 19. 54    21. -78 23. -13 25. -36    27. 9 29. -64 31. 81 33. -1024 35. -64 37. -1,000,000 39. -1 41. -27 43.-12 45. -3 47. 8 49. 0 51. -5 53. 31 55. -7 57. undefined 59. x = 3 61. x =-2 63. t =-4 65. c =-17 67. m = 9 69. m = 0 71. no solution 73. d =-5 75. g = 9 77. {4 79. {6 81. no real roots exist 83. 9 85. 8 87. 7 89. not a real number 91. -11 93. 0 95. -$642 97. -$119 99. $46

Review Exercises                                          2              3 1. 60 ft. 2. 9 3. 47 4. 18 5. 138 ft. 6. 504 ft.

Exercise Set 2.5

Prep Exercises 1. 1. Grouping symbols; 2. Exponents or roots from left to right; 3. Multiplication or division from left to right; 4. Addition or Subtraction from left to right 2. Multiply 5 and 2. We multiply before adding. 3. Subtract 8 from 3 within the pa-rentheses. We work within grouping symbols before performing any other operations. 4. Divide 12 by -3. We multiply or divide from left to right.

Exercises 1. -2 3. -15    5. 6    7. -6    9. -1 11. 10    13. 84 15. -29    17. 7 19. 4 21. 2 23. 16 25. -32 27. -9    29. 9 31. -1    33. 21    35. 38 37. -19    39. -60 41. 53    43. -24 45. 0    47. -5 49. -32    51. -40 53. -1    55. -22 57. -23 59. undefined 61. -17 63. -64 65. no real solution 67. -4 69. -5 71. -1 73. 3 75. 1-224 means to find the fourth power of -2, which is 1-221-221-221-22 =       4 16 -2 means to multiply the fourth power of 2 by an understood -1, which is 

Answers      A-5

 

-1 # 2 # 2 # 2 =-16. 77. The exponent is odd. 79. Mistake: subtracion was performed before the multiplication; Correct: 58 81. Mistake: the exponential form was simplified before the operations parentheses.were performed; Correct: -21 83. Mistake: the brackets were eliminated before the operations inside them were performed; Correct: 41 85. Mistake: square roots were found before subtracting in the radical; Correct: 12 87. mean: 17 F, median: 25F, mode: 26F

Review Exercises 1. -$23 2. -$213; loss 3. 73 ft    4. -$705

Exercise Set 2.6

Prep Exercises 1. N represents the net, R represents revenue, and C represents cost. 2. A positive net indicates profit, whereas a negative net indicates a loss. 3. V represents voltage, i represents current, and r represents resistance. 4. An average rate is a measure of the rate at which an object travels a total distance in a total amount of time.

Exercises   1. -$50; loss 3. -$15,030; loss 5. $18,772; profit 7. -$10; loss 9. -63 V 11. -44 A 13. No, the resistance is 30 not 40 . 15. 22 ft./sec. 17. 51,180 mi. 19. 65 mph

Review Exercises 1.                                                  2. 15 3. k =-110 4. m =-4 5. -12 6. -39

54 3 2 1 0 1 2 3 4 5




Chapter 2 Summary and Review Exercises

2.1 Definitions/Rules/Procedures   c,-3, -2, -1, 0, 1, 2, 3, c   Exercises 1. -13,000 2. +212 Definitions/Rules/Procedures  draw a dot on the mark for that number 3. 

9 8 7 6 5 4 3 2 1 0 1

4.                                                          Definitions/Rules/Procedures  greater than; greater than; 0 Exercises 5. 6

5 4 3 2 1 0 1 2 3 4 5

6. 7   Definitions/Rules/Procedures  its distance from zero; positive; positive; zero Exercises   7. 41 8. 16

2.2 Definitions/Rules/Procedures add their absolute values and keep the same sign; subtract their absolute values and keep the 

sign of the integer with the greater absolute value Exercises   9. -26 10. 9 11. -12 12. 7 Definitions/Rules/ Procedures zero; 0; absolute value; opposite Exercises   13. 27 14. -32

2.3 Definitions/Rules/Procedures  subtrahend (second number) to its additive inverse Exercises   15. 24 + 1-312 =-7 16. -20 + 1-172 =-37 17. -13 + 19 = 6 18. -27 + 22 =-5 Definitions/Rules/Procedures  known addend; sum Exercises   19. x =-41 20. n = 5 

2.4 Definitions/Rules/Procedures positive; negative; positive; negative Exercises   21. 60 22. -54 23. -6 24. 7 25. 36 26. -16 Definitions/Rules/Procedures positive; negative Exercises   27. 81 28. -1000 29. -256 30. -27 Definitions/Rules/Procedures  product; known factor Exercises   31. k =-9 32. k = 8 Definitions/Rules/ Procedures square; positive; negative; no; positive; negative Exercises   33. 8 and -8 (or { 8) 34. 10 35. -11 36. not a real number

2.5 Definitions/Rules/Procedures Grouping symbols; Exponents or roots; Multiplication or division; Addition or subtraction Exercises   37. -12 38. -32 39. -15 40. 43 41. 16 42. -2 Definitions/Rules/Procedures   R-C; ir; total; total; rt Exercises     43. -$261 44. 0 lb. Definitions/Rules/Procedures  The block is not moving Exercises 45. $719,600; profit 46. 31 F 47. 70 48. 178 49. -36 V 50. -11 A 51. 195 mi 52. 60 mph




Chapter 2 Practice Test

1.                                     2. 26    3. 5 4 3 2 1 0 1 2-12 4. -45 5. -14    6. -35 7. -16    8. -108 9. -5    10. 4 11. -84 12. 18 13. k = 44 14. n =-9 15. -4 16. -64 17. 9 and -91or {92   18. 12 19. not a real number 20. -2 21. -1 22. 5 23. 0 24. undefined 25. -30 26. -$452 27. -$70 28. -$15,695; loss 29. -96V 30. 124 mi




Chapter 1–2 Cumulative Review Exercises

1. true 2. false 3. false    4. true    5. commutative; addition 6. associative; multiplication 7. negative 8. Grouping symbols; Exponents or roots; Multiplication or division; Addition or subtraction 9. four hundred nine million, two hundred  fifty-four thou-sand, six 10. 57,000 11.                                                  12. 7   13. 16 14. 93 15.-50 16. -144 17. 64

5 4 3 2 1 0 1 2 3 4 5

18.                                                                                                             2              3 201 r2 19.-15 20. 11 21.-19 22.-48 23. x = 25 24. c =-7 25. perimeter: 74 m; area: 300 m 26. 36 in.   27. mean: 80; median: 78; mode: 95               2 28. 21,325 ft.   29. a. 36F b. 58F 30.-$17,010; loss

Exercise Set 3.1

Prep Exercises 1. An equation has an equal sign, whereas an expression does not. 2. Answers may vary. plus, increased by, sum, added to, more than 3. Answers may vary. minus, decreased by, difference, subtracted from, less than 4. Answers may vary. times, product, multiplied by 5. Answers may vary. divided by, quotient, divided into 6. subtracted from, less than, divided into 7. To multiply the sum, which is the result of addition, by seven requires that the addition occur first. The parentheses are needed so that the addition occurs before the multiplication. 8. Replace the variables with the corresponding given values; then calculate using the order of operations.

Exercises 1. equation 3. expression 5. expression 7. equation 9. equation 11. expression 13. 6 + y   15. 8-n   17. n-15

19.                            -12                              20                             h 2 2-7 n 21. -12 , k or 23. -5 + 7 n 25. 20 , n-15 or -15 27. xy 29. 2 h , k or    31. -61n + 32 k n k A-6   Answers  

 

33. 811-n2   35. 2y , 1x + 52 or          37. 7 39. -7 41. -1 43. 14 45. -18 47. -16 49. -3 51. 40 53. 6 55. 17 3 3             2y x + 5 57. 5 59. 7

61.                          63.                                     65. 2 x 3 x-1 m m 2 m 4    y     兩 y 2 兩

-4    -13          -1        7               -4      2

-2     -7            0         4               -3      1

0      -1            1         3                -2      0

2       5            2         4                -1      1

4      11            3         7                 0      2

67. a.-5n-6; b. 14 65. a.-318-n2;  b.-30

Review Exercises                                                  4 1. 2  2. 2 hundreds + 7 tens + 9 ones 3. 7   4. 64 5. 300,000 6. 3 +-7 12 +-9 12

Exercise Set 3.2

Prep Exercises 1. A monomial is an expression that is a constant or a product of a constant and variables that are raised to whole number powers. Examples may vary. 12, 3           3 x , and -7 y   2. The coefficient is the numerical factor in a monomial. 3. The degree of a monomial is the sum of the exponents of all of its variables. 4. A polynomial is an expression that is a sum of monomials. Examples may vary. 3 2 x + x-9 5. two; three 6. The degree of a polynomial is the greatest degree of all its terms. 7. Place the term with the greatest degree first, then the term with the next greatest degree, and so on. 8. Like terms are monomials that have the same variables raised to the same exponents. Examples may vary. 6x and -9x   9. The expression is written with the fewest symbols possible. 10. Add or subtract the coefficients and keep the variables and their exponents the same.

Exercises   1. monomial; a product of a constant and variable raised to a whole number power 3. not a monomial; not a product 5. monomial; a productof a constant, -1, and a variable raised to a whole number power, 1 7. monomial; a constant  9. not a monomial; not a product 11. monomial; a product of a constant and variables raised to whole number powers 13. coefficient: 3; degree: 8 15. coefficient: -9; degree: 1 17. coefficient: 8; degree: 0 19. coefficient: 1; degree: 3 21. coefficient: -2; degree: 7 23.                                                     2 coefficient: -1; degree: 0 25. first term: 5 x, coefficient: 5; second term: 8x, coefficient: 8; third term: -7, coefficient: -7 27.                                                                                                3                                      2 first term: 6 t , coefficient: 6; second term: -1, coefficient: -1 29. first term: -6 x , coefficient: -6; second term: x, coefficient: 1; third term: -9x, coefficient: -9; fourth term: 4, coefficient: 4 31. binomial 33. monomial 35. no special name 37. trinomial 39.                                                                   6       4       3       2              5         3         2 monomial 41. binomial 43. 3 45. 6 47. 12 49. 14 t-8 t + 9 t + 5 t-1 51. y-18 y-10 y + 12y + 9 53.    5       3       2 9 a + 7 a + 2 a-a-6 55. like 57. not like 59. like    61. like 63. not like    65. like 67. 12x   69. 4y   71. 5m   73. -3t 75.     3          2             5                    2                          3                        2                   2 5 x 77. -t 79. -8 m 81. 0 83. 11 x + 2 x + 4 85. -13 a + 6 a + 4 87. -5 c-4 c 89. -7 n-2n + 7 91.     3       2                4        2 7 m + m-4 93. 8 x-3 x + 8

Review Exercises   1. -2 2. -16 3. -7 4. -26 5. No, because subtraction is not commutative. 6. Yes, because addition is com-mutative. 7. Yes, because multiplication is commutative. 8. 28 m

Exercise Set 3.3

Prep Exercises 1. Combine like terms. 2. Change the operation sign from - to +; then change the sign of each term in the second polynomial.

Exercises                                                           2                         2                        2 1. 5 x + 6 3. 9 y-5 5. 13 x-2 7. 5 t + 2 9. 2 x + 6 x + 10 11. 15 n-12 n + 3 13. 7 p-3p-4 15.       3      2                       3       2                                                                           2            2-8 b-b-9 b + 11 17. 3 a + 5 a + a-2 19. 8 a + 4 21. 4 x + 7 23. Mistake: combining 4 y with -2 y does not equal -2 2                3       2                                                                         6      5        4       3 y Correct: 10 y + 2 y-6 y 25. Mistake: unlike terms were combined Correct: 8 x + x-9 x + 7 x-4 27. 2x + 7 29.                                            2                        2                                          2 3 t 31. 8 n-6 33. 3 x-7 35. 6 x-x-11 37. 12 a-11 a-6 39. -4 x-10 41. 4 m-18m + 4 43. Mistake: did not change all signs in the subtratend Correct: 2 2                                       2         2 x-2 x 45. Mistake: adding -9 t to -9 t does not equal 0 Correct: -5 3        2 t-18 t + 4t + 5 47. 

Expression 1    Expression 2     Sum    Difference

x      5x + 4         3x-7      8x-3    2x + 11

4        24                5           2         19

-                                       7 2-6-13-19

49. 

Expression 1    Expression 2         Sum           Difference

n    2              2              2               2 n + 3 n-1 4 n-n-7 5 n + 2 n-8-3 n + 4n + 6

2          9              7             16                2

-3        -1            32             31             -33

Review Exercises                                               2 1. -682 2. 81 3. -32 4. 128 5. 375 m   6. 20

Answers      A-7

 

Exercise Set 3.4

Prep Exercises 1. add 2. Multiply the coefficients and add the exponents of the like variables. 3. multiply 4. Evaluate the coef-ficient raised to the power and multiply each variable’s exponent by the power. 5. Use the distributive property. 6. Multiply each term in the first polynomial by each term in the second polynomial. 7. Conjugates are binomials that differ only in the sign separating the terms. Examples may vary. x + 5 and x-5 .   8. difference

Exercises       7       10          3          7             6          7            7               4            9 1. x 3. t 5. 21 a 7. 10 n 9. -24 u 11. 8 y 13. 90 x 15. -36 m 17. 60 y   19. Mistake: multiplied the expo-nents Correct:     7          6            10              30             20            12               18            13 45 x 21. 4 x 23. 49 m 25. -32 y 27. 256 x 29. 25 y 31. -125 v 33. 48 x   35. Mistake: did not raise 3 to the 4th power, added exponents of               16 x Correct: 81 x   37. 8x + 12 39. 15x-35 41. -15t-6 43. -28a + 36 45.      2                    2                    4         3            3         2                    4        3       2            4       3         2 18 u + 24 u 47. -6 a-2 a 49. -10 x + 16 x 51. 16 x + 24 x-32 x 53. -5 x + 6 x-9 x 55. -6 p-8 p + 10 p 57. 2                      2                       2                        2                         2                        2 x + 6 x + 8 59. m + 2 m-15 61. y-7 y-8 63. 12 x-7 x-10 65. 12 x-23 x + 5 67. 12 t-17t-5 69.    2                                                                                     2                2                  2 2 a-19 a + 35 71. x + 7 73. 2 x-5 75. -b-2 77. -6 x + 9 79. x-9 81. 25 t-36 83. 36 x-1 85. Mistake: did not square the initial                                            2                        3        2 x , and 5 should be negative Correct: 6 x-13 x-5 87. 2 x + 7 x-14x + 5  89.     3         2                         3       2                   4        3       2              4       2            2                 3       2 8 y-10 y-15 y + 18 91. 2 a + 2 a-4 a 93. -2 x-5 x-3 x 95. -27 q + 3 q 97. 24 y + 8 y 99. 3 x + 3 x-6x 101.                                           103. 

Expression 1    Expression 2    Product                Expression 1    Expression 2      Product

x                                    2                 n  5 x-3                                    2 x-15 x n + 3 n-7 n-4n-21

  2           10                -6          -60                1          4                -6              -24

-                     9 3-15      -135          -3       0           -10           0

Review Exercises   1. 423 2. -4 3. 11 ft. 4. 5 ft. 5. -4x

Exercise Set 3.5

Prep Exercises 1. A prime number is a natural number that has exactly two different factors: 1 and the number itself. Examples may vary. 2, 3, and 5 2. A composite number is a natural number that has factors other than 1 and itself. Examples may vary. 4, 6, and 9 3. 2 # 15; 3 # 10; 5 # 6    4. The GCF of a set of a numbers is the greatest number that divides all of the given numbers with no remainder. 5. least

Exercises   1. composite 3. prime 5. neither 7. prime 9. composite 11. composite 13. prime 15. prime 17. No, 2 is an even prime number.       4            2                                   2         3            2                            3 2 3 3 19. # 2 5 21. 2 # 3 # 13  23. 2 # 67 25. 2 # 5 27. 7 29. 3 # 5 # 13 31. 2 # 3 # 7 33. 2 # 7 # 17 35. 1, 2, 3, 5, 6, 9, 10, 15, 18, 30, 45, 90    37. 1, 3, 9, 27, 81 39. 1, 2, 3, 4, 5, 6, 8, 10, 12, 15, 20, 24, 30, 40, 60, 120    41. 24: 1, 2, 3, 4, 6, 8, 12, 24; 60: 1, 2, 3, 4, 5, 6, 10, 12, 15, 20, 30, 60 GCF = 12 43. 81: 1, 3, 9, 27, 81 65: 1, 5, 13, 65 GCF = 1 45. 72: 1, 2, 3, 4, 6, 8, 9, 12, 18, 24, 36, 72 120: 1, 2, 3, 4, 5, 6, 8, 10, 12, 15, 20, 24, 30, 40, 60, 120 GCF =                    2                  2 24 47.  140 = 2 # 5 # 7;  196 = 2 # 2             2 7 ;  GCF = 2 # 7 = 28 49.  130 = 2 # 5 # 13; 78 =                                   4 2 # 3 # 13;  GCF = 2 # 13 = 26 51.  336 = 2 # 3 # 7;  504 = 3 2 # 2                                                 2 3 # 3 7;  GCF = 2 # 3 # 7 = 2 168 53.  99 = 3 # 11;  140 = 2 # 5 # 7; GCF = 1 55.  60 = 2 2 # 3 # 5;  120 =   3 2 # 3 # 5;  140 =   2                                       6 2 # 2 5 # 7;  GCF = 2 # 5 =          5 20 57.  64 = 2 ;  160 = 2 # 5;  224 =   5 2 # 7; GCF = 5 2 3  2  =  32  59.  10 in. by 10 in.  61.  8 ft; 5 in 40-ft. trench; 4 in 32-ft. trench; and 3 in 24-ft. trench  63.  10  65.  2  x  67.  h

69.             7          2          3 1 71. 8 x 73. 6 n 75. 7 x

Review Exercises             6             5            4             3            2 1. 5 * 10 + 7 * 10 + 8 * 10 + 4 * 10 + 2 * 10 + 9 * 1 2. 2,019 r5 3. 128 4. No, there are only 260 possible combinations. 5. 6 ft. by 6 ft.

Exercise Set 3.6

Prep Exercises 1. subtract 2. 1. Divide the coefficients.  2. Subtract the exponent of the divisor’s variable from the exponent of the dividend’s variable and keep the same variable. 3. Divide each term in the polynomial by the monomial. 4. Divide the product by the known factor. 5. 1. Find the GCF of the terms in the polynomial.  2. Rewrite the polynomial as a product of the GCF and 

the quotient of the polynomial and the GCF. Polynomial = GCF a polynomial b

GCF

Exercises        7        6               3          8            4            2 1. x 3. m 5. 1 7. 4 a 9. 20 n 11. -3 x 13. -4 b   15. -14 17. 3a + 2    19. -7c + 4    21. 3x + 2    23. -9d + 7 25.    3                                3       2                  7       3                  2            4 4 a + 6 a 27. 5 a-4 29. 4 x-2 x + x 31. -8 c-4 c + 10 c 33. 2 a 35. -7 x   37. 4u   39. 2x + 3 41. 5a-1 43.                   3       2                2                                2                                                                  2 3-5 x 45. 2 t-3 t + 4 47. 5 n-4 n-2 49. 9 m 51. 4 t 53. 4 1 2 x-1 2 55. 10 1 a + 2 2 57. 2 n 1 n + 3 2 59. x17x-32 61.    3    2                     2                                                      5     3 3 4 2                          3   6        2 4 r 1 r-6 2 5 63. 4 x 1 3 x + 5 x + 8 2 65. 3 a 1 3 a-4 a + 6 2 67. 7 m 1 2 m + 4 m + 1 2 69. 10 x 1 x-2 x-42

Review Exercises                      2              3         3       2              2 1. 20 ft. 2. 144 m 3. 108 in. 4. 2 x-9 x-17 5. x-2x-24

Exercise Set 3.7

Prep Exercises 1. Add all of the side lengths. 2. Multiply the base by the height. 3. Multiply the length, width, and height. 4. SA = 2lw + 2lh + 2wh or SA = 21lw + lh + wh2   5. The formula is used to calculate the height of a falling object, where h represents the height in feet after the object has fallen for t seconds from an initial height of h0 feet. 6. Subtract the expression for cost from the expression for revenue. 1N = R-C2

Exercises                                                                                                                                2 1. 4 x + 14 3. 3 n-6 5. 8 b-10 7. a. 90 in.; b. 122 cm 9. a. 30 ft.;  b. 18 yd. 11. a. 70 in.; b. 150 ft. 13. 2 n + 8n 15. a.          2            2         3       2                       3            3             2 120 km ; b. 384 ft. 17. d + 5 d-6 d 19. a. 54 in. ; b. 220 ft. 21. 32 ft. of cardboard    23. 1536 panels 25. 116 ft. after 2 sec.; 36 ft. after 3 sec.    27. 4256 ft.    29. a. 35r + 75s-245; b. $11,905 profit 31. a. R = 5s + 9m + 15l; b. C = 2s + 4m + 7l c. N = 3s + 5m + 8l; d. $87 profit

A-8   Answers  

 

Review Exercises                              3         2 1. 15 2. -1 3. 0 4. -x-21 x + 14 5. -12a-28 6. 1




Chapter 3 Summary and Review Exercises

3.1 Definitions/Rules/Procedures describes a calculation; contains an equal sign; key words; Replace the variables; Calculate

Exercises   1. -2m-8 2. 5(n-12) 3. 40 4. -2 

3.2 Definitions/Rules/Procedures  constant or a product of constants and variables; numerical factor; sum of the exponents of all variables Exercises   5. Yes, it is a product of a constant and a variable raised to a whole number power. 6. No, it contains subtrac-tion. 7. coefficient: 18; degree: 1 8. coefficient: 1; degree: 3 9. coefficient: -9; degree: 0 10. coefficient: -3; degree: 6 Definitions/Rules/Procedures  monomial; sum of monomials; every variable term has the same variable; more than one variable; greatest degree; greatest; next greatest Exercises   11. binomial 12. no special name 13. monomial 14. trinomial 15. 6 16.    6       4      2 5 a + 7 a-a-9a + 13 Definitions/Rules/Procedures  fewest; constant; the same variables raised to the same exponents; coefficients; variables; exponents Exercises   17. They have the same variables raised to the same exponents. 18. The same vari-ables are raised to different exponents.          2                        7        2 19. -a + 2 a-1 20. -5 x + 3 x + 13

3.3 Definitions/Rules/Procedures                                                  4       3 combine like terms Exercises 21. 3 x + 5 22. 4 y + 2 y-10y-4 Definitions/Rules/ Procedures                                                      2                  3       2  changing the sign of each of its terms Exercises 23. 3 a-5 a 24. 13 h-5 h-5h-3 

3.4 Definitions/Rules/Procedures                           m +n                                                  7  add; keep the same base; a ; coefficients; Add the exponents Exercises 25. m 26.        5             5         8                                                                             mn-10 x 27. -12 y 28. 6 t Definitions/Rules/Procedures  multiply; keep the same base; a; coefficient; variable’s exponent Exercises           12           6            9             12 29. 125 x 30. 4 y 31. 64 t 32. -8 a   Definitions/Rules/Procedures  each term in the polynomial by the monomial; each term; each term; Combine; binomials; sign of the second term; difference of two squares; 2      2 a-b   Exercises   33. 6x-8 34.        2                   3        2                2                       2                      2                       2-16 y + 20 y 35. 15 n-3 n + 21 n 36. a-2 a-35 37. 2 x-x-3 38. 10 y-21 y + 8 39. 9 t-16 40. 3        2 u-3 u-7u + 6 41. 3y + 4 42. -7x-2

3.5 Definitions/Rules/Procedures natural; 1; the number itself; natural; factors other than 1 and itself; composite; prime Exercises 43. composite 44. prime Definitions/Rules/Procedures  prime; factors whose product is the given number Exercises        3    2            3       2 45. 2 # 3 # 5 46. 2 # 3 # 5 # 7 Definitions/Rules/Procedures  greatest; divides; all; greatest; common to all factoriza-tions; least; 1                                           5          2 Exercises 47. 28 48. 1 49. 12 x 50. 6 a

3.6 Definitions/Rules/Procedures                               m n-subtract; keep the same base; a; 1; 1; coefficients; Subtract the exponent; each term Exercises       6            3                        4        2 51. r 52. -4 x 53. 7 t + 9 54. 5 x-4 x + 2 Definitions/Rules/Procedures product; known factor  

GCF polynomial 1 Exercises           5          2                4       2 55. -9 m 56. 4 x + 3 57. 4 y-3 y-2 58. 14b   Definitions/Rules/Procedures  product of factors; quotient; GCF                         + Exercises                                               2 2 59. 6 15x    22   60. 4y1                 3 3 y + 5 2 61. 3 n13n-52   62. 6x13x + 4x-62

3.7 Definitions/Rules/Procedures                                                               2 completely cover the outer shell; bh ; lwh ; 2 lw + 2 lh + 2 wh ; -16 t + h0     -; R C Exercises                                     2                          2               3         2             3             2 63. a. 16 x-12; b. 132 m 64. a. m-2 m-15;  b. 33 in. 65.  a. 48 n-32 n ; b. 2560 ft. 66. 52 ft.   67. 86 ft. 68. a. 43n + 43b-105; b. $31,414 profit




Chapter 3 Practice Test

1.                                                                                                     4       2          3-7 1 n-5 2 2.-43  3. coefficient: -1, degree: 4  4. binomial  5. 4  6.-a + 5 a 7. 5 y-10y-4 8.    5        3      2                7              15             4       2                 2                    4       3       2 6 y + 5 y-y-4  9. 20 u 10.-32 a 11.-2 t + 6 t + 14 t 12. x-36  13.-4 a-2 a + 2 a     14. 6x + 5 15.                       2                    5          2             4       2                   3                              2    2 x-11 x 20. 5 x 21. 4 1 composite  16. 2 # 5 # 17  17. 12 h 18. m 19.-8 x + 9 3 x-5 2 22. 2 y 1 5 y-9y + 72 23.      2                        2                2 a. 2 n-7 n-4; b. 45 cm 24. 304 in.    25. a. 84a + 91b;  b. $21,217 profit

Chapters 1–3 Cumulative Review Exercises

1.                                                                                                                                m n + false 2. false 3. false  4. true 5. negative 6. negative 7. coefficient variables exponents 8. a 9. 140,000 10.                                             11. -1 12. 5 13. -28 14. -125 15. 20 16. -15 

9 8 7 6 5 4 3 2 1 0

17.             3       2                        2                        3    2              3           2     2 8 18. 4 y-9 y + 21 y-6 19. 2 b-13 b-24 20. 2 # 3 # 5 21. 6 n 22. 6 m 1 2 m-3m + 42   23. x = 6 24.                        2                                                                                          2 x = 8 25. 255 cm 26. 16 w 27. mean: $122; median: $92; mode: $40 28. -$279 29. 548 ft.   30. a. 113b + 158a-345; b. $19,711 profit

Exercise Set 4.1

Prep Exercises 1. An expression has no equal sign, whereas an equation does. 2. A solution to an equation is a number that makes the equation true when it replaces the variable in the equation. 3. To solve an equation means to find its solution(s). 4. 1. Replace the variable(s) with the number.  2. Simplify both sides of the equation as needed. If the resulting equation is true, the number is a solution.

Exercises   1. equation 3. expression 5. expression 7. -5 is not a solution. 9. -9 is not a solution. 11. 3 is not a solution. 13. 8 is a solution. 15. 5 is not a solution. 17. -3 is a solution. 19. -3 is not a solution. 21. 0 is a solution. 23. 3 is not a  solution.    25. -2 is not a solution.

Review Exercises   1. 5x-12 2. -2y-8 3. 5m + 15 4. -3m + 4 5. x = 7

Exercise Set 4.2

Prep Exercises                                                                              2 1. Each variable term is a monomial of degree 1. 2. It contains a variable term, x, that is not a monomial of degree 1.    3. Adding the same amount to both sides of an equation does not change the equation’s solution(s). 4. Add -9 to both sides of the equation. (Or subtract 9 from both sides of the equation.)

Answers      A-9

 

Exercises 1. linear 3. nonlinear 5. nonlinear 7. linear 9. nonlinear 11. linear 13. n = 6 15. c =-7 17. x =-17 19. h = 16 21. x = 8 23. x = 12 25. y =-1 27. y =-2 29. m = 6 31. y =-3 33. 3295 + x = 4768; $1473 35. 200 + 180 + x = 450; 70 cc

37. a.                                                                                                             b. 2005/2006

’04/’05 to ’05/’06    ’05/’06 to ’06/’07    ’06/’07 to ’07/’08    ’07/’08 to ’08/’09

Equation    1849 + x = 1935   1935 + x = 2018   2018 + x = 2061   2061 + x = 2137

 Tuition  

increase            86                   83                   43                   76

39. 1600 + 4500 + 1935 + x = 10,500; he must sell $2465 more. Yes, midway through the month, he has sold $8035. 41.                                                                                               2 3 + 4 + x = 17; length is 10 ft. Total area of the dining room is 10 * 8 = 80 ft., which is enough for the square table and chairs.    43. 23 + 35 + l = 84; 26 cm 45. 2420 + 2447 + 1200 + n = 11,400; $5333

Review Exercises   1. -40 2. -8 3. -9 4. -2 5. x = 3

Exercise Set 4.3

Prep Exercises 1. Multiplying (or dividing) both sides of an equation by the same amount does not change the equation’s solution(s). 2. Divide both sides of the equation by -3. 3. Add 7 to both sides to isolate the 3x term. 4. Adding -3x avoids getting a negative coefficient after the like terms are combined. 5. Distribute to eliminate parentheses. 6. -1

Exercises   1. x = 7 3. a =-9 5. b =-11 7. a = 11 9. y = 6 11. x = 7 13. b =-7 15. u =-4 17. x = 11 19. k =-3 21. h = 4 23. h =-3 25. t =-8 27. x = 2 29. u = 1 31. Mistake: did not write the minus sign to the left of 11 Correct: -1 = x   33. Mistake: did not change the minus sign in x-8 Correct: x =-3 35. 24 in. 37. 17 ft. 39. 4 sec. 41. 44 ohms 43. 521 ft. 45. 72 in. 47.  4 hr.    49. 5 sec. 51. 615 chips

Review Exercises                                                                                                4 1. six million, seven hundred eighty-four thousand, two hundred nine 2. 1 3. 43 4. 2 # 3 # 5 5.     3    2 6 x 1 4 x-5x + 32

Exercise Set 4.4

Prep Exercises 1. Answers may vary. sum, plus, added to, more than, increased by 2. Answers may vary. difference, minus, sub-tracted from, less than, decreased by 3. Answers may vary. times, product, multiplied by 4. Answers may vary. equal, is, yields

Exercises 1. n + 5 =-7; n =-12 3. n-6 = 15; n = 21 5. x + 17 =-8; x =-25 7. -3y = 21; y =-7 9. 9b =-36; b =-4 11. 5x + 4 = 14; x = 2 13. -6m-16 = 14; m =-5 15. 39-5x = 8x; x = 3 17. 17 + 4t = 6t-9; t = 13 19. 21b-82 = 5 + 9b; b =-3 21. 6x + 51x-72 = 19-1x + 62; x = 4 23. -81y-32-14 =-2y-1y-52; y = 1 25. Mistake: incorrect subtraction order Correct: n-7 = 15 27. Mistake: multi-plied 2 times x instead of the sum Correct: 21x + 132 =-10 29. Mistake: incorrect subtraction order on the left side of the equa-tion Correct: 16-6n = 21n-42

Review Exercises         5         2    3 1. 6 xy 2. 9 b 1 2 b-3b + 62   3. 8w   4. 48 ft. 5. 9 small shrubs; $390

Exercise Set 4.5

Prep Exercises 1. width; v + 5 2. An equilateral triangle is a triangle with all three sides of equal length. 3. An isosceles triangle is a triangle with two sides of equal length. 4. Complementary angles are two angles whose measurements sum to 90°. 5. Sup-plementary angles are two angles whose measurements sum to 180°. 6. second angle; n-20

Exercises   1. 4 + n + n = 34; the numbers are 15 and 19. 3. 3n + n = 32; the numbers are 8 and 24. 5. 4w + w + 4w + w = 300; 120 ft. long by 30 ft. wide 7. 3w-4 + w + 3w-4 + w = 48; 7 in. wide by 17 in. long 9. 2b-11 + 2b-11 + b = 18; the base is 8 m, and the equal-length sides are 5 m each. 11. l + l + l = l + 3l-10 + l + 3l-10; the length of the rectangle is 4 ft., and its width is 2 ft. The sides of the triangle are 4 ft. 13. a + 4a = 90; the angles are 18° and 72°. 15. a + 4a + 15 = 180; the angles are 33° and 147°. 17. a + 3a + 10 + a = 180; the angles are 34°, 112°, and 34°. 19. 43 + 2a + 2 + a = 180; the second angle is 92°, and the third is 45°. 21. a + a + 10 + a-7 = 180; the angles are 59°, 69°, and 52°.

23.                        Selling         Number of  

Categories          price     ornaments sold    Income 

Small ornament       3           L + 8         31L + 82

Large ornament                    L 7              7L

25.

 Number of  

Categories Selling price charms sold    Income

Small charm         4           36-n      4(36-n)

Large charm                       n 6            6n

A-10   Answers  

 

27. 8(L + 5) + 12L = 260; 16 small bottles, 11 large bottles 29. 5(19-n) + 10n = 125; 6 $10 bills, 13 $5 bills 31. 12 13x2 + 18x = 108; the bills are worth $2 and $6. 33. 91205-x2 + 6x = 1470; hand-fed cockatiels sell for $125, and parent-raised cockatiels sell for $80.

Review Exercises   1. -3 is not a solution. 2. No, because it has a variable term with a degree other than 1. 3. m =-7 4. n =-5 5. x = 3




Chapter 4 Summary and Review Exercises

4.1 Definitions/Rules/Procedures solution; solutions; true; Replace; true Exercises   1. 1 is a solution. 2. -2 is not a solution. 3. 5 is not a solution. 4. 3 is a solution.

4.2 Definitions/Rules/Procedures  1; the same amount to both sides; additive inverse Exercises   5. n = 8 6. y =-2 7. -15 + t = 28; 43°F 8. -547 + p =-350; $197

4.3 Definitions/Rules/Procedures  the same amount; divide; Distribute; Combine; variable terms; coefficient Exercises   9. k =-9 10. m = 3 11. x =-7 12. h =-9 13. t = 3 14. y =-2 15. m = 1 16. v =-6 17. x = 3 18. y =-5 19. 4 ft. 20. 8 ft.

4.4 Definitions/Rules/Procedures unknown(s) Exercises   21. 15-7n = 22; n =-1 22. 5x-4 = 3x; x = 2 23. 21n + 122 =-6n-8; n =-4 24. 12-31x-72 = 6x-3; x = 4

4.5 Definitions/Rules/Procedures acted on; two; all three; the same; 90°; 180°  Exercises   25. 12 + n + n = 42; the numbers are 15 and 27. 26. 5n + n = 36; the numbers are 6 and 30. 27. 3w-2 + w + 3w-2 + w = 188; 24 m wide and 70 m long 28. b + 38 + b + 38 + b = 256; the base is 60 in.; the equal-length sides are 98 in. each. 29. 16 + a + a = 180; the angles are 98° and 82°. 30. a + 2a-15 = 180; the angles are 65° and 115°. 31. 101n + 92 + 20n = 330; 8 twenty-dollar bills and 17 ten-dollar bills    32. 6n + 4 127-n2 = 146; 19 large bags and 8 small bags




Chapter 4 Practice Test

1. Equation; it contains an equal sign. 2. -4 is not a solution. 3. 2 is a solution. 4. Nonlinear; there is a variable term with a degree other than 1. 5. n = 8 6. m =-6 7. y = 4 8. k = 1 9. x = 3 10. t =   -21 11. u =   -2 12. k = 9 13. 375 + x = 458; $83 14. 96,800 = 242l; 400 yd. 15. 4n-9 = 23; the number is 8. 16. 3(x-5) = 4x-9; x =   -6 17. 3n + n = 44; the numbers are 11 and 33. 18. 2b + 9 + 2b + 9 + b = 258; the base is 48 in.,  and the equal-length sides are 105 in. each. 19. a + a-30 = 180; the angles are 105 and 75. 20. 450(12-n) + 675n = 6300; 8 model A guitars and 4 model B guitars

Chapters 1–4 Cumulative Review Exercises

1. true 2. false 3. false 4. true 5. positive 6. add 7.                                                    8. 30 9. coefficient: -8; 

2 1 0 1 2 3 4 5 6 7 8

degree: 3                                                                  3        2                       3       2                     2 10. 5 11. -61 12. 19 13. -22 14. -391 15. -7 16. 8 t + 14 t-25 t-7 17. 6 x-7 x-x-7 18. 9 x-25 19. 2                    2    3                                                                                           2 2 # 3 # 5 # 7 20. 5 n 1 4 n + 3 mn-2 2 21. t =-6 22. b = 22 23. y = 4 24. n =-7 25. 216 in.   26. -$67,181 27. 2 x-4x-12 28. 5 in. 29. 15 + 6n = 3; n =-2 30. w + 4 + w + w + 4 + w = 44; 9 ft. wide and 13 ft. long

Exercise Set 5.1

Prep Exercises 1. numerator: 3; denominator: 5 2. In an improper fraction, the value of the numerator is greater than or equal to the value of the denominator, whereas in a proper fraction, the value of the numerator is less than the value of the denominator. 3. The numerator is the number of shaded divisions. 4. 1. Divide the denominator into the numerator. 2. Write the result in the 

remainder

following form: quotient                         5. 1. Multiply the integer by the denominator. 2. Add the resulting product to the 

original denominator

numerator. The sum will be the numerator of the improper fraction. 3. Keep the same denominator. 6. One less tick mark than the denominator 7. multiply; divide 8. numerators

Exercises      1      5      2         5     15 1. 3. 5. 7. a. ; b. ; c. The sense of smell seems to contribute more information about foods than does taste 

3      8      3         16     16

alone.                                                                                                             17             783 d. If she is trying the same foods in the same order, she may be guessing better the second time. 9.  survive;  do not 

800            800

survive.       249             9                                                                                                  451        149 11.  passed;  did not pass. Very few of Mrs. Jones’s students do not pass the course. 13. 15.    17. 23 19. 1

258            258                                                                                                  600        600

21.                               2          1            4            7            5           8              7            1        31        11 0 23. undefined 25. 4 27. 21 29. 12 31. 7          4        -            -12 33. 9 35. 12 37. 104 39. 402 41. 43. 

5            8            6          11        -     8            14        6        1

45.    79           29-    47. 8        -     49.                               51.                                53. 

20            0    1                                                                   1 _ 1 5                               – 1 1                 2 3                                                                   6 8 – –1 –             0

55.                                 57.                                    59.                                  61. 15 63. 7 65. 30 67. -30

2                       9   4 2 — 2            9      2 3 1 _ _ 1 _ 1 1 _ 1 2 5 44 5 5 2 2 16

69. 7   71. 6   73. =    75. 7   77. =   79. 6

Review Exercises             3                          2          2    3 1. 4 2. 2 # 3 # 5 # 7 3. 12 4. 8 x 5. 8 x 1 5 x-72

Exercise Set 5.2

Prep Exercises 1. greatest common factor, 1 2. Divide the numerator and denominator by their greatest common factor. Or divide out all prime factors that are common to both the numerator and denominator.

Answers      A-11

 

5     -2    1      3    3     -3     6     7     -11     -3      7      3        12

Exercises    1.      3.        5.      7. -     9.      11.        13.      15.      17.         19.        21.       23.      25. a.    ; b. 12 out of every 

6     5     2      5    4      4      7      9      17       4      12     8        31

31 women can be expected to use the product.                                                                           12 c. 248 may not be a large enough sample. 27. The teller made a mistake in  of the 

125

transactions. The teller did not make a mistake in                              a.        b.                                 33. 125 of the transactions. 29. $9842;  c.  e. 4921 ; 703 ; d. 31. 38 ; 14 3 -3 4 113                                                514     175     11     5          3            1 3

 

35. 4    37. -5      39.       41.         43. -        45.         47.        49. 3 3   6 5 7 6 16 y 5 1                        2                                                4 1 5 x-x 2 n 1 3 ac-b m    4t u     5b     2a c

Review Exercises                              5            15            2 1. -15,015 2. 72 3. 35 x 4. -32 x 5. 99 m

Exercise Set 5.3

Prep Exercises 1. 1. Divide out any numerator factor with any like denominator factor. 2. Multiply numerator by numerator and denominator by denominator. 3. Simplify. 2. numerator; denominator 3. Write them as improper fractions; then follow the same process as for multiplying fractions. 4. The formula is A = 1bh, where A represents the area, b represents the base, and h 2 represents the height. 5. Radius is the distance from the center to any point on the circle. Diameter is the distance across a circle through its center. 6. The radius is half the diameter, or the diameter is twice the radius. 7. The circumference of a circle is the distance around the circle.                                                                                   a 8. An irrational number is a real number that cannot be expressed in the form , where a and b are integers and b ⬆                                                                                         b 0. 9. p

 represents an irrational number that is the ratio of the circumference of a circle to its diameter. It can be 

approximated using the fraction 22.

7

8       1     15      49      5      4       1       13        3      2      21      1

Exercises 1.       3. -      5.       7.          9.      11.      13. -       15.       17. -      19.      21.       23.       25. Estimate: 6;

35      54     28    1000     9      5       3       20       10      5      50      2

3                          1                                                    1

Actual: 5     27. Estimate: 28; Actual: 23     29. Estimate: 80; Actual: 74 31. Estimate: -3; Actual: -3 

5                          3                                                    2

 

33.                              4                                     2         2            4            3            2 2 1 2 x x xy 5 k 10 xy Estimate: 42; Actual: 40 35. Estimate: -15; Actual: -13 37. 39. 41. 43. -45. 5 2 15 6 45 12 7

 

47. -        49.       51. -      53.       55.       57.        59.           61. a. $656;  b. $574; c. $246; d. $164    63. 1560 pieces 3 8 10 3                               3          6          12 4 m 25 27 1 x 8 x m n n      36      64     64     8      27      81p

65. 5                            2                                                  3              2                  2         1   2            1 of the employees 67. 69. 73.  77. a. of her long-distance calls; 20 calls 12 in. 71. 42 mi. 51 ft. 75. 9  ft. 4  m; 

8                            3                                                  4              3                           6                2

b. ⬇   2            53           9 28  m  79. a. 1  mi.; b. 3  mi. 7 220 ⬇ 10

Review Exercises   1. -204  2. 16 3. 3x13x-42   4. x =-5 5. 2 ft.

Exercise Set 5.4

Prep Exercises                                                                                 2      3 1. Reciprocals are two numbers whose product is 1. Examples may vary. One pair is    2.  and . Write an equivalent 

3      2

multiplication by changing the operation from division to multiplication and changing the divisor to its reciprocal. 3. Write each mixed number as an improper fraction; then follow the process for dividing fractions. 4. Method 1: Find the square root of the nu-merator and denominator separately. Method 2: Simplify the fraction; then find the square root of the quotient. 5. Multiply both sides of the equation by the reciprocal of the coefficient.

3            1      4           9        8       3      1      3                                  5

Exercises 1.      3. 6 5. -      7. -     9. 3 11.       13. -   , or -1      15.       17.      19. -18 21. Estimate: 10; Actual: 11 ;

2           15      5          25       5       5      24      4                                  8

1                                                                          2 8 3 1 6 23 14 x

23. Estimate: 2 ; Actual: 2       25. Estimate: -    ’; Actual: -     27. Estimate: 1 ; Actual: 1       29. 

2          15               10          4               7          27       5

 

31.           33. -       35.      37.       39. 6 41. 9 43. x = 15 3             4 m 9 x       8       11                                         1               4            2 16 45. y =-3     47. n =-1     49. m = 16 2 51. 30 doses; no, there  5  n

8y      9      6                                   3            5          7

should be 28 doses.       7                60             6                109              3 53.  cup 55. 91  ft. 57. 4  ft. 59. 989  ft. 61. 45  mph

8                61            13               110              4

Review Exercises        3       2                         3            3 1. 9 t + 9 t-13 t-16 2. 60 x y 3. 2 # 3 # 7 4. 16x 12x + 12   5. =

Exercise Set 5.5

Prep Exercises 1. The LCM of a set of numbers is the smallest natural number that is divisible by all of the given numbers. 2. List multiples of the greatest given number until a multiple that is divisible by all of the other given numbers is found. 3. 1. Find the prime factorization of each given number.  2. Write a factorization that contains each prime factor the greatest number of times it occurs in the factorizations.  3. Multiply to get the LCM 4. The least common denominator is the least common multi-ple of the denominators. 5. 4 6. 6x

Exercises                                                                                                                   3 1. 30 3. 36 5. 60 7. 90 9. 72 11. 252 13. 364 15. 1800 17. 390 19. 3360 21. 24 xy 23. 30 y   25. 16mn

9                                                                                    2 25 21 11 3 34 27 6 28 7 9 x 9 6 n

27.      2 3 36 x y   29.     and       31.     and       33.     and       35.     ,    , and       37.       and        39.         and 

30     30      36     36      60     60      36 36     36      12x     12x      16mn     16mn

21         2 2            2 25 y z 2 yz        -15x

41.         and           43.          and 3 3 2 3    2 3 30 y z 30 y z 36 x y 36 x y

 

Review Exercises                        3                                                                 4 2 1. -12 2. 11 3. 4 x + 39 x-16 x-3 4. m =-8 5. x = 53 6. a =-5

A-12   Answers  

 

Exercise Set 5.6

Prep Exercises 1. 1. Add or subtract numerators and keep the same denominator. 2. Simplify. 2. 1. Rewrite the fractions with their LCD. 2. Add or subtract numerators and keep the LCD. 3. Simplify.                                                 3 3. Multiply the numerator and denominator of  by 3 and 

4

multiply the numerator and denominator of 5 by 2.  4. Method 1: Write them as improper fractions; then follow the procedure for 

6

adding or subtracting fractions. Method 2: Add or subtract the integer parts and fraction parts separately.

5                                 2                       2                       2 2 6 1 12 2 x 2 m 4 x-3 x + 1 5 n + 9        2       5       37

Exercises 1.      3. -     5.       7. -      9.       11.        13. -       15.                    17.             19. 1       21.       23. 

7      3    17       5     x       3         n           7y            5m         15     18     60

 

25. 25      23x       3       13h + 16     6-7n                         4                       1 27. 1 29. 31. 33. 35. Estimate: 10; Actual: 10 37. Estimate: 7; Actual: 7 2 36 24 16 m 20 h 9 n 9 2

1                          5                         3

39. Estimate: 8; Actual: 7     41. Estimate: 11; Actual: 10       43. Estimate: 10; Actual: 9     45. Estimate: 10;

2                          24                         4

1                        7                       1       5          1        5        5

Actual: 9     47. Estimate: 3; Actual: 3       49. Estimate: 0; Actual:     51. 4       53. -10      55. -3      57. -6 

6                        24                      2       12         2        8        8

59.        1            1           11           7      7        11          17    1        1 x = 61. n = 1 63. b =-65. t =-67.  in. 69.  in. 71. a. ; b. 73. 68  in. 75. 4 ft. 8 16 24 8 2 10 20 12 10

Review Exercises                              2                      3      2                        4         2                       2 1. 51 2. 10 3. 3 4. 10 x + 3 x-5 5. -y-y-4 y-5 6. -54 b 7. 2 x + x-15 8. -4 x 9.     3        2 3 y + 3 y

Exercise Set 5.7

3

Prep Exercises 1. Multiplication 2. Divide the sum of the numbers by the number of numbers.  3. Replace d with 5 . 

4

4. A trapezoid is a four-sided figure with one pair of parallel sides. 5. A = 1 h1a + b 2, where A represents the area; h, the height, 

and a and b, the lengths of the parallel sides.  6. A =    2                      2 p r , where A represents the area, p represents an irrational number with an 

approximate value of 22, and r represents the radius of the circle.

7

 

Exercises        1      3      15       3       1       1         5               1            11              1 1. 1 3. 2 5. 1 7. -2 9. -2 11. -13. -24 15. a. length: 9  in.; weight: 1  lb.; b. length: 9 4 in.; 2 5 16 4 4 8 6 4 12

 

weight: 1  lb.; c. length: 9  in.; weight: 1  lb. 17. a. 1  mi.;  b. 119  sec.; c. 23     sec.; d. 23 ; e. no mode    19. 10 21. 8 4 9 4 5 25 5 64 7                     1                 3               1               2            22             4                                45

23.      9      2        1           1                                            1      27 2 2 2 51 2 9 2 2-1 25. 27. 52   m 29. 30   ft. 31. 616 in. 33. 4 56  m 35. 240 37. 10  m x-x 40 3 4 4 6 4

39.     3     11         5      1      5      2        1         1      5            1     1 2 3 2 4 2 2 6 y + y + y-41. t + t-43. -m 45. t-t 47. x-x-5 6 10 12 3 10 2 12 4 8

Review Exercises   1. x = 5 2. n = 11 3. 4 hr. 4. 61n + 22 = n-3; n =-3 5. 6 ten-dollar bills and 9 five-dollar bills

Exercise Set 5.8

Prep Exercises                                                                                              2 1. Multiply both sides of the equation by the LCD of the fractions. 2. multiplication 3. Mistake:  of the sum 

3

means that the sum must be found before multiplying by 3; so parentheses are needed.  Correct: 1 2                                               2            1 n + 6 2 = 8      4. triangle: 

3            2

= 1                  1 bh; trapezoid: A = h1a + b 2

5. Divide the sum of the scores by the number of scores. 6. Relationship 1: Mary alone raises 

2                  2

2 1                                                                                                                                  7.  times what the rest of the team does.  Relationship 2: The total amount raised was $31,542. The amount Mary raised alone 

2

and the amount the rest of the team raised 8. Let the variable represent the amount raised by the rest of the team. It is the amount multiplied by 2 1 (“acted on”) when the first relationship is translated, whereas Mary’s amount is isolated.

2

Exercises 1. x = 1        1          7         2         1         1         4           1            3             2 -   3. p =  5. c = -    7. a =  9. f =  3     11. b =  13. x =  15. a =  2        17. n = -4       19. x =

10 

4        2          30        3         9         4         9          10            4             5

21. 3        5           8               7         1         1         1              1            17       3                 1                1              3 n 4 8        6                          10 9-; = n 12 8 = = 23. y-2 ; y 6 25. 3 1 27.    b 10 1 b ; 25 2                                                                                           29. = 2 n ; n b 5         4 +         -                                            b = 6        -24       4    +           6 +                        4 = 1 2 = = = 3  cm  5

31.                                                                                                                     3 90 33. 106 35. Many raised $22,530. The rest of the team raised $9012. 37. 1200 gal. each 39.    41. 45 and 135 

5

 

Review Exercises             3       14     10a      13 1. 6 2. 3. -4. 5. 6 3 24 8 x 45 9 b




Chapter 5 Summary and Review Exercises

a                                                                1     1

5.1 Definitions/Rules/Procedures    ; top; bottom; greater than or equal to; less than Exercises   1.     2.     3. 18 4. undefined 

b                                                                2     4

4 1

Definitions/Rules/Procedures integer;  fraction; integers; quotient; remainder; numerator; numerator Exercises   5. 4     6. -7 

9 4

20      11

7.        8. -       Definitions/Rules/Procedures  0 and 1; 0 and -1; mixed number; next greater integer; next lesser integer 

3       2

Exercises   9.                                         10.

0     1                                                           5 1 –3 –2                    –2 –                                                           –

5                                                           8

Answers      A-13

 

Definitions/Rules/Procedures  name the same number; multiply or divide Exercises   11. 5 12. 36 Definitions/Rules/ Procedures  evenly divisible; common denominator; numerators Exercises   13. 7   14. 6

5.2 Definitions/Rules/Procedures 1; greatest common factor; all of the common prime factors; polynomials 

3                   3 4 4 m      3x

Exercises   15.     16. -       17. -       18.     3 7 5 13 n 10 y

 

21.  h2 12p  n  a  1  9  2  6 - 22.  - 12   Definitions/Rules/Procedures  Exercises  23.  24.  x  y  n  5  5.3 Definitions/Rules/Procedures Multiply; multiply; Divide out; Multiply; improper fractions Exercises   19.      20.     2 15 4      35n

b                   64      25

5.4 Definitions/Rules/Procedures the divisor to its reciprocal; changing the operation symbol from division to multiplication and 

 

changing the divisor to its reciprocal Exercises   25. 1     26.        27. -         28. 2     Definitions/Rules/Procedures    numerator; 2 9 3 5                 2 2 4 4 x z       4 5                  b           5          7

denominator; Simplify Exercises 29.  30. 5

3

5.5 Definitions/Rules/Procedures the smallest natural number that is divisible by all of the given numbers; list multiples of the greatest given number until you find a multiple that is divisible by all of the other given numbers; each prime factor the greatest number of times it occurs in the factorizations                                2 Exercises 31. 168 32. 60 xy

5.6 Definitions/Rules/Procedures numerators; denominator Exercises         34.     35.     36.          Definitions/Rules/ 33. 2      1      n     5x-4

3      5      2        y

Procedures  equivalent fractions with a  common denominator Exercises      1      38. -    39.       40. 37.    1        1      5      15-14a

30       5      12h        24a

7 5

Definitions/Rules/Procedures improper fractions; improper fractions; integers and fractions Exercises   41. 11      42. -2 

24 6

5.7 Definitions/Rules/Procedures Grouping symbols; Exponents or roots; Multiplication or division; Addition or subtraction 

5         7

Exercises 43. 3     44. -6       Definitions/Rules/Procedures  Replace; Calculate; coefficients; variables; exponents; combine like

8        12

terms; changing the sign of each of its terms; coefficients; Add the exponents; each term; each term; Combine 

Exercises         11        1                 5      2           23           5     1        1       5      77 2 2 3 2 4 2 45. -3 46. x-2 x-2 47. n-n-2 48. y-2 y-y + 49. -b 50. x + x-3 12 10 8 3 2 6 15 4 4 8

 

5.8 Definitions/Rules/Procedures multiplying; LCD Exercises   51. y =   2             5            1            1 4        52. n =-3     53. m = 11      54. n =-9 

15            9            2            3

 

Geometry                                                                          1             1 2 equally distant; center; across; distance around; cannot; circumference; diameter; 2; ; 2 p r ; p d ; p r ; bh; one; 2 2 1 2 h 1 2 a + b 2 1 3 6 1 7 Exercises 55. 56. 6 9 ft. 57. 1 4 in. 58. 28 5 cm 59. 7 61. 62. 7 ft. 60. 18 servings 5 4 in. 20 2 5 3 1 2 4 2 2 1 63. mean: 18 24 in.; median: 18 8 in. 64. 110 4 cm 65. 12 66. 7 ft. 220 cm 67. 4 1 n + 2 2 3 3 = 1 2 4 n-5 ; n = 2 68. 5 b = 2 9 m 69.     1            1              1        6 24  ft. and 10 ft. 70. 77 , 102 

2            2              7        7




Chapter 5 Practice Test

3                                                                                               2 1 37 3 3 xy

1.      2.                                                    3. a. = b. 7    4. a. 6 ; b.-       5. a.-16; b. 0; c. 1    6. a.   ;  b.-

8                          1                             6     8                         5       10 – 4 – 3 – – 3 4

 

7.         5                                      1                        3 a. -11 ; b. 8. a. ;  b. 9. a. 2 ; b. 8 4                              3 4 1 8 mn                11      5         x    11        9         3 3 2                                    -      10. 36t u 11. a.    ; b. -1  12. a.  b.      13. 2-; 2      14. a. -n-3; b 25    64              15                  20      8         3    12a       16         2

b.     2                                            1 3 5              13                           5                   7 2                   3 2 m + m-15. m 16. 18. 14  in. 19. 20. 21. mean: 70 8 = 6 17. 22  m 8 pieces  in.; median: 70  in.; no mode 8 8 2 14 24 16

22.        2           9     2       2              1      3             1 62 in. 23. 19  in. 24. 5 3 1 n + 2 = n 24    25. downtown: $10,400; mall: $5200 2-; n 4 =-2 14




Chapter 1–5 Cumulative Review Exercises

1. false 2. false    3. false    4. true 5. 1. Write the prime factorization of each number in exponential form. 2. Create a factorization for the GCF that has only those prime factors common to all factorizations, each raised to the least of its exponents. 3. Multiply. 6. 1. Write the fractions with their LCD. 2. Add or subtract the numerators and keep the LCD. 3. Simplify. 7. four million, five 

1      9

hundred eighty-two thousand, six hundred one 8. 35,000 9. coefficient: -1; degree: 1 10. 120 11. -111 12. 20     13. 

14. 39       3x        2      12 + 10x         2                  11 3 2          3                2 15. 2                                                                                                                      2      10

-     16. 3     17.             18. 124     19. -b   + 15b   -    b   20. -7x-7x + 26 21. x-49

46        8        3        15x           3                  12

22. 6m1   2                                           4 3m + 4m-5 2 23. y =-1 24. n =   25. mean = $214,400; median = $215,000; no mode 26. -$58,946

5

27. a.                                                       2            1 10 y-2; b. 78 ft. 28. 2 ft. 29. 14 in. 30. 71  and 108 

3            3

A-14   Answers  

 

Exercise Set 6.1

Prep Exercises 1.                               Decimal Point

 

Whole numbers                      Fractions

 

eds                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      edths

ens                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              enths                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          en thousandths

Hundr                                                                                                                                                                                                                                                                                                                                                                                                                                                                            T                                                                                                                                                                                                                                                                                                                                                                                                                                                                  Ones                                                                                                                                                                                                                                                                                                                                                                                                                                                                            T                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Hundr                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Thousandths                                                                                                                                                                                                                                                                                                                                                                                                                                                                  T

2. 1. Write all digits to the left of the decimal point as the integer part of a mixed number.  2. Write all digits to the right of the decimal point in the numerator of a fraction.  3. Write the denominator indicated by the last place value.  4. Simplify to  lowest terms. 3. and 4. ten    5. Compare the digits in the corresponding places from left to right until you find two different digits in the same place. The greater number contains the greater of those two digits. 6. eliminated

Exercises      1      1      3      6        1          3         5          9           1              3 1. 3. 5. 7. 9. 11. 15. 17. 19.     21. 5 4 8 25 1 2 18 13. 4 9 8 7 25-125-13 250ninety-seven thousandths 23. two thousand fifteen millionths 25. thirty-one and ninety-eight hundredths 27. five hundred twenty-one and six hundred eight thousandths 29. four thousand one hundred fifty-nine and six tenths 31. negative one hundred seven and ninety-nine  hundredths    33. negative fifty thousand ninety-two hundred-thousandths 35.                                          37.                                         39. 

0                  0.8    1            1      1.3                 2            4.2          4.25          4.3

41.                                          43.                                         45.                                          47. 7   49. 7

8.0               8.06         8.1           23.3                 23.21 23.2         219.02 219.017            219.01

51. 6   53. 7   55. 7   57. 6   59. 610.3 61. 610.2832 63. 610 65. 1 67. 1.0 69. 0.951 71. -408.1 73. -408.0626 75. -410

Review Exercises      41                        3        2                 2 1. 2. 13 3 a 15 4. x 100-3. -7 a-+ 4 + 21x + 1    5. x =-17 6. 57 ft.

Exercise Set 6.2

Prep Exercises 1. align 2. 27.31 3. The number with the greater absolute value is placed on top. 4. 463.4

Exercises 1. Estimate: 160; Actual: 159.71 3. Estimate: 59.7; Actual: 59.7511 5. Estimate: 333; Actual: 333.317 7. Estimate: 840; Actual: 841.45 9. Estimate: 780 Actual: 784.281 11. Estimate: 0.02 Actual: 0.01789 13. 10.11 15. -4.317 17. -0.9985 19. -190.02 21.                                         2                            3       2                               2-73.25 23. 0.9952 25. -12.81 y + 5 y-0.93 27. 4.5 a + 9 a-1.5 a-10.6 29. 10.2 x-0.9x + 8.4 31.         3           2                              2                              3         2                      3           2 10.01 a-4.91 a + 7.5 a + 5.99 33. 0.4 n + 10.8 n-3.6 35. 2.8 k + 2.5 k + 0.06 37. 2.91 x-11.1 x + 2.6x-4.45 39. m = 10.83 41. y =-5.81 43. k =-3.22 45. $46.83 overdrawn 47. The client owes $421.94. 49. $9.38 51. $1919.89 53. 35.25 + n = 32.50; 2.75 decrease 55. 18.5 + 36.8 + 18.5 + d = 96.1; 22.3 m 57. a.                                                                                                                                b. July 21

July 20                 July 21               July 22               July 23

Equation       46.68 + n = 46.61     46.61 + n = 45.48  45.48 + n = 46.07    46.07 + n = 46.15

Price change          -$0.07               -$1.13              $0.59                $0.08

 

Review Exercises                21                    32                       7        2 1. -300 2. 3. 306 4. 2 5. 11 6. 18 x 7. y      y    15 8. x       9 100 39--2-=-

Exercise Set 6.3

Prep Exercises 1. Place the decimal point in the product so that the product has the same number of decimal places as the total number of decimal places in the factors. 2. 2.12 3. Move the decimal point to the right the same number of places as the number of 0s in the power of ten. 4. No, because 24.7 is greater than 10. The absolute value of the decimal number needs to be greater than or equal to 1 but less than 10. 5. Move the decimal in 4.85 to the right 7 places.  6. 5 because there are five places to the right of the new decimal position

Exercises 1. Estimate: 0.54; Actual: 054 3. Estimate: 12; Actual: 10.585 5. Estimate: 700; Actual: 702.5922 7. 6.1945 9. 196 11. -15.08 13. -0.152 15. 0.00435 17. 0.81 19. 9.261 21. 0.00000081 23. -0.064 25. 300,000,000 m/sec.; three hundred  million  m/sec.    27. 2,140,000 lt-yr.; two million, one hundred forty thousand lt-yr. 29. 307,000,000 people; three hundred seven million people  6                            9                      9                                  8                 3             6  31.  2.3  * 10  blocks  33.  2.795  * 10  mi.  35.  5.3  * 10  nucleotide pairs  37.  5.76  x  39.  -0.016  a  41.  0.25  t

43.       2                                3                            2                                2                                   2 0.9 y + 1.3 y + 19 45. -0.136 a + 6.8 a-12.92 47. x + 0.92 x-0.224 49. 6.4 x-18.32 x-3.66 51. 33.64 a-81 53.  2 2  14.7  k -4.27  k  + 0.28  55.  $131.52  57.  $3.84  59.  $3.75  61.  $102.96  63.  $182.40  65.  -2.8V  67.  56.25 ft.  69.  23.04 cm

71.              2                  3 12,551.1 ft. 73. 0.0081 m

Review Exercises                        4 1. 205 2. 13 3. 6 x   4. t =          x =                            1                           1-9 5. 9 6. a = 3 7. radius: 7  in.; circumference:  in. 2 ⬇ 47 7 Exercise Set 6.4

Prep Exercises 1. 6.2 2. two places 3. To write a fraction as a decimal number, divide the denominator into the numerator. 4. half

Answers      A-15

 

Exercises 1. Estimate: 30; Actual: 23.85 3. Estimate: 0.025; Actual: 0.024 5. Estimate: 666.6 or 600 if 5640 is rounded to 5400;  Actual:  600    7. Estimate: 5; Actual: 4.8 9. Estimate: -30; Actual: -40 11. Estimate: 125; Actual: 125 13. Estimate: -0.02; Actual: -0.0206 15. Estimate: 800; Actual: 814.5 17. Estimate: 200; Actual: 178.18 19. Estimate: 1; Actual: 1.06 21. 0.6 23. 0.45 25. -0.4375 27. 0.4.3 29. 13.25 31. -17.625 33. 104.6 35. -216.571428 37. 0.04 39. 0.5 41. ⬇ 4.90 43. ⬇ 14.14 45.                                 2               2 1.3 47. ⬇ 0.09 49. 25.5 x 51. -6.4 mn   53. 0.15ac   55. b = 6.02    57. h =-1.6 59. n = 0.6 61. x =-3.5 63. $613.32 65. 40.5 rads 67. 400    69. ⬇1.7 hr. 71. ⬇6829.5 mi. 73. ⬇6.69 mi. 75. ⬇ 1.04 ft.

Review Exercises                                     2              2 1. -5 2. 18 3. -180 4. 56 in. 5. 680 cm

Exercise Set 6.5

Prep Exercises                                                                                      2 1. Writing the decimals as fractions is better in this case because the decimal equivalent of  is 0.6, which would have to be rounded for the calculation, thereby yielding an approximation.                       2                1    2 2. cylinder: V p r h ; cone: V = p rh. The volume =         3

of a cone is one-third the volume of a cylinder with the same radius and height. 3. V =                       3 1 lwh; the volume of a pyramid is one-

third the volume of a box with the same length, width, and height.           4    3 4. V p r, where V represents the volume, p represents the =          3

3

irrational constant with an approximate value of 3.14, and r represents the radius of the sphere.

Exercises 1. 2.64 3. 11.73 5. 42.99 7. -22.24 9. -28 11. -117.69 13. -2.45 15. -0.51    17. 0.29 19. -4.775 21. -0.38 23. a. mean: 22.75 min.; median: 20.5 min; no mode; b. $9.17 25. mean: 72.6 in.; median: 73 in.; mode: 71.5, 73, and 74 in. 27. mean: $50.46; median: $50.38; mode: $50.35 29. $327 31. ⬇                                                                  23 $586.55 33. 3.192 35. 2.706 37. 40 39. ⬇ 23.6 41. 2.25 * 10   43. 9.75 45.  2                2                   2                  3                   3                     3                            3 11  1.0609  47.  57.6 cm  49.  1.296 m  51.  ⬇  86.5 in.  53.  ⬇  0.9 cm  55.  168,750 ft.  57.  ⬇  92.106 in.  59.  ⬇  2.45  * 10  mi.

61. ⬇        2 2.71 cm   63. ⬇           2 134.375 cm   65. ⬇             3                     3 151,475.69 ft. 67. ⬇                    3 2,582,957.6 m 69. a. 0.000027 in.;  b. 37,037 grains

 

Review Exercises                        1                    2    1 1. x = 2             3 7 2. y = 20 3. 300 ft. 4. 720 cm 5. 2 1 x + 12 2 = 4 x-9; x = 60 6. 8 five-dollar bills and 4 12 ten-dollar bills

Exercise Set 6.6

Prep Exercises 1. Multiply both sides of the equation by an appropriate power of 10 as determined by the decimal number with the most decimal places. 2. 100 3. A right triangle is a triangle that has one angle that measures 90 . 4. The legs of a right triangle are the sides that form the right angle.                                                                    2      2      2 5. The hypotenuse is the longest side in a right triangle. 6. a + b = c, where a and b represent the lengths of the legs and c represents the length of the hypotenuse.

Exercises 1. n = 0.2 3. y = 0.6 5. t =-0.12 7. k =-6.2 9. n =-0.58 11. x = 3.3 13. t = 0.5 15. x =-11 17. n =-24 19. p = 0.8 21. t =-3.83 23. y = 2.52 25. ⬇ 100 km 27. 5 mi. 29. 10 in. 31. ⬇91.9 ft. 33. 24 ft. 35. ⬇ 14.1 ft. 37. a. ⬇ 59.96 ft.; b. No, the person is 63 ft. above ground. 39. 

Categories    Selling price   Number of books sold         Income

Paperback       0.50              n + 14             0.50 1n + 142

Hardcover       1.50                n                  1.50n

41. 

Categories               Selling price       Number of T-shirts sold        Income

Children’s T-shirts            8.99                     45-n              8.99145-n2

Adult T-shirts                14.99                       n                    14.99n

43. 5 half-dollars and 17 quarters 45. 42 of the 12-oz. drinks and 23 of the 16-oz. drinks

11      9

Review Exercises   1. twenty-four billion, nine hundred fifteen million, two hundred four 2. 46,300,000 3. 13      4. 4 

24      20

5.     6 4 x   6. Mistake: divided by 3 rather than by -3 Correct: x = 2




Chapter 6 Summary and Review Exercises

4      3        13

6.1 Definitions/Rules/Procedures a base-10; numerator Exercises   1.     2.       3. -2      Definitions/Rules/ 

5     125       20

Procedures  last place value; and Exercises   4. twenty-four and thirty-nine hundredths 5. five hundred eighty-one and four hun-dred fifty-nine thousandths 6. two thousand nine hundred seventeen ten-thousandths; compare the digits in the corresponding place values from left to right; closer to zero Exercises   7. 7   8. 6    Definitions/Rules/Procedures up; zeros Exercises   9. 32 10. 31.8 11. 31.81 12. 31.805

6.2 Definitions/Rules/Procedures it aligns with the decimal points in the addends; on top Exercises   13. Estimate: 88; Actual: 88.015                                                                                   4           2                          2 14. Estimate: 8; Actual: 7.916 15. -6.2 16. -6.12 17. 23.118 18. 11.1 y-12.2 y-8 y + 3.8 19. 5.4 a + 5.2a + 10.33 20.         3           2-2.7 x-98.1 x + 2.1x-4.2 

6.3 Definitions/Rules/Procedures the same number of decimal places as the total number of decimal places in the factors Exercises                                                                                                   8 2                 9 21. Estimate: 15; Actual: 17.544 22. Estimate: -20; Actual: -14.505 23. 1.44 24. -3.78 x y 25. -0.027 x 26.        3           2                          2                                  2 0.12 n-0.28 n + 0.2 n-3.6 27. 9 a-14.45 a + 3.05 28. 1.69 x-17.64 Definitions/Rules/Procedures greater than or equal to 1 but less than 10; right; new; original                                                   5 Exercises 29. 3,580,000,000 30. -1.03 * 10

A-16   Answers  

 

6.4 Definitions/Rules/Procedures directly above its position in the dividend; an integer (multiply by an appropriate power of 10); the same number of places (multiply it by the same power of 10) Exercises   31. Estimate: 5; Actual: 5.25 32. Estimate: 4/9 or 0.4; Actual: 0.4                                                                                       3 33. Estimate: 600  (use 5400 , 9 instead of 5000 , 9); Actual: 600 34. -0.35 ac   Definitions/Rules/Procedures denomina-tor into the numerator; to the left of a decimal point; Divide the denominator into the numerator Exercises   35. 0.6 36. -4.18 Definitions/Rules/Procedures  half; rational; irrational Exercises   37. 0.8 38. ⬇ 12.17 

6.5 Exercises    39. -3.05 40. -2.16    41. 19.6  

6.6 Definitions/Rules/Procedures decimal places Exercises   42. y =-0.64 43. n =-0.02   44. k = 0.8 45. x = 8.1 46. n = 5

 

Formulas  2 1    1              1     1      4                                 2         2  each; quantity; 2  p  r  ;  p  d  ;  p  r  ;  bh  ;  h  1  2  3  2  a  +  b  2  ;  p  r  h  ;  lwh  ;  p  2  r  h  ;  p  r  ; right angle; 90   ; directly across;  a  +  b  =  c  2  2  3  3  3

Exercises  47. Radius: 7.5 cm; Circumference: ⬇                             2             2                                     3 47.1 cm; Area: ⬇ 2 176.625 cm 48. 0.15 m 49. ⬇ 1445.43 cm 50. ⬇ 42.39 in. 51. ⬇          3                 3                3                 3 20.096 cm 52. ⬇ 904.32 m 53. 22,696.8 m 54. ⬇ 39.978 in.   55. $713.18 56. $20.37 57. $47.58 58. a. ⬇ $73.20; b. ⬇ $72.81;  c. $71.98 59. 1.923 60. 11.62 ft. 61. 120 min. 62. 10 nickels and 19 dimes




Chapter 6 Practice Test 

17

1. fifty-six and seven hundred eighty-nine thousandths 2.      3. 6   4. a. 2; b. 2.1; c. 2.09; d. 2.092    5.  Estimate: 43; Actual: 41.991

25

6.  Estimate: 24; Actual: 23.906 7.  Estimate: -45 Actual: -38.745 8.  Estimate: 0.25 Actual: 0.3 9.  Estimate: 6 Actual: 6.02 10. 0.9 11.                                            7                                       3         2                            4              2 3.83 12. 2,970,000 13. -3.56 * 10 14. 5.1344 15. 0.256 16. 0.9 x-2.3 x-4.7 x + 3.8 17. 1.5 x 18. 1.28 n-18.6n-9 19. t = 4.1 20. k =                                                                                                               2 0.6 21. $7.03 22. $39.95 23. $176.96 24. a. $8.49; b. $8.53; c. $8.61; 25. a. ⬇ 75.36 ft.; b. ⬇ 452.16 ft. 26.                3                3                2 ⬇ 33.493 cm 27. 777.6 ft. 28. 785.5 ft.   29. ⬇19.36 ft. 30. 8 round-layered and 4 sheet cakes

Chapters 1–6 Cumulative Review Exercises

1. true 2. false 3. true 4. false 5. undefined 6. coefficients; variables 7. 6 8.                                                                      9. 2.02    10. 768,000,000; seven hundred sixty-eight million 11. 7

–3    3     1     1          3     1    1          3    1 –2– –2– –2– –2 –1– –1– –1– –1 – – – –

4     2     4          4     2     4          4     2

 

12.    31      8         1      2x + 9                     3 3 2                3       2                       2-13. n 14. 12 15. 16. 3.98 17. 1.6 x + x + 3.55 18. 4.9 m-6.7 m + 18.6 19. 2.258 20. 4 y + 5y-6 54 5 8 12 4 7 4 3 3 21. 5 n 1 6 n + 3 n-5 2 22. k =-6.8 23. x = 24. n = 2 7 25. $1,400,900 profit 26. a. 8 w-4 w ; b. 1584 cm 27. The base 8

is 13 ft., and the equal-length sides are 38 ft. each.        7                            2 28.  had no opinion. 29. ⬇ 81.25 in.   30. 9 larger-size and 11 smaller-size bowls 30

Exercise Set 7.1

Prep Exercises                                                                     a 1. A ratio is a comparison between two quantities using a quotient. 2.    3. the ratio of the number of favorable 

b

outcomes to the total number of possible outcomes 4. A unit ratio is a ratio in which the denominator is 1. 5. Divide the denomi-nator into the numerator. 6. A rate is a unit ratio comparing two different measurements. 7. A unit price is a unit ratio of price to quantity. 8. Brand B is the better buy because it costs less per ounce.

Exercises        31      35     31      35          3     2     3     2       7      14          7      17           1           5      20      169      314 1. a. b. ; c. ; 5. ; d. 3. a. b. 9. a. b. c. d. b. ; ; c. d. ; 7. ; ;  1; 11. a. ; ; c. ; d.

66      66     35      31          2     3     5     5       8       9          30      30           2           8     157     1054     527

13. 1        2        1                7          1      28      72      97 15. 17. 19. 0 21. 23. a. ; b. ; c. ; d.    25.     0.16; debt of $0.16 for every $1.00 of income 27.    0.26; $0.26 ⬇ ⬇ is paid for the mortgage for every $1.00 of income 29. ⬇ 13        13        3                 13           5      125     125     125 16.9; there are about 17 students for every faculty member. 31. ⬇ 12.08; 

the stock is selling at $12.08 for every $1 of annual earning. 33. 68.2 mi./hr. 35. 12. >min. 37. ⬇7.89 39. 16 oz. can 41. bag containing 40 diapers 43. two 15.5 oz. boxes

45. a.

Violent     Aggravated     Simple                 Rape/Sexual 

crimes      assault        assault      Robbery        assault

Ratio per 10,000 people        171            2             113           21              1 10,000 625 10,000 10,000 2000

Ratio per 1000 people         17.1           3.2            11.3           2.1              0.5 1000 1000 1000 1000 1000

Ratio per 100 people          1.71           0.32            1.13           0.21             0.05 100 100 100 100 100

b. 2 out of 625 people were victims of aggravated assault.; c. 17.1; d. 0.21

 

Review Exercises   1. 4     2. 120 3. 12.375 4. y = 1                          1 7      5. x = 8.6

2                          2

Exercise Set 7.2

Prep Exercises 1. A proportion is an equation in the form    = a    c, where b ⬆ 0 and d ⬆ 0.    2. cross products 3. 1. Find the cross 

b    d

products. 2. Set the cross products equal to each other. 3. Solve the resulting equation. 4. a. The units match, pounds with pounds and square feet with square feet. b. The first ratio relates the unknown weight, 5 pounds, to its square footage, 2000 square feet. The second ratio relates the unknown weight, n, to its square footage, 5000 square feet. 5. Similar figures are figures with congruent angles and proportional side lengths.

Answers      A-17

 

Exercises   1. yes 3. no 5. no 7. yes 9. no 11. yes 13. no 15. x = 5    17. n =-7.5 19. n = 6 21. m =-35 23. h = 25

25.                           1           2                                                                        1 b =-25 27. d = 14 29. t = 1 14 31. ⬇ 1 34.3 gal. 33. 36 servings 35. 1168.8 oz. 37. 2 4 cups 39. 3 4 in. 41. 1633 3 days 4 3

43. c =                      11                             29 in.; b = 1                           3 8.96 cm 45. a = 3 3 47. 49. 18 4 in.; c = 4 48 in. 9.9 m 61       51. 5 ft. 24.8 m

5               1

Review Exercises   1.       2. 1344 3. 20      4. 5.875 5. 3.7

27              4

Exercise Set 7.3

Prep Exercises 1. A conversion factor is a ratio used to convert from one unit of measurement to another by multiplication. 2. Multiply the given measurement by unit fractions so that the undesired units divide out, leaving the desired units. 3. 12; 3; 5280                                                      1 4. 144; 9 5. 8; 2; 2; 4 6. 16; 2000 7. 60; 60; 24; 365 

4

Exercises                                                                                            2                  2              2 1. 156 ft. 3. 7.5 ft. 5. 34,320 ft. 7. 66 in. 9. 36,608 yd. 11. 2.75 yd. 13. 270 ft. 15. 13,608 in. 17. 450 ft. 19.            2 18.75 yd.   21. 18 c. 23. 20 oz. 25. 15 pt.    27. 4.25 qt. 29. 51.2 oz. 31. 5.1 gal.    33. 196 oz. 35. 11.25 lb. 37. 0.6 T 39. 8400 lb. 41. 2.5 hr.    43. 1.5 min. 45. 630 sec. 47. 135 min. 49. 720 sec. 51. ⬇0.082 yr. 53. 1440 min. 55. 37,869,120 min. 57. 12.36 mi. >min. 59. No, the driver and the officer are not in agreement because the officer’s estimate converts to 54.54 mi.> hr., not 40 mi./hr. 61. 25,014.27 mi. > hr. 63. 5.681 sec.

Review Exercises   1. 840 2. 950 3. 0.329 4. 4.56 5. 0.009 6. 4.8

Exercise Set 7.4

Prep Exercises 1. A base unit is a basic unit; other units are named relative to it. 2. kilo, hecto, deka, deci, centi, milli 3. meter 4. liter    5. milliliter    6. gram 7. 1000    8. twice

Exercises   1. 450 cm 3. 70 m 5. 3.8 km 7. 9.5 m 9. 15.4 dam 11. 1.12 hm 13. 120 ml    15. 5 L 17. 0.0095 dal 19. 80 cc 21. 12 ml 23.  2               2              2                   2  400 cc  25.  12,000 mg  27.  9 g  29.  50 cg  31.  3.6 t  33.  106 kg  35.  6.5 t  37.  18,000 cm  39.  0.22 m  41.  5 mm  43.  0.0443 hm

 

Review Exercises        2                2                     2 1. 21 2. 1.008 3. 6.5 x-18.2 x-5.6 4. 481 y-280y + 700 5. x = 2.8 3

Exercise Set 7.5

Prep Exercises 1. 2.54 cm 2. 2.2 lb. 3. F = 9               5 C + 32 4. C = 1F-32 2

5               9

Exercises 1. ⬇ 91.4 m 3. ⬇42.2 km 5. 9.525 mm 7. ⬇ 437.6 yd. 9. ⬇ 24.84 mi. 11. ⬇ 17.72 in. 13. ⬇ 0.473 L 15. ⬇ 591.25 ml 17. ⬇ 0.79 gal. 19. ⬇0.68 oz. 21. ⬇ 61.29 kg 23. ⬇ 340.5 g 25. ⬇0.0176 oz. 27. ⬇ 121 lb. 29. 130F 31. 42.8F 33. -459.67 F 35. 37C 37. 38.8C 39. -20.5C

Review Exercises   1. 0.28 2. 0.1183    3. -   x-    y   4. t = 4     7          2   5. m = 10.88

3     20          3

Exercise Set 7.6

Prep Exercises 1. A front-end ratio is the ratio of the total monthly house payment to gross monthly income. 2. A back-end ratio is the ratio of the total monthly debt payments to gross monthly income. 3. The PITI payment includes principal, interest, taxes, and 

1 ml                           20 drops

insurance. 4. The conversion factor            is inverted. It needs to be            so that milliliters divide and leaving drops/min.

20 drops                           1 ml

Exercises 1. front-end ratio ⬇ 0.22; back-end ratio ⬇ 0.33; considering only the two ratios and credit score, the Wu family qualifies. 3. back-end ratio ⬇0.42; considering only the back-end ratio, the Rivers family does not qualify. 5. front-end ratio ⬇ 0.31; back-end ratio ⬇0.45; considering only the two ratios, the Bishop family does not qualify. 7. $1344 9. $533.60 11. $1252.80 13. $686.75 15. $973.75 17. 522.5 mg 19. ⬇ 5 tablets 21. 10 to 11 drops/min. 23. 400 units/hr.

Review Exercises      7       2 1. 2.     3. ⬇ $0.14 >oz.    4. 25 yd.    5. 8500 mg

25       13




Chapter 7 Summary and Review Exercises

 

7.1 Definitions/Rules/Procedures            a                                                    11      25 quotient; ; divide; an appropriate power of 10 Exercises 1. 2.    Definitions/Rules/ 16 108 b 2 1 Procedures  favorable; possible; favorable; possible Exercises 3. 4. 13 3 Definitions/Rules/Procedures  1; the denominator ⬇ into the numerator Exercises 5. 16.4 6. ⬇ 7.09 Definitions/Rules/Procedures  different; denominator; divide the denomi-

nator into the numerator; price to quantity;     Exercises   7. 70.2 mi./hr. 8. 9. p>min. 9. 4.5.>oz. 10. 3.9.>oz. 11. 24-oz. cup 

q

12. two 12-oz. cans 

 

7.2 Definitions/Rules/Procedures     = a    c ; cross products;  ad = bc   Exercises   13. no 14. yes Definitions/Rules/ 

b    d

Procedures                                                                          3  Set the cross products equal to each other Exercises 15. k =-4.5 16. m = 9    Definitions/Rules/

13

Procedures                                                                  2  horizontally; vertically; congruent; proportional Exercises 17. 29.9 m   18. 280 mi. 19. 3.6 cm

20.         3            3            1 a = 6  ft., b 3 = ft., c = 5  ft.

4            8            4

A-18   Answers  

 

7.3 Definitions/Rules/Procedures ratio; divide out; denominator; numerator; holds; force; 12; 3; 5280; 8; 2; 2; 4; 16; 2000; 60; 60; 24; 

365 1 2  Exercises  21.  432 in.  22.  5.2 mi.  23.  2.5 lb.  24.  2.4 T  25.  192 oz.  26.  6.2 gal.  27.  135 min.  28.  1461 d.  29.  24.1 yd.  4

30. 79,200 mi./hr.

7.4 Definitions/Rules/Procedures basic; meter; liter; gram; kilo-; centi-; places; matter; 1; 1000; twice Exercises   31. 50 dm 32. 0.375 m 33. 260 g 34. 0.95 t 35. 28.5 L 36. 75 cc

 

7.5 Definitions/Rules/Procedures 2.54; 3.281; 0.914; 1.094; 1.609; 0.621; 0.946; 1.057; 0.454; 2.2; 0.907; 1.1; 1 5         9 F-32 2 ;    C + 32 

9         5

Exercises  37. ⬇6.10 m 38. ⬇19.31 km 39. ⬇ 65.83 kg 40. ⬇ 0.79 gal. 41. 32.2C 42. 24.8F 

7.6 Definitions/Rules/Procedures gross monthly income; debt payments Exercises   43. 12 to 13 drops/min. 44. 92.8 mg 45. ⬇ 0.28 46. ⬇0.40 47. $571.30 48. $1722




Chapter 7 Practice Test

1. 19        11        1 2. 3.    4.             5.                     6. 26       2289       5                                                                                     -30.8 ⬇ 70.48 mi. > hr. 4.3 . > oz. 7. 20 oz. can 8. n =5.85    9. 7.84 cm   10. $514.50    11. 900 mi. 12.  2 2  168 in.  13.  320 oz.  14.  4.5 gal.  15.  2.5 hr.  16.  27.7 yd.  17. a.  5.8 cm;  b.  0.42 km  18. a.  0.024 kg;  b.  91,000 g  19. a.  0.028 m;

b.         2                                    3 80 dm 20. a. 0.65 L; b. 800 cc or cm   21. ⬇ 22.86 m   22. -1.1C 23. 10.4 F 24. 0.45    25. 15 to 16 drops/min.

Chapters 1–7 Cumulative Review Exercises

1.  5       2                                                      2                   8  false  2.  true  3.  false  4.  false  5.  positive  6.  LCM  7.  2  #  3  #  5  8.  9.  40  k  10.  9.14  * 10

2      2 4     2 3                 3 3 2

 

11.  8        9                                                                  1      65            3 3 2 2 - 91  12.  - 2  13.  5  14.  3  15.  - 31.2  16.  0.0081  17.  3.04  18.  8.3  y - 8.2  y - y  +  10.2  19.  a - a  +  7  20.  4  13  10  2  12  16  x

21.           6                                              3 x =       2 14 22. b =-16.32 23. 66,000 ft. 24. 480 g 25. 96 m 26. y-4y-45 27. length = 14 m; width = 11 m 11

28.    1    2 41 ft.   29. mean                                  $5.4 million; no mode 30. 16 oz.v 4 = $5.575 million; median =

Exercise Set 8.1

n

Prep Exercises 1. 100 2.      3. 100% 4. 10; 10

10

1     3      31      3      91      1

Exercises   1.      3.       5.        7.       9.         11.      13. 0.75    15. 1.35 17. 0.129 19. 0.0165 21. 0.534 23. 0.1616 25. 25% 

5    20    250     80     200      3

27. 40% 29. 37.5% 31. 16.6,   33. 33.3,   35. 44.4,   37. 96% 39. 80% 41. 9% 43. 120% 45. 2.8% 47. 0.4% 49. 66.6, 51. 163.63,   53.                  Opinion Poll                    55.         English Grades

No Opinion                                                  A

16%                                                 12%

F

18%

Agree

36%                            B

25%

Disagree

48%

C

45%

 

Review Exercises   1. 14.4 2. 1620    3. 3.84    4. x = 1333.3 5. y = 38 6. 32

Exercise Set 8.2

Prep Exercises 1. whole; part 2. 0.25 ~          25     n 60 = n;       =

3. When the part is unknown,  word-for-word translation requires fewer 

100    60

steps because we only need to multiply the whole by the percent, written as a decimal number or fraction. The proportion method 

requires more steps because we must cross multiply and then divide. 4. 0.4 #                       40    15 w = 15; Proportion:      =   5. p # 24 = 5; 

100    w

Proportion:      = P     5

 6. When the percent is unknown, using the proportion method requires fewer steps because the answer 

100    24

is the value of the percent. We only need to attach the percent sign. Word-for-word translation requires an extra calculation step because the result is not a percent. We must multiply the result by 100%.

Answers      A-19

 

Exercises   1. part 3. whole 5. percent 7. whole 9. part 11. percent 13. 0.4 #            40     n 350 = n;       = ; 140 

100    350

15. n =           15     n                     150    n                   1 16     n 0.15 # 78; = ; 11.7    17. 1.5 # 60 = n;       = ; 90    19. n = 0.16 # 30 ;         =

100    78                     100    60                    2 100    302 1 ; 4.88

6.5                                          1 n 5      n                            35     77

21.                                                                           2 n = 0.065 # 22,800; = ; 1482 23. n = 0.055 # 280;    =      ; 15.4 25. 0.35 # w = 77;       =    ; 220

100    22,800                          100    280                        100    w

27. 4800 =         40    4800                          2.5    605                           105    49.14 0.4 # w ;         = ; 12,000 29. 605 = 0.025 # w ;         = ; 24,200 31. 1.05 # w = 49.14;       =; 46.8

100     w                           100    w                           100     w

101 2     47.25                         P     17                         P     80

33. 47.25 = 0.105 # w;      =       ; 450 35. p # 68 = 17;      =    ; 25,   37. p # 75 = 80;      =    ; 106.6,

100      w                     100    68                     100    75

P                               7 2.142 7 1 P 7               21 P    21          43      P    43

39.                                                                        20 2.142 = p # 35.7; = ; 6 , 41. 7 p # 24 ; = ; 30,   43. p =    ;       =    ; 35,   45.      = p;       =    ; 

100                                     1 35.7 20 2 100 24                60 100    60           65      100    65

2

1

18

⬇        2                   65    52                  1 15     n               1      1 P       5 66.15, or 66   , 47. 0.65w = 52;       = ; 80    49. n = 0.15 # 9 ;         = ; 1.425 51. p # 30 = 18 ;      =; 60 ,

13                  100    w                  2 100     1               3      5 100      1

1                                                 2 9                               303

12

53. n =               2     n                      120    65.52                         16.9     n 0.125 # 440; = ; 55    55. 1.2 # w = 65.52;       = ; 54.6    57. 0.169 # 2450 = n;        = ; 414.05

100    440                       100      w                           100    2450

59.      = 17      P     17 p;       =; ⬇ 89.47 ,

61. Mistake: wrote 2% as 0.2, which is 20% Correct: 1.4 63. Mistake: placed the whole, 20, and 

19      100    19

100 in the wrong denominators Correct: 40%

 

Review Exercises      5                                          3 1. 2. 268.8 3. 1.24 4. 250 people disagreed. 5. 5 were females who agreed. 12

Exercise Set 8.3

Prep Exercises 1. 1. Determine whether the percent, the whole, or the part is unknown. 2. Write the problem as a basic percent  sentence (if needed). 3. Translate to an equation (word for word or proportion). 4. Solve for the unknown. 2. 20%; 24; unknown 3. 12%; uknown; $4800 4. unknown; 4000; 2400

 

Exercises   1. 0.6 #               60     n                           90    n 800 = n or       = ; 480 ml 3. a. 0.9 # 30 = n or       = ; 27 questions;  b. 10%;  c. 3 questions

100    800                           100    30

5. 0.1 #                  10      n                              25      n 3106 = n or       = ; $310.60 7. 0.25 # 16,850 = n or       =   ; $4212.50

100    3106                              100    16,850

9.    Expense                        Percent                 Equation                 Amount spent

Taxes                          18%        0.18 #             18     n 2.34 = n or       =           $0.4212

100    2.34

Distribution & Marketing        10%        0.1 #             10     n 2.34 = n or       =            $0.2340

100    2.34

 

Refining                      11%       0.11 #            11     n 2.34 = n or       =           $0.2574

100    2.34

Crude Oil                      61%        0.61 #             61     n 2.34 = n or       =           $1.4274

100    2.34

 

11. 750 =             6     750                            42    38 0.06 # w or        = ; $12,500 13. 38 = 0.42 # w or       =; 91 shot attempts 15. 245,000 = 0.49 # w

100     w                           100    w

or       = 49    245,000                   48    P     48                 36     P     36                  7     P     7 ; $500,000 17. p = or       = ; 88.8 , 19. p = or       = ; 32.72 , 21. p = or       = ; 29.16 ,

100      w                    54   100    54                110    100    110                 24   100    24

23. p = 31.5     P     31.5 or       =; 18.75 ,

168    100    168

25. a.                                                                                                 No opinion, 15% b.                 Agreed, 20%

Agreed   Disagreed   No opinion

Percent of Respondents      20%       65%         15%

 

Disagreed, 65%

A-20   Answers  

 

c. 85%; d. 80%

27. a.                                                                               Credit card 

Mortgage    Car loan 1    Car loan 2     payments     Utilities     Groceries

Percent of total 

monthly income     ⬇ 29.5,     ⬇ 7.8,      ⬇ 6.4,      ⬇5.2,     ⬇10.1,     ⬇11.2,

b. ⬇                                                                       6     3.5 70.2, c. ⬇ 29.8, d.        Other,                               29. 0.6 # w = 3.5 or       = Mortgage,                                       ; 58.3 g

100     w

29.8%         29.5%

 

Car loan 1,

7.8%

Groceries,                  Car loan 2,

11.2%                 6.4%

Utilities,   Credit card

10.1%   payments, 5.2%

 

31. 0.35 # 119 = n;      =     ; 41.65 million visits 33. p =               or       =              ; about 1.46% 18 35                                         16                            16 n 2.06 * 10 P 2.06 * 10

100                                                              18 119 1.41 * 10 100 1.41 * 10

35. 0.08 #                 8      n                                             1.4    P    1.4 4249 = n or       = ; commission: $339.92; gross pay: $699.92 37. p = or        =; about 20.3%

100    4249                                              6.9    100    6.9

39. 0.18 #                   18    45,000 w = 45,000 or      =

; $250,000

100      w

Review Exercises   1. 6.1x-2.6 2. x = 14 3. y = 30.6 4. m = 1.6 5. $2550

Exercise Set 8.4

Prep Exercises 1. 3%; $34,000; unknown 2. 1. Find the increase amount.  2. Add the increase amount to the initial amount. 3. 1. Find the decrease amount.  2. Subtract the decrease amount from the initial amount. 4. 25%; unknown; $80 5. a. initial amount;  b. increase amount; c. No, subtraction is not needed because the increase amount, $5000, is given. 

d.      = P     5000                                                                                 P     40 6. a. initial amount; b. final amount; c. Yes, subtraction is needed to find the decrease amount; d.      =

100    40,000                                                                                            100    220

Exercises   1. Sales tax is $9.30; total amount is $195.25.  3. The tip is $9.75; total paid is $58.50.    5. $30,636 7. Discount amount is $19.80; final price is $46.19.    9. $1977.08 11. $490; $11,760 13. $25,200 15. $42.95 17. $2596 19. $146.97  21. 7% 23. 3.5% 25. 8% 27. 17.6% 29. 15% 31. ⬇ 9.1,   33. ⬇2.6,   35. ⬇ 7.8,   37. ⬇23.5,   39. ⬇ 35.8,   41. ⬇ 174.9, 43. Discount amount is $245; final price is $454.99. 45. 22.3% 47. Sales tax is $1587; total amount is $28,037. 49. $2570 51. 33.6% 53. $29,250 55. $379.51

 

Review Exercises   1.        2. 1.1664 3. y = 1                   1   4. x =

3750 5. five $10 bills, eleven $5 bills

125                   3

Exercise Set 8.5

Prep Exercises 1. Principal is an initial amount of money borrowed or invested. 2. Interest is an amount of money that is a percent of the principal.    3. I = Prt, where I represents the simple interest, P represents the principal, r represents the simple interest rate, 

and t represents the time in years. 4. Add the interest to the principal. 5. B =          r   nt P a 1 +   b, where B represents the final balance, 

n

P represents the principal, r represents the APR, n represents the number of compound periods per year, and t represents the time in years. 6. 2 7. Subtract the principal from the final balance. 8. To amortize means to pay off a loan or debt in installments.

Exercises   1. $120; $4120 3. $38.50; $388.50 5. $7901.25; $20,151.25 7. $96; $2496 9. $22.68; $2022.68 11. $4798.84 13. $1946.25 15. $5832; $832 17. $943.82; $103.82 19. $518.01; $118.01 21. $15,142.40; $1142.40 23. $1910.48; $310.48 25. $412.41; $122.41 27. $1646.80; $346.80 29. $571.04; $121.04 31. $872.23 33. $706.15 35. $145.31 37. $423.05 39. $744.27 41. $853 43. $926.92

 

Review Exercises   1.                                        2. 0.83 3. 77.75 4. 6    5. x =      13

                                     15 3 7 6 1 6 4-1  2 1 6 6 4 




Answers      A-21

 




Chapter 8 Summary and Review Exercises

n             2    13     13     49

8.1 Definitions/Rules/Procedures 100;       Exercises   1.     2.      3.       4.       5. 0.16 6. 1.5 7. 0.032 

100               5     50     200     200

8. 0.403 Definitions/Rules/Procedures 100% Exercises 9. 37.5% 10. 44.4, 11. 54% 12. 130% 

 

8.2 Definitions/Rules/Procedures multiplication; equal sign;          Exercises   13. n = part                                15     n 15, # 90;         = ; 13.5

whole                          100    90

14. 12.8 ,            12.8    5.12                        P     12.5                   40   P      40 # w = 5.12;       = ; 40    15. 12.5 = p # 20; = ; 62.5 , 16. p = ;         = ; 26.6 ,

100     w                     100    20                150 100    150

8.3 Definitions/Rules/Procedures  percent; whole; part; sales Exercises   17. a. 65,               65     n # 680 = n or       = ; 442 b. 12.9, # 680 = n

100    680

or       = 12.9     n                                       35     180                     321     P     321 ; 88    18. $1170 19. 180 = 35, # w or        = ; 514.29 mi. 20. p = or        =; ⬇57.9,

100    680                                   100     w                     554    100    554

8.4 Definitions/Rules/Procedures increase; initial; decrease; initial Exercises   21. n =                  6       n 6, # 495.95 or =   ; sales tax is

100    495.95

$29.76; total amount is $525.71. 22. 75,                75      n                               3.5    1102.5 # 56.95 = n or       = ; $42.71    23. 1102.5 = 3.5, # w or        =; $31,500 

100    56.95                                100      w

24. 175 lb. Definitions/Rules/Procedures  the initial amount from the final amount; the final amount from the initial amount

Exercises   25. p = 27.68     P     27.68                3.50     P     3.50 or       = ; 32% 26. p = or        =; ⬇ 29.2,

86.50    100    86.50                12     100     12

8.5 Definitions/Rules/Procedures percent; initial; principal; original principal; interest; principal; rate; time; interest; principal; prin-cipal; interest Exercises   27. $28.80; $508.80 28. $104; $8104 29. $785 30. $600 Definitions/Rules/Procedures final balance; principal; annual percentage rate;  compound periods; time; principal; final balance; final balance; principal Exercises   31. $6298.56; $1298.56 32. $2033.79; $233.79 Definitions/Rules/Procedures pay off Exercises 33. $917.91 34. $1303.48 or $1303.49




Chapter 8 Practice Test

1.        2.         3. 0.042    4. 0.125 5. 40% 6. 55.5, 6     163                                                                    15     n 7. 26% 8. 120 , 9. n = 15, # 76;         = ; 11.4    10. 6.5, # w = 8.32; 

25    400                                                                   100    76

6.5     8.32                         P     14                   12   P     12                              12     n = ; 128 11. 14 = p # 60; = ; 23.3, 12. p = ;         = ; 37.5% 13. 12, # 50 = n or       = ; 6 students

100     w                    100    60                32 100    32                          100    50

14. 25 , 25      n                  345.75     P     345.75                                    5       n  # 1218  =  n or       =  ; $304.50 15. p =  or       =  ; about 12.4% 16. n =  5 ,  # 295.75 or  =

; 

100    1218                  2786.92    100    2786.92                                   100    295.75

sales tax: $14.79; total amount: $310.54 17. n =                 70      n                               2.5    586.25 70 , # 84.95 or = ; $59.47    18. 2.5, # w = 586.25 or      =; 

100    84.95                                100      w

$23,450 19. p = 1.75     P     1.75 or        =

; 20%   20. $300; $5300 21. $16; $816 22. $2400 23. $2590.06; $590.06 24. $1248.72; 

8.75    100    8.75

$48.72 25. $901.17




Chapter 1–8 Cumulative Review Exercises

1. true 2. true 3. true 4. false 5. Find a common denominator. Rewrite. Add numerators and keep the common denominator. Simplify. 6. Multiply both sides by an appropriate power of 10 as determined by the decimal number with the most decimal 

2                                                                               1

places. 7. 1,560,000 8. 1 9. 120xy    10.                                                  11. 20 12. -57     13. 64.975                                   6 6           5.6                 5

14.             8       12   5y m-               14 4 3 2                2 0.39 15. 16. 17. x-4 x-x + 24.2 18. 24.8 x + 27x-5 19. 0.125 20. 71% 21. y = 6 22. x =-4.6 3 n 20 15

22.                                                                                                                                    2 ⬇ 8.49 23. 152 oz. 24. 0.08 L 25. mean: $41,300,000; median: $36,000,000; mode: $32,000, 000 26. A = 12 x-17x-5; 52 in.2                                      2 27. 40 and 83 28. ⬇ 81.76 cm   29. x ⬇ 16.1 cm; y ⬇ 19.3 cm 30. 85.3,

Exercises 9.1

Prep Exercises 1. A point is a position in space having no length or width. 2. Parallel lines are two lines that never intersect. 3. The measure of an acute angle is between 0and 90, whereas the measure of an obtuse angle is between 90 and 180. 4. The alternate interior angles are congruent.  The consecutive interior angles are supplementary. 6. 180    7. The angles are congruent, and side lengths are equal. 8. ASA

g    h

Exercises   1. line XY   3. ray MN   5. point J   7. plane R   9. line segment TU   11. parallel lines a and b, or a 兩兩b   13. obtuse 15. straight    17. right    19. acute 21. congruent; they are vertical angles. 23. congruent; they are alternate interior angles. 25. supplementary; they are consecutive exterior angles. 27. supplementary; they form a straight angle. 29. congruent; they are alternate exterior angles. 31. supplementary; they are consecutive interior angles. 33. congruent; they are corresponding angles. 35. a. 128; b. 52;  c. 52; d. 128   37. a. 70; b. 70; c. 110; d. 70   39. 37 , 143 , 37 , 143   41. 126 , 54 , 126 , 54

A-22   Answers  

 

43.                             t                45.               t                             47. acute triangle; the measure of each angle is less 

117.5 8

113                                                i 8 67 8 62.5 8

67             r                             62.5 117.58 8 8 113 8

8      117.58

113                                                     j 62.5 8 8

67           s                                 62.58 8

67    113                           117.5 8 8

 

than 90. 49. obtuse triangle; the measure of one angle is greater than? 90. 51. right triangle; the measure of one angle is 90. 53. 84 , 58, 38   55. 128 , 25 , 27   57. congruent; SAS 59. not congruent 61. congruent; SSS 63. congruent; AAS 65. not congruent 67. congruent; ASA 69. 68; 76 ; 36   71. 22; 100; 58

Review Exercises   1. mean: 81; median: 86 2.                                           3. 

24 23 22 21 0 1 2 3 4       24 23 22 21 0 1 2 3 4

4. -7 5. -5

Exercise Set 9.2

Prep Exercises 1.                   y                        2. horizontal-axis coordinate 3. Beginning at the origin, move to the 

5

4

3

2

origin 1

x

–5            0 –4 –3 –2 –1 1 2 3 4 5 –1

–2

–3

–4

–5

 

right or left along the x-axis the amount indicated by the first coordinate. From that position on the x-axis, move up or down by the 

amount indicated by the second coordinate.     II 5. Both coordinates are negative. 6. a 4.                                                        x 1 + x   y 21 + y2 , b 2 2 Exercises   1. A 12 ,  32; B 1-3 ,  02; C 1-1 , -32; D 13 , -42   3. A 1-4 ,  12; B 10 ,  32; C 1-3 , -32; D 13 , -52 5.                         y                               7.                        y                             9. II    11. I    13. IV 15. III

5                                      5

(4, 5)                                                  (4, 4)

4                                      4

3                                      3

2                                      2

(0, 2)

1                                      1 

(   4, 0)

x                                            x

–5 –4 –3 –2 –1 0 1 2 3 4 5           –5 –4 –3 –2 –1 0 1 2 3 4 5

(    4,    1) 

      –1                                     –1

–2                                     –2 

(3,    2)

–3                                     –3      (1,    4)

–4                                  –4 

(   3,    5)

–5                                     –5

 

17. 1                                                                                                                                         1 0 , -34 2 is not in a quadrant; it is on the y-axis. 19. 1 39 , 0 2 is not in a quadrant; it is on the x-axis. 21. 1 4 ,  3 2 23. a 5 ,  b

2

25. a   1            7 3             5                         1   1-, 1 b 27. a-, b 29. a-7 , -   b 31. 1-1.5 , -3.42 33. a 4 , 5 b

2            2 2             2                         8   4

 

Review Exercises   1.                                              2. 2 3. -36    4. x =                9 9    5. y =

-10

       1 4        3        

2          3

Answers      A-23

 

Exercise Set 9.3

Prep Exercises 1. 1. Replace each variable in the equation with its corresponding coordinate.  2. Simplify both sides of the equation as needed. If the resulting equation is true, the ordered pair is a solution. 2. 1. Replace one of the corresponding variables with a value (any value). 2. Solve the equation for the other variable. 3. a straight line 4. The third solution acts as a check. It should align with the other two points in a straight line. If it does not, something is wrong. 5. An x-intercept is a point where a graph intersects the x-axis. 6. A y-intercept is a point where a graph intersects the y-axis. 7. 0 8. 0

Exercises   1. yes 3. no 5. yes 7. no 9. no 11. no 

13. 10 , -82, 14 , -42, and 18 ,  02                  15. 11 ,  42, 12 ,  22 , and 13 ,  02                   17. 10 ,  02, 11 ,  12, and 12 ,  22

y                                               y                                                  y

2            x                                                2x    y    6                                                     y    x y 8 8 5 1                                        7                                          4

x                  6                                          3

–2 –1 0 1 2 3 4 5 6 7 8                 5                                        2 –1

–2                                        4                                          1 –3 3 x

–5 –4 –3 –2 –1 0 1 2 3 4 5

–4                                     2                                         –1 –5                                        1                                         –2 –6                                                              x                      –3

–3 –2 –1 0 1 2 3 4 5 6 7

–7                                    –1                                         –4 –8                                       –2                                      –5

19. 10 ,  02, 11 ,  22, and 12 ,  42                        21. 1-1 ,  52, 10 ,  02, and 11 , -52               23. 10 , -32, 11 , -22, and 12 , -12

y                                            y                                       y

y     2x                 y       5x                                                                   y    x    3

5                                      5                                  4 4                                      4                                  3 3                                      3                                  2 2                                      2                                  1 1 1 x

–4 –3 –2 –1 0 1 2 3 4 5 6

–5 –4 –3 –2 –1                               –5 –4 –3 –2 –1 0 1 2 3 4 5 0 1 2 3 4 5 –1 x                                            x                  –1

–1                                                                       –2 –2                                     –2                                 –3 –3                                     –3                                 –4 –4                                  –4                              –5 –5                                     –5                                 –6

 

25. 10 ,  42, 11 ,  22 , and 12 ,  02                        27. 1-1 , -12, 10 ,  22, and 11 ,  52                29. 10 ,  02, 12 ,  12 , and 14 ,  22

y                                               y                                           y

y       2x     4                                                                                                          x y                                                                 1 3 x 2 y 

6                                        6                                                2 5

5                                        5                                    4 4                                        4                                    3 3                                        3                                    2 2                                        2                                    1

 

–4 1                                        1                                                      x 0 –5 –4 –3 –2 –1 1 2 3 4 5 x x –1  –3  –2 –1  0  1  2 3 4 5 6  –5 –4 –3 –2 –1  0  1 2 3 4 5  –1  –1  –2

–2                                       –2                                    –3 –3                                       –3                                    –4 –4                                       –4                                   –5
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31. 10 ,  42, 13 ,  22 , and 16 ,  02                        33. 10 , -82, 11 , -42, and 12 ,  02               35. 10 , -2.52, 13 , -1.32, and 15 , -0.52

y                                                y                                       y

x    1 y 4      2

7                                                                           4 1

6                                                                x           3

5                                        –1                                  2           y –3 –2 –1 0 1 2 3 4 5 6 7   0.4x    2.5

4                                        –2                                  1

 

3 x  2  –3  y   x   4  –2 –1  0  1 2 3 4  5 6 7 8  3  2  –4  –1

1                                        –5                                 –2

x                 –6                                     –3

–2 –1 0 1 2 3 4 5 6 7 8

–1                                        –7                                 –4

–2                                        –8                                 –5

–3                                                                          –6 –9

37. 10 , -52, 11 , -52, and 14 , -52               39. 17 ,  02, 17 ,  22 , and 17 ,  52                   41. 112 , 02, 10 ,  62   43. 14 ,  02, 10 , -52

y                                    y

x      7

3                               5

2                               4

1                               3

x                2

–5 –4 –3 –2 –1 0 1 2 3 4 5

–1                               1

–2                                                        x

–2 –1 0 1 2 3 4 5 6 7 8

–3                              –1

y               –4                              –2 5

–5                              –3

–6                              –4

–7                              –5

 

45. 1                                                                          1-8 ,  0 2 , 1 0 ,  62 47. 1 0.2 , 0 2 , 1 0 , 0.652 49. 1 0 ,  02 for both    51. a , 0 b , 10 ,  12   53. 125 , 0 2, 10 , -5 2   55. 1-9 ,  0 2, no y-intercept

4

57. no x-intercept, 10 ,  42   59. no x-intercept, 10 , -32

 

Review Exercises                             1   2           2          2 1. -64.4 2. 40 m 3. 45  ft. 4. 5.67 in. 5. 55. ft. 2

Exercises 9.4

Prep Exercises 1. When the object stops, its velocity is 0. Therefore, we replace v with 0 and solve for t. 2. A vertex is a point where

 

two lines join to form an angle.      a square 4. a 3.                    x1 + x2 + x y 31 + y2 + y3 , b 3 3

Exercises   1. a. 600 ft./sec.; b. 503.4 ft./sec.; c. ⬇ 18.6 sec.; d.       v

(0, 600)

600

(3, 503.4)

500

v       32.2t     600

400

300

200

100

(18.6, 0)

t

2 4 6 8 10 12 14 16 18 20
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3. a. $15,000; b. $187,500; c.           p                                           5. a. $300; b. $367.50; c. $570; d.

b

30,000                                                                      b    13.5t    300 p     0.24r    45,000

1000

20,000                                                      900

(250,000, 15,000)

800

10,000

(187,500, 0)                                         700 100,000 200,000 300,000                      600 r

                                           (20, 570) 10,000                                                      500

20,000                                          400     (5, 367.50)                                  300 30,000                                                           (0, 300)

                                  200

40,000 (0,                                                                    100 

        45,000)

50,000 t

10    20    30    40    50

 

7.                        7                              F                                               1 9 a. 1 0 ,  32 2 ; b. a-17 , 0 b ; c. 104 F; d. F C 32 9. a. T = 60 h + 100; b. $250; c. 4 hr.; d. 5 9 4 120 (40, 104) T 100 T 5 60 h 1 100 260 80 冢 1 2   , 250 240 冣 60 2

40                                    220

(    17   , 0) 9                            C 7                                                            200 20 (0, 32)                              180 

40    20         20    40 

20                                    160

40                    140 60                    120 70                    100 (0, 100)

100                         80 120                         60

40

20

h

–1 0    1     2     3

 

11. (3, 2); 15 square units    13. 1                                                                  1                           7 1 , -2 2 ; 24 square units 15. 1 3 ,  32 ; 36 square units 17. a , -2 b ; 42 square units 19. a-, -1 b; 

2                           2

30 square units 21. (4, 3); 18 square units 23. a 3   5                                            3 , -   b ; 63 square units 25. (1, 4); 64 square units    27. a , 1 b; 24 square units

2   2                                            2

29. a   5   5     1-, -b

; 28 square units 

4   2     2

 

Review Exercises   1. The integers are 25 and 81. 2.     3. mean ⬇ 1 79.2; median = 83; mode = 70 and 88 4. 9 people 

5.                                                                2

$440.05

 




Chapter 9 Summary and Review Exercises h

9.1 Definitions/Rules/Procedures position; forever; end points; one; surface; do not intersect Exercises   1. a. point P; b. ray RT ; c. parallel lines h and k , or h 兩兩k   Definitions/Rules/Procedures intersection; between 0  and 90; 90; between 90 and 180; 180 Exercises   2. a. right; b. obtuse; c. straight; d. acute   Definitions/Rules/Procedures same; 90 ; 180; congruent; 90; 5;6; 7; 8; 6; 5; 8; 7; 5; 6; 7; 8    Exercises   3. a. congruent; they are vertical angles. b. congruent; they are alternate interior angles. c. supplemen-tary; they are consecutive exterior angles.  d. supplementary; they form a straight angle. 4. a. 123; b. 57; c. 57; d. 123 5. 31, 149, 31 , 149   6.       t                                Definitions/Rules/Procedures 90; less than; greater than; 180

 

124.5 55.5     124.58 8                i 55.5 8 8

124.58

55.5 8

j

124.5

8       55.5 8

A-26   Answers  

 

Exercises   7. a. acute triangle; the measure of each angle is less than 90; b. obtuse triangle; the measure of one angle is greater than 90 8. 82, 58 , 40   9. a. not congruent;  b. congruent; SAS 10. 32 , 77 , 71

9.2 Definitions/Rules/Procedures number line; first; second Exercises   11. A 13 ,  42; B 1-3 ,  22; C 1-2 ,  02; D 1-2 , -42; E 10 , -52; F 14 , -22   Definitions/Rules/Procedures first; second Exercises   12.                   y

5

4

3

A (5,2)

2

1

B (2,0)

x

–5 –4 –3 –2 –1 0 1 2 3 4 5

–1

C (   4,   3)     –2

–3     E (0,   4)

–4         D (3, 5)

–5

 

four;  1+ , + 2; 1-, + 2; 1-, -2; 1+ , -2   Exercises   13. a. II; b. III; c. I; d. on the x-axis 

Definitions/Rules/Procedures    x 1 + x y    y 2 1 +2                                 1 14. a , b Exercises 1 4 ,  5 2 15. a 1 , -b 2 2 2

9.3 Definitions/Rules/Procedures true Exercises   16. no 17. yes 18. yes Definitions/Rules/Procedures  the other variable; two; straight 

Exercises   19. 10 ,  62 , 12 ,  22, and 13 ,  02        20. 10 , -22 , 12 , -12, and 14 ,  02               21. 1-1 ,  22, 10 ,  32, and 11 ,  42

y                                      y                                                          y

2x    y    6                                                                                                 y    x    3

8                                 5                                                  7

7                                 4                                                  6

6                                 3                                                  5

3x    6y    12

5                                 2                                                  4

4                                 1                                                  3

3                                                          x                         2

–2 –1 0 1 2 3 4 5 6 7 8

2                                –1                                                  1

1                                –2                                                              x

–7 –6 –5 –4 –3 –2 –1 0 1 2 3

x              –3                                                        –1

–4 –3 –2 –1 0 1 2 3 4 5 6

–1                                –4                                                 –2

–2                                –5                                                 –3

22. 1-1 ,  32, 10 ,  02, and 11 , -32                  23. 1-3 , -22, 10 ,  02, and 13 ,  22                24. 1-2 , -22 , 1-1 , -32, and 10 , -42

y                                            y                                                y

y                                                                                               2 3 x y x 

3                    y       x    4

5                                      5                                          3

4                                      4                                          2

3                                      3                                          1

2                                      2                                                      x

–7 –6 –5 –4 –3 –2 –1 0 1 2 3

1                                      1                                        –1

x                                            x                           –2

–5 –4 –3 –2 –1 0 1 2 3 4 5           –5 –4 –3 –2 –1 0 1 2 3 4 5

–1                                     –1                                        –3

–2                                     –2                                        –4

–3                                     –3                                        –5

–4                                     –4                                        –6

–5                                     –5                                        –7

 

Definitions/Rules/Procedures  horizontal;  vertical
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Exercises   25. 10 ,  72, 12 ,  72, and 15 ,  72      26. 1-4 ,  02, 1-4 ,  42, and 1-4 ,  52         Definitions/Rules/Procedures   y; x; x; y

y                                                y

y     7                                                x       4

8                                         5 7                                         4 6                                         3 5                                         2 4                                         1 3                                                      x

–7 –6 –5 –4 –3 –2 –1 0 1 2 3

2                                        –1 1                                        –2

x                           –3

–5 –4 –3 –2 –1 0 1 2 3 4 5

–1                                        –4 –2                                        –5

 

Exercises   27. 1                     1 2 ,  02 ; 1 0 ,  10 2 28. a , 0 b , 10 , -1 2   29. 10 ,  02 for both    30. 16 ,  02; no y-intercept 31. no x-intercept; 10 , -22

4

9.4 Definitions/Rules/Procedures point; mean; mean Exercises   32. 12.5 , 1.52   33. a. $28,000; b. $30,000; c. See below. 

34. 40 square units                                                                                 p

p     0.4r    12,000

50,000

40,000

30,000

(100,000, 28,000)

20,000

10,000

(30,000, 0)

r

 100,000 200,000

10,000     

     (0,    12,000) 20,000

 

Chaper 9 Practice Test

g   h

1. a. line AB; b. ray RS   2. a. right; b. obtuse    3. 57 , 123 , 57 , 123   4.                 t                      5. congruent; ASA

72.5    107.5         q 8 8

107.5     72.5 8 8

72.5

8      107.5 8

107.5     72.5      r 8 8

 

6. 97, 37 , 46   7.  A 11 ,  22; B 1-3 ,  02; C 1-2 , -52; D 14 , -42   8. II 9. 10 , -42 is not in a quadrant; it is on the y-axis. 11. 13 ,  22

 

12.                                     6        4                                                      y yes 13. no 14. 1 2 ,  0 2 ; a 0 , -b 15. a , 0 b ; 1 0 , -4 2 16. no x-intercept; 1 0 ,  3 2 17. 5 3 y 3 x

5

4

3

2

1

x

–5 –4 –3 –2 –1 0 1 2 3 4 5

–1

–2

–3

–4

–5
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18.                         y                             19.               y                                   20.                       y

x    y     7                                                            3x     y     2

5                                      7                                                 5

4                                      6                                                 4

3                                      5                                                 3

2                                      4                                                 2

1                                      3                                                 1

x                  2                                                                     x

–5 –4 –3 –2 –1 0 1 2 3 4 5                                                  –5 –4 –3 –2 –1 0 1 2 3 4 5

–1                                  1                                            –1

1           –2                                                                        x                          –2

y      x     3                                              –3 –2 –1 0   1 2 3 4 5 6 7 5 –3 –1                              –3

–4                               –2                                         –4

–5                                  –3                                            –5

 

21.                          y                              22.                           y                            23. a. 40 m/sec.; b. 10.6 m/sec.;  c. ⬇ 4.1 sec.

 

5                              x     2                                      v 5 2 5 v 5 29.8t 1 40 4 4 45

3                                        3                          40 (0, 40)

y    1

5     2                                        2                          35

1                                        1                          30

x                                              x          25

–5 –4 –3 –2 –1 0 1 2 3 4 5             –5 –4 –3 –2 –1 0 1 2 3 4 5

–1                                       –1                          20

–2                                       –2                          15

(3, 10.6)

–3                                       –3                          10

–4                                    –4                         5           (4.1, 0)

–5                                       –5                                             t

0 1 2 3 4 5

 

24. 11 , -12   25.  56 square units

Chaper 1–9 Cumulative Review Exercises

1. false 2. true 3. true 4. true 5. true 6. true 7. (1) grouping symbols; (2) exponents or roots from left to right; (3) multiplica-tion or division from left to right; (4) addition or subtraction from left to right 8. Add the absolute values and keep the same sign. 9. Subtract the absolute values and keep the sign of the number with the greater absolute value. 10. Change the operation from -to +. Change the subtrahend to its additive inverse. 11. positive 12. negative 13. a. 28,000; b. 724,000; c. 1800; d. 22 14 a.                                                        b.

0                                                          1 1 2 3 4 5 5                        6

4

c.                                                                    15. a. 1; b. 2;  c. 4    16. four thousand six hundred seven and nine hundredths

8         7.2 7

5                                                         31    29    3

17. 3,530,000 18. acute 19. 35 20. -33       21. -4.725 22. a. 0.375; b. 0.3; c. 0.08; d. 0.244; e. 0.045    23.  a.    ; b.     ; c.    ; 

12                                                         6    200    50

 

d. 11    41                                                                       14                  5 4 3 2   3 ; e. 24. a. 25%; b. 44.4 , ; c. 65%; d. 3.5%; e. 230% 25. a.-44; b. 88 26. x-4 x-x + 24.2 27. a.-a; 200 250 15 18 1 2 2 2 b. m-81; c. 31.95 t + 5.7 t-18 28. 2 # 3 # 5 # 7 29. x = 5 30. k = 12 31. n =-12.5 32. u =-5.25 33. a. 12,672 ft.; 12 b.              2            2                                                                                                                 2 4.5 m; c. 36 ft. ; d. 4.2 m ; e. 2.25 T; f. 230 g; g. 17 qt.; h. 0.4 L; i. 25 C; j.-4 F 34. -$58,460 35. a. 4 h + 8; b. 28 cm; c. h + 3h;

2                                              3              23    13

d. 70 cm   36. The integers are 40 and 83. 37.    ; 6 calls 38. a.    ; b.        39. a. $2.60; b. mean: $13.10; median: $13.00; no mode

40. ⬇         2                                                                                                    3 16              30    120

47.26 cm   41. ⬇         3 98.91 in.   42. ⬇ 21.54 ft. 43. x = 21.6 cm; y = 26.6 cm 44. a. 180; b.    ;  c. 35.5,;  d. 20

F, 10.5%

A, 15%

D, 13.8%

 

C, 35.5%               B, 25%

Answers      A-29

 

45. $60.76 46. ⬇8.9,   47. $14.28 48.                t                          49. A: 15 ,  12; B: 1-3 ,  42; C: 1-1 , -32; D: 13 , -22; 

1138

678

8                   l

113      113 67 88

67 8

8                m

113

8     67

 

E                                 y : 1-4 ,  0 2 ; F : 1 0 ,  3 2 50. 

y       3x     2

5

4

3

2

1

 

54321 1 2 3 4 5 x 1

2

3

4

5
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Glossary

 

Bracketed numbers following each definition indicate the section in which the term is covered.

Absolute value: A given number’s distance from zero on a          Circle: A collection of points that are equally distant from a number line. [2.1]                                                    central point, called the center. [5.3]

Acute angle: An angle measuring between 0 and 90. [9.1]         Circumference: The distance around a circle. [5.3] Acute triangle: A triangle in which each angle measures less         Coefficient: The numerical factor in a monomial. [3.2] than 90. [9.1]                                                        Combinatorics: The branch of mathematics that deals with Addends: Numbers that are added. [1.2]                          counting total combinations and arrangements of items. [1.3] Addition: The arithmetic operation that combines amounts. [1.2]     Commission: The portion of sales earnings that a salesperson Addition principle of equality: Adding the same amount          receives. [8.3] to both sides of an equation does not change the equation’s          Commutative property of addition: a + b = b + a, where solution(s). [4.2]                                                          a and b are any numbers. [1.2]

Additive inverses: Two numbers whose sum is zero. [2.2]          Commutative property of multiplication: a # b = b # a, where Algebraic equation: An equation that contains variables. [3.1]       a and b are any numbers. [1.3] Algebraic expression: An expression that contains variables. [3.1]      Complementary angles: Two angles whose measurements Alternate exterior angles:                                          sum to 90. [4.5, 9.1] In a figure formed by a transversal intersecting two lines, a pair of angles outside the lines but on       Complex fraction: A fractional expression with a fraction in the opposite sides of the transversal. [9.1]                                 numerator and/or denominator. [5.4] Alternate interior angles: In a figure formed by a transversal        Composite form: A geometric form that combines several basic intersecting two lines, a pair of angles between the lines but on      forms. [6.5] opposite sides of the transversal. [9.1]                                 Composite number: A natural number that has factors other Amortize: To pay off a loan or debt in installments. [8.5]             than 1 and itself. [3.5] Angle: A figure formed by the intersection of two lines, line          Compound interest: Interest calculated using the principal and segments, rays, or planes. [9.1]                                       prior earned interest. [8.5] Area: The total number of square units that completely fill a         Congruent angles: Angles that have the same measurement. shape. [1.3]                                                            [4.5, 9.1]

Arithmetic mean: A quotient of the sum of the given values         Conjugates: Binomials that differ only in the sign of the second and the number of values (see mean). [1.5]                          term. [3.4] Associative property of addition: 1a + b2 + c = a + 1b + c2,      Consecutive exterior angles: In a figure formed by a transver-where a, b, and c are any numbers. [1.2] sal intersecting two lines, a pair of angles outside the lines on 

Associative property of multiplication: 1ab2c = a1bc2, where       the same side of the transversal. [9.1] a , b, and c are any numbers. [1.3]                                      Consecutive interior angles: In a figure formed by a transver-Average rate: A measure of the rate at which an object travels a  sal intersecting two lines, a pair of angles between the lines on 

total distance in a total amount of time. [2.6]                          the same side of the transversal. [9.1] Axis: A number line used to locate a point in a plane. [9.2]           Constant: A symbol that does not vary in value. [1.2]

Conversion factor: A ratio used to convert from one unit of 

Back-end ratio: The ratio of the total monthly debt payments        measurement to another by multiplication. [7.3] to gross monthly income. [7.6]

Coordinate: A number in an ordered pair that refers to the 

Balance method: If we add or remove an amount on one side       position on a number line in a coordinate system. [9.2] of an equation, we must add or remove the same amount on 

the other side to keep the equation balanced. 

[4.2] Corresponding angles: In a figure formed by a transversal 

n intersecting two lines, a pair of angles in the same relative 

Base: In the form b , the number b, which is used as a factor          position. [9.1] n times. [1.3]

Cost: Money spent on production, operation, labor, and 

Base-10 notation: A numeral system that has ten symbols           debts. [2.3] where each place value is a power of 10. [6.1]

Cubic unit: A 1 * 1 * 1 cube. [1.6]

Base unit: A basic unit; other units are named relative to it. [7.4]

Binomial: A polynomial that has exactly two terms. [3.2]                                              [1.2, 2.6] measured in amperes, or amps, A. Current: A measure of electricity moving through a wire, 

Capacity: A measure of the amount a container holds. [7.3]          Decimal notation: A base-10 notation for expressing Cartesian coordinate system: Two perpendicular axes that          fractions. [6.1] describe the position of a point in a plane (see rectangular 

Deduction: An amount that is subtracted from income. [8.5]

 coordinate  system). [9.2]

Degree: (monomial) The sum of the exponents of all the vari-

Centroid: The balance point, or center of gravity, of a figure. 

ables in the monomial; (polynomial) the greatest degree of any 

[9.4]

of the terms in the polynomial. [3.2]

G-1

G-2   Glossary 

 

Denominator: The number written in the bottom position in a      Hypotenuse: The side directly across from the 90° angle in a fraction. [1.5, 5.1]                                                            right triangle. [6.6] Diameter: The distance across a circle along a straight line 

through the center.  Improper fraction: A fraction in which the absolute value of  [5.3]

Difference: The answer in a subtraction problem. [1.2]                                [5.1] the denominator. the numerator is greater than or equal to the absolute value of 

 

Distributive property: a1b + c2 =                                                    0 ab + ac and      0 mined, for example,   or 0. [1.4] 0 a Digit: A symbol used to represent a number. [1.1]                   Indeterminate: An expression whose value cannot be deter-

1b-c2 = ab-ac, where a, b, and c are any numbers. [1.3]        Inequality: A mathematical relationship that contains an in-

Dividend: The number to be divided in a division problem.         equality symbol ( 6, 7 ). [1.1]

 

The dividend is written to the left of a division sign. In fraction      Integers: A set of numbers that contains all whole numbers and form, the dividend is written in the numerator (top). [1.4] the negative counting numbers:  c-3, -2, -1 , 0, 1, 2, 3, c Division: Repeated subtraction of the same number. [1.4]           [2.1]

Divisor: The number that divides in a division problem. When      Interest: An amount of money that is a percent of the the division sign is used, the divisor follows the division sign.       principal. [8.5]

 

In fraction form, the divisor is written in the denominator            Interest rate: A percent used to calculate interest. [8.5] (bottom). [1.4] Inverse operations: Operations that undo each other. [1.2]

Ellipsis: Three periods that mean that the pattern continues         Irrational number: A number that cannot be expressed in the forever.                                                                         a [1.1] form , where a and b are integers and b ⬆ 0. [5.3, 6.4]

b

Equation: A mathematical relationship that contains an equal       Isosceles triangle: A triangle with two sides of equal length. [4.5] sign. [1.1, 3.1]

Equilateral triangle: Key words: Specific words in a sentence that translate to   A triangle with all three sides of equal 

length.                                                                  mathematical  operations. [1.2] [4.5]

Equivalent fractions: Fractions that name the same number. [5.1]      LCD: see least common denominator Estimate: A quick approximation for a calculation. [1.2]             LCM: see least common multiple

 

Expanded form: A number written as a sum of all digits            Least common denominator (LCD): The least common mul- multiplied by their place value. [1.1] tiple of the denominators. [5.5] n Exponent: In the form b , the number n , which  indicates the Least common multiple (LCM): The smallest natural number number of times to use b as a factor. [1.3] that is divisible by all of the given numbers. [5.5]

Exponential form:                            n A notation having the form b, where b is        Legs: The sides that form the 90 angle in a right triangle. [6.6] the base and n is the exponent. [1.3]

Expression: A constant; a variable; or any combination of                                                         [3.2] same variables raised to the same exponents. Like terms: Constant terms or variable terms that have the constants, variables, and arithmetic symbols that describes a 

calculation.  Line: A straight, one-dimensional figure extending forever in  [3.1]

both directions. [9.1]

Factored form: A number or an expression written as a product     Line segment: A straight, one-dimensional figure extending of factors. [3.6]                                                              between two endpoints. [9.1] Factorization: A number written as a product of factors. [3.5]        Linear equation: An equation in which each variable term is a Factors:                                                             monomial of degree 1. [4.2] Numbers that are multiplied. [1.3]

FOIL: Loss: A negative net (when revenue is less than cost). [2.3]  A mnemonic used to describe the order in which two 

binomials are multiplied:  First Outer Inner Last. [3.4]               Lowest terms: A fraction is in lowest terms when the greatest Force: common factor of its numerator and denominator is 1. [5.2]  Something that accelerates an object (a push or pull); 

measured in pounds, lb. [2.2]

Mass: A measure of the amount of matter that makes up an 

Formula: An equation that describes a procedure. [1.3]              object. [7.4]

 

Fraction: A quotient of two numbers or expressions a and b         Mean: A quotient of the sum of the given values and the num-a having the form b , where b ⬆ 0. [5.1] ber of values ( see arithmetic mean). [1.5, 5.7, 6.5] Front-end ratio: The ratio of the total monthly house payment       Median: The middle number in an ordered list of numbers. to gross monthly income. [7.6]                                      [1.5, 5.7, 6.5]

Midpoint of two points: The point that lies halfway between 

GCF: see greatest common factor

the two points on a line segment connecting the two points. [9.2]

Grade point: A numerical value assigned to a letter grade. [6.5]

Minuend: The first number in a subtraction problem. [1.2]

Grade point average (GPA): The sum of the total grade points 

Mixed number: An integer combined with a fraction. [5.1]

earned divided by the total number of credit hours taken. 

[6.5]                                                                         Mode: The value that occurs most often. [1.5, 5.7, 6.5]

Greatest common factor (GCF):                                 Monomial: An expression that is a constant or a product of a con- The greatest number that 

divides all given numbers with no remainder.  stant and variables that are raised to whole number  powers. [3.2]  [3.5]
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Multiple: A number that is evenly divisible by a given               Polynomial: A monomial or a sum of monomials. [3.2] number. [5.1]                                                      Polynomial in one variable: A polynomial in which every Multiplication: Repeated addition of the same number. [1.3]        variable term has the same variable. [3.2] Multiplication principle of equality: Multiplying (or divid-        Power: see exponent. [1.3] ing) both sides of an equation by the same nonzero amount         Prime factorization: A product written with prime factors only. does not change the equation’s solution(s). [4.3]                     [3.5]

Multiplicative inverses: Two numbers whose product is 1          Prime number: A natural number that has exactly two differ-(see reciprocals). [5.4]                                                      ent factors:  1 and the number itself. [3.5] Multiplicative property of 0: 0 # n = 0 and n # 0 = 0, where n       Principal: An initial amount of money invested or borrowed. [8.5] is any number. [1.3]

Multiplicative property of 1: 1 # n = n and n # 1 = n, where n       Product: Principal square root: The positive square root of a number. [2.4]

 The answer in a multiplication problem. [1.3]

is any number. [1.3]

Profit: A positive net (when revenue is greater than cost). [2.3]

Multivariable polynomial: A polynomial with more than one variable.                                                                 Proper fraction: A fraction in which the absolute value [3.2]

of the numerator is less than the absolute value of the 

Natural numbers:                                             denominator. [5.1] 1, 2, 3, c [1.1]

Net: Money remaining after subtracting costs from revenue                                             b     , where Proportion:                        a      c An equation in the form               0 and = d          b ⬆ (money made minus money spent).                              d ⬆ 0. [7.2] [2.3]

Net pay: Proportional ratios: Ratios that name the same number and   Pay left after all deductions are subtracted from the 

gross pay.                                                              have equal cross products. [7.2] [8.4]

Node: Pythagorean theorem: The sum of the areas of the squares on   A wire connection in a circuit.  [1.2]

the legs of a right triangle is the same as the area of the square 

Numbers: Amounts or quantities. [1.1]

on the hypotenuse:  Given a right triangle, where a and b rep-

Numeral: see digit [1.1]                                              resent the lengths of the legs and c represents the length of the Numerator:                                                           2      2      2 The number written in the top position of a hypotenuse, a + b = c. [6.6] fraction. [1.5, 5.1]

Numeric equation: Quadrant: One of four regions created by the intersection of   An equation that contains only constants 

and no variables.                                                    the axes in the coordinate plane. [9.2] [3.1]

Quotient: The answer in a division problem. [1.4]

Obtuse angle: An angle measuring between 90 and 180. [9.1] Obtuse triangle:                                                 Radical sign: 2 [2.4] A triangle in which one angle measures greater than 90 . [9.1]                                                 Radicand: The number inside the radical sign. [2.4] Ordered pair: A pair of numbers where the order matters, such      Radius: The distance from the center to any point on the circle. as those describing a point in a coordinate system. [9.2]              [5.3] Origin: The point where axes of a coordinate plane intersect. [9.2]      Rate: A ratio comparing two different measurements. [7.1]

Ratio: A comparison between two quantities using a 

Parallel lines: Lines lying in the same plane that do not              quotient. [7.1] intersect. [1.6, 9.1]

Rational expression: A fraction in which the numerator and 

Parallelogram: A four-sided figure with two pairs of parallel        denominator are polynomials. [5.2] sides. [1.6]

Rational number: A number that can be expressed in the form 

Percent: A ratio representing some part out of 100. [8.1]              a b, where a and b are integers and b ⬆ 0. [5.1, 6.1] Perfect square: A number that has a whole-number square          Ray: A straight, one-dimensional figure extending forever in root. [2.4]                                                                    one direction from a single point. [9.1] Perimeter: The total distance around a figure. [1.2]                  Real numbers: The set of all rational and irrational numbers. Period: A group of places in the place-value system, for              [6.4] example, “billions period.” [1.1]                                       Reciprocals: Two numbers whose product is 1 (see multiplica-Perpendicular lines: Two lines that intersect to form a 90           tive inverses). [5.4] angle. [9.1]                                                               Rectangular array: A rectangle formed by a pattern of neatly Pi (P): An irrational number that is the ratio of the circumfer-        arranged rows and columns. [1.3] ence of a circle to its diameter, usually approximated as 22 or 

7             Rectangular coordinate system: Two perpendicular axes that 

3.14. [5.3]                                                                     describe the position of a point in a plane (see Cartesian coordi-Place-value system: A system that uses a combination of            nate system). [9.2] numerals to represent the numbers greater than 9. [1.1]              Related equation: A true equation that relates the same pieces Plane: A flat, two-dimensional surface extending forever in          of a given equation using the inverse operation. [1.2] both dimensions. [9.1]                                              Remainder: The amount left over after dividing two whole Point: A position in space having no length or width. [9.1]           numbers. [1.4]

G-4   Glossary 

 

Resistance: The resistance of a wire to the flow of electricity         Supplementary angles: Two angles whose measurements sum through it, measured in ohms, . [2.6]                             to 180. [4.5, 9.1] Revenue: Income (money made). [2.3]                            Surface area: The total number of square units that completely 

Right angle:                                                     cover the outer shell of an object. [3.7] An angle measuring 90 . [1.6, 9.1]

 

Right triangle: A triangle with one angle measuring 90.            Term: see monomial [3.2] [6.6, 9.1]

Theoretical probability of equally likely outcomes: The ratio 

Scientific notation: n of the number of favorable outcomes to the total number of   A notation in the form  a  *  10  where  a  is a 

decimal number whose absolute value is greater than or equal       possible outcomes. [7.1] to 1 but less than 10 and n is an integer. [6.3]                          Trapezoid: A four-sided figure with one pair of parallel sides. [5.7] Set: A group of elements. [1.1]                                       Trinomial: A polynomial that has exactly three terms. [3.2] Similar figures: Figures with the same shape, congruent 

 corresponding angles and proportional side lengths.  Undefined: When no numeric answer exists, as in n , 0 when  [7.2]

Simple interest:                                                   n ⬆ 0. [1.4, 3.1] Interest calculated using only the interest rate, the original principal, and the amount of time in which the  Unit fraction: A fraction with a value equivalent to 1. [7.3]

principal earns interest. [8.5]                                           Unit price: The price of each unit; a unit rate relating price to Simple percent sentence:                                        quantity. [6.3, 7.1] A percent of a whole amount is a part. [8.2]                                                                   Unit rate: A rate in which the denominator is 1. [7.1] Simplest form: An equivalent expression written with the          Unit ratio: A ratio in which the denominator is 1. [7.1] fewest symbols and smallest numbers possible. [3.2, 5.2]

Solution: Variable: A symbol that can vary or change in value. [1.2]  A number that makes an equation true when it 

 replaces the variable in the equation. [1.2, 4.1, 9.3]                     Vertex: A point where two lines join to form an angle. [9.1, 9.4] Solve: To find the solution or solutions to an equation. [4.1]         Vertical angles: A pair of congruent angles formed by the Square root:                                                     intersection of two lines. [9.1] The square root of a given number is a number whose square is the given number. [2.4]                            Voltage: The electrical pressure created by current, measured 

Square unit:                                                    in volts, V. [2.6] A 1 * 1 square. [1.3]

Standard form: Volume: The total number of cubic units that completely fill an   A number written using the place-value 

 system.                                                                         object. [1.6] [1.1]

 

Statistic: A number used to describe some characteristic of a         Weight: A measure of the downward force due to gravity. set of data. [1.5] [2.2, 7.3] Straight angle: An angle measuring 180 . [9.1] Weighted mean: A mean that takes into account that some Subset: A set within a set. [1.1]                                        scores in the data set have more weight than others. [6.5]

Subtraction: An operation of arithmetic that can be interpreted      Whole numbers: 0, 1, 2, 3, c [1.1] as 1. take away, 2. difference, or 3. unknown addend. [1.2]

Subtrahend:                                                x-intercept: A point where a graph intersects the x-axis. [9.3] The number following a minus sign in a subtrac-tion problem. [1.2]

Sum: y-intercept: A point where a graph intersects the y-axis. [9.3]  The answer in an addition problem.  [1.2]
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A                               converting American units             Commutative property

Absolute values, 91–92                           of, 487–488                              of addition, 13

Acute angles, 586                              converting metric units of, 498–500          of multiplication, 27

Acute triangles, 592–593                        finding, given vertices, 627–628                 Complementary angles, 255, 586

Addends                              of parallelograms, 59–60, 242                Complex fractions, defined, 309

defined, 13                               of rectangles, 35–36                           Composite numbers, 182–184

equations with unknown,                  of trapezoids, 340, 352                         Composite shapes

18–19, 108                               of triangles, 298–299                         applications, 64–68, 427–428

subtraction as unknown, 17, 18–19        Associative property                          defined, 63

Addition                                   of addition, 14                            finding area and volume of, 68

applications. See under specific topics           of multiplication, 27                        Compound interest, 567–570

associative property of, 14                 Average rate, 132–133                        Cones, volume of, 425–426

commutative property of, 13             Averages. See Means                       Congruent angles, 255, 586

of decimal numbers, 385–386, 387–388    Axes, defined, 603                         Congruent triangles, 594–596

 

Additive inverses, 99 of fractions                                                                                 Conjugates, multiplying, 176 B Consecutive interior/exterior angles, 589 with different denominators, 327 Back-end ratios, 509–512 with same denominator, 324–325 Constants, defined, 17 Balance method, 229–230 of integers, 96–99 Conversion factors, defined, 485 Bar graphs, interpreting, 8–9 of mixed numbers, 328–332 Coordinate system. See Rectangular Base unit, defined, 494 in order of operations, 50, 124 coordinate  system Base-10 system, 2 of polynomials in one variable, 163–164 Corresponding angles, 589 Better buy determination, 469 principle of equality, 229–232, 238–241 Cost, defined, 109 Binary code, 32–33 of rational expressions Credit card interest calculation  Binomials with different denominators, 328 methods, 570 defined, 156 with same denominator, 326–327 Credit scores, 510 multiplying, 174–176 of whole numbers, 13–14 Cross products, 280–281 Bits, 32–33 Cubic units, defined, 60 Boxes “Algebra,” word origin, 233 Current (electricity), 132 surface area of, 204–205, 242 Alternate interior/exterior angles, 589 Cylinders, volume of, 424 volume of, 60–61, 242 American measurement Braces/brackets in order of operations, converting between metric and, D 50, 124 502–506 Debt-to-income ratios, 509–512 Brahmagupta, 88 converting units within, 485–491 Decimal notation, 377

Amortization, 570–572                     C                                        Decimal numbers

Amps (A), 132                            Capacity conversion                         adding, 385–386, 387–388

Angle-angle-side postulate, 594                between American and metric units,         applications

Angles                                      503–504                                adding/subtracting, 389–390

acute, 586                                    between American units, 488–489               dividing, 413

alternate interior/exterior, 589                between metric units, 496–497                   multiplying, 401–402

applications                             Carrying, defined, 13                             one unknown, 438–439

equations involving, 255–256          Cartesian coordinate system. See                  simplifying expressions, 418–420

with fractions, 354–355                    Rectangular coordinate system                 two unknowns, 442–444

involving fractions, 354–355           Cavendish, Henry, 132                         comparing, 380–381

complementary, 255, 586                Centroid, finding, 625–627                     dividing, 406–408

congruent, 255, 586                       Circle graphs, drawing, 531                    equations with, 389, 413, 436–438

consecutive interior/exterior, 589         Circles                                          in exponential form, evaluating, 397

corresponding, 589                         applications                               graphing on number line, 379–380

definitions, 254, 586–590                        area, 341–342, 423–424                    monomials with, 399–400, 412

formed by intersecting lines, 590–592           circumference, 301–302, 413–414          multiplying, 395–397

obtuse, 586                                    radius and diameter,                      polynomials with, 388–389, 400–401

right, 59, 586                                          299–301, 315                             Pythagoreans and, 442

straight, 586                                   defined, 300                                  rounding, 381–382

supplementary, 255, 586                    finding area of, 341–342                     in scientific notation, 397–399

in triangles, 592–596                          finding circumference of, 301–302            signed, 387–388, 396–397

vertical, 588                                    finding radius and diameter of,               square roots involving, 410–412

Angle-side-angle postulate, 594                   299–301, 315                             subtracting, 386–388

Applications. See under specific topics          Coefficients, defined, 154                        writing

Archimedes, 428                          Combinatorics, 31–32                           fractions and mixed numbers as, 

Area                                 Commission problems, 544–545                   408–409

of circles, 341–342                          Common denominators, 280–281. See also          as fractions or mixed numbers, 

of composite shapes, 64–67, 68               Least common denominator (LCD)               377–379
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as percents, 529–531                   Expanded form, 3–4, 34                           eliminating fractions using LCD, 

percents as, 528–529                   Exponential form                                    348–351

word name for, 379                     with decimal bases, 397                       solving, 312–313, 332

Degree                                   evaluating numbers in, 32–33              equivalent, 278–279, 320–321

of monomials, 154                         with negative bases, 116–117                expressions with, 339

of polynomials, 156–157                    writing repeated factors in, 34               graphing on number line, 278

Denominators. See also Fractions; Least       Exponents in order of operations, 50, 124        LCD of, 320–321

common denominator (LCD)           Expressions. See also Rational expressions      multiplying, 291–293

common, 280–281                       applications, 422                         in order of operations, 337–338

defined, 52, 273                             equations vs., 146, 225                       polynomials with, simplifying, 

Descartes, René, 594                            evaluating, 149–150                            342–344

Diameter, finding, 299–301                    with fractions, 339                          proper, 273, 278

Differences, 17–18. See also Subtraction          simplifying numerical, 50–52, 124–127       simplifying

Digits, 2                                            translating word phrases to, 146–149            improper fractions, 287

Dimensional analysis, defined, 485 within mixed numbers, 287

Distance formula, 132–133, 242              F

proper fractions, 285–287

Factor tree method, 185–186

Distributive property, 27–28 when raised to power, 295–296

Dividends, defined, 39                                                                 square root of, 311–312 Factored form, 198–200

Factor-label method, defined, 485

Divisibility rules, 42–43                                                                          subtracting

Division with different denominators, 327  Factors. See also Greatest common factor 

(GCF)

applications. See under specific topics with same denominator, 324–325

of decimal numbers, 406–408                                                         writing defined, 26

equations with unknown, 45–46, 

of fractions, 307–309 as decimal numbers, 408–409

of integers, 117–118 decimal numbers as, 377–379  118–119, 197–198

finding all, 186–187

of mixed numbers, 309–311                                                             as percents, 529–531

of monomials, 194–196, 412                                                               percents as, 528–529 prime, 184–186, 188–190

repeated, writing in exponential  

in order of operations, 50, 124                                                            Free-body diagrams, 101

of polynomials by monomials,                                                     Front-end ratios, 509–511 form, 34

Falling objects, 205

196–197

FOIL method, 175                        G

properties of, 40–43

Formulas. See also American measure-       Galilei, Galileo, 205

of rational expressions, 311

ment; Area; Metric system; Perimeter;     Golden ratio, 465

of whole numbers, 39–44

Volume GPA (grade point average), 421–422

Divisors, defined, 39

circumference, 302                       Graphs and graphing. See also

E                               compound interest, 568                 Number lines

Ellipsis, defined, 2                               defined, 35                                   circle, 531

Embedded grouping symbols, 51             distance, 132–133, 242                      horizontal and vertical lines, 615–616

Equal sign, old and new symbols for, 226       height of falling object, 205                   with integers, 89–90

Equations. See also Linear equations entries         for net, 109                                     interpreting bar and line, 8–9

with decimal numbers, 389, 413,             simple interest, 565                          linear equations in two variables, 

436–438                               surface area of box, 204                       614–615, 624–625

determining if number is solution for,        time, 490                                  Greatest common factor (GCF)

225–227                               with unknown number, 61–62             checking, 188

expressions vs., 146, 225                      for voltage, 132                               factoring out of polynomials,  

with fractions                            Fraction bars in order of operations,                 198–200

eliminating fractions using LCD,          50, 124                                      finding, 187–190

348–351                         Fractions. See also Improper fractions;           LCM vs., 320

solving, 312–313, 332                     Rational expressions                        of monomials, 190–191

translating sentences to, 351–352          adding                                   Grouping symbols in order of  

related, 18–19, 45                                 with different denominators, 327          operations, 50–51, 124

 

symbol for, 5–6                                 with same denominator, 324–325      H translating sentences to, 246–248 applications Horizontal lines, graphing, 615–616 with unknown addend, 18–19, 108 adding/subtracting, 332–333 Hypotenuse, defined, 440 with unknown factor, 45–46, 118–119 dividing, 314–315

Equilateral triangles, 73, 253                         multiplying, 297–298                   I

Equivalent expressions, 321–322                  one unknown, 352–353               Improper fractions

Equivalent fractions, 278–279, 320–321             simplifying expressions, 418–420         defined, 273

Eratosthenes, 184, 428                             two unknowns, 353–355                 graphing on number line, 278

Estimating                                  comparing, 280–281                       simplifying, 287

differences, 18                                 complex, 309                                 writing

products, 29                                defined, 273–274                              as mixed numbers, 274–276

quotients, 44                                 dividing, 307–309                               mixed numbers as, 276–278

sums, 15                                  equations with fractions                 Inequalities, symbols for, 5–6
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Integers                                        graphing, 615–616                          in order of operations, 337–338

absolute value of, 91–92                      solving                                      simplifying fractions within, 287

adding, 96–99                                using addition principle of  equality,       subtracting, 328–332

applications                                      229–232                              writing

adding, 99–101                            using multiplication principle of             as decimal numbers, 408–409

dividing, 121                                   equality, 237–238                         decimal numbers as, 377–379

multiplying, 121                            when fractions are present, 350–351          as improper fractions, 276–278

subtracting, 109–110                   Linear equations in two variables                  improper fractions as, 274–276

comparing, 90–91                         applications, 624–625                    Modes

defined, 88–89                            determining whether ordered pair is         applications

dividing, 117–118                              solution for, 611–612                         among other operations, 420

graphing, 89–90                            finding coordinates of x- and                   with fractions, 338–339

multiplying, 114–116                          y-intercepts, 616–617                     finding, 53

subtracting, 106–108                        finding solutions for, 612–613             Monomials

Intercepts, finding coordinates of, 616–617       graphing, 614–615                           with decimal numbers, multiplying, 

Interest                                        Lines                                                399–400

amortization, 570–572                      angles formed by intersecting, 590–592      defined, 153–154, 156

compound, 567–570                      defined, 585                             dividing, 194–196, 412

simple, 565–567                            graphing horizontal and vertical,            dividing polynomials by, 196–197

Inverse operations, defined, 17                    615–616                                 GCF of, 190–191

Irrational numbers, 301, 410–412                parallel, 59, 585                              identifying parts of, 154

Isosceles triangles, 253–254                      perpendicular, 588                           LCM of, 320

Loan amortization, 570–572                    multiplying, 169–171

K                          Loan qualification applications, 509–512      multiplying by polynomial, 172–173

Kelvin scale, 23                               Long division, 43–44                            raised to power, simplifying, 171–172

Key words                            Loss, defined, 109                        Multiples, 280–281. See also Least 

for addition, 15                            Lowest terms, simplifying to, 285–287            common denominator (LCD)

 

L for division, 46                                                                             Multiplication M for fractions, 297, 351 applications. See under specific topics Mass conversion for multiplication, 29 of binomials, 174–176 between American and metric  for percents, 534–540 of decimal numbers, 395–397 units, 504 in sentences, 246–248 of fractions, 291–293 between metric units, 497–498 for subtraction, 20 of integers, 114–116 Means in word phrases, 146–149 of mixed numbers, 293–295 applications of monomials, 169–171, 172–173, among other operations, 420 399–400 Least common denominator (LCD) with fractions, 338–339 in order of operations, 50, 124 eliminating fractions in equations with unknown addend, 352–353 of polynomials, 172–173, 174–179,  using,  348–351 weighted, 421–422 400–401 writing finding, 52 principle of equality, 237–241 equivalent fractions with, 320–321 involving fractions, 338 properties of, 27–28 equivalent rational expressions Measurement. See American of rational expressions, 295 with, 321–322 measurement; Metric system of whole numbers, 26–28 Least common multiple (LCM), 318–320 Medians Multiplicative inverses, 307–308 Legs of triangle, defined, 440 applications Multivariable polynomials, defined, 155 Length conversion among other operations, 420 Musa al-Khowarizmi, Mohammed ibn, between American and metric units, with fractions, 338–339 233 502–503 finding, 53

between American units, 485–487        Medical dosages, 512–513                  N

between metric units, 494–496            Metric system                              Natural numbers

Like terms, combining, 158–159                converting between American and,          defined, 2

Line graphs, interpreting, 9                         502–506                                   integers and, 88

Line segments, defined, 585                   converting units within, 494–500            prime and composite, 182–184

Linear equations, identifying, 229. See           prefixes summary, 500                    Negative numbers, 88. See also Integers

also Linear equations in one variable;      Midpoints, 606–607                          Net

Linear equations in two variables         Minuends, defined, 17                         applications, 131, 206–207

Linear equations in one variable             Mixed numbers                               formula for, 109, 206

applications                                adding, 328–332                         Nonlinear equations, defined, 229

two unknown amounts, 251–259        defined, 275                          Number lines

using addition principle of  equality,       dividing, 309–311                             decimal numbers on, 379–380

232–233                            graphing on number line, 278              fractions or mixed numbers on, 278

using multiplication principle             multiplying, 293–295                        integers on, 89–90

of equality, 241–242                    negative, adding/subtracting, 331–332       whole numbers on, 5
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Numbers. See also Decimal numbers;           finding midpoint of two, 606–607         Radius, finding, 299–301, 315

Integers; Natural numbers; Whole           plotting in rectangular coordinate         Rates

numbers                               system, 604–605                      applications, 512–513

in exponential form, evaluating, 32–33    Polynomials. See also Monomials;               defined, 467–468

irrational, 301, 410–412                        Polynomials in one variable                  writing as unit rate/price, 468–469

overview, 2                                 applications, 203–207                    Rational expressions

rational, 277–278, 287, 412                    with decimal numbers, 388–389              adding

real, 411–412                                  with decimal numbers, multiplying,             with different denominators, 328

rounding, 6–8                                400–401                                   with same denominator, 326–327

Numerals, 2                                defined, 155–156                          defined, 287

Numerators, 52, 273. See also Fractions          in descending order of degree, 157           dividing, 311

Numerical expressions, simplifying,            dividing by monomial, 196–197             LCD of, 321–322

50–52, 124–127                             factoring GCF out of, 198–200               multiplying, 295

with fractions, simplifying, 342–344          simplifying, 287–288

O

identifying degree of, 156–157               subtracting

Obtuse angles, 586

multiplying, 174–179 with different denominators, 328

Obtuse triangles, 592–593

multiplying by monomial, 172–173 with same denominator, 326–327

Ohms, 132

Polynomials in one variable Rational numbers, 277–278, 287, 412

One

adding, 163–164                        Ratios. See also Percents; Proportions

dividing by, 40

defined, 155                              debt-to-income, 509–512

multiplicative property of, 27

simplifying by combining like terms,         defined, 463

Order of operations agreement, 50, 124, 

158–159                               golden, 465

337–338, 418

subtracting, 164–166                        unit, 467

Ordered pairs

Positive numbers, 88. See also Integers writing in simplest form, 463–465

defined, 603

Powers. See also Exponential form           Rays, defined, 585

determining quadrant for, 605–606

simplifying fractions raised to,             Real numbers, 411–412

as solution for equation with two 

295–296                            Reciprocals, finding, 307–308

unknowns, 611–612

simplifying monomials raised to,         Recorde, Robert, 226

Origin, defined, 603

171–172                            Rectangles

P                               of ten, 34                           area of, 35–36

Parallel lines, defined, 59, 585                 Prime factorization                              perimeter of, 58, 242

Parallelograms, area of, 59–60, 242              finding, 184–186                          Rectangular arrays, 30–32

Parentheses in order of operations, 50,           finding GCF using, 188–190              Rectangular coordinate system

124                                      finding LCM using, 319–320               determining coordinates of points, 

Percents. See also Interest                          simplifying fractions using, 285–286             603–604

applications                             Prime numbers, 182–184                       determining quadrant for ordered 

decrease, 556–560                     Principal, defined, 565                            pairs, 605–606

increase, 554–555, 556–560             Principal square root, 120                       finding midpoint of two points in, 

solving for unknowns, 544–546        Probabilities, determining, 465–466                606–607

of decrease, 555, 558                       Problem-solving outline, 62–68. See also         plotting points in, 604–605

defined, 528                              applications under specific topics           Regrouping, defined, 13

of increase, 554, 558                        Products, 26, 29. See also Multiplication       Related equations, 18–19, 45

sentences involving, 534–540             Profit, defined, 109                          Remainders, defined, 39

writing                                 Proper fractions                            Resistance (electricity), 132

as fractions or decimals, 528–529          defined, 273                              Revenue, defined, 109

fractions or decimals as, 529–531          graphing on number line, 278            Right angles, 59, 586

Perfect squares, 119                           Proportions                                  Right triangles, 592–593

Perimeter                                    applications, 477–478                    Roots in order of operations, 124. See also

defined, 16                               defined, 475–476                          Square roots

of rectangles, 58, 242                          solving percent sentences using,           Rounding

of triangles, 203–204                             534–540                                   decimal numbers, 381–382

Periods                                      unknown lengths in similar figures,          whole numbers, 6–8

defined, 3                                   479–480

powers of 10 and, 34                        unknown value in, 476–477              S

Perpendicular lines, defined, 588            Pyramids, volume of, 425                   Scientific notation, 397–399

Pi (p), defined, 301                          Pythagorean theorem, 440–442              Sentences

 

Place values, 2–4 510–511                                                                         involving percents, 534–540 Quadrants, 605–606 translating to equations, 246–248 Quotients, 39, 44. PITI payments, calculating maximum,                                                    involving fractions, 351–352 Q See also Division

Planes, defined, 585                                                                   Sets, defined, 2 Points                                      R                                          Shapes. See Composite shapes; specific 

defined, 585                            Radicals, 120, 124                             shapes

determining coordinates of, 603–604      Radicand, 120                              Side-angle-side postulate, 594

Index      I-5

 

Side-side-side postulate, 594                 Trapezoids, area of, 340, 352, 423–424        Voltage, 132 Signed numbers. See Decimal numbers;      Triangles                                  Volume

Integers                                     angles in, 592–596                           of boxes, 60–61, 242

Similar figures, unknown lengths in,            applications                                of composite shapes, 67–68

479–480                                    area, 299, 423–424                       of cones, 425–426

Simple interest, 565–567                           perimeter, 203–204                       of cylinders, 424

Simplest form, defined, 155, 285                   Pythagorean theorem, 440–442           of pyramids, 425

Simplifying. See also under Fractions             area of, 298–299                              of spheres, 426

numerical expressions, 50–52               congruent, 594–596

W

polynomials in one variable, 158–159        equilateral, 73, 253

Weight conversion

polynomials with fractions, 342–344         isosceles, 253–254

between American and metric units, 

Slope, defined, 463                            perimeter of, 203–204

504

Solutions, defined, 19. See also Equations     Trinomials, defined, 156

between American units, 489

Speed, converting American units of, 

U                          Weighted means, 421–422

490–491

Unit price                                   Whole numbers

Spheres, volume of, 426

applications                                adding, 13–14

Square roots

better buy determination, 469             applications

of decimal numbers, 411

long-distance calls, 420–421                  adding, 15–17, 21

of fractions, 311–312

multiplication, 401–402                      dividing, 46

of non-perfect squares, 410–412

defined, 468–469                             multiplying, 29–32, 35–36

in order of operations, 124

Unit rates                                          subtracting, 20, 21

of perfect squares, 119–120, 411

defined, 468                              defined, 2

Square units, 35

medical dosages application, 512–513        dividing, 39–44

Standard form, 3–4

Unit ratios, 467                                   graphing on number line, 5

Statistics, defined, 52

Units of measurement. See American           integers and, 88

Straight angles, 586

measurement; Metric system               multiplying, 26–28

Subsets, defined, 2

Unknowns                           Pythagoreans and, 442

Subtraction

addends, 17, 18–19, 108                      subtracting, 17–18

applications. See under specific topics

decimals, 438–439, 442–444                  writing word name for, 4

of decimal numbers, 386–388

factors, 45–46, 118–119, 197–198 Word name for whole numbers, writing, 4

of fractions

in formulas, 61–62 Word phrases, translating to expressions, 

with different denominators, 327

involving fractions, 352–355                 146–149

with same denominator, 324–325

lengths in similar figures, 479–480        Word sentences. See Sentences

of integers, 106–108

linear equations with two, 611–613

of mixed numbers, 328–332                                                       X

in percent sentences, 534–540

in order of operations, 50, 124                                                            x- and y- axes, defined, 603

of polynomials in one variable, 164–166                                                 x in polynomials, 197–198- and y- intercepts, finding coordinates 

in proportions, 476–477, 479–480

of rational expressions                                                                     of, 616–617

two unknown amounts, 251–259, 

with different denominators, 328

353–355                            Z

with same denominator, 326–327

 

Subtrahends, defined, 17                                                               additive inverses and, 99 Variables, defined, 16 divisions with, 40–41 Sums, 13, 15. of whole numbers, 17–18                                                         Zero V

Supplementary angles, 255, 586                                                           exponent of, 195 624–625 intercepts and, 616–617 See also Addition               Velocity of ball thrown straight up, 

Surface area of box, 204–205, 242             Vertical angles, 588

multiplicative property of, 27

T                                 Vertical lines, graphing, 615–616

Ziggurats, 72–73

Vertices

Temperature, converting units of, 504–506

finding area given, 627–628

Terms of polynomial, identifying, 155–156

finding centroid given, 625–627

Theoretical probability, defined, 465

Time, converting units of, 490

Transversals, 588–589
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Index of Applications

 

Astronomy                          Photocopy paper usage, 30               Piping and tubing, 370, 464, 516

Andromeda galaxy, 403                   Price increase or decrease, 562, 649          Power amplifier, 545

Crater on Mimas, 445                      Printing and photocopying, 48              Pyramids, 73, 347, 403, 433, 434, 446, 483

Escape velocity, 493                          Produce shipping, 304                       Roofing, 255–256, 260, 442, 463, 470, 516

Extraterrestrial life, 287                        Product design, 193, 299                      Room dimensions, 181, 235, 488, 491, 553

Intergalactic distances, 403                    Product packaging, 46, 48                    Security, 261, 267

Light-year, 403, 493, 501                       Product sales, 206–207, 209, 219, 221,          Structural supports, 354, 375, 441–442, 

Meteors, 520                                  223, 250, 257–259, 262, 263, 267, 269,          445, 446, 648

Milky Way galaxy, 306, 435, 501                353–354, 444, 446, 447, 459, 461            Suspension bridge design, 261

Orbit velocity, 493                            Production, 257, 258, 263, 562, 630            Total price of a house with upgrades, 16

Proxima Centauri, 403                      Profit, 23, 92, 563                            Water tower, 434

Solar system, 4, 6, 10, 11, 23, 323, 403, 414,     Revenue, 373, 526, 562                         Windows and doors, 256, 267

416, 417, 435, 553                           Sales commission, 447, 544–545, 547, 548,     Wiring, 441, 442

Space shuttle, 92, 135, 416                        553, 576, 577, 581                           Wooden beams in a ceiling, 192

Stars in the visible universe, 181              Sales representatives, 235, 353                Wrench, 507

 

Sun’s temperature, 23                       Selling land, 113                             Consumer Storage tanks, 357 Telescopes, 262, 317 Buying stamps, 48 Temperature on the moon, 109, 507 Carpet cleaning charges, 482 Chemistry

Automotive                                                               Cell phones, 439, 648 Absolute zero, 507

Acceleration, 245                                                                        Clothing, 369 Acetone solution, 544

Automobile color, 298, 333 Comparison shopping, 469, 473, 515, 517,  Boiling temperature of water, 92, 505

Engines, 53, 414, 470                                                                           518, 523, 526 Carbon dioxide freezing point, 92

Fuel efficiency, 478, 482                                                                     Cost of gasoline, 401–402, 404,  Chemical compounds, 470

License plates, 38                                                                              547–548, 563 Evaporation experiment, 335

Merging into a lane, 493                                                                  Cost of seafood, 402, 455, 458 Freezing point of water, 505

Skid marks, 493 Food and beverage consumption, 38, 482  Gold melting point, 89

Tires, 258, 336 Food and beverage servings, 315, 317,  Grains of salt, 435

Volume of an automobile, 67–68                                                         369, 477, 482, 507 Hydrochloric acid, 547

Biology                                Kelvin scale, 507                             Grocery expenses, 559

Ants, 465                                   Liquid oxygen boiling point, 507            House prices, 374

Bacteria reproduction, 38                    Molecular motion, 112                      Landscaping charges, 392

Fish specimens, 345 Rubbing alcohol solution, 547 Long-distance calling, 48, 304, 402, 404, 

 

Fish survival rate, 283                        Supersaturated solution, 20                    420–421, 429, 473, 517 ® M&Ms , 472 Temperature change, 112, 234 Game preserves, 336 Meal menus, 168 Human DNA, 403 Construction/Engineering Meal spending, 37 Oceanography, 507 Access codes, 31–32 Plumber costs, 245, 439 Trees, 306, 375, 416, 470, 483 Architecture, 255–256, 260, 482 Price discounts, 262, 369, 556, 557, 558, 

Business                             Blueprints, 482, 491                          559, 560, 561, 562, 563, 564, 577, 581, 649

Account balance, 20, 21, 392                  Building code, 49, 242                        Purchases, 393

Advertising budget, 549                    Building construction, 482, 546              Rental costs, 245

Balance spreadsheet, 24                     Building dimensions, 64–65, 72, 483          Restaurant tipping, 560–561

Business travel and expenses, 290,            Carpentry, 252–253, 306, 314, 335,             Sales tax, 554–555, 558–559, 560, 561, 562, 

430–431                                 354, 507                                  563, 577, 581

Cash register balance, 21                     Concrete for a swimming pool, 73           Service technician charges, 630

Company cutting costs, 561                 Designing a refrigerator, 70                  Total cost, 394, 404

 

Downsizing, 561 221, 242, 244, 266, 271                      Fencing, 17, 23, 46, 49, 58, 63, 71, 86, 105,      New home sales, 562–563 187, 242, 260, 507 Stock market, 134, 263, 304, 333, 390, Farming, 258, 268 Floor plans, 49, 235, 336 393–394, 402, 430, 455, 458, 472, 517, Manufacturing, 417, 546 Furniture dimensions, 335, 507 559–560, 648 Marketing, 289 Housing development, 372 Taxes, 236, 268, 404 Net (profit or loss), 109, 112, 130, 131, 134, Ladders and stairs, 441, 445, 459, 470 U.S. gross national debt, 11, 89, 403 Company’s break even point, 629, 641          Tower, 113                              Currency exchange, 263 Container or box design, 205, 209, 219, Elevators, 134 Gross Domestic Product, 4 Company expenses, 533                   Distance between decks of Willis             Economics

140, 206–207, 209, 210, 219, 221, 223,       Landscaping, 49, 67, 193, 304, 478

270, 460, 547, 629, 641                      Mining, 103, 110                              Education

Operation cost, 563                          Oil drilling, 123                              ACT scores, 56

Pet store, 263                                  Paving, 72                                     Age of students, 54

AI-1

AI-2   Index of Applications

 

Answer keys, 38                           Home purchase, 234, 390, 392              Perimeter of a trapezoid, 390, 393

Basic skills test, 283                              Income tax deductions, 236                  Perimeter of a triangle, 166, 203–204, 207, 

College funding, 48                          Installment payments, 121, 123, 140, 413,       208, 236, 254, 260, 267, 269, 336, 393

College ID system, 193                         416, 431, 455, 458, 574, 578, 581           Perimeter of an irregular shape, 23, 105, 

College orientation course, 86                 Investment planning, 48                       202, 204, 208, 236, 261, 623

Course pass/failure rate, 283, 546             Loan amortization, 571–573, 574, 579, 581   Pythagorean theorem, 440–442, 445, 446, 

Enrollment in U.S. public and private         Loan and mortgage qualifications, 472,         454, 456

schools, 76, 78                                  510–512, 514–515, 522                     Radius of a circle, 301, 306, 315, 317, 369, 

Grade distribution, 298, 335, 580, 631          Monthly income and expenses, 23, 551, 552      405, 417, 454

Grade point average (GPA), 421–422,          Net (profit or loss) from resale of goods,     Right triangles, 440–442, 445, 446, 516

431, 456                                       130, 131, 134, 142, 144                     Similar figures, 479–480, 482–484, 519, 

Grades in English, 533, 649                   Net monthly income, 581                      523, 583, 648

Group size, 193                              Net worth, 100, 103, 113, 270, 374, 647       Sum of angles in a triangle, 262

Number of words in a textbook, 403          Paycheck amount, 92                      Supplementary angles, 255, 261, 262, 267, 

Pencil, 507                                     Paycheck deductions, 393                      269, 357, 370

Revenue for public education, 8–9            Paying rent, 235                            Surface area of a box, 204, 205, 209, 218, 

SAT scores, 93–94, 104                        Personal spending, 23                         221, 223, 245, 271

Scholarship, 23                               PITI payments, 511, 522                     Volume of a box, 60, 61, 62, 70, 84, 86, 143, 

School’s budget, 549                         Rent-to-income ratio, 472                      171, 178–179, 181, 202, 204, 208, 219, 

State reading comprehension                 Saving for a car stereo, 232–233                244, 336, 375, 405, 460, 525

assessment, 531                          Transportation expenses, 290               Volume of a cell phone, 70

Student loans, 23, 416, 455 Volume of a composite form, 67–68, 73, 

Student-to-faculty ratio, 467, 472, 517, 523     Geometry                                     123, 427–428, 434, 455

Test question responses, 372, 546              Angle measures, 256, 261, 262, 263,          Volume of a cone, 425–426, 433, 455

Test scores, 54, 56, 86, 144, 352–353, 356,           354–355, 357, 370, 375, 649                 Volume of a cube, 435

547, 549, 631                                Area of a circle, 341–342, 346, 370, 373,       Volume of a cylinder, 424, 427–428, 433, 

Tuition and fees, 9, 234, 560                       423–424, 454, 458                             455, 648

University programs, 283                    Area of a composite form, 64–67, 72, 84,     Volume of a digital camera, 70

Environment 270, 347, 370, 427, 434, 435, 454, 459,  Volume of a pyramid, 73, 425, 433, 434, 

461, 583, 648                                  455, 459

Craters, 414, 416, 445 Area of a parallelogram, 60, 61, 70, 84, 86,  Volume of a room or building, 68, 70, 72

Fertilizer, 481, 482

143, 202, 204, 208, 219, 221, 222, 271,  Volume of a sphere, 426, 434, 455, 459

Grand Canyon, 484                          290, 404, 526, 623, 627–628, 647           Government

Lakes and rivers, 445, 484

Area of a rectangle, 35, 38, 49, 79, 80, 123, 

Mount Everest, 10, 92                                                                   Approval ratings, 335, 648

168, 171, 178, 181, 208, 244, 268, 317, 

Rainforest plant life, 445 Fund-raising for a seat in the senate, 23

404, 416, 520, 523, 583

Sahara Desert, 507                                                                      Political polls, 357

Area of a square, 193, 404, 520

South Pole, 508                                                                          Social Security trust fund, 112

Area of a trapezoid, 340, 346, 352, 353, 

Temperature, 89, 93, 100, 103, 109, 112,                                                       U.S. gross national debt, 11, 89, 403

356, 370, 373, 417, 423, 526, 623

113, 130, 140, 144, 234–235, 265, 507, 

Area of a triangle, 299, 305, 317, 356, 369,     Health/Life Science

508, 630

372, 417, 423, 623                          Body mass index (BMI), 432

Tides, 135

Area of a yard, 144                          CPR, 304

Water treatment plant, 482

Centroid, 625, 626, 627, 641, 645             Dentistry, 297–298

Finance                               Circumference of a circle, 302, 306, 369,      Department of Health and Human 

Account balances, 78, 89, 95, 96, 102,              372, 405, 414, 416, 454, 458                     Services,  553

106–107, 110, 112, 113, 130, 140, 390,         Circumference of a sphere, 338–339, 370     Drug dosage, 37, 232, 234, 317, 507, 512, 

392, 455, 629, 631                            Complementary angles, 255, 256, 261           513, 515, 522

Assets and debts, 103, 374                    Congruent angles, 255                      Drug safety experiments, 283

Bank account interest, 432, 565–569,           Diagonal of a rectangle, 445                 Emergency room visits, 552

573–574, 578, 579, 581, 649                  Diameter of a circle, 300, 306, 315, 317,       Eyeglasses, 274

Bank service charges, 121, 123, 142               336, 369, 375, 414, 416, 445, 464           Health care law, 550–551

Bank teller mistakes, 289                      Dimension of a cube, 447                   Health club memberships, 83

Bills and coins, 263, 267, 307, 314, 347,          Dimensions of a box, 181, 202, 244           Heights, 372, 429, 430, 463

435, 443–444, 447, 456, 564                  Dimensions of a rectangle, 202, 242, 244,     Human heartbeats, 29–30, 37, 482

Change received, 458                          245, 252, 267, 355                        IV dosage, 37, 46, 48, 82, 413, 513, 522, 524

Credit card balances, 89, 96, 97, 100, 102,        Equilateral triangles, 253, 261                Memory experiment, 282

103, 123, 130, 140, 142, 223, 232, 234, 265     Isosceles triangles, 253–254, 260, 269, 461    Normal body temperature, 508

Credit card interest, 569–571, 574              Midpoint, 606–607, 609, 638, 644            Nutrition, 416, 471, 552

Debt or loan balance, 92, 123, 140, 509,         Perimeter of a parallelogram, 143, 207, 208   Person’s weight and mass, 507

510                                    Perimeter of a rectangle, 16, 17, 49, 57, 58, Radiation treatment, 416

Debts and credits, 98, 390                        63, 83, 86, 123, 159, 162, 164, 166, 207,     Reaction time, 493

Debt-to-income ratio, 467, 472, 524               208, 219, 222, 245, 260, 266, 267, 271,      Side effects, 297

Home equity, 553                             375, 354, 526                           Taste tests, 282

Index of Applications      AI-3

 

Weight loss, 562, 578                         Miscellaneous                             Skydiving, 205, 209

Weights of children, 83                       Animal rescue, 23                           Softball, 445

Big Ben clock tower, 306                     Swimming, 507

 

Dice and card games, 466, 471, 472, 515,       Cooking, 304, 317, 464, 482, 507, 508, 516     Statistics/Demographics 517, 523 Cosmetics, 257, 263, 289 Disney park attendance, 24–25 Age distribution, 287 Court trials, 493 Fish tank dimensions, 244 Concert chairs, 31                                                                         Track and field, 317, 468, 507 Combination locks, 32, 38 Hobbies/Entertainment                 Chemical storage tanks, 357               Swimming pool dimensions, 168, 266

Average female life span, 37

 

Model rockets, 645                                                                    Product preference, 297–298 Leaning Tower of Pisa, 209 Movies, 112, 286–287 Surveys and opinion polls, 286–287, 289, Liberty Bell, 306 Mozart, 549 298, 333, 335, 357, 369, 461, 531, 533, Lunch menu choices, 168 Music CDs, 372 543, 545, 549, 550–551, 577, 648 Noah’s ark, 508 Radio broadcast, 403 Work-to-home distance, 304 Painter’s canvas, 192 Reading, 478 World’s population living without elec-Pumpkin growth, 338–339 Reflecting pool in Washington, D.C., 245 tricity, 553 Receiving mail, 471 Television, 298, 549 Sculpture design, 209 Technology Theater seats, 554 Snail climbing out of a well, 105 Guitars, 269, 304, 335, 471                                                                    Home state demographics, 472 Firefighting, 446 Horse racing, 345, 346 Median family income, 4 Food bank, 20 Lotteries and drawings, 466, 472, 523 Population, 11, 12, 403, 471, 474 Jewelry, 271 Gross revenue for Avatar, 25                                                              Gender ratios, 470, 516 Fair division, 357 Cutting ribbon, 372

Binary codes, 38, 80

Ticket sales, 23

Top grossing movies, 86, 112

Physics                               Computer chips, 245, 289

Computer hardware, 445, 523

Top grossing tours, 57                        Distance an object travels, 432

Computer memory, 357

U.S.S. Arizona memorial, 245                 Electrical circuits, 21, 24, 132, 134, 140, 

Computer software, 38

142, 245, 404, 416

Household                                                             Lasers, 261, 262, 267

 

Deck staining, 38                                                                        Transportation Resultant force, 101, 104, 140 Energy costs, 222, 304, 404, 456, 562,  Speed of light, 11, 403 Airplanes, 20, 70, 92, 317, 404, 416, 433 563, 578 Speed of sound, 317, 492 Average rate of speed, 133, 134, 135, 140, Flooring, 38, 57, 67, 72, 79, 190 Velocity of an object, 245, 624–625, 628, 317, 468, 473, 517, 523 Garden plan, 518–519 645 Busses, 70, 133, 494 Living space, 23 Commuter train, 133 Molding and bordering, 16, 23, 49, 57, 63, Social Sciences Distance between cities, 519, 523 70, 71, 123, 260 Archaeological dig, 235 Driving distance, 140, 142, 305, 404, 577 Picture frames, 335 Child population, 297 Driving time, 242, 244 Carpeting, 36, 38, 72, 80, 488, 520, 524                                                         MIDI devices, 38 Free-falling objects, 209, 219 Chair railing, 71 Power amplifiers, 545 Marbles, 205 Curtains, 317 Television circuits, 245 Particle accelerator, 306 Appliances, 92, 427                                                                      Microphones, 269 Force, 121 Energy of a particle, 431, 432

Shelf design, 262                             Crime, 473–474

Helicopter, 445

Sodding a yard, 65–67                      Daily schedule, 549

Maps, 347, 519, 523

Storage, 375, 428                              Fund-raising, 20, 357, 553

Parking facilities, 37

Wall painting, 38, 72, 86, 123                   Hugs, 25

Search and rescue helicopter, 70

Water bill, 562                                 Inmate gender, 552

Ship travel, 135

Wood sealant, 519                          Presentation rating, 533

Submarines, 89, 100, 103, 109, 110, 121, 

Retirement seminar, 583

Labor                                                                    130, 133, 134

Teenage smoking, 274

Dealership salesperson incentives, 20                                                    Titanic, 92

Employee bonus, 82                       Sports                                 Traffic accidents, 493

Employees out with the flu, 554             Baseball, 445, 549                           Traffic signs and lights, 37, 507

Highest paid actors, 583                      Basketball, 267, 414, 549                     Travel planning, 347

Raises, 553, 555, 557–558, 559, 560, 561,        Billiards, 262                                  Tunnel, 92

562, 564, 578, 581                           Bowling, 434                                 Uneven pavement, 493

Social worker case load, 563                  Cycling, 305, 464, 468, 470

Wages and salaries, 12, 37, 48, 54, 56, 78,       Football, 31, 36, 92, 274, 494, 507, 549

82, 357, 474, 556, 561, 562, 563, 578,         Heights/weights of athletes, 54, 56

581, 631                                   Kite flying, 483

Working day hours, 274                    Marathons, 507
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The Real Number System

Real Numbers

 

Rational Numbers: Real numbers that can    Irrational Numbers: Real numbers 

 

be expressed in the form a                   that are not rational, such as -22, , where a and b b-2 3, 2 0.8, and p . 3 2 are integers and b ⬆ 0, such as -4 , -, 4 3 5 0.018, 0.3, and . 8

 

Integers: c, -3, -2, -1, 0, 1, 2, 3, c

 

Whole Numbers: 0, 1, 2, 3, c

Natural Numbers: 1, 2, 3, c

 

Arithmetic Summary Diagram

Each operation has an inverse operation. In the following diagram, the operations build from the top down.  Addition leads to multiplication, which leads to exponents. Subtraction leads to division, which leads to roots.

Properties of arithmetic:                             Addition                                     Substraction Inverse Commutative property of addition (combining amounts) (taking away)  Operations

a + b = b + a

Associative property of addition

 (a + b) + c = a + (b + c)                       Multiplication              Inverse                  Division Commutative property of multiplication                                      Operations (repeated addition)         (repeated subtraction) a # b = b # a

Associative property of multiplication

(ab)c = a(bc)                                                            Inverse Exponents                 Roots Distributive property                                                           Operations (repeated multipication)           (repeated division) a(b + c) = ab + ac

 

Units of Measurement

Distance           Area                     Volume                      Capacity Inches (in.)                               2                                    3 Square inches (in. ) Cubic inches (in.)                 Ounces (oz.) Feet (ft.)                                  2                                     3 Square feet (ft. ) Cubic feet (ft.)                      Cups (c.) Yards (yd.)                             2                                     3 Square yards (yd. ) Cubic Yards (yd.)                 Pints (pt.) Miles (mi.)                             2                                     3 Square miles (mi. ) Cubic miles (mi.)                 Quarts (qt.)

Gallons (gal.)

Centimeters (cm)                           2                                    3 Square centimeters (cm. ) Cubic centimeters (cm or cc) Meters (m)                          2                                      3 Square meters (m ) Cubic meters (km)               Milliliters (ml) Kilometers (km)                          2                                    3 Square kilometers (km ) Cubic kilometers (km)          Liters (l) Light-years (lt-yr)                              2                                     3 Square light-years (lt-yr ) Cubic light-years (lt-yr)

 

Mass           Weight       Temperature          Time          Speed Slugs              Ounces (oz.)    Degrees Fahreheit (°F)    Years (yr.)       A distance unit over

Pounds (lb.)     Degrees Celsius (°C)      Days (d.)         a time unit

Milligrams (mg)    Tons (T)        Kelvin (K)               Hours (hr.) Grams (g)                                                Seconds (sec.)    Miles per hour (mi./hr.) Kilograms (kg)     Newtons (N)                                          Meters per second (m/sec.) Metric tons (t)

Geometry Formulas

 

Parallelogram                            Triangle

 

(Includes squares and rectangles)                                                        1 Area: A = bh

h                       2

h                      Area: A = bh

b

b

 

Trapezoid                                Box 

a

 

h                                1                              Volume: V = lwh h Area: A = h 1 a + b 2 2 Surface Area: SA= 21lw + wh + lh2 w b l

 

Pyramid                              Circle

 

Volume: V = 1 lwh                                  Circumference: C = pd  or C = 2pr

h                          3

w                                                      Area: A = r pr 2

l                                                                                                                                                d

 

Cylinder                                   Cone

 

h              Volume: V = p 2                                        h    Volume:         r h r                                                                                                 V   1   2 = p r h                                                      3

r

 

Sphere                               Pythagorean theorem

(For right triangles)

 

r                            4     3 Volume: V = p r                                            c ( hypotenuse          2      2      2 a a 3 + b = c )

b

 

1 1
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