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Bello Basic College Mathematics

How to Use this Book: A Manual for Success

This brief guide shows you how to use the book effectively: Use It and Succeed!
Itis as easy as 1, 2, 3.

BEGINNING OF THE SECTION
1. To succeed: Review the suggested topics at the beginning of each section
2. Objectives: Identify the tasks you should be able to perform (organized by section)
3. Getting Started: Preview the topics being discussed with a familiar application

EXAMPLES AND PAIRED MARGIN PROBLEMS
1. Examples: Explain, expand and help you attain the stated Objectives
2. Green Math Examples: Usually the last Example in each section deals with the environment
3. Paired Margin Problems: Reinforce skills in the Examples. (Answers at the bottom of page)

CHECK FOR MASTERY
To reinforce key terms and get ready for the Mastery Test that follows
Get a quick checkup to make sure you understand the material in the section
Check in advance your understanding of the material in the next section

CONNECT WITH THE EXERCISES
Boost your grade with Connect Practice Problems, Self Tests, and Videos.

Practice by doing! Interesting Applications included
Marked with a Green bar in the margin; math applied to the Environment

SUMMARY, REVIEW AND PRACTICE TEST

Easy-to-read grid details the items studied and their meaning and gives an Example
Coded by Section number; do them and get extra reinforcement and practice!
Answers give Section, Example and Pages for easy reference to each question

EXTRA, EXTRA

Covers topics from present and prior chapters. Review all the material!
Worked out odd numbered solutions, all Reviews and Cumulative Reviews
Authors working problems from the Practice Test step by step
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® About the Author

Ignacio Bello

attended the University of South Florida (USF), where
he earned a B.A. and M.A. in Mathematics. He began
teaching at USF in 1967, and in 1971 became a member
of the Faculty at Hillsborough Community College
(HCC) and Coordinator of the Math and Sciences
Department. Professor Bello instituted the USF/HCC
remedial program, a program that started with 17 students taking Intermediate Algebra and grew to more than 800
students with courses covering Developmental English, Reading, and Mathematics. Aside from the present series of
books (Basic College Mathematics, Introductory Algebra, and Intermediate Algebra), Professor Bello is the author
of more than 40 textbooks including Topics in Contemporary Mathematics (ninth edition), College Algebra, Algebra
and Trigonometry, and Business Mathematics. Many of these textbooks have been translated into Spanish. With
Professor Fran Hopf, Bello started the Algebra Hotline, the only live, college-level television help program in Florida.
Professor Bello is featured in three television programs on the award-winning Education Channel. He has helped
create and develop the USF Mathematics Department Website (http://mathcenter.usf.edu), which serves as support
for the Finite Math, College Algebra, Intermediate Algebra, and Introductory Algebra, and CLAST classes at USF.
You can see Professor Bello’s presentations and streaming videos at this website, as well as at http://www.ibello.com.
Professor Bello is a member of the MAA and AMATY C and has given many presentations regarding the teaching of
mathematics at the local, state, and national levels.
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McGraw-Hill Connect

Less Managing.
More Teaching.
Greater Learning.

McGraw-Hill conducted in-depth research to create a new learning experience that
meets the needs of students and instructors today. The result is a reinvented learning
experience rich in information, visually engaging, and easily accessible to both

instructors and students.

McGraw-Hill’s Connect is a web-based
assignment and assessment platform that
helps students connect to their coursework
and prepares them to succeed in and beyond
the course.

Connect enables math and statistics
instructors to create and share courses
and assignments with colleagues and
adjuncts with only a few clicks of the
mouse. All exercises, learning objectives,
and activities are directly tied to text-
specific material.
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McGraw-Hill has partnered with
Blackboard Inc.to offerthe deepest
integration of digital content and
tools with Blackboard’s teaching
and learning platform.

GF!E_:\T[R ELENIHE

Create assignments and sssessments from
v‘: he library or anything you find on the Web.
s

How was McGraw-Hill’s Connect better developed than other sites in the market?

McGraw-Hill’s Connect was developed with the instructor’s needs in mind. Instructors with subject matter expertise in their respective
course area worked with our vendors to build content that is accurate, maintains the intent of the original problem from the text, and is

consistent with our authors’ teaching methods.

Simple User Interface

Connect offers a variety of
problem types with easy to use
interface for students to input
answers and receive various

levels of feedback and help.
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From the Author

The Inspiration for My Teaching

I was born in Havana, Cuba, and | encountered some of the same challenges in
mathematics that many of my current students face, all while attempting to overcome
a language barrier. In high school, | failed my freshman math course, which at the
time was a complex language for me. However, with hard work and perseverance,
I scored 100% on the final exam the second time around. While juggling various
jobs in high school (roofer, sheetrock installer, and dock worker), | graduated and
received a college academic scholarship. I first enrolled in calculus and made a “C.”
Never one to be discouraged, | became a math major and worked hard to excel in
the courses that had previously frustrated me.

While a graduate student at the University of South Florida (USF), | taught
at a technical school, Tampa Technical Institute, a decision that contributed to my
resolve to teach math and make it come alive for my students the way brilliant
instructors such as Jack Britton, Donald Rose, and Frank Cleaver had done for me.
My math instructors instilled in me the motivation to work toward success. Through
my teaching, | have learned a great deal about the way in which students learn and
how the proper guidance through the developmental mathematics curriculum leads
to student success. | believe | have developed a strong level of guidance in my
textbook series by carefully explaining the language of mathematics and providing
my students with the key fundamentals to help them reach success.

A Lively Approach to Build Students’ Confidence

Teaching math at the University of South Florida was a great new career for me,
but | found that students, professors, including myself, and administrators were
disappointed by the rather imposing, mathematically correct but boring book we
had to use. So, | took the challenge to write a book on my own, a book that was not
only mathematically correct, but student-oriented with interesting applications—
many suggested by the students themselves—and even, dare we say, entertaining!
That book’s approach and philosophy proved an instant success and was a precursor
to my current series.

Students fondly called my class “The Bello Comedy Hour,” but they worked
hard, and they performed well. When my students ranked among the highest on the
common final exam at USF, | knew | had found a way to motivate them through
common-sense language and humorous, realistic math applications. | also wanted
to show students they could overcome the same obstacles | had in math and become
successful, too. If math has been a subject that some of your students have never felt
comfortable with, then they’re not alone! This book was written with the mathanxious
students in mind, so they’ll find it contains a jovial tone and explanations that are
patient instead of making math seem mysterious, it makes it down-to-earth and
easily digestible. For example, after explaining the different methods for simplifying
fractions, readers are asked: “Which way should you simplify fractions? The way you
understand!” Once students realize that math is within their grasp and not a foreign
language, they’ll be surprised at how much more confident they feel.

A Real-World Approach: Applications, Student Motivation,
and Problem Solving

What is a “real-world approach”? | found that most textbooks put forth “real-world”
applications that meant nothing to the real world of my students. How many of my
students would really need to calculate the speed of a bullet (unless they are in its
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way) or cared to know when two trains traveling in different directions would pass
by each other (disaster will certainly occur if they are on the same track)? For my
students, both traditional and nontraditional, the real world consists of questions
such as, “How do | find the best cell phone plan?” and “How will | pay my tuition
and fees if they increase by x%?” That is why | introduce mathematical concepts
through everyday applications with real data and give homework using similar,
well-grounded situations (see the Getting Started application that introduces every
section’s topic and the word problems in every exercise section). Putting math in a
real-world context has helped me overcome one of the problems we all face as math
educators: student motivation. Seeing math in the real world makes students perk
up in a math class in a way | have never seen before, and realism has proven to be
the best motivator 1’ve ever used. In addition, the real-world approach has enabled
me to enhance students’ problem-solving skills because they are far more likely
to tackle a real-world problem that matters to them than one that seems contrived.

Diverse Students and Multiple Learning Styles

We know we live in a pluralistic society, so how do you write one textbook for
everyone? The answer is to build a flexible set of teaching tools that instructors and
students can adapt to their own situations. Are any of your students members of a
cultural minority? So am I! Did they learn English as a second language? So did
I You’ll find my book speaks directly to them in a way that no other book ever has,
and fuzzy explanations in other books will be clear and comprehensible in mine.

Do your students all have the same learning style? Of course not! That’s why |
wrote a book that will help students learn mathematics regardless of their personal
learning style. Visual learners will benefit from the text’s clean page layout, careful
use of color highlighting, “Web Its,” and the video lectures on the text’s website.
Auditory learners will profit from the audio e-Professor lectures on the text’s
website, and both auditory and social learners will be aided by the Collaborative
Learning projects. Applied and pragmatic learners will find a bonanza of features
geared to help them: Pretests can be found in MathZone providing practice problems
by every example, and Mastery Tests appearing at the end of every section, to name
justa few. Spatial learners will find the chapter Summary is designed especially for
them, while creative learners will find the Research Questions to be a natural fit.
Finally, conceptual learners will feel at home with features like “The Human Side
of Mathematics” and the “Write On” exercises. Every student who is accustomed to
opening a math book and feeling like they’ve run into a brick wall will find in my
books that a number of doors are standing open and inviting them inside.

Listening to Student and Instructor Concerns

McGraw-Hill has given me a wonderful resource for making my textbook more
responsive to the immediate concerns of students and faculty. In addition to sending
my manuscript out for review by instructors at many different colleges, several
times a year McGraw-Hill holds symposia and focus groups with math instructors
where the emphasis is not on selling products but instead on the publisher listening
to the needs of faculty and their students. These encounters have provided me
with a wealth of ideas on how to improve my chapter organization, make the page
layout of my books more readable, and fine-tune exercises in every chapter so that
students and faculty will feel comfortable using my book because it incorporates
their specific suggestions and anticipates their needs.
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R-I-S-E to Success in Math

Why are some students more successful in math than others? Often it is because
they know how to manage their time and have a plan for action. Students can use
models similar to these tables to make a weekly schedule of their time (classes,
study, work, personal, etc.) and a semester calendar indicating major course events
like tests, papers, and so on. Have them try to do as many of the suggestions on the
“R-1-S-E” list as possible. (Larger, printable versions of these tables can be found
in MathZone at www.mhhe.com/bello.)

Weekly Time Schedule Semester Calendar
Time |[S|M|T|W|R|F|S Wk M| T|W|R|F
8:00 1
9:00 2
10:00 3
11:00 4
12:00 5
1:00 6
2:00 7
3:00 8
4:00 9
5:00 10
6:00 11
7:00 12
8:00 13
9:00 14
10:00 15
11:00 16

R—Read and/or view the material before and after each class. This includes the
textbook, the videos that come with the book, and any special material given to you
by your instructor.

I—Interact and/or practice using the CD that comes with the book or the Web
exercises suggested in the sections, or seeking tutoring from your school.

S—Study and/or discuss your homework and class notes with a study partner/
group, with your instructor, or on a discussion board if available.

E—Evaluate your progress by checking the odd numbered homework questions
with the answer key in the back of the book, using the mastery questions in each
section of the book as a selftest, and using the Chapter Reviews and Chapter
Practice Tests as practice before taking the actual test.

As the items on this list become part of your regular study habits, you will be
ready to “R-1-S-E” to success in math.


www.mhhe.com/bello
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Are you in need of relevant real-world
applications? If so, look no further!

GREEN MRS

EXAMPLE 7 Water usage per day PROBLEM 7
How much water do you use each day? The average American uses as much as a. Inwhat location is the least water
101 gallons each day! The graph shows the water consumption at several locations used?
in the home. b. How many gallons per day are
a. In what location is the most water used? used in that location?
b. How many gallons per day are used in that location? c. What fraction of the total water is
c. What fraction of the total water is used in that location? used in that location?
Home Water Usage/Day

Total 101
a. Toilet (shown gold) Toilet 7
b. 27 gallons veas [ 4

27 Other 5

C. 101 Clothes 2
You can save between 3 and 5 gallons of water by cutting your shower short by one rascer [ 16
minute or flushing your toilet unnecessarily. Shm'o-:; |

Gallons

New to this edition of Bello, Basic College
Mathematics

Green Math Applications

We are learning more about the positive and negative impact we can have on the
Earth’s fragile environment daily. It is everyone’s responsibility to help sustain our
environment and the best way to get people involved is through awareness and
education. The purpose of Green Math Applications is to provide students with the
ability to apply mathematics to topics present in all aspects of their lives. Every day
people see media reports about the environment, fill their car’s tank with gasoline,
and make choices about what products they purchase. Green Math Applications
teach students how to make and interpret these choices mathematically. Students
will understand what it means when they read that this book was printed on paper
that is 10% post consumer waste.

“The ‘Green Math’ applications are a great addition to the text. They answer
the question that students always ask “But where will we ever use this stuff?”—Jan
Butler, Colorado Community Colleges Online

Xi
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Improvements in the Fourth Edition

General

» Unique to this edition and to the Bello mathematics series is the innovative Real-World Approach, Green Math
Applications. New to this text are 59 examples and 224 exercises utilizing this new feature.

» Due to the evolution of our users, the Algebra Bridge feature has been removed from this edition.

Chapter 1

» Headers were added to application problems to
clarify their objective.

* A new diagram was created to better illustrate the
steps involved in Order of Operation problems.

e The rules for solving equations are now labeled as
both Principles and Properties.

» Location of Divisibility of 4, 6, 8, 9, and 10 is now
provided.

Chapter 2
 Clarified the definition of Equivalent Fractions.

» Added the objective and the coverage of the objective
“Solve applications involving LCD” to Section 2.4.

e Changed Getting Starting and Using Your Knowledge
in Section 2.6 to a more relevant topic for the
students.

» Added a section part to Example 4.

 Clarified the steps in the Order of Operations found
in Section 2.7.

» Area of a rectangle, Fundamental Properties of
Fractions, and reducing to lowest terms were added
to the Chapter Summary.

Chapter 3

» Added detail clarifying the steps involved in Order of
Operations.

o Clarified the writing in the text and exercise sets.

Chapter 4

» The emphasis of Section 4.4 is Problem Solving
Involving Proportions.

» Revised the definition of Ratio.
» Revised the definition of Ratio Notation.
* Revised the definition of Rates.

* New Getting Started in Section 4.4 connects the
material to Section 4.3.

* Revised Chapter 4 Summary.

xii

Chapter 5

» Updated the non—-Green Math applications to reflect
current data.

» Revised Chapter 5 Summary.

Chapter 6

» Updated the non—-Green Math applications to reflect
current data.

* Clarified the writing in the text and exercise sets.

e Updated the exercise sets to reflect more current
data.

Chapter 7
* Clarified the writing in the text and exercise sets.

e Updated the exercise sets to reflect more current
data.

Chapter 8

e Added more explanation regarding radius and
diameter of a circle.

 Clarified the writing in the text and exercise sets.

» Updated the exercise sets to reflect more current
data.

Chapter 9

e Revised the definition for Additive Inverse of a
Number.

» Revised the definition for Dividends of Zero.

» Added Objective G: Solve applications involving
rational numbers to Section 9.3.

Chapter 10
o Clarified the writing in the text and exercise sets.

» Added a note to clarify the use of signs in scientific
notation.
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Features and Supplements

Motivation for a Diverse Student Audience

A number of features exist in every chapter to motivate students’ interest in the
topic and thereby increase their performance in the course:

The Human Side
of Mathematics
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To personalize the subject of
mathematics, the origins of The Human Side of Mathematics

numerical nOtathn’ concepts, Here is a quiz for you: name one country that uses the metric system. Almost any country will do except the
and methods are introduced United States. Take a romantic vacation in France. It is a cool day; so you take a 30-minute walk to a nearby
through the lives of real peop|e village, get some cheese and some wine. The temperature (in degrees Celsius, not Fahrenheit), the distance
solving Ordinary problems. (kilometers, noF mll_es), the cheese (kilograms, not pounds), and the wine (liters, not quarts) are all in the metric
system. How did this happen?
Weights and measures are among the earliest tools invented by humans. Babylonians and Egyptians
measured length with the forearm, hand, or finger, but the system used in the United States is based on the
English system. The need for a single, worldwide, coordinated system of measurement was recognized over
300 years ago by Gabriel Mouton, vicar of St. Paul’s Church in Lyon, France. In 1790, the National Assembly
of France requested the French Academy of Sciences to “deduce an invariable standard for all measures and
weights.” The result was the metric system, made compulsory in France in 1840. What about the United States?
As early as 1789, Thomas Jefferson submitted a report proposing a decimal-based system of measurement.
Congress took no action on his proposal, but later, in 1832, he directed the Treasury Department to standardize
the measures used by customs officials at U.S. ports. Congress allowed this report to stand without taking any
formal action. Finally, in 1866, Congress legalized the use of the metric system and in 1875, the United States
became one of the original signers of the Treaty of the Meter.

Getting Started (») Getting Started

Each topic is introduced in a The sign on th.e left sh0w§ the price ot‘“ 1 gallon of gaso.line using the fractic.m, %.
setting familiar to students’ However, the sign on the right shows tl:llS price as the dec1m?l 0.9.If we are given a
daily lives, making the subject frac.tlon, we can spme?tlmes find its decimal
personally relevant and more equlval.ent by multiplying the nqmerator and
easily understood. denominator by a number that will cause the

denominator to be a power of 10 (10, 100, 1000,

,,_"..___ 2.49% REGULAR 2.39 etc.) and then writing the decimal equivalent. For
2591 Jlrws 223 | RIS

= 2,69

2_2-2_4
5571004
3.3:25 75
3= %25 100 075

xiv




Web It

Appearing in the margin of

the section exercises, this

URL refers students to the
abundance of resources

available on the Web that can
show them fun, alternative
explanations, and demonstrations
of important topics.

Write On

Writing exercises give students
the opportunity to express
mathematical concepts and
procedures in their own words,
thereby expressing and
verbalizing what they have
learned.

Collaborative
Learning

Concluding the chapter are
exercises for collaborative
learning that promote
teamwork by students on
interesting and enjoyable
exploration projects.

Michigan

[ S o

California

T £53,448

LA Minnesota
= ——

go to mhhe.com/bello for more lessons

Source: Data from National Marine Manufacturers Association.

5. 853,4@8
6. 853,@48

> Write On

52. What are the three variables (factors) used when calculating
simple interest?

54. Which investment is better for you: $10,000 invested at
5% compounded semiannually or $10,000 invested at 4%
compounded monthly. Explain why.

L

® Guided Tour

- Practice Problems > Self-Tests

- Media-rich eBooks > e-Professors > Videos

connect

MATHEMATICS

A > Place Value In Problems 1-6, what is the value of the circled number?

53. Write in your own words which would be better for you: to take
a 20% discount on an item, or to take 10% off and then 10% off
the reduced price.

55. Most people give 10%, 15%, or 20% of the total bill as a tip.
(See Problem 42.)

a. In your own words, give a rule to find 10% of any amount.
(Hint: 1t is a matter of moving the decimal point.)

-

. Based on the rule in part a, state a rule that can be used to
find 15% of any amount.

c. Based on the rule in part a, state a rule that can be used to
find 20% of any amount.

) Collaborative Lear!

Suppose you want to become younger

Time of Revolution

(in age) and trimmer (in weight). We
can help you with that, but it will

Planets Around the Sun ‘Weight Factor . .
- require a little travel. Let us start
Mercury 88 days Earth weight % 038 with the age issue. On Earth, a year
Venus 224.7 days Earth weight x 0.91 is 365 days long but the year on other
Earth 365.25 days Earth weight X 1.00 planets is dependent on the distance the
. lanet is away from the sun. The first
Mars 687 days Earth weight x 03 P
. A »g table shows the time it takes each of
ety LD yieTes 15kt i x 260 the planets to go around the sun. Now,
Saturn 29.46 years Earth weight x 110 suppose you are 18 years old. What is
Uranus 84.01 years Earth weight X 0.90 your Mercurian age? Since Mercury
Neptune 164.8 years Earth weight X 120  goes around the sun every 88 days,
X you would be much older! (You have
Pluto* 248.5 years Earth weight X 0.08

been around more!) As a matter of

* Pluto is not classified as a planet at this time.

be in days, for example, 88 days.

factor shown in the second table.

In which planet will you become youngest? We will let you find out for yourself. Hint: The denominator has to

Now, for the weight issue. Suppose you weigh 130 pounds on Earth. How much would you weigh on Mercury?
Since your weight is dependent on the laws of gravity of the planet you are visiting, your weight will change by the

On Mercury, your weight would be: 130 X 0.38 = 49 pounds.

fact your Mercurian age M would be
M =18 X 3 =~ 75 years old.
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ResearCh b oy cccimal pomnt frt . ha 4 d
. i - Where did the decimal point first appear, in what year, and who used the
Quest’ons Questions decimal point?

2. Write a brief description of the decimal system we use, how it works, and how
decimals are used.

Research questions provide Reference: htp//wvwwinfoplase.com

Students Wlth additional 3. Write a brief description of the Dewey decimal system, how it works, and for
opportunities to explore e s

1nterest1ng areas of matha where 4. Write a paragraph about Bartholomeus Pitiscus and the ways in which he used
they may find the questions can the decimal point.

o

Write a paragraph explaining where our decimal system comes from and its
evolution throughout the years.
Reference: hitp://www.scit.wlvac.uk

lead to surprising results.

Abundant Practice and Problem Solving

Bello offers students many opportunities and different skill paths for developing
their problem-solving skills.

Paired Examples/ %ﬁ
Problems GREEN M

EXAMPLE 5 Windows and insulation PROBLEM 5
The return on investment (ROI = %) when you install Energy Star windows If you increase the insulation of

Examples are placed adjacent _ : : o

t imil bl intended fi is 0.43. (See Example 8, Section 3.3.) If you insulate your basement walls, your your heating ucts, the savings
0O simifar pro ems m en_ €d Ior added cost is $750 and your annual electricity savings are $300. are 180 f“ acost of S4A50-
students to obtain immediate a. What is the ROI written as a

‘What is your ROI written as a reduced fraction? .
. . reduced fraction?
reinforcement of the skill they . Compare 0.43 and the ROI from part a.

i

. S . . . . b. Compare the ROI of insulating
have Just observed. These are c. Which is the better ROI, new windows or insulating the basement walls? your heating/AC ducts with the
especially effective for students insulation of your basement
who learn by doing and who M _2 valls (040)

Y g . 750 =5 ) 5 ) o ¢. Which is the better ROI,
benefit from frequent practice b. We have to compare 0.43 and 5. Convert 5 to a decimal by dividing 2 by 5, insulating your heating/AC
of important methods. Answers obtaining 0.40. Now it is easy to cnmpare% = 0.40 and 0.43; 0.43 is larger. ducts or insulating your

¢. The ROI when you install new windows (0.43) is better than insulating your basement walls?

to the problems appear at the
bottom of the page.

basement walls (0.40).

Answers to PROBLEMS

5.a. % b. % and 0.40 are the same  ¢. Neither, they are both the same, 0.40

RSTUV MethOd RSTUV PROCEDURE TO SOLVE WORD PROBLEMS

1. Read the problem carefully and decide what is asked for (the unknown).
2. Select [ or a letter to represent the unknown.

The easy-to-remembf.:r 3. Translate the problem into an equation.
“RSTUV” method gives students 4. Use the rules we have studied to solve the equation.
a reliable and helpful tool in &b Vil fipans

demystifying word problems
so that they can more readily

translate them into equations they rine STV Translate This
1 1. The average cost for tuition and fees at a 6. The monthly access fee for a cell phone
can recognize and solve. 2-year public college is $2191. This rep- plan is $39 plus $0.45 for each minute
resents a 5.4% increase from last year’s TRANSLATE afier a 300-minute allowance. If Joey Th b
. cost L. used m minutes over 300, write an equa- ese boxes appear
* Read the problem and decide Sore: v CollgeBrdcom tion for the amount P Joey paid- odically bef
S E ' e 7. 1fthe body temperature T of a pengain periodically before
h b ked 2. The average 2-year public college stu- rere 3.8°F we ’
what 1s €Ing asked. dent receives grant aid (G) that reduces A~ T +3.8=103.8 SRS it would be as warm d bl
the average tuition and fees of $2191 to B. 2191 — G = 400 as a goat, 103 word-prooiem
o Select a letter or L] to anet price of $400. C. P=39+045m 8. The Urban Mobility Institute reports that exercises to help
. . g N y commuters say they would be willing to
Sorce s ColegeBaard o b D= 1093917 s say they would be willing
. . pay $13.75 an hour to avoid traffic con-
represent this unknown. 3. According to the Census Bureau a per-  E. 2101 = L + 54%L gestion. What would be the cost C for / students translate
1 s th a bachelor’s d arns 62% o traffic congestion?
* Translate the problem into an e oy F b=+ 62%h hours ofaviding i congesion” hr int ti
equation high school diploma. Ifa person witha ~ G. € = 13.75h 9. f“)"‘;;u:'i E:L“M‘I’Ifn:'afo ';avh‘i";; phrases nto equations,
. high school diploma makes /i dollarsa ¢ = g1gp ; ' 8 o pav more 5 :
. year, what s the pay b fora person with ' than $13.75 20 bour to void afc reinforcing the
* Use the rules you have studied 2 bachelor’ degree? I G- 2191 =400 congestion, say I dalars por hous
V. h=b+ 2%k South Florida raveles Iose 51 fours RSTUV method.
poryear duc o tra
to solve the resultlng equatlon. a. year public institutions, the average K+ €= S1W an ;equu_:mndlhmw-l give the ‘71[“11 cost
. : ition and fees is $2191, whichis $112 L. P = 10.9391D C for Florida travelers to avoid losing
Verify the answer. morethan o yeurs so% L What w5 mr. e $11 any time to traffic congestion.
the cost of tuition and fees last year? N. 2191=L+ 112 10. As of this writing, one US. dollar is
Source: s ColegeBaard com. " worth 10.9391 Mesican pesos. Write the
o 0. D=109391P formula to convert D dollars to P Mexi-
5. At American University, the cost per can pesos.
credit for undergraduate courses is $918. o
‘What is the cost C for an undergraduate
taking & credits?
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Exercises

A wealth of exercises for each
section are organized according
to the learning objectives for
that section, giving students a
reference to study if they need
extra help.

Applications

Students will enjoy the
exceptionally creative
applications in most sections
that bring math alive and
demonstrate that it can even
be performed with a sense of
humor.

Using Your
Knowledge

Optional, extended applications
give students an opportunity to
practice what they’ve learned in
a multistep problem requiring
reasoning skills in addition to
numerical operations.

® Guided Tour
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A > Writing Division as Multiplication In Problems 1-20, divide and check using multiplication.

13045 2.63+9 3.28+4 4.6+1
5. 21+7 6.2+0 7.0+2 8.54+9
9. 7+7 10. 56 + 8 11,38 12, 54+ 6
3 0 32 13
13.3 14.§ 15. 3, 16. 12
24 45 62 48
17. % 18. % 19, & 20. 4

“Applications have a greater percentage of problems from any section when
compared to the skill and drill (problems objective by objective). They are current
and applicable, especially 5.6 Consumer Credit. An excellent section for college
students. Should be an assignment for student orientation!”—Chris McNally,
Tallahassee Community College

> Applications:

Converting sunshine into electricity by using solar panels will actually cost you more than burning fossil fuels, but there
is hope. Grants and tax incentives are available to make the process more cost effective. To read more about this go to
http://tinyurl.com/ck8n62.

Area and cost of solar panels. In Problems 97-100, find the area of the panel.
The approximate cost of each panel is given in parentheses (prices vary).

97. 60-watt panel, 27 inches by 3(); inches. ($350) 98. 50-watt panel, 28 inches by 21% inches. ($420)

Source: http://www. I 50ct.aspx.

Source: http://wwiw.solarhom asps

> >  Using Your Knowledge

Orbital times  The table showing the approximate orbital time for Mars, Jupiter, Saturn, and Uranus will be used in
Problems 51-53.

Mars Jupiter Saturn Uranus

Orbital period (Earth years) 2 12 30 84

51. You remember the planet alignment from the Getting Started? ~ 52. If Jupiter, Uranus, and Mars were aligned today, how many
As you can see from the table it takes about 12 years for Jupiter years would it take for them to align again?
to orbit around the sun once but it takes Saturn 30 years to do . :
so. If Mars takes about 2 years to orbit the sun and the last 53+ If Saturn and Uranus were aligned today, how many years will
planetary alignment of Jupiter, Mars, and Saturn was in the it take for them to align again?
year 2000, in what year will the alignment of the three planets
happen again?
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Study Aids to Make Math Accessible

Because some students confront math anxiety as soon as they sign up for the course,
the Bello system provides many study aids to make their learning easier.

Objectives Reviews
o Decimals, Fractions, and Order of Operations .
The objectives for Every section
each section not only (») Objectives (») To Succeed, Review How To . . . begins with “To
Identlfy the SpeCIfIC You should be able to: 1. Write a fraction as a decimal. (pp. 223-225) Succeed! review .
taSkS Students Should 2. Divide a decimal by a whole number. (p. 216) hOW tO PP ," Wh|Ch
be ab|e to performl A ﬁo::epgzaiimgl:rand 3. Understand the meaning of and notation for pure repeating decimals. (p. 226) directs Students to
they Organize the determine which is 4. Work with the order of operations. (pp. 82—84) SpeCifiC pages tO
. A . larger. >
section itself with study key topics the
i B> Compare fractions @ Getting Started y y p y
letters corresponding TR o c need to understand
to each section determine which i bttt To mver e uesvon. | PEPSI 120z | [ PEPSI 1202 to successfully begin
heading making |t EIEHE we can find the price of each can | Drink Choice | | Drink Choice that section
. L by dividing $2.00 by 8 and $2.99 | Pepsi or Diet Pepsi Pepsi or Diet Pepsi :
easy to follow. C ) Solve applications by 12 and then comparing the 8
:jnvqlvmlg frac;lt::sy individual price of each can.
ecimals, and the
order of operations. 0.25 0.24 for _2 0_0
82.00 1212.99 L u
16 24
40 59
40 48
0 11
Concept Checker »> Concept Checker
Fill in the blank(s) with the correct word(s), phrase, or mathematical statement.
Thls featu re has been added 81. To convert a percent to a decimal, move the decimal point places to the divide attach
to the end-of-section exercises and omi the %% symbol. left reduce
to help students relnforce key 82. ;l'l(::(;]n‘\lrlc:l; l:e;i;::l to a percent, move the decimal point places to the and omit multiply
] o Sy .
t it
terms and Concepts' 83. To convert a percent to a fraction, follow these steps: .WO perC(.%n
. right fraction
a. Write the number over
b. the resulting fraction 100 %
Mastery Tests > ) Mastery Test
85. Among taxpayers who owed the IRS money, 82% said they 86. Write as a percent:
. . . . would use money from their savings or checking accounts to a 3 b, 2
Brief tests in every section give pay their taxes. Write 82% as 8 5
Students a QUICk Checkup to a. areduced fraction. b. a decimal.
make sure they’re ready to go 87. Write as a reduced fraction: 88. Write as a reduced fraction:
on to the next topic a. 61% b. 6.55% a. 19% b. 80%
Skill Checkers > > Skill Checker
i 3 In Problems 44-47, find:
These brief exercises help 44. Lorso = 45. Lor100 = 46.3-100 = 47.7-100 =

students keep their math skills
well honed in preparation for
the next section.

Calculator Corner

Calculator Corner

A calculator is very convenient when doing taxes, interest, commissions, and discounts. Let us take each of the problems
H H separately. For example, to solve Example 1: Find how much you have to pay for a pair of pants costing $18.50 if the tax is
When appropna,te’ Optlo_nal 6% by simply pressing 1 8 - 5 0 6 . The final answer, $19.61, will be displayed.
calculator exercises are included to If your calculator does not have a % key, you may have to use the store and recall keys. As their names
show students how they can exp|0re imply, these keys store numbers in their memory and then recall them. Suppose you wish to solve Example 1 with a
calculator. You press 1 8 . 5 0 0 . 0o 6 . Here the calculator has stored the
Conlcepts th rough calcu Iat_ors an_d 18.50 and taken 6% of 18.50. The display shows 1.11. Now, press and the calculator will add the number
verify their manual exercises with stored (18.50) to the 1.1, giving you $19.61, as before.
the aid of technology. If your calculator has a y* key (a power key), then the quantity (1.03)¢ appearing in Example 4 can be obtained as
ay. follows: 1 - o0 3 6 . You will get 1.19405230.
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Summary

An easy-to-read grid summarizes
the essential chapter information
by section, providing an item, its
meaning, and an example to help
students connect concepts with
their concrete occurrences.

Review Exercises

Chapter review exercises are
coded by section number
and give students extra
reinforcement and practice to
boost their confidence.

Practice Test
with Answers

The chapter Practice Test offers
students a nonthreatening way
to review the material and
determine whether they are
ready to take a test given by
their instructor. The answers to
the Practice Test give students
immediate feedback on their
performance, and the answer
grid gives them specific guidance
on which section, example, and
pages to review for any answers
they may have missed.

® Guided Tour

> Chapter 3

Section Item Meaning Example
3.1A Word names The word name for a number is the The word name for 4.7 is four

number written in words. and seven tenths.
3.1B Expanded form Numeral written as a sum indicating 782=70+8 + %

the value of each digit.
3.2B Multiplying by powers A product involving 10, 100, 1000, 93.78 X 100 = 9378

of 10 and so on as a factor.

“Great Review material. | like the fact that chapter tests at the end have the
answers on the next page and corresponding pages for those problems students
miss to go back and review the material.”—Vivian Zimmerman, Prairie State
College.

> Chapter 3

(If you need help with these exercises, look in the section indicated in brackets.)

1. < 3.1A) Give the word name. 2. < 3.1B) Write in expanded form. 3. ¢(3.1C) 4dd.
a. 23.389 a.37.4 a. 8.51 +13.43
b. 59.09 b. 9.6457 + 15.78
b. 22.34
c. 145.035 c. 5.773 + 18.0026
€. 24.564 d. 150.309 d. 6.204 +23.248
e. 234.003 e. 9.24 + 1428

> Practice Test Chapter 3

(Answers on page 252)

Visit www.mhhe.com/bello to view helpful videos that provide step-by-step solutions to several of the problems below.
1. Give the word name for 342.85. 2. Write 24.278 in expanded form.

3.9+ 1218 = 4. 46.654 + 8.69 =

5.44742 — 185 = 6.534-0.013 =

> Answers to Practice Test Chapter 3

Answer If You Missed Review
Question Section Examples Page
1. Three hundred forty-two and 1 3.1 1 201
eighty-five hundredths
2 7 8
2.20+4+m+m+m 2 3.1 2 202
3. 21.18 3 3.1 3 203
4. 55344 4 3.1 4,5 203-204
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et Reviow _
The Cumulative Review covers ) Chapters 1-3

material from the present chapter

. 1. Write 300 + 90 + 4 in standard form. 2. Write three thousand, two hundred ten in standard

and any of the chapters prior form.
to it and can be used for extra ) ]
homework or for Student reVieW 3. Write the prime factors of 20. 4. Write 60 as a product of primes.
to improve their retention of 5. Multiply: 22 X 5 X 5° 6. Simplify:49 = 7-7+8 — 5
important skills and concepts. s . N

7. Classify 7 as proper or improper. 8. Write & as a mixed number.

9. Write 5% as an improper fraction. 10. % = %

11.3-% 12. Multiply: § - 51

Supplements for Instructors
Annotated Instructor’s Edition

This version of the student text contains answers to all odd- and even-numbered
exercises in addition to helpful teaching tips. The answers are printed on the same
page as the exercises themselves so that there is no need to consult a separate
appendix or answer key.

Computerized Test Bank (CTB) Online

Available through McGraw-Hill Connect™ Mathematics, this computerized test
bank utilizes Brownstone Diploma®, an algorithm-based testing software to quickly
create customized exams. This user-friendly program enables instructors to search
for questions by topic, format, or difficulty level; to edit existing questions or to add
new ones; and to scramble questions and answer keys for multiple versions of the
same test. Hundreds of text-specific open-ended and multiple-choice questions are
included in the question bank. Sample chapter tests and final exams in Microsoft
Word® and PDF formats are also provided.

Instructor’s Solutions Manual

Available on McGraw-Hill Connect™ Mathematics, the Instructor’s Solutions
Manual provides comprehensive, worked-out solutions to all exercises in the text.
The methods used to solve the problems in the manual are the same as those used
to solve the examples in the textbook.

B comnect |- rewerosens - sorress

Media-rich eBooks > e-Professors > Videos
MATHEMATICS

Mcgraw-Hill Connect™ Mathematics is a complete online tutorial and homework
management system for mathematics and statistics, designed for greater ease of use
than any other system available. Instructors have the flexibility to create and share
courses and assignments with colleagues, adjunct faculty, and teaching assistants
with only a few clicks of the mouse. All algorithmic exercises, online tutoring, and
a variety of video and animations are directly tied to text-specific materials. Com-
pletely customizable, Connect Mathematics suits individual instructor and student
needs. Exercises can be easily edited, multimedia is assignable, importing addi-
tional content is easy, and instructors can even control the level of help available
to students while doing their homework. Students have the added benefit of full
access to the study tools to individually improve their success without having to be
part of a Connect Mathematics course. Connect Mathematics allows for automatic
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grading and reporting of easy-to assign algorithmically generated homework, quiz-

zes and tests. Grades are readily accessible through a fully integrated grade book

that can be exported in one click to Microsoft Excel, WebCT, or BlackBoard.
Connect Mathematics Offers

e Practice exercises, based on the text’s end-of-section material, generated in
an unlimited number of variations, for as much practice as needed to master a
particular topic.

 Subtitled videos demonstrating text-specific exercises and reinforcing important
concepts within a given topic.
e Assessment capabilities, powered through ALEKS, which provide students

and instructors with the diagnostics to offer a detailed knowledge base through
advanced reporting and remediation tools.

» Faculty with the ability to create and share courses and assignments with
colleagues and adjuncts, or to build a course from one of the provided course
libraries.

e AnAssignment Builder that provides the ability to select algorithmically generated
exercises from any McGraw-Hill math textbook, edit content, as well as assign a
variety of Connect Mathematics material including an ALEKS Assessment.

» Accessibility from multiple operating systems and Internet browsers.

YA\ W =3 [€=9 ALEKS® (www.aleks.com)

version 2.0

ALEKS (Assessment and LEarning in Knowledge Spaces) is a dynamic online
learning system for mathematics education, available over the Web 24/7. ALEKS
assesses students, accurately determines their knowledge, and then guides them to
the material that they are most ready to learn. With a variety of reports, Textbook
Integration Plus, quizzes, and homework assignment capabilities, ALEKS offers
flexibility and ease of use for instructors.

» ALEKS uses artificial intelligence to determine exactly what each student knows
and is ready to learn. ALEKS remediates student gaps and provides highly
efficient learning and improved learning outcomes.

» ALEKS is a comprehensive curriculum that aligns with syllabi or specified
textbooks. Used in conjunction with McGraw-Hill texts, students also receive
links to text-specific videos, multimedia tutorials, and textbook pages.

o Textbook Integration Plus allows ALEKS to be automatically aligned with
syllabi or specified McGraw-Hill textbooks with instructor chosen dates, chapter
goals, homework, and quizzes.

* ALEKS with Al-2 gives instructors increased control over the scope and
sequence of student learning. Students using ALEKS demonstrate a steadily
increasing mastery of the content of the course.

» ALEKS offers a dynamic classroom management system that enables instructors
to monitor and direct student progress toward mastery of course objectives.

Supplements for Students
Student’s Solutions Manual

This supplement contains complete worked-out solutions to all odd-numbered
exercises and all odd- and even-numbered problems in the Review Exercises and
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xxii

Cumulative Reviews in the textbook. The methods used to solve the problems in the
manual are the same as those used to solve the examples in the textbook. This tool
can be an invaluable aid to students who want to check their work and improve their
grades by comparing their own solutions to those found in the manual and finding
specific areas where they can do better.

B comnect |- pecerosens - sorress

= > Media-rich eBooks > e-Professors > Videos
MATHEMATICS

McGraw-Hill Connect Mathematics is a complete online tutorial and homework
management system for mathematics and statistics, designed for greater ease of use
than any other system available. All algorithmic exercises, online tutoring, and a
variety of video and animations are directly tied to text-specific materials.

connect Practice Problems > SelfTests

Media-rich eBooks > e-Professors > Videos

MATHEMATICS
A Writing Rates  In Problems 1-10, write the indicated rates.
1. Rate of pay per hour A student is paid at the rate of $38 for 2. Construction worker’s pay According to the Bureau of
8 hours of work. What is the rate per hour? Labor Statistics, the average construction worker makes $760

a week and works 40 hours. What is the rate per hour?

w
»

. Calculating miles per gallon A car uses 12 gallons of gas on . Miles per gallon A student traveled 231 miles in going from
a 258-mile trip. How many miles per gallon is that? Houston to Dallas. If she used 12 gallons of gas, how many
miles per gallon did her car get?

5. Plane’s rate of travel A plane flew from Boston to Chicago 6. Plane’s rate of travel The air distance between New York
in 1.5 hours. If the air distance between these two cities is and Dallas is 1375 miles. If a plane takes 22l hours to make the
840 miles, what was the plane’s rate of travel? flight, what is the plane’s rate of travel?

7. More flying One of the fastest flights in the continental 8. Marathon runner One of the fastest marathon runners is
United States was made by Captain Robert G. Sowers. He Balaine Desimo, who completed 26 miles in 2.1 hours. To the

go to mhhe.com/bello for more lessons

flew 2459 miles from Los Angeles to New York in 2 hours. nearest mile, what was his rate of travel?
What was his rate of travel?

9. Tortilla rate of consumption Tom Nall ate 74 tortillas 10. Refinery rate of production The Amerada Hess refinery in
in 30 minutes at Mariano’s Mexican Restaurant in Dallas, St. Croix produced 345,000 barrels of oil a day. What is the
Texas. To the nearest tenth, what was his per-minute rate of rate of production in barrels per hour?

consumption?

YA\ W =3 (€= ALEKS® (www.aleks.com)

version 2.0

ALEKS (Assessment and LEarning in Knowledge Spaces) is a dynamic online
learning system for mathematics education, available over the Web 24/7. ALEKS
assesses students, accurately determines their knowledge, and then guides them to
the material that they are most ready to learn. With a variety of reports, Textbook
Integration Plus, quizzes, and homework assignment capabilities, ALEKS offers
flexibility and ease of use for instructors.

Bello Video Series

The video series is available online and features the authors introducing topics and
working through selected odd-numbered exercises from the text, explaining how to
complete them step by step. They are closed-captioned for the hearing impaired
and are also subtitled in Spanish.

Math for the Anxious: Building Basic Skills, by Rosanne Proga

Math for the Anxious: Building Basic Skills is written to provide a practical approach
to the problem of math anxiety. By combining strategies for success with a pain-
free introduction to basic math content, students will overcome their anxiety and
find greater success in their math courses.
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Animals

alligator teeth, 279

antelope speed, 437

bird sizes, 436, 443
brontosaurus weight, 99
cheetah speed, 437

cicada periods, 155

cricket chirps, 195

dog jumping, 436

elephant food consumption, 279, 467
elephant size, 468

fishbowl counting, 49

fish in aquarium, 506

fish weight, 181, 183
heights of, 443

leaf-cutting ant strength, 295
llama travel rate, 279

ostrich strides, 60

pet carrier volume, 522
reptile length, 443
rhinoceros beetle strength, 293-294
sea lion diet, 402

snake speed, 436

wildlife population, 296

Business

amortization, 359

banking, 99

budgets, 33, 67, 324, 349, 390-391,
399400, 403, 477, 547, 561,
564, 604

buying power, 46

check writing, 11, 100

commissions, sales, 337, 339, 340, 367

company expenses, 165

corporate tax, 131

delivery schedules, 155

down payment, 306, 318

e-mail use, 21

employment numbers, 631

exchange rates, 255, 256

exports, 256

factory production rates, 289, 300

failures, 256

gold prices, 367

hourly salary, 195, 278

manufacturing rate, 289, 300, 303

operating costs, 257

per-word pay rates, 301

property tax, 287

radio station ownership, 313

refinery production, 278

revenue, 80

sales increase, 342, 367

sales per employee, 278

shorthand speed, 69

simple interest, 333-334, 339, 340, 367,
429, 477

stress at work, 385

time spent analysis, 165

total sales, 239, 241, 243

travel, most expensive cities, 388
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typing speed, 20
wholesale price, 346
working late, 407
work stress, 385

Construction

antenna height, 95-96, 109
bench volume, 525
blueprints, 146

bookstore size, 453

bridge poles, 534

building height, 32, 46, 552
carpentry, 164, 175

casino area, 455

cement mixing, 195
Empire State Building, 32
fencing, 498

levies, 552, 593

model scale, 146, 287
waste dumping, 131

wood thickness, 164, 175

Consumer Issues

aspirin size, 442

ATM service preferences, 394

attendee count, 143

automobile ownership by type, 404

babysitting pay, 88

bequests, 165

boat registration, 8

books, money spent on, 614

bottle capacity, 141

car insurance, 100, 394, 614

car ownership, 404

car prices, 106, 346, 350

car rental costs, 231, 257, 622, 646,
657, 662, 663

cars, things kept in, 382

car sales, 18-19, 20, 23, 33, 34, 43, 46

car size, 436

cars to people ratio, 265, 273, 287, 299

cell phone bills, 254, 255

cell phone dimensions, 496

cell phone features, 312

cell phone use appropriateness, 313

cell phone users, 422

checkbook balancing, 219

childcare costs, 9

cities, salaries in various, 416

classified ad rates, 279, 281

clothing expenditure, 98

clothing manufacture, 144

coins, 192

cola preferences, 374-375

computer prices, 21, 46, 98

computer size, 144

computer speed, 633

computer trouble, 291

coupon use, 324

credit cards, 357

credit scores, 122, 218, 241, 296, 325

dating websites, 348

department store size, 453

detergent cost, 191

discounts, 337, 339, 340, 367

dollars and cents conversion, 224

dollar stores, increase in, 348

download speeds, 231

energy conservation, 228, 231, 232

energy use, 69

gas prices, 61, 275, 408, 414

grocery expenditure, 390-391

happiness, 314

hat size, 535

health insurance, 256

hours worked, 121, 175, 376

housing expenditure, 391

income and location, 416

inheritance, 165

Internet population, 259, 271, 295, 565

Internet speeds, 231

Internet use, 21, 313, 348, 376, 405,
417, 626, 651

job satisfaction, 402

junk e-mail, 376, 418

lollipop price, 221

magazine sales, 392

making change, 218

monthly expenses, 69, 220

moods, 585

mouthwash, 460, 461

nail polish remover, 295

newspaper expenditures, 175

online spending, 423, 426

paper use, 69, 615

pay rate, 278

phishing, 652

phone calls, unwanted, 387

pints in a flat, 56

plastic bags, 10

price to earnings ratio, 132

race and buying power, 378

rent costs, 261, 263, 265, 391

roast price, 222

sale prices, 91, 251, 337, 339, 340

scalping of tickets, 348

shopping mall visits, 348

social networks use, 130

Social Security deductions, 256

spam e-mail, 376, 418

spending totals, 218

stamp cost, 65

Supercenter stores, increase in, 348

tax software use, 348

tips, 100, 338, 340

tomato sauce cost, 190

toothpaste quantity, 144

toothpaste squeezing methods, 394

train schedules, 154

tuna price, 225

unemployment tax, 256

unit cost, 191, 196, 265, 279, 280, 281,
300, 301, 369, 388, 428, 650

unwanted phone calls, 387

used car purchase, 20



water use, 131, 402, 523
work hours, 175

Education

ACT scores, 256

attendance, 9

back to school spending, 385

Challenge Index, 273, 287

college expenses, 325

commuting, 255, 423, 426

completion rate, at university, 280

consolidation loans, 348

core curriculum hours, 429, 478, 548,
604, 665

costs, 28-29, 46, 47, 48, 69, 96, 99,
100, 166, 255, 257,279, 321,
327,342, 343, 349, 382, 385,
389, 403, 404

course completion rates, 280

course success rates, 312

daily routine, 401

earnings and, 8, 17, 255, 343, 355, 416

enrollment statistics, 615

first year course success, 312

gender discrimination, 418

grade point averages, 256, 410, 414,
418, 424, 426

grants, 99

inappropriate language use, 241

Internet knowledge by age, 388

loans, 326-327, 334-335, 339, 348,
355,358

male to female student ratios, 299

manuscript letter count, 80

online, 375

pages in paper, 294

pencil length, 442

professor Internet use, 405

SAT scores, 563

saving for, 325

saving money, 324, 573

scholarships, 99, 321

school supply spending, 385

sheet music, money spent on, 614

Stafford loans, 355, 358

student enrollment, 615

student loans, 358

student routines, 401

student-teacher ratios, 273

teacher-student ratio, 133

test scores, 325

transportation for, 379

university president salaries, 414

Entertainment

alcoholic beverages, money spent on,
615

aspect ratio, 270, 288

Bible chapters, 32

computer game use, 372

cruise ship deck space, 454

® Applications Index

cruise ship total area, 455

Digital Media Universe measurements,
377

digital music, 421, 425

downloading music, 387, 425, 427

expenditure, 345, 391

marriage proposal location, 426

Miss World measurements, 443

movie attendance, 387

movie revenue, 20, 183, 257

music, digital, 421, 425, 427

music downloads, 422

music preferences, 202, 495

music purchase methods, 387

music sales, 257

paper folding, 80

restaurant seating capacity, 311

screen area, 144

seating capacity, 311

television, households reached, 348

television height, 533

television screen dimensions, 443

television viewing times, 183

ticket scalping, 348

tickets purchased, 69

vacation cost, 85

vacation types, 380, 404

video game use, 372

wheel of fortune, 514

Environment

air pollution, 19

Amazon rainforest, 281

bottled water, 630

carbon emissions, 56, 61, 175, 253,
281,571, 584, 593

coal power, 81

electric bulbs, 21, 374, 389, 580, 581,
584

electricity costs, 233

electric power, 80, 494

energy conservation, 97, 310, 322, 584

energy consumption, 87

environmental lapse, 573

ethanol, 459, 461

fuel savings, 29, 45, 322

garbage, 79, 384, 465, 612, 624

garbage pizza, 166

gas reserves, 324

geothermal ventilation, 101

glaciers, 447, 454

global warming, 10, 215, 409

greenhouse emissions, 175, 330, 347

greenhouse gap survey, 273

greenhouse remodeling, 239

hurricanes, 10

ice covering, 443

ice melting, 448

ice shelves, 10

nuclear power, 80

oil reserves, 324

paper use, 69, 196, 615

pollution, 10, 181, 463-464

recycling, 7, 10, 31, 100, 123, 153,
191-192, 232, 295, 377, 490,
612, 648

sea levels, 448, 640

solar energy, 81

solar panels, 142, 145

temperature change, 560, 642

water conservation, 101, 122—-123

water leaks, 68

water usage, 119

windows and insulation, 246

Finances

account balance, 107

annual income, 241, 414

annual percentage rate, 357, 367

balance transfers, 357

bank deposits, 48, 650, 663

bill calculation, 254

budgets, 33, 69, 345, 352, 356,
390-391, 399400, 403, 477,
547, 561, 564, 604

buying power, 46

car sales, 18-19, 20, 23, 33, 34, 43, 46

certificate of deposit, 339, 348, 622,
647, 651, 657

checking account balance, 43, 46, 339,
552

checking account deposits, 33, 561

checking deposits, 33

check writing, 11

commission, 365, 367

compound interest, 335-336, 339, 340,
365, 367, 624, 659

computer prices, 21, 46

corporate tax, 131

credit card fees, 351, 352, 354-355

credit scores, 122, 218, 241, 296, 325

depreciation, 346, 367

earnings estimates, 47

economic conditions, 395

education and income, 17

family budget, 399400, 403, 547, 604

finance charges, 326, 334-335, 357,
367

household income, 46

income levels, 70, 341, 345, 347, 350,
429,477, 547, 604, 665

income tax, 339, 340, 393

inflation, 295

interest rates, 56, 60, 326-327,
334-335, 339, 340, 356, 357,
360, 365, 367, 429, 477, 624,
647, 650, 651

investing, 340, 573, 626, 651

investment returns, 339

liquidity, 287

monthly payments, 107

net income, 46

profit, 46, 287, 316, 572, 650

property tax, 287
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salary, 67, 69, 108, 241, 348, 414, 417,
642, 650, 651
sales commissions, 337, 339, 340, 367

sales tax, 321, 333-334, 339, 340, 367,

428

silver prices, 256

simple interest, 365

solar tax credit, 338, 347

solvency, 287

stock losses, 572, 573

stock prices, 70, 200, 256, 287, 295,
342, 348, 562

stock purchase, 297, 300, 301

stock ratio, 119

stock shares, 69

taxable income, 340

tax deductions, 256

tax payments, 315

tax rates, 339, 340

tax returns, 21, 46

tax revenue, 121, 131

vacation costs, 85

wage gap, 270, 272

Food

bagel consumption, 631

banana sizes, 436

banana splits, 436

bread slicing, 194

bread volume, 526

breakfast consumption, 397
burger prices, 424

burger sales, 421, 425, 427
caffeine content, 651

calories, 32, 70, 99, 279, 572
candy, 98, 164

carbohydrate calories, 88
cheeseburger nutritional content, 378
cheese production, 401
cholesterol content, 426

coffee cup volume, 523

cookie recipe, 194

doughnut recipe, 152
expenditure, 390-391

fat content, 88, 118-119, 295, 424
favorite fast food restaurants, 376
food, 655

fresh fruit expenditure, 390-391
hamburger beef content, 526
hamburger calories, 409, 649, 657
hamburger cholesterol content, 426
hamburger fat content, 424
hamburger prices, 424

hamburger recipe, 136

hot dog buns, 166

individual calories, 99

lemonade recipe, 195

lollipop price, 221

meatball recipe, 143

meat consumption, 631

milk calories, 409

milkshakes, 32

nutritional content, 132, 241, 378
omelet area, 60, 514

paella, 32

pancake recipe, 194

pizza area, 514, 515, 593

pizza ingredients, 402

pizza sizes, 593

popcorn balls, 194, 277

popcorn consumption, American, 6
potato chip preferences, 404
protein calories, 88

punch recipe, 195

recipe proportions, 175

recipe unit conversions, 455, 458, 475
rice cost, 195

roast price, 222

sausage length, 436

serving sizes, 194, 295

sodium content, 99

soft drink preferences, 374-375
strawberry counting, 57-58
sugar container volume, 523
sugar content in soft drinks, 325
sweet roll recipe, 152

tamale recipe, 155

tomato sauce cost, 190

tomato soup recipe, 458

tortilla consumption, 278

tuna price, 225

vegetable consumption, 256, 631
vegetable expenditure, 390-391
water content of soft drinks, 245, 325
watering crops, 295

weight of, 131, 132

wheat costs, 241

Geometry

American flag measurements, 273, 284,

301, 303, 369, 428, 477

angles of Bermuda triangle, 488, 490

of petroglyphs, 488
area of baseball diamond, 514
area of bicycle wheel, 514
area of buildings, 454
area of crop circles, 510, 514, 516
area of Disneyland Carousel, 514
area of Fermi accelerator, 510
area of football field, 514
area of irregular figures, 515
area of pizza, 514
area of room, 201
area of storm, 514
box volume, 524
circumference, 269, 299, 301
cone volume, 520
diameter, 269, 299, 301
distance traveled by Venus, 502
funnel volume, 524
height of televisions, 533
land area, 245
length of conveyor belt, 533
Monaco, area of, 454

paper length, 294
perimeter of baseball diamond, 504
perimeter of exercise area, 502
perimeter of largest drydock, 504
perimeter of largest pool, 504
perimeter of Mona Lisa frame, 504
perimeter of room, 203, 207
pyramid volume, 524
scale

on blueprints, 146

on maps, 144, 295

on models, 146, 287
solar eclipse angles, 486
volume of bottle, 141
volume of bowling ball, 519
volume of funnel cloud, 524
volume of garbage can, 526
volume of garbage truck, 526
volume of pyramid of Giza, 520
volume of pyramid of the Moon, 524
volume of pyramid of the Sun, 524
volume of soda can, 518
volume of spherical water tank, 523
volume of sugar container, 523
volume of u-haul truck, 525
volume of UPS mailbox water volume,

196

Government

defense spending, 131
federal government revenue, 403
gas reserves, 324
intellectual property, 652
military, women in, 387
national debt, 552, 626

oil reserves, 9, 80, 324, 325
Pentagon (building), 33
petroleum reserves, 626
security breaches, 652
solar tax credit, 338, 347
tax revenue, 121, 131
women in military, 387

Home and Garden

air conditioning costs, 230
appliances, 21

area of house, 454

area of room, 141

baseboard molding, 175
bathroom time, 313

bedding purchases, 85

bed length, 442

carpeting, 102, 145, 454
chore participation, 175, 404
cleaning, and unit conversions, 457, 475
composting, 231

cow sales, 34

dinner plate area, 514
dishwashing, 69

electricity costs, 233

electric meter, 7, 11



electric meter readings, 7, 11

fertilizer coverage, 300, 428

framing, 504

garbage, 79, 163, 256, 384, 402, 465,
612, 624, 632

garbage can volume, 526

gardening, 103

gas meters, 231

geothermal ventilation, 101

greenhouse remodeling, 239

home loans, 358, 376

home purchase, 241

hot tub volume, 523

housework time, 131

husband chore participation, 175, 404

income, 562

indoor water use, 402

junk mail, 294

lawn food cost, 275

lawn food coverage, 294, 301, 303

lawn mowing pay, 18, 88

lawn watering, 514

lighting costs, 231

living room size, 442

mortgages, 358, 367

oven cleaner, 457

painting, 102

pasture area, 143

peat moss coverage, 194

perimeter of room, 173, 175

pool size, 60, 504

property damage, 373

Purchase, 241

purchase, 141

recycling, 7, 10, 31, 100, 123, 153, 231,
232,295, 377,490, 612, 648

room size, 141, 145, 173, 175

rug cleaner, 460, 462

rye grass seed, 290

screw penetration, 144

seed coverage, 291, 297, 300, 301

sod coverage, 454

soil removal volume, 521

solar panels, 142, 145

subdivision lots, 37

superinsulation, 295

swimming pool length, 443

swimming pool perimeter, 504

swimming pool volume, 358

toilet volume, 523

toilet water use, 241

tomato plant growth rate, 279

wallpaper, 454

watering, 295

water leaks, 68

water saving, 101

water usage, 119, 131

windows and insulation, 246, 295

yard area, 514

Law Enforcement

blood alcohol and traffic fatalities, 386
calls, 288, 420
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cell phone 911 calls, 288, 420
software piracy, 376, 405
speed limits, 443

traffic fatalities, 386

Medicine and Health

antibiotic dosage, 293, 652

body composition, 218

body mass index, 98, 247, 249, 250,
262, 263

body measurements, 532

body proportions, 282

body temperature, 175, 255, 256, 467

body weight, 468

bone lengths, 232, 443

bone makeup, 165, 175

brain weight, 175

breast cancer risk, 383-384

caloric intake, 60, 88, 655

calorie counting, 32

calories burned, 98, 100, 231

cancer-obesity link, 247

cardiac health, 332

cold remedies, 155

desirable body weight, 468

diameter of aspirin, 442

dieting, 645

dieting rates, 397

dosing, 88, 293

dosing of medication, 88, 293

exercise, 98, 100, 178, 486, 651, 653

eye drops, 460, 461

false teeth, 241

fever, 468

fluid intake, 460

germs on phone, 9

health care costs, 392, 411, 420

heart disease risk factors, 33

heart health, 332

heart rate, 85, 178

heat waves, 468

heavy lifting, 20

hemoglobin, 80

hepatitis C infection, 652

HIV infection, 652

hormone replacement therapy, 380

hospital website use, 348

ideal weight, 468

insurance, 256

intravenous fluids, 458, 460

metabolic rate, 98, 653

metric system, 458

migraines, 241

nighttime pain, 183

obesity, 295

obesity-cancer link, 247

protein intake, 293, 297, 300, 301, 303,
369, 428, 477

pulse rate, 594

risk of diseases, 383-384

showers as sleep, 290

sleeping pill consumption, 241

sleep time, 121, 183

smoking, 20, 165, 175, 218

soft drink consumption, 632
stress causes, 381, 385

stroke risk, 383-384

vitamins, 460

waist size, and heart disease, 332
water consumption, 295

water intake, 460

weight loss, 20, 61, 99, 653, 657

Science

age and Internet knowledge, 388
air pollution, 19, 314, 325
anthropology, 232, 443, 646

ash weight, 183

astronomy, 147, 156, 629, 633
atomic valences, 574, 656

atom smasher area, 510

bamboo growth rate, 279
biodiesel, 655

carbon monoxide, 56, 325
Celsius-Fahrenheit conversion, 467
child population, 324

Clarice’s rule, 89, 297

clock hand movement, 504

coal power, 81

coal reserves, 325

crater area, 514

crop circles, 510, 514

disk space, 652

distances, in space, 80
Einstein’s problem, 594

electric power, 80, 494
elevation, 46, 443, 552, 573, 593
energy production, 403
Fahrenheit-Celsius conversion, 467
Field’s rule, 89

genealogy, 31

gold, melting point of, 467

gold weight, 32

greenhouse emissions, 175
growth rate, 278

hemlock weight, 183

Hispanic population, 348
historical dates, 564

hours, fractions of, 121

hours in days, weeks, months, 60
jumbo jet weight, 629

Jupiter’s orbit, 505

kindling point, 49

light, distance traveled by, 60
light speed, 632

Louisiana sinking rate, 453
melting point of gold, 467
metallurgy, 203

metal weights, 249

nuclear power, 80

ocean coverage, 249

ocean depth, 561

orbital period, 156

oxidation number, 656
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pendulum volume, 525
planetary alignment, 147
planetary paths, 502, 505
pollution, 61, 181, 314, 325, 406,
463-464, 477, 547, 604
population, 20, 99, 324, 423, 425, 561,
655, 656
population density, 288, 632
population increase, 325, 348, 593
satellite paths, 486
solar eclipses, 486
solar energy, 81
solar panels, 142, 145
space, weights in, 60, 143, 258, 654
space travel, 80
specific heat, 249
temperature, 131, 560, 642
body, 175, 468
conversion, 195, 467, 468
differences, 559, 563
thermometer readings, 552, 593
Venus, distance traveled by, 502
water
oxygen in, 646
waterfall heights, 46
water flow, 61
water pollution, 406
water temperature, 559
weights
of ash, 183
desirable, 467
of fish, 184
fractions of, 118, 121
of metals, 249
on moon, 644
in space, 60, 143, 258, 654
wind turbine, 81
Young’s rule, 89

Social Studies

age and movie attendance, 387
age and traffic fatalities, 386
age demographics, 395

auto theft, 14

buying power by race, 378
race discrimination, 419

votes received, 651

world records, 437

Sports

baseball diamond area, 60, 514
baseball diamond distances, 530
baseball diamond perimeter, 60, 504
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baseball stadium perimeter, 32
baseball statistics, 131
baseball timing, 129
basketball court area, 60
basketball court perimeter, 32
baskethall player height, 442
basketball salaries, 413
basketball scoring rate, 278
batting averages, 240
bicycles to people ratio, 287
bicycle tires, 504

bowling ball volume, 519
bowling handicaps, 587
boxing, 32

boy and girls participation in, 389

cards, 131

diving records, 218
drydock size, 504
fishing, 20

football completions, 240
football field area, 514
football field size, 33, 61
football punts, 443

gender and sports participation, 389

golf, 493, 552, 566

hockey rink size, 33, 61
home runs, 241

jogging, 654

passing, in football, 46
playing cards, 131

points per game, 231
preferences, 205

race length, 442, 443

running speed, 195

soccer field length, 449
softball diamond distances, 530
stride length, 443

Super Bowl ticket prices, 348
swimming pool depth, 442
tennis, 493

weightlifting, 493

weight of players, 70
wrestler weight, 468

Transportation

abroad, 122

airline passenger numbers, 348
airplane takeoff lengths, 453
airport baggage handling, 348
alcohol and traffic fatalities, 386
altitude, 573, 593

automobile expenses, 398, 403
auto theft, 14

average speed, 100

business, 388

bus schedules, 154

distance on tank of gas, 60, 124

distances, 34, 253, 257, 505

distances between destinations, 220

distance traveled, 34, 124, 144, 219,
220, 231, 253, 257, 281, 447,
505, 533

elevators, 564

expenses, 626

flight records, 99

flight times, 348

fuel tank volume, 523

gas costs, 230

gas mileage, 69, 123, 231, 278,
301, 428

gas octane rating, 593

gas reserves, 325

gas tank readings, 123

jet engine speed, 99

maps, money spent on, 614

map scale, 145, 295

metro park stations, 531

motor oil disposal, 61

oil consumption, 60

oil demand, 649

online planning, 348

online travel planning, 348

plane speeds, 278

public transportation, 154

road signs, 216

runway lengths, 453

to school, 379

speed, average, 100

taxi use, 17

trip length, 46, 216

truck volume, 525

walking speed, 437

to work, 165, 398, 426

Weather

annual rainfall, 429, 478

flooding, 552, 593
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The Human Side of Mathematics N B2 i
The development of the number system used in arithmetic has been a '

multicultural undertaking. More than 20,000 years ago, our ancestors
needed to count their possessions, their livestock, and the passage of
days. Australian aborigines counted to two, South American Indians near
the Amazon counted to six, and the Bushmen of South Africa were able
to count to ten using twos (10 =2 +2 + 2 + 2 + 2).

The earliest technique for visibly expressing a number was tallying (from the French verb tailler, “to cut”).
Tallying, a practice that reached its highest level of development in the British Exchequer tallies, used flat pieces of
hazelwood about 6 to 9 inches long and about an inch thick, with notches of varying sizes and types. When a loan
was made, the appropriate notches were cut and the stick split into two pieces, one for the debtor, and one for the
Exchequer. In this manner, transactions could easily be verified by fitting the two halves together and noticing whether
the notches coincided, hence the  Egyptian, about 3000 B.C.
expression “our accounts tallied.”

How do other cultures write | N Q it 74 o st
numerals? The development of
written numbers was due mainly to
the Egyptians (about 3000 B.c.), the
Babylonians (about 2000 B.c.),

1 10 100 1000 10,000 100,000 1,000,000

Babylonian, about 2000 B.C.

the early Greeks (about 400 B.c.), 3 v < <n 14¢ Y V-
the Hindus (about 250 B.c.), and the

Arabs (about 200 B.c.). The table 0 1 10 12 20 60 600
shows the numbers some of these

civilizations used. Early Greek, about 400 B.C.

In_ this c_hapter, we shall study | r A & H M P

operations with whole numbers and

their uses in present-day society. 1 5 10 50 100 500 5000



2 Chapter 1 Whole Numbers

(») Objectives

You should be able to:

A > Determine the place
value of a digit in a
numeral.

B > Write a standard
numeral in expanded
form.

C > Write an expanded
numeral in standard
form.

D > Write a standard
numeral in words.

E > Write a numeral
given in words in
standard form.

F > Write the number
corresponding to the
given application.

6,511,257,348

To see the current population, try
http://www.census.gov

1-2

Standard Numerals

(») To Succeed, Review How To . . .

Recognize the counting numbers (1, 2, 3, and so on).

(») Getting Started

In the following cartoon, Peter has used the counting numbers 1, 2, 3, and so on as mileage
indicators. Unfortunately, he forgot about 4! In our number system we use the ten digits
0,1,2,3,4,5,6, 7,8, and 9 to build numerals that name whole numbers. Number and
numeral are closely related concepts (sometimes we use the terms interchangeably). A
number is an abstract idea used to represent a quantity, whereas a numeral is a symbol
that represents a number. In the cartoon, “four” is a number represented by the numeral 4.
In Roman times, the number “four” would be represented by the numeral 1. Similarly,
the marker on the last mileage indicator is “two hundred one,” or 201, or CCI in Roman
numerals. We have written 201 two ways: in the standard form 201 and in words, two
hundred one. In this section, we will learn how to write numerals three ways: in standard
form, in expanded form, and in words. But before doing so we will explore how digits can
have different values depending on their placement in a numeral.

THESE ARE | | o
NOW WHAT 7 MILEAGE. WHAT HAVE You eor
4 INDICATORS., AGAINST 45 7
el o & <
) N o - gT

! .(.(

By Permission of John L. Hart FLP, and Creators Syndicate, Inc.

A

The position of each digit in a number determines the digit’s place value. Look at
the world population clock. Which is the only digit that is missing? Which digits are
repeated? What is the value of the digits that are repeated? It depends! To help you with
the answer, we use a place value chart in which each group of three digits is called a
period. We name these periods ones, thousands, millions, billions, trillions, quadrillions,


http://www.census.gov
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quintillions, and so on. Each period has three categories: ones (units), tens, and hun-
dreds separated by commas. (Note: Commas are usually omitted in four-digit numbers,
such as 3248 and 5093.)

Now, place the 6,511,257,348 in the chart

The U.S. National Debt is
$11,174,727,533,881.98

Can you use the diagram and read
this number? The current figure

trillions billions millions thousands ones

What is the value of the 1 (there are two of them)? Either 1 million or 1 ten millions. The

is at: http://www.brillig.com/ value of 5 is either 5 ten thousands or 5 hundred millions. Get the idea? Just read the
debt_clock/. column (upward) using the category and the period in which the desired number appears.
r Y
EXAMPLE 1  Finding the value of a digit PROBLEM 1
Referring to the population of the earth, find the value of Find the value of
a. 6 b. 3 c. 4 a 2?2 b 7 c. 8
SOLUTION 1

a. The 6 appears in the billions column; its value is 6 billion.
b. The 3 is in the hundreds column; its value is 3 hundred.
c. The 4 is in the tens column; its value is 4 tens.

\ v

The numeral 6,511,257,348 is an example of a whole number. The set of whole

numbers is
Ov 11 2! 31 41 51 61 71 By 9; 107 11, 12, P
The smallest whole number is 0, and the pattern continues indefinitely, as indicated by the
three dots (. . .) called an ellipsis. This means that there is no largest whole number. If 0 is
omitted from the set of whole numbers, the new set of numbers is called the natural or
counting numbers. The natural numbers are
1,2,3,...

As promised, we will now learn how to write numbers in standard form, in expanded
form, and in words.

B > Expanded Form of a Numeral

The standard numeral for the last mileage indicator in the cartoon is 201. Here are
other standard numerals: 4372 and 68. Standard numerals such as 4372, 201, and 68 can
be written in expanded form like this:

4 372 =4000+ 300+ 70+2
- N 201 = 200 + 0+ 1%
Answers to PROBLEMS 68 = 60 + 8

1. a. 2 hundred thousand
b. 7 thousand
c. 8 ones (units)

* 201 can also be written in expanded form as 200 + 1.



http://www.briIlig.com/debt_clock/
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p
EXAMPLE 2  Writing numbers in expanded form PROBLEM 2
Write 4892 in expanded form. Write 9241 in expanded form.
SOLUTION 2
4892 = 4000 + 800 + 90 + 2
> 4
EXAMPLE 3  Writing numbers in expanded form PROBLEM 3
Write 765 in expanded form. Write 197 in expanded form.
SOLUTION 3
765 =700 + 60 + 5
> 4
EXAMPLE 4  writing numbers in expanded form PROBLEM 4
Write 41,205 in expanded form. Write 98,703 in expanded form.
SOLUTION 4
41,205 = 40,000 + 1000 + 200 + 0 + 5 or
= 40,000 + 1000 + 200 + 5
Note that when zeros occur in the given numeral, the expanded form is shorter.
\
> 4
EXAMPLE 5 Text messaging queen PROBLEM 5
In January 2009, Reina Hardesty set a record high 14,528 text messages in a About 8 billion text messages are
1-month period. Write 14,528 in expanded form. sent everyday, which comes to about
92,593 messages every second.
SOLUTION 5 Write 92,593 in expanded form.
14,528 = 10,000 + 4000 + 500 + 20 + 8
\ 7
C ) Standard Form of a Numeral
We can also do the reverse process, that is, we can write the standard form for
3§0+200+80 :r/9 as
3 2 8 9
EXAMPLE 6  Wwriting numbers in standard form PROBLEM 6
Write 7000 + 800 + 90 + 2 in standard form. Write 9000 + 200 + 20 + 5in
standard form.
SOLUTION 6
7{(*)0 + 800 +/90 + 2 iswritten as
| 7 8 9 2 4

>
EXAMPLE 7  Writing numbers in standard form
Write 70,000 + 6000 + 300 + 20 + 1 in standard form.

SOLUTION 7
70,000 + 6000 + 300 + 20 + 1 is written as

N

7 6 2 1

\

PROBLEM 7
Write 10,000 + 1000 + 100 +
10 + 1 in standard form.

-
Answers to PROBLEMS

2.9000 + 200 + 40 + 1 3.100 + 90 + 7 4.90,000 + 8000 + 700 + 3 5.90,000 + 2000 + 500 + 90 + 3 6. 9225 7.11111
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7~

EXAMPLE 8  Writing numbers in standard form PROBLEM 8

Write 90,000 + 600 + 1 in standard form. Write 50,000 + 200 + 6 in standard
form.

SOLUTION 8

90,000 + 600 + 1 is written as

9 0

Note that a zero appears in the tens and in the thousands places of the answer,
making the expanded numeral shorter.
\

6 0 1

A period is a group of three digits.

D > Numerals to Words

The amount of the lottery check shown here is $294,000,000. Can you write this amount
in words? Here we will show you how to do that, but we warn you that the word “and”
used in writing “Two hundred and ninety four million” in the check is used incorrectly.
Moreover, the amount in the check is not that large. According to the Guinness Book of
Records, the greatest amount ever paid by a single check is $16,640,000,000 and was
paid by the U.S. government to the Ministry of Finance in India. Do you know how to
read and write 16,640,000,000 in words? This amount is written as

sixteen billion six hundred forty million*

e ) 2ed s

.....

The number 16,640,000,000 can be placed in a chart like this:

fifelsfelolfalotaNalolo

billions millions thousands ones

In each period, digits are read in the normal way (“sixteen,” “six hundred forty™) and then,
for each period except ones, the name of the period is added (“billion,” “million”). Note
that “and” is not used in writing the word names for whole numbers.

Answers to PROBLEMS
8. 50,206

* In Europe and South America, a billion is a million millions, or 1,000,000,000,000.
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-
EXAMPLE 9  Writing numbers in words PROBLEM 9
Write word names for each of the numbers. Write word names for each of the
numbers.
SOLUTION 9
a. 93
b. 102,682 We first label each period for easy reference as shown. c. 75,142,642,893

One hundred two thousand, six hundred eighty-two.

c. 13,012,825,476  We first label each period for easy reference, as shown.
The word name is thirteen billion, twelve million,
eight hundred twenty-five thousand, four hundred
seventy-six.

E > Words to Numerals

We can reverse the process in Example 9 and write the word name of a numeral in standard
form, as shown next.

7

EXAMPLE 10  writing numbers in standard form PROBLEM 10
Write one hundred three million, eight hundred forty-seven Write three hundred ten million, six
thousand, six hundred eleven in standard form. hundred ninety-two thousand, seven

hundred twelve in standard form.
SOLUTION 10 Think of the value of each of the periods individually, like this:

one hundred three million, eight hundred forty-seven thousand, six hundred eleven

103, <« 847, «— 611
Then write your answer as 103,847,611.
’ <
>
EXAMPLE 11  Writing numbers in standard form PROBLEM 11
Write four billion in standard form. Americans eat one billion,

one hundred twenty-five million
pounds of popcorn each year. Write
1125 million in standard form.
Source: The Popcorn Board.

Gobbling popcorn
Americans eat about 4 billion
gallons of popped popcorn
each year, with the average
person munching about

15 gallons annually. That's
enough popped corn to fill

70 four-cup-size popcorn boxes.

SOLUTION 11  We have to include billions, millions, thousands, and ones.
4, 000, 000, 000

.

e A
Answers to PROBLEMS
9. a. Ninety-three b. Two hundred nine thousand, three hundred seventy-six c. Seventy-five billion, one hundred forty-two million,

six hundred forty-two thousand, eight hundred ninety-three 10. 310,692,712 11.1,125,000,000
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F > Applications Involving Standard Numerals

The ideas discussed here can be used in everyday life. For example, the amount of elec-
tricity used in your house is measured by an electric meter that records kilowatt-hours
(kWh). (An electric meter actually has four or five dials.) To read the meter we must
use the standard form of the number involved. Thus, the meter below is read by starting
at the left and writing the figures in standard form. When the pointer is between two num-
bers, we use the smaller one. In this manner, the reading on the meter is

5 8 2 4
\1 (’) g/ \9 0 1/ \1 (I) g/ \9 6 1/
~2 8" \B\ 23 2 8~ 78 27
23 74 7 34 /3< 4 7 ‘ 34
4 ‘ 6 6 g 4\ 1,4 5 6\ 6 g 4\
4 A
EXAMPLE 12 Reading your electric meter PROBLEM 12
Read the meter. Read the meter.
T AT AT A< 0/ )= )5 0
2 8" "8 27 "2 g8t 8 2 f s NG sl
1 '3 \7\ L7 \3\ 13 TN 7 3J
,'4 5 6\ ,'6 ? N ,'4 ? 6\ ,'6 Ll'v 4\
SOLUTION 12 The first number is 6 (because the pointer is between 6 and
7, and we must choose the smaller number), and the next is 3, followed by 8 and 1.
| Thus, the reading is 6381 kilowatt-hours. )

Some important and contemporary applications of mathematics concern the environment,
ecology, and climate change, what we will call “The Green Math.” These applications
will be clearly marked so you can pay special attention to them. Here is one of them.

GREEN MAE

EXAMPLE 13 saving trees, water, and oil PROBLEM 13

By recycling one ton (2000 pounds) of paper, we save 17 trees, 6953 gallons of water, Write word names for 463 and
463 gallons of oil, and 4077 kilowatt-hours of energy. Write word names for 17 and 6953. | 4077.

SOLUTION 12  The word name for 17 is seventeen and the word name for
6953 is six thousand nine hundred fifty-three.

Source: SEED (Students Expressing Environmental Dedication).

Calculator Corner

To the student and instructor: CALCULATOR CORNER exercises give the students the opportunity to see how the
material relates to the features of an inexpensive scientific calculator.

1. What is the largest number you can enter on your calculator? Write the answer as a numeral and in words.
2. Do you have to use commas to enter the number 32,456 on your calculator?

Answers to PROBLEMS
12.1784 13. 463 is four hundred sixty-three and 4077 is four thousand seventy-seven.
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E};ﬂ m‘ectm > Practice Problems > Self-Tests

]MATHEMATICS > Media-rich eBooks > e-Professors > Videos

<A > Place Value In Problems 1-6, what is the value of the circled number?

Florida - 016,072
i R e e
’_‘-—- -
Al Michigan === 044 800
e — e ——— el

M California ST e 894 834
— B e

Pl Minnesota L (53 448
S——— B S ——

go to mhhe.com/bello for more lessons
H

Source: Data from National Marine Manufacturers Association.

5. 853,488
6. 853,@48

> > > Applications: Green Math

In Problems 7-8, what is the value of the circled number?

Number of People Living without Electricity

Region Millions without Electricity
7. Sub-Saharan Africa 5@7
8. EastAsia @24

Source: Poverty Facts and Stats by Anup Sha http://www.globalissues.org/.

In Problems 9-12, what is the underlined place value?

Education and earnings

9. $74,602
10. $51,206
11. $27,915
7134
12. ' 18
Advanced Bachelor’s High school  No high school
degree degree diploma diploma

Source: Data from U.S. Census Bureau.



http://www.globalissues.org/

19 11 Standard Numerals 9

> > Applications:
In Problems 13-16, what is the underlined place value?

Numbers of Threatened Species by Major Groups of Organisms (1996-2008)

Vertebrates Number
13. Mammals 5488
14. Birds 9990
15. Reptiles 8734
16. Fishes 30,700

Source: http://www.iucnredlist.org/static/stats.

B > Expanded Form of a Numeral In Problems 17-36, write in expanded form.

17. 34 18. 27 19. 108
20. 375 21. 2500 22. 8030
23. 7040 24. 3990 25. 23,018
26. 30,013 27. 604,000 28. 82,000
29. 91,387 30. 13,058 31. 68,020
32. 30,050 33. 80,082 34. 50,073
35. 70,198 36. 90,487

C » Standard Form of a Numeral In Problems 37-56, write in standard form.

<
-~
o
3
=
=
%
[1]
o
3
N
-3
ol
)
)
=
3
o
=
@
o
(7]
(7]
o
S
(7]

37. 70 + 8 38. 60 + 3 39. 300 + 8

40. 600 + 5 41. 800 + 20 + 2 42, 600 +30 + 6

43. 700 + 1 44, 900 + 4 45, 3000 + 400 + 70 + 3
46. 1000 + 600 + 10 + 2 47. 5000 + 200 + 50 48. 7000 + 500 + 20

49. 2000 + 30 50. 5000 + 60 51. 8000 + 90

52. 6000 + 3 53. 7000 + 1 54. 1000 + 300

55. 6000 + 600 56. 8000 + 70

D > Numerals to Words In Problems 57-66, write word names for the numerals.

57. 57 58. 109

59. 3408 60. 43,682

61. 181,362 62. 6,547,210

63. 41,300,000 64. 341,310,000
65. 1,231,341,000 66. 10,431,781,000

E > Words to Numerals In Problems 6776, write the given numeral in standard form.
67. Eight hundred nine 68. Six hundred fifty-three
69. Four thousand eight hundred ninety-seven 70. Eight thousand six hundred twenty-seven

71. Two thousand three 72. One million, two thousand



http://www.iucnredlist.org/static/stats
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73. Two million, twenty-three thousand, forty-five

75. Three hundred forty-five million, thirty-three thousand, eight
hundred ninety-four

<F > Applications Involving Standard Numerals

77. Cost of raising a child The U.S. Department of Agriculture
has determined that it costs about $173,880 to raise a child
from birth to age 18. Write the numeral 173,880 in words.

79. School attendance On an average day in America, 13,537,000
students attend secondary school. Write the numeral 13,537,000
in words.

81. College attendance On an average year in America, fourteen
million, nine hundred seventy-nine thousand students are
enrolled in colleges and universities. Write this number in
standard form.

> > > Applications: Green Math

1-10

74. Seventeen million, forty-seven thousand, ninety-seven

76. Nine billion, nine hundred ninety-nine million, nine hundred
ninety

78. Germs on your phone The average phone has 25,127 germs
per square inch. Write the numeral 25,127 in words.

Source: Microbiologist Charles Gerba.

80. Rainfall on an acre A rainfall of 1 inch on an acre of ground
will produce six million, two hundred seventy-two thousand,
six hundred forty cubic inches of water. Write this number in
standard form.

82. Middle East oil reserves The proven oil reserves of the
Middle East are about six hundred eighty-five billion barrels.
Write this number in standard form.

Source: BP Statistical Review of World Energy.

<E» words to Numerals. In Problems 83-92, write the given numeral in standard form.

An Inconvenient Truth, a book by Vice-President Al Gore, is said to exaggerate the effects of Global Warming. Here are
10 items that are said to misrepresent the facts about Global Warming.

83. Statement in the book Sea level is rising six meters.

85. Statement in the book Polar bears are “dying.” As a matter of
fact four bears died in a storm.

87. One hundred parts per million by volume of CO, is melting
the mile-thick ice.

89. Antarctic Peninsula ice shelves “breaking up” Gore
concentrates on the two % of Antarctica that is experiencing
some warming.

91. Hurricane Katrina “manmade” (First South Atlantic
hurricane, 2004). Air temperatures in the area were the coldest
in twenty-five years, not warmest.

< F> Applications Involving Standard Numerals

93. Sewage dumping Americans dump over 15 tons of sewage
into their streams and oceans every minute. Write 15 in
words.

95. Water usage A typical family member uses over 80 gallons
of water each day. Write 80 in words.

97. Paper, metal, and glass discards Each year, a typical
American family throws away 2500 pounds of paper,
500 pounds of metal, 500 pounds of glass and food scraps.
Write 2500 in words.

84. Rebuttal The IPCC’s (International Panel on Climate
Change) maximum sea level rise estimate is a mere fifty-nine
centimeters.

86. Rebuttal There are twenty-five thousand polar bears today
compared to five thousand in 1940.

88. Gore overstates the effect of CO, as ten times greater than
even the IPCC’s highest estimate.

90. Rebuttal Gore neglects to mention the ninety-eight % of
Antarctica that is cooling.

92. Hurricanes “getting stronger”—rebuttal They haven’t in

sixty years.

Source: http://scottthong.wordpress.com/2007/10/30/35-scientific-
errors-or-intentional-lies-in-an-inconvenient-truth/.

94. Pollution from gas A gallon of gas burned by our cars
contributes 19 pounds of carbon dioxide to the atmosphere.
Write 19 in words.

96. CFC (chlorofluorocarbon) atoms A single CFC atom may
remain in the atmosphere for up to 100 years before it becomes
harmless. Write 100 in words.

98. Plastic bags and six-pack holders Plastic bags and six-pack
holders kill 100,000 marine mammals and over 1 million sea
birds. Write 100,000 in words.


http://scottthong.wordpress.com/2007/10/30/35-scientificerrors-or-intentional-lies-in-an-inconvenient-truth/
http://scottthong.wordpress.com/2007/10/30/35-scientificerrors-or-intentional-lies-in-an-inconvenient-truth/
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99. Using paper to heat homes We throw away enough paper 100.
each year to heat 50 million homes for 20 years. Write
50 million in standard form.
101. CFCs in polystyrene cups One single polystyrene cup 102.

contains one billion molecules of CFCs. Write one billion in
standard form.

1.1 Standard Numerals 11

Dangerous pollution levels Over one hundred million
Americans live in areas with air pollution levels considered
harmful by the government. Write one hundred million in
standard form.

Aluminum can waste Americans throw away enough
aluminum cans, approximately 40 billion, to reach the moon
and back over 20 times. Write 40 billion in standard form.

Source: Centerline Designs at http:/Aww.reddawn.com/greenfag.html.

In Problems 103-106, read the meter. (See section F, Example 12.)

103. : : : : 104.
\1 0 9/ \9 0 1/ \1 0 g/ \9 0 1/
o 8 s 7 o o5 -8 24
-3 ! 7 7 34 3 7 7 3.
% ; 6\ v ? 4\ 4 ? 6\ o ? 4\
105. , 106.

> > > Using Your Knowledge

1 9 9 1 1 9 9
L s A8 A A L 2A
) 4 7 3. /3/ 7 3.
%, ‘5 6\ e ? 4\ Y4 ? 6\ 5 ii': 4\
Ay ; A Ay ) M A ; A ~ ; A
109 9 0 104 9 0 1
2 8~ 8 23 2 8~ 8 27
13 \7\ Ly 3yl 3 ’ 7| Mg J 3
% 5 4\ %, ? 6\ ? 4\

Writing Checks Check this out! In problems 107-111, fill in the appropriate blank in the check.

107.
CHARLES SMITH oz 1024
FORT BLAT, IL 64521
DATE jﬂﬂe 70
w0 M@0 M&fmé '$
THE VORDER OF ] ] 00
Ving 15 Aﬂuéﬂna/,éet/en Awm/ma/ n/néff V-niné dna/ 700 Doiiags
s CITIZENS BANK
% ‘ OF EAGLE POINT
EAGLE POINT, IL 64502
v NOW car JAMLQML
1.7233602L0O1 0008 2LL3 4 L02L
108.

JAMES L. SEAGOER
1004 CREEKSIDE AVE.
FORT BLAT, IL 64539

60-8124/7233
1000824628

2872

ReZ _
Eipht thousand six hundred n/’nefv—éix and To0

DATE 74”04(/4% ¢%

s |

DOLLARS

CITIZENS BANK

OF EAGLE POINT
EAGLE POINT, IL 64502

e N boat
1723360 2L0O1I

10008 ZLE 28i* 287 ¢ 'Z
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109.
ALICE SMART 60-8124/7233 988
FORT BLAT.IL. 64521 e
’ o M@y, éA / ?
PAY TO ciman A'u%@é | $ 7%700
THE ORDER OF
DOLLARS
=\@/5 CITIZENS BANK
' ‘ OF EAGLE POINT
EAGLE POINT, IL 64502
vewo NEW cdr A{ (el Sma Z{f
11723360 2L0ON W000ABL?77I" OR88
110.
FELICIA PEREZ -
115 MAY FAIR DR. 63053823477%‘313 2 3 9 9
RICHFIELD, IL 64011 &
DATE A}D[// z
Mﬁwﬁéﬁﬁ@ $ 47 700
THE ORDER OF
DOLLARS
=\@5 CITIZENS BANK
(I OF EAGLE POINT
EAGLE POINT, IL 64502
1:723360L0OK W000BB87L L 235915
111.
JOSEPH CLEMENTE 60-8124/7233 1381
1316 PARK ST. 1000824119

FORT BLAT, IL 64539

DATE J b// 4 7
/
v Aome Makers, Inc  $[70700 |

THE ORDER OF

DOLLARS

=\§J= CITIZENS BANK

‘ ‘ OF EAGLE POINT
EAGLE POINT, IL 64502

i VW house  Jwe emente

1723360 L0ON L000BeL kA" L3iBL

> Write On

To the student and instructor:  The WRITE ON exercises give you an opportunity to express your thoughts in writing. They
usually can be answered in a few sentences. Most of the answers to these exercises do not appear at the back of the book.

112. What is the definition of a period? 113. Why do we use commas when writing large numbers?

114. In the numeral 5678, what is the value of the 5? 115. In the numeral 5678, what is the value of the 8?

116. In the numeral 5678, what digit tells the number of 117. In the numeral 5678, what digit tells the number of tens?
hundreds?
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> > Concept Checker

This feature is found in every exercise set and is designed to check the student’s understanding of the concepts covered in
the section.
Fill in the blank(s) with the correct word(s), phrase, or mathematical statement.

1148. 1,2, 3, ... are the numbers you use to count, that is, the numbers. number natural
119. 0,1,2,3,...arethe numbers. numeral standard
120. A is an abstract idea used to represent a quantity. whole digits
121. 1,2,3,4,...arethe numbers. expanded  counting
122. When a numeral is written as an addition of their place values it is in form.

123. A is a symbol that represents a number.

> > Mastery Test

124, Write 8000 + 600 + 90 + 3 in standard form.
125. Write the numeral 12,849 in words.

126. Write 785 in expanded form.

127. What is the place value of 6 in 6897

128. Write “fifty-six thousand, seven hundred eighty-five” in standard form.
129. Write 305 in words.

Ordering and Rounding Whole Numbers

(») Objectives (») To Succeed, Review How To . . .

You should be able to: Find the place value of a digit in a numeral. (p. 3)

A > Determine if a given

number is less than (» Getting Started
or greater than
another number. How long is a large paper clip?

To the nearest inch, it is 2 inches. |”““““-“l““ll“m““Ei”ﬁ!{!eluu]s!ﬂu.lm“

B > Round whole
numbers to the
specified place
value.

C > Solve applications
involving the
concepts studied.
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A > Ordering Numbers

1-14

We know that 2 is greater than one because the 2 on the ruler is to the right of the one.
Whole numbers can be compared using the number line shown:

0 1 2

FOR ANY WHOLE NUMBERS a AND b

5 6

1. a < b (read “a is less than b”) if a is to the left of b on a number line.
2. a > b (read “a is greater than b”) if a is to the right of b on the number line.

Thus, 3 < 5 because 3 is to the left of 5 on the number line. Similarly, 5 > 3 because
5 is to the right of 3 on the number line. Sentences such as 3 < 5 or 5 > 3 are called
inequalities. The inequality 3 < 5 is true, but the inequality 3 > 8 is false.

;
EXAMPLE 1 creating true statements
Fill in the blank with < or > to make the resulting inequalities true.

a 271728 b. 33_25

SOLUTION 1 We make a number line starting with 25.

25 26 27 28 29 30 31 32 33 34 35

Since 27 is to the left of 28, 27 < 28.
Since 33 is to the right of 25, 33 > 25.
\

PROBLEM 1
Fill in the blank with < or > to
make the resulting inequalities true.

a 23___25 b.31____ 27

>
EXAMPLE 2 oOrdering numbers
The graph shows the cities with the most auto thefts per 100,000 people.

a. Order the number of auto thefts from smallest to largest.
b. Which city had the smallest number of auto thefts?

Auto Theft Hot Spots

Thefts per 100,000 people

Phoenix
1081

Source: Data from National Insurance Crime Bureau Study.

SOLUTION 2

a. To make sure we include the numbers 980 to 1081, we construct a number
line starting at 950 and ending at 1100, as shown in Figure 1.1.

t
950 1100

>Figure 1.1

PROBLEM 2

a. Order the number of auto thefts
from largest to smallest.

b. Which city had the largest
number of auto thefts?

-
Answers to PROBLEMS

lLa<hb > 2.a.1081 > 1048 > 980 b. Phoenix
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For convenience, we make 50 unit subdivisions, that is, we count by fifties.
The line looks like Figure 1.2.

950 1000 1050 1100

>Figure 1.2

The numbers 980, 1048, and 1081 are then placed on the line from left to
right, as shown in Figure 1.3.

. 9§O . 10_|48 ]0‘81 .
95IO - 10IOO 1650 - 11I00
>Figure 1.3
Since 1048 is to the right of 980 and 1081 is to the right of 1048, we have
980 < 1048 < 1081
Fresno Miami Phoenix

b. The city with the smallest number of auto thefts is Fresno.
\

B > Rounding Whole Numbers

When finding the length of a paper clip, we might be told to round the answer to the
nearest inch. In this case, the length is 2 inches. One use of rounding numbers is in
dealing with very large numbers (such as the amount owed by the U.S. government in
a recent year, $6409 billion) or where the numbers change so fast that it is not possible
to give an exact figure (for example, the population of a certain city might be about
250,000), or when estimating answers in solving problems.

To round a number, we specify the place value to which we are to round and
underline it. Thus, when rounding 78 to the nearest ten, we write

7 8

On the number line, this means we count by tens and find the group of tens closest to 78,
which is 80, as shown in Figure 1.4.

60 70 80
>Figure 1.4

When rounding 813 to the nearest hundred, write
8 1 3

and use a number line with intervals of 100. You can see that 813 is closest to 800, as
indicated in Figure 1.5.

}
700 800 900
>Figure 1.5

When rounding 3500 to the nearest thousand, write
3500
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and use a number line with intervals of 1000. You can see that 3500 lies exactly in
between 3000 and 4000, as shown in Figure 1.6.
3500

T T
2000 3000
>Figure 1.6

T
4000

To do the actual rounding, we use the following rule:

RULE FOR ROUNDING WHOLE NUMBERS *
Step 1. Underline the place to which you are rounding.

Step 2. If the first digit to the right of the underlined place is 5 or more, add one
to the underlined digit. Otherwise do not change the underlined digit.

Step 3. Change all the digits to the right of the underlined digit to zeros.

Thus, to round 78 to the nearest ten, we use the three steps given.

Step 1. Underline the place to 7 8
which we are rounding.

Step 2. If the first digit to the 7 8

right of the underlined

place (the 8) is 5 or more,

add one to the underlined

digit. 8
Step 3. The digit to the right of

the underlined digit

becomes zero. 80

We write the answer like this: 78 = 80. Thus, 78 rounded to the nearest 10 is 80. (See
Figure 1.4.)

EXAMPLE 3 Rounding whole numbers PROBLEM 3
Round 813 to the nearest hundred. Round 347 to the nearest hundred.

SOLUTION 3

Step 1. Underline the place to which we are rounding.

Step 2. The first digit to the right of 8 is 1, so we do
not change the underlined digit.

Step 3. We then change all the digits to the right of the
underlined digit to zeros.

We then have 813 = 800. Thus, 813 rounded to the nearest hundred is 800.
(See Figure 1.5.)

100 |00

[ee]
o
o

EXAMPLE 4 Rounding whole numbers PROBLEM 4

Round 3500 to the nearest thousand. Round 6508 to the nearest thousand.
SOLUTION 4

Step 1. Underline the place to which we are rounding. 3500

* Some textbooks round a number ending in 5 so that the last retained digit is even.

Answers to PROBLEMS
3.347 = 300 4.6508 =~ 7000
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Step 2. The first digit to the right of the underlined 4500
digit is 5, so we add one to the underlined
digit (obtaining 4).

Step 3. Change all the digits to the right of the underlined 4000
digit to zeros.

Thus, 3500 = 4000 so that 3500 rounded to the nearest thousand is 4000.
(See Figure 1.6.)
\

Ordering and Rounding Whole Numbers 17

C > Applications Involving Whole Numbers

-
EXAMPLE 5 Rounding whole numbers

A planner estimated that on an average day 1,169,863 persons take a taxi. Round

this number to the nearest thousand.

SOLUTION 5

Step 1. Underline the place to which we are rounding. 1,169,863
Step 2. The first digit to the right of the underlined 1,1610,863
digit is 8 (more than 5), so we add one to the 9, 1,170,863
obtaining 10, and write the answer on the next line.
You can also think of this as adding 1 to 69 and
getting 70 on the next line.
Step 3. Change all the digits to the right of the underlined 1,170,000

digit to zeros.

We then have 1,169,863 =~ 1,170,000, which means that 1,169,863 rounded to the
nearest thousand is 1,170,000.

\

PROBLEM 5

On an average day 6375 couples
wed in the United States. Round this
number to the nearest thousand.

Source: U.S. Census Bureau.

v

Sometimes the same number is rounded to different places. For example, on an
average day 231,232,876 eggs are laid (honest!). This number can be rounded to

U

The nearest hundred 231,232,876

|

231,232,900

The nearest thousand 231,232,876 =~ 231,233,000

U

The nearest million 231,232,876

231,000,000

We use this idea in Example 6, which should be of interest to you.

EXAMPLE 6 Rounding whole numbers
It has been estimated that by retirement age a high school graduate will outearn a
non-high school graduate by $405,648. Round this number to

a. the nearest hundred.
b. the nearest thousand.
c. the nearest ten thousand.

SOLUTION 6
a. Step 1. 405,648

PROBLEM 6

A college graduate will outearn a
high school graduate by $1,013,088.
Round this number to

a. the nearest hundred.

b. the nearest thousand.

c. the nearest ten thousand.

(continued)

.
Answers to PROBLEMS

5. 6375 = 6000 6.a.$1,013,100 b. $1,013,000 c. 1,010,000




18

Chapter 1 Whole Numbers 1-18

Step 2. 405,648

Step 3. 405,600

Thus, 405,648 rounded to the nearest hundred is 405,600.

b. Step 1. 405,648

Step 2. 406,648

Step 3. 406, 000

Thus, 405,648 rounded to the nearest thousand is 406,000.

c. Step 1. 405,648

Step 2. 415,648

Step 3. 410,000

Thus, 405,648 rounded to the nearest ten thousand is 410,000.

EXAMPLE 7 Rounding whole numbers PROBLEM 7

In 2009, the best-selling car in America was the Toyota Camry. Use the chart Estimate, to the nearest hundred, the
(page 19) to round the specified prices. Suppose you have a $22,000 budget. TMV price of

a. Round the True Market Value (TMV) Base Price to the nearest hundred. a. the GU package.

b. Round the TMV price of the GJ package #3 to the nearest hundred. b. the SR package.

c¢. Round the TMV price of the BE package to the nearest hundred. c. the XV package.

SOLUTION 7

a. The base price is $20,080. To round $20,080 to the nearest hundred, underline
the hundreds place, that is, the 0. Since the 8 to the right of 0 is more than 5,
add one to the 0, write 1, and change the last two numbers to zeros to get
the estimate $20,100 as shown.

b. The GJ package costs $1475. Underline the hundreds place, that is, the 4. Since
the 7 to the right of 4 is more than 5, add one to the 4, write 5, and add two
zeros at the end to get the estimate, $1500.

c. The BE package is $438. Underline the 4. Since the 3 to the right of the 4 is less
than 5, leave the 4 alone and add two zeros at the end to get the estimate, $400.

Answers to PROBLEMS
7.a.$1000 b.$700 c. $100
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PRICE WITH OPTIONS

Add Options to this Toyota Camry LE V6 4dr
Sedan (3.0L 6cyl 6A)
p— v moice M
_— e pa,ficeitnga e Estimate
b .
] feglonalBase 22260 $19,810 $20,080 === $20,100

Price

STEP 1 Add Options
Add Code Option Name MSRP  Invoice

True Market Value ®
Pricing
0 GJ Package #3 info $1,820 $1,432 $1,475 (== $1500
VSC & Side Airbag
] aGu Package info $1,150 $950 $972
1 SR Power Moonroof info $900 $720 $740
1 Gl Package #2 info $630 $490 $505
Front Side & Curtain
1 BE Airbags info $500 $430 $‘_138 —) $4OO
JBL 3-in-1 Premium
1 EJ Combo w/Changer $490 $368 $381
info
Adjustable Power
[ XV  Accelerator Pedal $120 $96 $99

Info

By the way, the estimate comes to exactly $22,000.
\

How does your car pollution compare to the pollution from your mower? We shall
see in Example 8.

- GREEN MAE w

EXAMPLE 8 Air pollution from your mower and your car PROBLEM 8
According to the U.S. Environmental Protection Agency (EPA), a traditional Round 12,000 to the nearest ten
gas-powered lawn mower produces as much air pollution as 43 new cars being thousand.

driven 12,000 miles each. Round 43 to the nearest 10.

SOLUTION & step 1. Underline the tens place, 43.

Step 2. The number to the right of the underlined digit is 3,
so we do not change the underlined digit 4.

Step 3. Change all numbers to the right of 4 to 0s. Thus,
43 rounded to the nearest 10 is 40, that is, 43 = 40.

Do you see how the artist/designer used rounding to create the graph?

Source: http://www.peoplepoweredmachines.com/fag-environment.htm.
\ J

r

Answers to PROBLEMS
8. 10,000
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> Self-Tests
> Media-rich eBooks > e-Professors > Videos

> Practice Problems

IMATHEMATICS

Ordering Numbers In Problems 1-10, fill in the blank with < or > to make a true inequality.
8__ 10 2. 6__ 16 3.8__ 0 4.0__ 10
102 120 6. 808 880 7.999 990 8. 777 __ 770
1001 1010 10. 2002 ___ 2020
Rounding Whole Numbers In Problems 11-30, round to the underlined place.
73 12. 84 13. 86 14. 47
98 16. 97 17. 103 18. 204
386 20. 476 21. 950 22, 963
2308 24. 6209 25. 6999 26. 8999
9999 28. 9990 29. 9099 30. 9011

In Problems 31-40, round the given number to the nearest ten, the nearest hundred, and the nearest thousand.

31.
32.
33.
34.
35.
36.
37.
38.
39.
40.

C
41.

43.

45.

47.

Ten Hundred

Thousand

586

650
29,450
39,990
49,992
349,908
259,906
349,904
289,000
999,000

Applications Involving Whole Numbers

Rapid typing The record for rapid typing with a standard
typewriter is held by Albert Tagora. On October 23, 1923, he
typed an average of 147 words a minute. Round 147 to the
nearest ten.

Weight loss Do you have a weight problem? The heaviest
man on record was Robert Earl Hughes, who tipped the scales
at 1069 pounds. Round 1069 to the nearest hundred.

Really smoking! If you smoke 1% packs of cigarettes a day,
you will smoke about 10,950 cigarettes a year. Round 10,950
to the nearest thousand.

New York population According to a recent census, the
number of people in New York City is 7,895,563. Round this
number to the nearest one hundred thousand.

42,

44,

46.

48.

Fishing Have you gone fishing lately? The largest fish ever
caught by rod and reel was a white shark weighing 2664
pounds. Round 2664 to the nearest ten.

Heavy lifting The heaviest weight ever lifted by a human
being was 6270 pounds, lifted by Paul Anderson in 1957.
Round 6270 to the nearest hundred.

Hertz used cars A survey conducted by Hertz shows that the
typical used car purchased in a certain year showed 29,090 miles
on the odometer. Round 29,090 to the nearest thousand.

Population of Nevada The number of residents of Nevada
was counted and found to be 2,070,000. Round this number to
the nearest one hundred thousand.
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49. Godfather money! Did you see the movie The Godfather? 50. Movie revenue The Sound of Music is another famous movie.
A lot of people did! In fact, during its first three years in In its first ten years it made $83,891,000. Round this number
circulation the movie made $85,747,184. Round this number to the nearest million.
to the nearest million.

51. Cheap as Dell Here are the prices for three Dell computer 52. Price of Gateways Here are the prices for three Gateway
models. computer models.
Use an inequality to compare the prices: Use an inequality to compare the prices:

a. From lowest to highest . From lowest to highest

c. Which is the most expensive model?

a
b. From highest to lowest b. From highest to lowest
c. Which is the most expensive model?
d

d. Which is the least expensive model? . Which is the least expensive model?

Cutting Edge | Performance | Affordability Feature Rich | High Performance | Value

Dimension 8400 Dimension E310 | Dimension F510 Gateway Gateway Gateway

from $1019 from $689 from $968 GM 5072 GT 5058 GT 4016
starting starting starting
at $1299 at $899 at $449

> > > Applications: Green Math

Saving money in your electric bill

Strategy Up-Front Cost Savings per Year
Replace regular light bulbs with compact fluorescents $32 $90
Wiash laundry in cold water instead of hot or warm $0 $167
Use a clothesline or a laundry rack instead of a dryer $20 $141
Turn off a single 100-watt lightbulb from running constantly $0 $96

53. Use an inequality to arrange the savings per year (last column):

a. From lowest to highest b. From highest to lowest

c. Which strategy saves the most money? d. Which strategy saves the least money?
Strategy Up-Front Cost Savings per Year
Replace top-loading washer with front-loading washer $500 $90
Replace 1990 fridge with 2009 model $300 $45
Replace a CRT computer monitor in a home office with an LCD display $200 $21

54. Use an inequality to arrange the up-front costs:

a. From lowest to highest b. From highest to lowest
c. Which is the most expensive strategy? d. Which is the least expensive strategy?

Source: http://michaelbluejay.com/electricity/laundry.html.

> > > Using Your Knowledge

Here is an activity that you cannot evade: filing your income tax return. The U.S. government has a booklet called
Publication 796 to help you do it! This publication states:

All money items appearing on your return may be rounded off to whole dollars on your returns and schedules, provided you do
so for all entries on the return.
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Use the knowledge you have obtained in this section to round off the numbers in the following form.

7  Wages, salaries, tips, etc. Attach Form(s) W-2 7 237899 56 55.

Income 8a Taxable interest. Attach Schedule B if required . .. . . . . . . . . |®a 39106 56.
Attach b Tax-exempt interest. Do not include on line 8a . . ‘ 8b ‘ ‘
Forms W-2 and 9a Ordinary dividends. Attach Schedule B if required Ce e e 9a [
x"l;";aa't‘;f’; b Qualified dividends (see page 23) . Leb | | 7
Form(s) 1099-R 10  Taxable refunds, credits, or offsets of state and local income taxes (see page 23) . 10
if tax was 11 Alimony received . 11
withheld. 12  Business income or (loss). Attach Schedule C or C-EZ . e e 12 349148 57.

13a Capital gain or (loss). Attach Schedule D if required. If not required, check here » [ | 13a [

b If box on 13ais checked, enter post-May 5 capital gain distributions ‘ 13b ‘

If you did not 14  Other gains or (losses). Attach Form 4797 . Ce e e 14
geta W'2'22 15a IRA distributions . ‘ 15a ‘ ‘ ‘ b Taxable amount (see page 25) | 15b
see page £2. 16a Pensions and annuities ‘ 16a ‘ ‘ b Taxable amount (see page 25) | 16b 1.387]53 58.
Enclose, but do 17  Rental real estate, royalties, partnerships, S corporations, trusts, etc. Attach Schedule E 17
not attach, any 18  Farm income or (loss). Attach Schedule F . 18
payment. Also, .
please use 19  Unemployment compensation e e e e e 19
Form 1040-V. 20a Social security benefits . ‘ 20a ‘ ‘ ‘ b Taxable amount (see page 27) 20b

21 Other income. List type and amount (see page 27) ..o 21

22  Add the amounts in the far right column for lines 7 through 21. This is your total income » 22 25,675 63 59

> > Write On

60. Write in your own words the procedure you will use to round
a number when the digit to the right of the place to which you

62.

are rounding is less than 5.

Can you think of three situations in which estimating can be

useful?

> > Concept Checker

are rounding is 5 or more.

Fill in the blank(s) with the correct word(s), phrase, or mathematical statement.

63.
64.
65.
66.

67.

68.

69.

70.

71.

a < b means that a is to the of b on the number line.
If a is to the right of b on the number line, a b.
To round a number, we specify the

The first step in the rule for rounding whole numbers is to
we are rounding.

to which we are to round.

the place to which

<

left
place
add one

underline

When rounding the number VI to the nearest ten, if the number in the [ box is 5 or

more, to V.

a<bandb >aare examples of

1-22

61. Write in your own words the procedure you will use to round
a number when the digit to the right of the place to which you

right
inequalities
delete

>

rounding

>

Mastery Test

72. The highest domestic gross receipts for a movie are from

Avatar. The domestic gross ticket receipts (in millions) of

Round to the underlined place:
a. 765 b. 364
c. 862

Fill in the blank with < or > to make the resulting
inequalities true.

a. 349 399
b. 57 27
c. 1000 999

d. 1099 1199

The median income of an MTV median household is
$49,773. Round $49,773 to the nearest thousand.

Source: Nielsen Media Research.

five other movies listed alphabetically are as follows:

E.T., $435

Spider-Man, $404

Star Wars, $461

Star Wars: The Phantom Menace, $431
Titanic, $601

a. List the amounts of ticket receipts from highest to lowest
using inequalities.

b. List the amounts of ticket receipts from lowest to highest
using inequalities.
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> Skill Checker

What kind of car do you drive? Here are the six least-expensive cars in a recent year. Write the numerals in words.
73. Chevrolet Aveo, $9995

74. KiaRio, $10,280

75. Hyundai Accent, $10,544

76. Chevrolet Cavalier, $10,890

77. Toyota Echo, $10,995

78. Pontiac Sunfire, $11,460

Source: Data for Exercises 73—-78 from Edmunds.com, http://www.edmunds.com.

Addition

(») Objectives (») To Succeed, Review How To . . .

You should be able to: Use the addition facts in the table on page 24.

A > Add two or more
whole numbers, @ Getting Started
regrouping (carrying)
if necessary.

B > Use addition to
find perimeters of
polygons.

Configuration | Invoice | MSRP
Base Model | $19,810 ‘ $22,260
Destination $485 $485

What is the invoice price for the car? To find out, we have to add the Base Model Price
($19,810) and the Destination charge ($485). To answer the question “how many?” we
use the set of whole numbers 0, 1, 2, 3, . . ., and the operation of addition.


http://www.edmunds.com
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After you do the examples, you
will see that the invoice price
will be $20,295.

IDENTITY FOR
ADDITION

COMMUTATIVE PROPERTY
OF ADDITION

1-24

A > Adding Two or More Whole Numbers

Addition can be explained by counting. For example, the sum
6+2

can be found by using a set of 6 objects and another set of 2 objects, putting them to-
gether, and counting all the objects, as shown:

EEEEEN+EN-EEEEEEER

A set of 6 A set of 2 A setof 8
The numbers to be added, in this case 6 and 2, are called addends, and the result 8 is
called the sum, or total. The procedure is usually written as

6

+2

8

where we have used the plus (+) sign to indicate addition. All the addition facts you
need are in the table, but you either know these facts already, or should take the time to
memorize them now!

ADD (+)
0

(%]

9110
10|11
10|11 |12
10|11 (12|13
1011 (12|13 |14
101112 |13|14 |15
11|12 13|14 |15 |16
12|13 |14 |15|16 |17
13|14 15|16 |17 |18
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Zero is called the identity for addition.

Any number a added to zero equals the number; that is, adding O to a number
does not change the number.

at+0=a=0+a

Also, the order in which two numbers a and b are added is not important. This is called the
commutative property of addition. Thus, 3 +2 =2 + 3and5 + 7 = 7 + 5. In general,

Changing the order of two addends does not change their sum.
at+tb=b+a
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Now let us try another problem:

Add: 46 + 52 =
Before adding, we note that the answer, to the nearest ten, should be 50 + 50, or about
100. This kind of approximation, or estimation, can give a valuable check on the an-
swer. We then write the problem like this:

4 6
+5 2

Note that the numbers have been arranged vertically in columns with the ones digits in
the ones column and the tens digits in the tens column. We then add the ones first, then
the tens, and so on. The short form of the addition is on the left, and the expanded form

appears on the right.

Short Form Expanded Form
46 40 + 6
+52 + 50+ 2
98 90 + 8 =98
In this case, if the actual answer
(98) is rounded to the nearest
ten, we obtain our estimated
answer (100) Our estimate (100) is near the actual answer (98).
p
EXAMPLE 1  Adding whole numbers PROBLEM 1
Add 42 + 53. Add 45 + 32.
SOLUTION 1
42 Step 1. Estimate the answer. To the nearest ten, it will be
+_g§ 40 + 50 = 90.
Step 2. Arrange in columns.
Step 3. Add ones.
Step 4. Add tens.
| Note that the actual answer (95) is near our estimate (90).
>
EXAMPLE 2 Adding whole numbers PROBLEM 2

Add 341 + 235.

SOLUTION 2

341 Step 1. Estimate the answer: 340 + 240 = 580.
+235 Step 2. Arrange in columns.

576

Step 3. Add ones.
Step 4. Add tens.
Step 5. Add hundreds.

| The answer (576) is close to our estimate (580).

Add 236 + 741.

-

Answers to PROBLEMS
1.77 2.977
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Here is another problem: 56 + 38 =

1-26

. Compare the expanded form and the

short form.
Short Form Expanded Form
1 50 + 6
56 +30+8
+ 38 80+14=80+10+4
94 =90+4
=94

Note that the 1 “carried” over to the tens column is really a 10. The 14 is rewritten as

10 + 4. Here is another way of showing this:

Step 1 Step 2 Step 3
56 56 56
+38 +38 +38
14 Add ones 14 14
(6 + 8 = 14). 8 0 Add tens 80

(50 + 30 = 80). 9 4 Add partial sums

(14 + 80 = 94).

The 1 we “carry” is the 1 in 14. (Note: You should do your addition using the short form

to save time.)

Add 354 + 261.

SOLUTION 4
1
354 Step 1.
+261 Step 2.
615
Step 3.
Step 4.

Step 5.

\

The estimated answer is 350 + 260 = 610.
Arrange in columns.

Add ones.
Add tens. Remember to carry 1: (5 + 6 = 11)
Add hundreds.

Our estimate (610) is close to the answer (615).

r Y
EXAMPLE 3 Adding whole numbers PROBLEM 3
Add 537 + 48. Add 243 + 29.
SOLUTION 3
. é , Step 1. Estimate the answer: 540 + 50 = 590.
+ 48 Step 2. Arrange in columns.
585
Step 3. Add ones. Remember to carry 1: (7 + 8 = 15)
Step 4. Add tens.
Step 5. Add hundreds.
Our estimate (590) is close to the answer (585).
\
> 4
EXAMPLE 4  Adding whole numbers PROBLEM 4

Add 263 + 475.

Vs

Answers to PROBLEMS
3.272

4.738
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EXAMPLE 5 Adding whole numbers
Add 823 + 746.

SOLUTION 5
823 Step 1. The estimated answer is 820 + 750 = 1570.
+746 cten 2. A o
1569 ep 2. Arrange in columns.

Step 3. Add ones.
Step 4. Add tens.
Step 5. Add hundreds.

The estimated answer (1570) is close to the answer (1569).

PROBLEM 5
Add 632 + 754,

> 4
EXAMPLE 6 Adding whole numbers PROBLEM 6
Add 704 + 5642. Add 813 + 1702.
SOLUTION 6
1 Step 1. To the nearest hundred, the estimate is 700 + 5600 =
704 6300. (You could estimate the answer to the nearest
+5642 ten, but such an estimate is as involved as the original
6346 problem.)
Step 2. Arrange in columns.
Step 3. Add ones.
Step 4. Add tens.
Step 5. Add hundreds. Remember to carry 1: (7 + 6 = 13)
Step 6. Add thousands.
Our estimate (6300) is close to the answer (6346).
> |

EXAMPLE 7 Adding whole numbers
Add 5471 + 2842.

SOLUTION 7
11 Step 1. To the nearest thousand, the estimate is 5000 +
5471 3000 = 8000.

+2842 .

T 8313 Step 2. Arrange in columns.

Step 3. Add ones.

Step 4. Add tens. Remember to carry 1: (7 + 4 = 11)

Step 5. Add hundreds. Remember to carry 1: (1 + 4 + 8 = 13)
Step 6. Add thousands.

Note that our estimate (8000) is close to the actual answer (8313).

.

PROBLEM 7
Add 3943 + 4672.

Sometimes it is necessary to add more than two numbers. The procedure is similar
to the one explained previously. For example, to do the addition

4272 + 2367 + 7489 + 1273

Answers to PROBLEMS
5. 1386 6.2515 7.8615
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we proceed as follows:

132
4272 Step 1. To the nearest thousand, our estimate is
2367 4000 + 2000 + 7000 + 1000 = 14,000.
7489 Step 2. Arrange in columns.
+1273
15401
Step3. 2+7+9+3=21
Step4. 2+7+6+8+7=230
Step5. 3+2+3+4+2=14
Step6. 1 +4+2+7+1=15
4 '
EXAMPLE 8 Adding whole numbers PROBLEM 8
Add 1343 + 5632 + 8789 + 7653. Add 2451 + 4741 + 7879 + 6563.
SOLUTION 8
221
1343
5632
8789
+ 7653
23,417
. v
When adding a long list of digits, it is often easier to look for pairs of numbers
whose sum is ten or a multiple of ten and add these first. Here is how you do it:
13
4 20
7 10
6
+ 3—— 3
33
4 3
EXAMPLE 9 Adding whole numbers PROBLEM 9
Add16 +8 +4 +5+ 2. Add13+6+4+7+8.
13
SOLUTION 9 6
16 4
8 20 7
4 10 + 8
5 5 o
+ 2 .
35
. v

There are many problems that require addition for their solution. We give one that
may be of interest to you in the next example.

Answers to PROBLEMS
8.21,634 9.38
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p
EXAMPLE 10 Tuition costs

How many thousands of dollars will it cost a Florida resident to attend the fall and

spring semesters?

Florida Out-of-State
Residents Residents
Tuition Costs and Fees Fall & Spring Fall & Spring
Undergraduate Student
Full-Time Tuition $2700 $12,240
Room & Board 6450 6450
Books/Supplies 800 800
SUBTOTAL -

SOLUTION 10 To find the answer, we first round each of the numbers in the first
column ($2700, $6450, and $800) to the nearest thousand and then add the thousands.

2700 —> 3000

6450 — 6000

800 — 1000

$10,000

Note that we can add 3 and 6 and then 1 like this:

B+6)+1=9+1=10 The parentheses tell us to add 3 and 6 first.

or 3+(6+1)=3+7=10
This is an illustration of the associative property of addition. It tells us that it does
not matter how we group the numbers, the answer is the same.

Same answer

PROBLEM 10

How many thousands of dollars will it
cost an out-of-state resident to attend
the fall and spring semesters?

GREEN MRH

EXAMPLE 11 Things you can do to save gas and money:

Action Gallons Saved per Year Cost ($3.40/gallon)
Drive less aggressively 125 $425

Keep engine tuned 165 $561
Combine trips (cut 20 miles per week) 52 $177

How many total gallons can you save per year?
SOLUTION L1 Add the numbers in the first column.

11

125 Step 1. Estimate the answer (100 + 200 + 50 = 350).
165 Step 2. Arrange in columns.

% Step 3. Addtheones (5 +5 + 2 =12, carry 1).

Step 4. Addthetens (1 + 2 + 6 + 5 = 14, carry 1).
Step 5. Add the hundreds (1 + 1 + 1 = 3).

Note that the answer 342 is close to the estimate 350.

Source: http://www.fightglobalwarming.com/.

Answers to PROBLEMS
10. $19,000

11. $1163

PROBLEM 11

In the table in Example 11, find the
yearly cost by adding the numbers
in the last column.
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ASSOCIATIVE
PROPERTY OF

The grouping of numbers (addends) does not change the final answer (sum).

ADDITION @+b)+c=a+(b+c)

B > Perimeter of Polygons

A polygon is a flat geometric figure with many sides. Some examples of polygons are
triangles, squares, rectangles, and pentagons.

The associative law can be used to find the perimeter of polygons. What is the
perimeter? Here is the definition:

PERIMETER The distance around an object is its perimeter.

The perimeter of a polygon is the sum of the length of all sides.

p

EXAMPLE 12 Perimeter of a triangle PROBLEM 12

Find the perimeter of the triangle (in. means inches). Find the perimeter of the triangle

(mi means miles).
4in. 5 in.
8 mi 10 mi
3in.
SOLUTION 12  You can add the length of sides 4 and 3 first, and then add 5, 6 mi

that is,
(4+3)+5=7+5=12inches
or 4+ (3 +5)=4+8=12inches
\ Because of the associative property, the answer is the same.

Calculator Corner

To add numbers on a calculator with algebraic logic, you can key in the problem by pressing the appropriate keys. For
example, to do the problem
6
+8

you simply press 6 8 . The display will give the correct answer, 14. If more than two numbers are to be
added, the procedure is similar. For example, to obtain the answer for Problem 51, we proceed as follows:

1 166D s sED 2 °©o 1 ED: o 5D

The display will give the correct answer, 582.

Answers to PROBLEMS
12. 24 mi
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F‘a CDmeCt > Practice Problems > Self-Tests

iMATHEMATICS > Media-rich eBooks > e-Professors > Videos

A > Adding Two or More Whole Numbers In Problems 1-50, add.

1. 8 2. 6 3. 4 4. 0 5. 4 6. 5
+3 +4 +7 +6 6 5 o,
+6 +0 S
— — o
3
7. 10 8. 30 9. 8 10. 71 11. 4 12. 5 =
+20 +30 +83 +65 53 93 o
+72 +o1 g
g
13. 9+ 51 14. 7 + 33 15. 0 + 11 16. 7+ 71 17. 28 + 6 18. 32+ 0 -
19. 26 + 9 20. 39 + 7 21. 4 22. 5 23. 3 24. 2 s
13 12 31 38 3
+6 +5 +47 +61 5
S
D
25. 21 26. 51 27. 67 28. 65 29. 97 30. 86 g
19 39 +58 +25 +35 +24 :
+87 +28 @
31. 85 32. 36 33. 386 34. 466 35. 6347 36. 7479
+67 +98 + 14 + 89 + 426 + 521
37. 432 38. 795 39. 136 40. 384 41. 4605 42. 7807
+1381 +2160 +3587 +4439 + 39 + 46
43. 108 44. 706 45. 305 46. 609 47. 82583 48. 99,989
2134 3629 6312 6205 + 8692 + 3454
+ 98 + 83 +8573 +9503
49. 63,126 50. 89,137
77,684 60,470
+80,000 +36,409

> > Applications

51. A kettle of descendants Captain Wilson Kettle, who died 52. Sugar fights Sugar Ray Robinson had a record that included

on January 25, 1963, left 11 children, 65 grandchildren, 175 victories, 6 draws, and 21 losses. How many total fights
201 great-grandchildren, and 305 great-great-grandchildren. did he have?

How many descendants did he leave behind at the time of his

death?

53. Recovery efforts The amounts of materials recovered (in 54. People in plane A jumbo jet carries 383 passengers and a
millions of tons) in a recent year are as follows: paper and crew of 9. How many people are there in the plane?
paperboard, 37; ferrous metals, 5; glass and plastics, 5;
yard and other waste, 17. How many millions of tons is
that?
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55. Milkshake gallons One of the largest milkshakes 56. Bible chapters In the Judeo-Christian Bible, the Old Testament
ever made started out with 118 gallons of vanilla ice has 929 chapters and the New Testament has 270. How many total
cream, 60 gallons of milk, and 17 gallons of strawberry chapters are there in the Judeo-Christian Bible?

flavoring. How many gallons of milkshake were mixed
in order to make the milkshake?

57. Empire State total height The Empire State Building 58. Total calories A lunch at McDonald’s consisted of a Big Mac
is 1250 feet tall. The antenna on top of the building (570 calories), regular fries (220 calories), a 12-oz Sprite
is 222 feet tall. How tall is the building with its (144 calories), and a hot fudge sundae (357 calories). What is the
antenna? total number of calories in this lunch?

59. Gold in a nugget The purest gold nugget ever found 60. Lots of paella! One of the largest paellas made included
yielded 2248 ounces of pure gold and 32 ounces 8140 pounds of rice, 6600 pounds of meat, 3300 pounds of mussels,
of impurities. How many ounces did the nugget 3080 pounds of beans and peppers, and 440 pounds of garlic. How
weigh? many pounds of ingredients is that?

> > > Applications: Green Math

Saving energy costs

High Efficiency Appliances Reduce Household Energy Costs

Appliance Existing New (NAECA min.) High-Efficiency Model
Refrigerator/freezers $93 $61 $24
Clothes washers $78 $70 $43
Clothes dryers $85 $77 $71
Dishwashers $50 $40 $29

Source: www.energystar.gov.

61. Find the annual cost of running the four existing 62. Find the annual cost of running the four New National Appliance
appliances (column 2). Energy Conservation Act (NAECA) appliances (column 3).

63. Find the annual cost of running the four high-efficiency 64. Which two high-efficiency models will cost exactly $100 to
model appliances (column 4). run?

<B > Perimeter of Polygons

65. Perimeter How far does a batter have to travel when 66. Perimeter of basketball court What is the perimeter of the

circling the bases in the major league baseball stadium standard basketball court shown?
shown?
T
(=
w
=
3
z
g
j=1
£
=
o

_L— Optimum length: 94 ft — ]
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67. Perimeter of football field What is the perimeter of the 68. Perimeter of hockey rink The diagram shows half of a

football field? hockey rink. What is the perimeter of the whole rink?
160 ft
L iliii D) 85 £t
360t ——] i @
| 100 ft |
69. Navajohomes Do you know whataHogan is? Itis a traditional 70. Perimeter of the Pentagon The Pentagon is a five-sided
Navajo home usually built with the entrance facing east. There building housing the Defense Department. If each of the
are two kinds of Hogans: male and female. The modern female outside walls is 921 feet long, what is the perimeter of the
Hogan has eight sides and each of the walls is about 8 feet wide. building?

What is the perimeter of a female Hogan?

> » > Using Your Knowledge

71. Deposit slips for savings Individuals and
businesses do banking transactions. A common SAVINGS DEPOSIT TICKET COBIZTED T e ??
transaction is to deposit money in a savings NAME M/ég Fine :
account. How much money did this person com R
deposit? ACCOUNT NUMBER mscxs# {
zz5 71%2%
Pl AN )
DATE /rﬂéﬂéf 24 #/7 g 7&?
DEPOSITS MA V&bT BE AVAILABLE FOR IMMEDIATE WITHDRAWAL (oR YOY;LJ;DMTG(::;?DEL
2% CITIZENS BANK
@ OF EAGLE POINT $
EAGLE POINT, IL 64502
n?23360:2L0N0
72. Deposit slips for checking Another trans- DEPOSIT TICKET 60-8124/7233
action with a bank is to deposit money in a DAVE ROSE A 44
checking account. How much money did this 124 FLOWERY ROAD conp | 4
HILL CITY, IL 64715

person deposit?

%} f CHECKS#Q o / ? ﬁ_
Eg;raglrs Mf\fgréa{g VA/L/EE?OR IMMEDIATE WITHDRAWAL ’# ?/ > zZ & 4’ .

SIGN HERE FOR CASH RECEIVED (IF REQUIRED) * #/é > 7 7.
{OR TOTAL FROM OTHER SIDE)
2B~ CITIZENS BANK suToTAL >
" ’ OF EAGLE POINT
EAGLE POINT, IL 64502 $

1L?72¢33602L0ON LOOOAZ2EBR 7N 0¢d
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73. A budget is a plan for estimating how your income is to be

spent (or saved). Find the estimated weekly expenditures of
Family A and Family B:

Family A Family B
Housing $107 $258
Food 98 175
Clothing 75 130
Transportation 150 190
Recreation 90 105
Savings 100 150

75. Heart disease is a major cause of death in America. There is

a simple test based on a study made in Framingham, Mass.,
that can tell you your risk of suffering a heart attack or stroke.
You can find out by addition. The chart giving the risk factors,
along with the scores for a certain individual, is shown here.
(The person scored 14 points, which means that the total risk
of having a heart attack or stroke is average.) Add the scores
for A, B, and C to determine the total risk for each.

Risk Factor Scores
Smoking 0 Nonsmoker
2 Less than 20 cigarettes a day
4 20 cigarettes or more a day
Weight 0 Desirable
2 Up to 10 percent over
4 More than 10 percent over
Systolic 0 Less than 120
blood 2 120to 140
pressure 4 Over 140
Cholesterol 0 Less than 150
level 2 150 to 250
4 Over 250
Physical 0 Regular vigorous exercise
activity 2 Moderate exercise
4 Sedentary
Stress and 0 Rarely tense or anxious
tension 2 Feel tense two or three times a day
4 Extremely tense
Total risk 0-4 Low
5-9 Below average
10-14 Average
15-20 High
21-24 \fery high

Certain Individual
0

lonrvoon®
loprvopros®
INOONMNOO

N
AN PANDDN

1-34

74. One of the items in the budget is the amount of money spent

on transportation. In a recent year the total cost (in cents per
mile) of owning and operating different automobiles and vans
was as follows:

Passenger
Standard Compact Van
Maintenance 6 5 6
Gas and oil 9 8 11
Garage, parking 3 3 3
Insurance 7 4 8
Taxes, license, 2 1 2

registration

How many cents per mile does it cost to operate
a. A standard car?

b. A compact car?
c. A passenger van?

76. Suppose you want to buy a car. You should start by learning

how to read a car invoice, finding out how much the dealer
pays for the car, and estimating how much you should offer the
dealer. (For a lesson on how to do this and many other tips, go
to link 1-3-3 on the Bello website at mhhe.com/bello.)

Using the car dealer example shown here:
a. Find the suggested list price.
b. Find the total of fees.
c. Find the total list price (including options).

Car Dealer Example

BASE PRICE $18,580
Destination Charge $435
Floor Mats $50
Preferred Value Package $2571
SUGGESTED LIST PRICE L]
EXTRA FEES:

Sales Promotion Fund $100
Dealer Advertising Association $484
Holdback $371
Dealer Flooring Assistance $185
TOTAL OF FEES: L]
TOTAL LIST PRICE (including options) L]
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77. Do the fees seem reasonable to you? Here is the story 78. Now that you know how to buy a car, let us see how far we

(reprinted with permission of Jeff Ostroff and Consumer.Net). can go with it. The map shows distances between cities (red
A farmer had been ripped off before by a local car dealer. numbers) in the state of Florida. For instance, the driving
One day, the car dealer told the farmer he was coming over to buy distance from Tampa to Orlando is 82 miles and from Orlando
a cow. The farmer priced that cow with the invoice below: to Cocoa is 49 miles.
a. Round all prices to the nearest dollar. a. Find the driving distance from Tampa to Cocoa via
. . . . Orlando.
b. Find the farmer’s actual suggested list price and the list . o . . .
price you get by adding the answers in part a. b. Find the driving distance from Tampa to Ft. Pierce via
Orlando and Cocoa.
c. Find the actual total list price. c. Find the driving distance from Bradenton to Miami via
d. What is the highest-priced item for the basic cow? West Palm Beach.
d. Find the driving distance from Bradenton to Miami via Ft.
e. What is the least expensive item for the basic cow? Myers and Naples. Is this driving distance shorter than the

one obtained in part c?

Cow Dealer Example

BASIC COW $499.95
Shipping and handling 35.75 Tampa
Extra stomach 79.25 s
) St. Petersburi

Two-tone exterior 142.10
Produce storage compartment 126.50 ! i s
Heavy-duty straw chopper 189.60 Bradento
4 spigot/high output drain system 149.20 \ \
Automatic fly swatter 88.50 \\
Genuine cowhide upholstery 179.90 zks%easéhpalm
Deluxe dual horns 59.25 ) Sé
Automatic fertilizer attachment 339.40 e
4 X 4 traction drive assembly 884.16
Pre-delivery wash and comb 69.80 )

(Farmer Prep) Miam!
EA RIS SISl [ 79. Next, let us travel in California.

LIST PRICE ; o .
Additional Farmer Markup 300.00 a. 5;2%215:;5Y|ng distance from San Francisco to Manteca,
Toa'lr'],ilt]?/lge'l?sPRICE ] b. Find the driving distance from Monterey to Los Angeles

via San Luis Obispo and Santa Barbara.

(including options) c. Find another route that takes the same number of miles as
For a cow that’s worth maybe $2500. the one in part b.

St. George

Sequoia
National

Arizona

Pacific ™
Ocean

El Centro
61

Mexico
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80.

83.

85.

86.

Fill
88.
89.
90.
91.
92.
93.

94.

Chapter 1 Whole Numbers

a. The roads between Los Angeles, Long Beach, and
San Bernardino form a triangle. The perimeter of this
triangle is the driving distance for a round-trip from Los
Angeles via Long Beach and San Bernardino. What is this
perimeter?

b. What is the round-trip distance between Long Beach, San
Diego, and San Bernardino?

> Write On

Write in your own words what the identity for addition
means.

Write in your own words what the associative property of
addition means.

Tyrone drove from San Luis Obispo to Los Angeles via Santa
Barbara, (101 + 96) miles. He then drove 62 more miles to
San Bernardino.

a. Write an expression that illustrates this situation and then
find the distance from San Luis Obispo to San Bernardino.

b. Maria started from San Luis Obispo but first stopped at Santa
Barbara, 101 miles. She then drove to San Bernardino via Los
Angeles, (96 + 62) miles. Write an expression that illustrates
Maria’s driving distance.

c. Which property of addition justifies that the driving distances
for Tyrone and Maria are the same?

> > Concept Checker

81.

82,

84.

87.

1-36

The roads connecting San Bernardino, Indio, Blythe, Needles,
Barstow, and back to San Bernardino form a pentagon (a five-
sided figure). What is the perimeter of this pentagon?

Find a pentagon and its perimeter if you start at San Luis
Obispo.

Write in your own words what the commutative property of
addition means.

The price P of a car is its base price (B) plus destination
charges D, that is, P = B + D. Tran bought a Nissan in
Smyrna, Tennessee, and there was no destination charge.

a. What is D?
b. Fill in the blank in the equation P = B + :

c. What property of addition justifies the equation in part b is
correct?

in the blank(s) with the correct word(s), phrase, or mathematical statement.

The result of addition is called the

In an addition, the numbers to be added are called
The factthata + b = b + ais called the

The identity for addition is

The Associative Property of Addition states thata + (b + ¢) =

The distance around an object is called its

> > Mastery Test

Find the perimeter of the triangle.

12 cm 15cm

9 cm

Property of Addition.

95.
96.
97.

0 a+(b+c)

total Perimeter

(a+hb) +c 1
addends area
sum Associative

Commutative

Add: 2454 + 6743 + 8789 + 7563
Add: 5374 + 3478 + 8598 + 2382
Add: 712 + 635

98. Add: 32 + 54
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99. How many thousands of dollars (to the nearest thousand)

will it cost a Florida resident to attend the fall and spring

1.4

Fall and Spring Tuition

Subtraction

37

semesters?
Florida Residents
Tuition/Fees $2538
Room $3120
Board $3330

> SkKill Checker

100. A Wendy’s triple cheeseburger contains 1040 calories, 101. Write 1040, 225, and 72 in words.
225 milligrams of cholesterol, and 72 grams of protein.

a. Round 1040 to the nearest thousand.
b. Round 225 to the nearest hundred.

c. Round 72 to the nearest ten.

Subtraction
(») Objectives (») To Succeed, Review How To . . .
You should be able to: 1. Add two numbers. (p. 24)

2. Write a number in expanded form. (p. 4)
A > Subtract one whole
number from
another, regrouping (» Getting Started
(borrowing) if
hecessary.

COUNTRY LAKE NORTH SUBDIVISION

B > Solve applications
involving the
concepts studied.

%@ni“ Lot | wor | wor | wor | wor | ot | or | LoT | LoT
L 8 7 6 5 4 3 2 1

EVERGREEN DRIVE

LQXe®| LOT LoT LOge® | LOT LoT
\x@% 29 30 v&ﬁ% 32 33

% 25 24 23 22

COUNTY ROAD 2300 EAST

@@@ LOR®| LoT LoT LOoT LoT
=

LAKEVIEW DRIVE

L\g@ Lot Lot Lot Lot Lot
««H6 17 18 19 20 21

The subdivision has 33 lots and 10 are reserved. How many lots are available? To find
the answer, we use the operation of subtraction, indicated by a minus sign (=), and write

33—-10=23
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SUBTRACTION The difference a — b is a unique number c sothata =c + b

1-38

The procedure is usually written as

‘Hw
o w

N
w

To find how many lots are available you could also think this way: the number reserved
is now 10; how many lots have to be reserved before all 33 are reserved? We write

10+ 0]=33

which means that there is a number [ that added to 10 gives 33. The answer is [] = 23.

A > Subtracting Whole Numbers

Here is the definition of subtraction.

From the discussion in the Getting Started, you can see that to subtract whole numbers,
we start with two numbers, the minuend, which is the larger of the two,* and the sub-
trahend, which is the one being subtracted, and get a third number called the differ-
ence. As we mentioned, addition and subtraction are related. Thus,

7—3=4 because 7=3+4
8—-5=3 because 8=5+3

Because addition and subtraction are related (they are inverse operations), you can use
addition to check your answers in subtraction. For example, you can write

Answers to PROBLEMS
1.6

7
:3_} and check by adding
4] 3+4=7
d N
EXAMPLE 1  Subtracting whole numbers PROBLEM 1
Subtract 13 — 8. Subtract 15 — 9.
SOLUTION 1
13
-8
5
CHECK
13
_8 _
—5} 8+5=13
\
Here is another problem:
59 — 36 =

As we did before, we estimate that the answer to the nearest ten should be 60 — 40 = 20.
We then write the problem with the ones and the tens arranged in a column as shown

* Subtractions such as 3 — 7 and 5 — 8 are discussed later.
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EXAMPLE 2
Subtract 86 — 23.
SOLUTION 2
86
-23
63

1.4 Subtraction 39

59
—36
As in addition, the numbers were arranged vertically in columns, with the ones digits in
the ones column and the tens digits in the tens column. The short form of the subtraction

is on the left, and the expanded form is on the right.

Short Form Expanded Form
59 50 + 9
—36 (—)30 + 6
23 20+3 =23

We can check our work by adding 36 + 23. Since 36 + 23 = 59, our answer is correct.
Note that our estimate (20) is close to the actual answer (23).

Subtracting whole numbers PROBLEM 2
Subtract 95 — 62.

Step 1. Estimate the answer, 90 — 20 = 70.
Step 2. Arrange in columns.

Step 3. Subtract ones. (6 — 3 = 3)
Step 4. Subtract tens. (8 — 2 = 6)

Remember to check your answer by adding 23 + 63.

Answers to PROBLEMS
2.33

Now consider the problem
46
—28
We cannot subtract 8 from 6 and obtain a whole number, so we have to “borrow” 10
from the 4 (which represents 4 tens, or 40) and think of the 46 (regroup or rewrite) as
30 + 16. We write
(40 — 10 = 30)—> 316 < (10 + 6 = 16)
AB
—-28
We then subtract 8 from 16 and 2 from 3, as shown. Again, compare the short form and
the expanded form.

Short Form Expanded Form
316
4 6 30 + 16
-2 8 (-)20 + 8
18 10+ 8=18

CHECK 28+ 18=146
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a A
EXAMPLE 3 Subtracting whole numbers PROBLEM 3
Subtract 742 — 327. Subtract 654 — 239.
SOLUTION 3 To the nearest hundred, the answer should be about
700 — 300 = 400.
Short Form Expanded Form
312 Step 1. Estimate the answer. 700 + 30 +12
2?5 Step 2. Arrange in columns. (_)Zgg + ig + ; I
- +10+ 5=
715 Step 3. Write the 42 in 742 as
30 + 12 (“borrow 17),
as shown.
Step 4. Subtract ones.
Step 5. Subtract tens.
Step 6. Subtract hundreds.
CHECK
327
+415
742 So the result is correct.
\ v

Sometimes, we have to rewrite the number in the hundreds place. For example, to
subtract 81 from 346 we proceed as follows:

214

B A6 Step 1. Estimate the answer.
-81 .

565 Step 2. Arrange in columns.

Step 3. Subtract ones. (6 — 1 =15)

Step 4. Rewrite the 340 in 346 as
200 + 140 (“borrow 17),
shown as 2 14,

Step 5. Subtract tens. (14 — 8 = 6)
Step 6. Subtract hundreds.

CHECK

1
81
+265
346

The expanded form for this procedure is

346 200 + 140 + 6
- 81 (-) 80 + 1
200 + 60 + 5 = 265

Answers to PROBLEMS
3.415
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EXAMPLE 4  Subtracting whole numbers

Subtract 937 — 53.

SOLUTION 4
813
937

- 53
884

Step 1.
Step 2.
Step 3.
Step 4.

Step 5.
Step 6.

Estimate the answer.
Arrange in columns.

Subtract ones. (7 — 3 = 4)
Rewrite the 93 in 937 as 80 + 13 (“borrow 17),

shown as 8 13.
Subtract tens.
Subtract hundreds.

PROBLEM 4
Subtract 846 — 72.

S

There are some problems in which we have to rewrite the numbers involved more

Expanded Form
700+ 30+ 2 or

700 + 20 + 12

than once. Examine the subtraction problem 732 — 453 =

or 600 + 120 + 12
(~) 400 +50+3 (—) 400+50+ 3 (—) 400+ 50+ 3

_T Y 200+ 70+ 9 =279
We cannot subtract 3 from 2, We cannot subtract 50
S0 we rewrite 732 as shown from 20, so we rewrite
on the right. 732 again.
The short form is
12
6 ,2 12
7382
—453
279
N
EXAMPLE 5 Subtracting whole numbers PROBLEM 5

Subtract 520 — 149.
SOLUTION 5

Step 1. Estimate the answer to the nearest hundred.

Step 2. Arrange in columns.

520
—149

Step 4. Rewrite 51 as40 + 11
(“borrow 1) and subtract 4

from 11.
411 10
27 9
-14 9
71

CHECK

11

149
+371

520

Answers to PROBLEMS
4,774

5. 385

Step 3. Rewrite 20 as 10 + 10
(“borrow 1”) and subtract 9 from 10.

110
520
-14 9

1

Step 5. Subtract 1 from 4.

411 10

BZ 9
-14 9
37 1

Subtract 680 — 295.

(continued)
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The complete procedure is usually written as
4 11 10

BZ9
149
371

1-42

Y

Subtract 8340 — 2459.
SOLUTION 6

Step 2. Arrange in columns.

8340
—2459

Step 4. Rewrite 33as 20 + 13
(“borrow 1) and subtract 5 from 13.

21310
834 0
—2459

81

Step 6. Subtract 2 from 7.

12
721310

BBAD
—2459
5881

CHECK

111
2459

+5881
8340

EXAMPLE 6 Subtracting whole numbers

Step 1. Estimate the answer to the nearest thousand.

Step 3. Rewrite 40 as 30 + 10
(“borrow 1) and subtract 9 from 10.
310

8340
—2459
1
Step 5. Rewrite 82as 70 + 12
(“borrow 1) and subtract 4 from 12.

12
721310

BEAD
-2459
881

PROBLEM 6
Subtract 5250 — 1478.

Now let us find the difference 705 — 238 =

705
—238

. As usual, we write

Since we cannot subtract 8 from 5 and obtain a whole number answer, we rewrite 705 as
690 + 15 and then subtract as shown:

6915
7193
—238
467

What we have done is rewrite

Answers to PROBLEMS
6. 3772

705 =70tens + 5
= 69 tens + 15
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EXAMPLE 7 Subtracting whole numbers
Subtract 803 — 346.

SOLUTION 7

7913 Step 1. Estimate the answer.
_’g?g Step 2. Arrange in columns.
457 Step 3. Write 803 as 79 tens + 13.

Step 4. Subtract ones.
Step 5. Subtract tens.
Step 6. Subtract hundreds.

PROBLEM 7
Subtract 605 — 247.

Y

EXAMPLE 8 Subtracting whole numbers
Subtract 7006 — 6849.

SOLUTION 8

69916 Step 1. Estimate the answer.
:gggg Step 2. Arrange in columns.
0157 Step 3. Rewrite 7006 as 6990 + 16.

Step 4. Subtract ones.
Step 5. Subtract tens.
Step 6. Subtract hundreds.

Step 7. Subtract thousands.
The answer is written as 157.

111
6849

CHECK 157
7006

PROBLEM 8
Subtract 6002 — 5843.

B > Applications Involving Subtraction

Subtraction is used in everyday life. For example, if you have a checking account, the
stub gives you a record of your balance, the amount you paid, and to whom you paid
it. To find the balance carried forward, we need to subtract 38 from 213. This is done in

Example 9.

1024

DATE 74”4”;%/7

BALANCE /
HT %
FORWARD zZ -

o &/fyum/afe/ co.

DEPOSIT

ron Watzr

TOTAL 2 / Z —

THIS

CHECK éﬁ -

OTHER

TAX
DEDUCTIBLE

Answers to PROBLEMS
7.358 8.159

BALANCE
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EXAMPLE 9 Bank stub
Find the balance carried forward on the stub shown by subtracting
38 from 213.

PROBLEM 9

The new balance in an account is
$317. A check for $59 is written.
What is the balance carried

The ad says that if you subtract the discount and rebate ($4043) from the factory
MSRP ($19,266) you obtain the clearance price $15,233. Use addition to check
this fact.

Source: Tampa Tribune, 2/23/03, Money, 12.

FAGTORY MSRP: $19,266
DISCOUNT & REBATE: -$4,043 0 [y
Clearance Price: @ ;II\IANGI(I’\IG
$ FOR 60 M0S,
15,233

in lieu of rehates
SOLUTION 10 Rememberthata — b = c meansthata = ¢ + b, that
is, $19,266 — $4043 = $15,233 means that $19,266 = $15,233 + $4043,
which is not a true statement. (Add 15,233 and 4043 to check it out!) The ad
was incorrect!

\

SOLUTION 9 11013 forward?

New balance Z X3

Amount of this check — 38

Balance carried forward 1 75

Thus, the balance carried forward is $175.

EXAMPLE 10 Subtracting discount and rebate PROBLEM 10

Check the clearance price in the
following ad:

FOR 60 MOS.
in liew of rehiates

FAGTORY MSRP: $14,880
DISCOUNT & REBATE: —$3,882 9%
T — ]

Clearance Price:
(0r) FINANCING

*10,999 o7 o,

Suppose you have a standard vehicle but you decide to change to a hybrid vehicle, a ve-
hicle that uses an onboard rechargeable energy storage system (RESS) and a fuel based
power source for vehicle propulsion. What annual fuel savings, if any, can you expect?
What about costs savings? The answer depends on many factors: the price of gas, how
many miles you drive, and how many miles per gallon each car gets.

Answers to PROBLEMS
9. $258 10. Not a true statement; should be $10,998
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GREEN MAH

EXAMPLE 11 Annual fuel savings for a hybrid car PROBLEM 11
What are the annual fuel savings of a hybrid over a standard vehicle? What are the estimated fuel costs
Estimated Fuel Use and Savings of the hyb”d over the standard
vehicle?
Fuel Used Annually by Standard Vehicle (Gallons) 730
Fuel Used Annually by Hybrid Vehicle (Gallons) 519
Annual Fuel Savings of Hybrid over Standard Vehicle (Gallons) |:|
Estimated Costs and Savings
Cost of Fuel Used by Standard Vehicle ($USD) 1,750
Cost of Fuel Used by Hybrid Vehicle ($USD) 1,247
Cost Savings of Hybrid over Standard Vehicle ($USD)

SOLUTION 11 We have to find the difference between 730 and 519.

Step 1. Estimate the answer (700 — 500 = 200).
Step 2. Arrange in columns.

210

730 Step 3. Subtract ones. Rewrite the 30 in 730 as 20 + 10, then
—519 subtract 9 from 10.

211 Step 4. Subtracttens.2 —1 =1

Step 5. Subtract hundreds. 7 — 5 =2

Thus, your annual fuel savings amount to 211 gallons, close to our 200 estimate.
Don’t forget to check the answer. Since 519 + 211 = 730, we are correct! Now
that you know how to do this type of problem, we will reward you. Here is a cal-
culator that will do it for your particular car: http://politicalcalculations.blogspot.
com/2005/08/comparing-standard-and-hybrid-cars.html.

Calculator Corner

Subtraction with a calculator is easy. As with addition, you simply press the appropriate keys. Thus, to do the problem
35
=il

youpress () @B =0 1 @0 (1. The display shows the answer, 20.

Eﬁ Comectm > Practice Problems > Self-Tests

IMATHEMATICS

> Media-rich eBooks > e-Professors > Videos

<A > Subtracting Whole Numbers In Problems 1-50, subtract.

1. 14 2. 8 3. 13 4. 16 5. 17 6. 19
— 6 -5 -6 -9 -0 -9
7. 17 8. 15 9. 66 10. 53 11. 83 12, 55
-9 -7 -32 -21 —20 —30

Answers to PROBLEMS
11. $503
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13.

19.

23.

27.

31.

37.

43.

49.

Chapter 1 Whole Numbers

90 14. 58 15. 73
—56 —40 —58
578 20. 937
—499 —888
872 — 657 24, 742 — 345
905 — 726 28. 308 — 199
5837 32. 6784 33. 4783
—3216 —3271 —1278
5325 38. 9423 39. 3860
—2432 —2540 —2971
5073 44. 6068 45. 6003
— 782 — 697 — 289
50,000 50. 80,000
—23,569 —65,687

B Applications Involving Subtraction

51.

53.

55.

57.

59.

61.

Tallest structure in the world The tallest structure in the
world is the BurJ Khalifa, 2717 feet tall. If the Empire State
Building is 1250 feet high, what is the difference between the
two heights?

Young authors The youngest recorded commercially pub-
lished author is Dorothy Straight, born in 1958. She published
her book in 1962. How old was she then?

Fall difference  Niagara Falls is 193 feet tall. Angel Falls is
2212 feet. What is the difference in heights?

Motorcycle sale A $3200 motorcycle is on sale for $2999.
How much can be saved by buying it at the sale price?

Making money A woman bought a car for $4500. She spent
$787 on repairs and then sold it for $6300. How much profit
did she make on the car?

Real buying power The real buying power of your dollar is
going down fast! How can you figure it out? Here are the steps:

Jane Dough

Adjusted gross income $19,205 $20,000
Subtract federal tax — 3,574 — 4,672
Income less federal tax 15,631 L]
Subtract Social Security — 1,440 — 1,500
Net income 14,191 L1
Subtract 10% of net - 1,419 — 1,383

income for inflation
Real buying power $12,772 L1

This means that your net income of $14,191 will buy only
$12,772 worth of goods this year. Find the real buying power
for Jane Dough using the given figures.

52.

54.

56.

58.

60.

62.

1-46
16. 96 17. 503 18. 605
-39 —291 —332
21. 725 — 318 22, 835 — 608
25. 560 — 278 26. 590 — 445
29. 607 — 398 30. 804 — 297
34. 6892 35. 6853 36. 4721
—4583 —2765 —1242
40. 4520 41. 7634 42, 3425
—3362 — 388 — 137
46. 9001 47. 13,456 48. 27,333
— 539 — 7576 — 9666

Elevation difference The elevation of Lhasa, Tibet, is 12,087
feet above sea level. La Paz, Bolivia, is 11,916 feet above sea
level. What is the difference in altitudes?

Trip length At the beginning of a trip the odometer on a car
read 37,742 miles. At the end it read 43,224. How many miles
was the trip?

Passing and rushing in Miami The professional football
team that gained the most yards in a season is Miami, with
6936 yards gained in 1984. If 5018 yards were gained passing,
how many did they gain rushing?

Bank balance Your bank balance is $347. You write checks
for $59 and $39. What is your new balance?

Income after deductions A man makes $682 a week. The
deductions are:

Withholding tax ~ $87
Social Security $46
Union dues $13

What is his net income after these deductions?

Real buying power Joe Worker is single and has an adjusted
gross income of $19,000. His federal tax amounts to $4264,
his Social Security contribution is $1273. His 10% loss
due to inflation amounts to $1346. What is his real buying
power?
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According to Jeff Ostroff and ConsumerNet, Inc., when you buy a new car, the dealer’ actual cost is given by:

Invoice Price — Factory To Dealer Incentive — Factory Holdback

Source: http://carbuyingtips.com.

63. You want to buy a Toyota Camry LE V6 with an invoice price
of $19,922. You discovered a $500 factory to dealer incentive
exists, and a 2% holdback of the MSRP ($447).

a. What is the dealer’s actual cost?

b. If the dealer offers to sell you the Camry for $22,000, how
much is the dealer making?

These computer prices will be used in Exercises 65-70.

Cutting Edge | Performance | Affordability
Dimension 8400 | Dimension G310 | Dimension F310
from $1019 from $689 from $968

65. What is the difference in price between a Dimension 8400 and
Dimension F310?

66. What is the difference in price between a Dimension 8400 and
Dimension G3107?

64. You want a used Toyota Corolla CE. Surf over to Edmund’s;
the invoice price is $13,853. Edmund’s also shows a $900
dealer incentive and a 2% holdback of $302.

a. What is the dealer’s actual cost?

b. If you are letting the dealer make $500 on the deal, how
much should you offer for the car?

67. What is the difference in price between a Dimension G310 and
a Dimension F310?

68. If you have enough money to buy a Dimension F310, how
much more money do you need to upgrade to the 8400?

69. If you can afford a Dimension G310, how much more money
do you need to upgrade to the 84007

70. What is the difference in price between the most expensive
and the least expensive of the computers?

College makes a difference over your lifetime earnings! Check the chart!

Estimated Cumulative Earnings Net of Loan Repayment
for Tuition and Fees by Education Level

$1,200,000
$1.000,000 — High s'chool graduate
—— Associate degree
$800,000 = Bachelor’s degree

$600,000
$400,000

$200,000

Cumulative net earnings

$ 1,020,000
$ 868,000

$ 732,000

Source: College Board.

71. At the beginning of your career (age 18-22) what group had
the least earnings?

73. At about what age did all three groups make about the same
amount of money?

75. What was the approximate difference in total estimated
cumulative earnings between workers with a bachelor’ degree
and those with an associate degree?

$0
18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64
Age

72. At the end of your career (age 60-64), what group had the
most earnings?

74. What was the approximate difference in total estimated
cumulative earnings between workers with a bachelor’s degree
and those who are high school graduates?

76. What was the approximate difference in total estimated
cumulative earnings between workers with an associate degree
and those who are high school graduates?

<
~
(<}
3
=
=
)
[1]
o
3
N
-3
o
(~)
)
=
=
o
=
@
Iy
7]
(7]
(=]
S
(7]



http://carbuyingtips.com

48 Chapter 1 Whole Numbers

The table will be used in Problems 77-80.

Trends in College and University Pricing

1-48

79. What is the price difference between a 4-year private college
and a 2-year public college?

4-Year Public  2-Year Public  4-Year Private 80. If you have saved $3000 and want to go to a 4-year public
" college, how much more money do you need?
Total tuition
and fees $5491 $2191 $21,235 Source: Trends in College Pricing, The College Board, http://
www.ed.gov/about/bdscomm/list/hiedfuture/2nd-meeting/
trends.pdf.
77. What is the price difference between a 4-year public college
and a 2-year public college?
78. What is the price difference between a 4-year public college
and a 4-year private college?
> Using Your Knowledge
One of the most important applications of addition and subtraction occurs 20 s oo

in banking. To help customers keep a record of the money in their checking
accounts, banks provide a check stub like the one shown on the right.

The first line of the stub shows that the check number (NO.) is 70. “This
check” indicates that the person is paying $120. Since the balance brought

owre _January 2%
o Mwégage co.

DEPOSIT

forward (the amount of money in the account) is $380 and the amount of the con House paymenf o S350 —
check is $120, we subtract $120 from $380, obtaining $260, the new balance T ek [20 —
in the account. This new balance is then entered in the stub number 71, OTHER

which is shown on the left below. Follow this procedure and find the new A |_| BALNCE 250 —

balance on each of the given stubs.

81. 71 BALANCE gé@ _

owre _January 2%
o Power Co.

om ///(?Af TOTAL
ook L0 —

OTHER

DEPOSIT

BALANCE

TAX
DEDUCTIBLE

83. -

owre _January 24
o _Gas Co.

DEPOSIT

TOTAL
FOR Wé
%4 THIS
CHECK 7?’ -

OTHER

BALANCE

TAX
DEDUCTIBLE

82- 72

owre _January 2%
0 _Save Moire

DEPOSIT

ron 4 vceries T
Rk L0 -

OTHER

BALANCE

TAX
DEDUCTIBLE

84- 74

owre _January 25
o Footsic choes

DEPOSIT

—- 4A@gé TOTAL
THIS
CHECK ¢% =

OTHER

BALANCE

TAX
DEDUCTIBLE
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> > > Applications: Green Math

A Burning Issue  The kindling (or flash) point of a substance is the amount of heat needed to make the substance burst into
flames. For example, the kindling point of natural gas is 1225°F. If the kindling point of a certain piece of wood is 500°F, the
difference between the kindling point of natural gas and that of wood is

1225 Kindling Temperatures of Common Materials
— 500 1400
725°F 1o 1225
51200
<=
85. Find the difference (°F) between the kindling point g 1w
of paper and cotton (look at the graph). Es 1000
900
86. Find the difference (°F) between the kindling point 8 500 800
of cotton and cellophane. %n 2700
87. Find the difference (°F) between the kindling point £ 600 deo—
of cellophane and wood alcohol. 1,5> 500 442 468 .
88. Find the difference (°F) between the kindling point g0 63 i
of paper and wood alcohol. E‘ 300 =
T 200 il
89. Find the difference (°F) between the kindling point = 100 . o (AR | T
of cotton and wood alcohol. 0
90. Find the difference (OF) between the klndllng point Paper Cotton  Cellophane ~ Wood ‘Wood Natural
of paper and cellophane. alcohol gas
> > > Write On
91. Asubtraction problem can be changed to an addition problem; 92. Is the operation of subtraction commutative? Explain and give
for example 20 — 15 = 5 means that 20 = 15 + 5. Write two examples of why or why not.

more examples to demonstrate this.

93. Is the operation of subtraction associative? Explain and give 94. |s there an identity for subtraction? Explain.
examples of why or why not.

> > > Concept Checker

Fill in the blank(s) with the correct word(s), phrase, or mathematical statement.

95. The operation of subtraction is indicated by a sign. inverse associative
96. The difference of aand b is . a-b subtrahend
97. a — b is a unique number c so that minuend c=b-a
. . commutative difference
98. In the subtraction problem 106 — 79 = 27, the 106 is called the
,79isthe__  and 27 isthe . a=c+b b-a
99. Addition and subtraction are operations. minus
> > > Mastery Test
100. 632 — 216 101. 857 — 62
102. 720 — 169 103. 703 — 257
104. 8006 — 7859 105. The balance in a checkbook is $347. What is the new

balance if you write a check for $59?
> > > Skill Checker

106. Add 28 + 120. 107. Add 345 + 5400.
108. Add 168 + 2349. 109. Write 2348 in expanded form.
110. Write 5250 in expanded form.
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Chapter 1 Whole Numbers

(») Objectives

You should be able to:

A

Multiply two whole
numbers.

Multiply a whole
number by any
multiple of 10 (10,
100, 1000, etc.).

Solve applications
involving the
concepts studied.

Find areas using
multiplication.

1-50

Multiplication

@ To Succeed, Review How To . . .

Use the multiplication facts in the table on page 51.

(» Getting Started

There’s something fishy here! How many fishbowls do you see in the photo? To find the
answer you can do one of the following:

1. Count the fishbowls.
2. Note that there are three bowls in each
row, then add the rows like this:
3+3+3+3=12
3. Multiply.

4X3=12

We used the product 4 X 3 to indicate the re-
peated addition 3 + 3 + 3 + 3. We use a mul-
tiplication sign (X) to indicate multiplication. A
German mathematician by the name of Leibniz,
who thought that > could be confused with the letter x, started using the dot (-) to indicate
multiplication; thus 4 X 3 can be written as 4 - 3 or using parentheses as (4)(3).

A > Multiplication of Whole Numbers

The procedure discussed is usually written as

3
X 4
12

The multiplicand and the multiplier—that is, the numbers to be multiplied—are sometimes
simply called factors. The product is the result of multiplication. All the multiplication
facts you should know appear in the following table. As with the addition facts, you should
know these facts already or take the time to memorize them now.
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10 12 14 16 18
12 15 18 21 24 27
12 16 20 24 28 32 36
10 15 20 25 30 35 40 45
12 18 24 30 36 42 48 54
14 21 28 35 42 49 56 63
16 24 32 40 48 56 64 72
18 27 36 45 54 63 72 81

Olo|w|o|w
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As with addition, multiplication has many useful properties. Notice in the table that when
any number is multiplied by zero, the product is zero. This is called the multiplication
property of zero.

MULTIPLICATION The product of a number and zero is zero.
PROPERTY OF ZERO

a-0=0

Also notice that when any number is multiplied by 1, the product is the same number.
This is called the Identity for Multiplication.

IDENTITY FOR The product of any number and one is the number.

MULTIPLICATION
a-l=a

Like addition, multiplication is both commutative and associative.

COMMUTATIVE Changing the order of two factors does not change their product.
PROPERTY OF

MULTIPLICATION ab=b-a

Now that we know some of the multiplication properties, let us try another problem.
3X32=

First, we write the problem like this:

32
x3

We can estimate that the answer is about 30 X 3 = 90. We then proceed by steps.

Step 1 Step 2 Step 3

32 32 32

X 3 X 3 X 3

6 6 6

0 +90

96
Multiply 3 by 2. | Multiply 3 by 30. | Add 6 + 90.
3X2=6 3X30=90 6 + 90 = 96
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The expanded form is
30+2
X 3
90 + 6 =96

The fact that we can do this multiplication is based on a property called the Distributive
Property, which says that to multiply a number by a sum we can multiply each addend
by the number and then add. Thus,

DISTRIBUTIVE

X (b + = X b) + X
PROPERTY OF ax(b+e)=(@xh)+(@xo

or a(b+c)=a-b+a-c

MULTIPLICATION

In our case, 3 X (30 + 2)
3X(B0+2)=(3x%x30)+(3%X2)
Note that the actual answer (96) is roughly equal to our estimate (90).

a y
EXAMPLE 1 Multiplying whole numbers PROBLEM 1
Multiply 4 X 37. Multiply 6 X 23.
SOLUTION 1 The answer should be about 4 X 40 = 160. We then
proceed by steps.
Step 1 Step 2 Step 3
37 37 37
X 4 X 4 )
2 28 28
120 120
148
Multiply 4 by 7. Multiply 4 by 30. | Add 28 and 120.
4X7=28 4 x 30 =120 28 + 120 = 148
\ v

The procedure used to solve Example 1 can be shortened after some practice. Here is

how.
Step 1 Step 2
2 2
37 37
x 4 X 4
8 148
4 X 7 = 28, write 8 and carry 20. 4 X 30 = 120, plus
the 20 carried, is
140; write 14.

Answers to PROBLEMS
1.138
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The expanded form illustrating the procedure is

30 +7
X 4
120 + 28 = 120 + 20 + 8
=140 + 8
= 148

Remember, we can indicate a multiplication by using the dot -, as is done in Example 2.

a W
EXAMPLE 2  Multiplying whole numbers PROBLEM 2
Multiply 7 - 46. Multiply 6 - 53.
SOLUTION 2  The answer is about 7 - 50 = 350. Here are the steps.
Step 1 Step 2 Step 3
46 46 46
X 7 X 7 X 7
42 42 42
280 280
322
Multiply 7 by 6. Multiply 7 by 40. | Add 42 and 280.
7X6=42 7 X 40 = 280 42 + 280 = 322
\ v
Multiplication involving two-digit factors is done in the same manner. Thus, to
multiply 32 - 53, we proceed as follows:
Step 1 Step 2 Step 3
53 53 53
X 32 X 32 X 32
106 106 106
1590 159
1696
Multiply 2 by 53. | Multiply 30 by 53. | Add 106 and 1590.
2 X 53 = 106 30 X 53 = 1590 | 106 + 1590 = 1696
(The0in1590is | (Notethatthe O in
usually omitted.) | 1590 is omitted.)
( )
EXAMPLE 3 Multiplying whole numbers PROBLEM 3
Multiply 43 - 56. Multiply 52 - 38.
SOLUTION 3  The answer should be near 40 X 60 = 2400.
Step 1 Step 2 Step 3
1 2
56 56 56
X 43 X 43 X 43
168 168 168
224 224
2408
Multiply 3 by 56. | Multiply 40 by 56. Add 168 and 2240.
3 X 56 =168 | 40 X 56 = 2240 168 + 2240 = 2408
(But the 0 is omitted.)

.

-

Answers to PROBLEMS
2.318 3.1976
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1-54

EXAMPLE 4  Multiplying whole numbers
Multiply 132 X 418.

SOLUTION 4  The answer should be about 100 X 400 = 40,000.

Step 1 Step 2 Step 3 Step 4
1 2
418 418 418 418
X132 X 132 X 132 X132
836 836 836 836
1254 1254 1254
418 418
55176
Multiply 2 Multiply 30 | Multiply 100 Add.
by 418. by 418. by 418.
2 X 418 = 836 30 X 418 100 X 418 836 + 12,540
= 12,540 = 41,800 + 41,800
= 55,176

PROBLEM 4
Multiply 213 X 514.

EXAMPLE 5  Multiplying whole numbers
Multiply 203 X 417.

SOLUTION 5  Here we should get about 200 X 400 = 80,000.
Step 1 Step 2 Step 3 Step 4
2 1
417 417 417 417
X 203 X203 X203 X203
1251 1251 1251 1251
000 000 000
834 834
84651
Multiply 3 Multiply 0 Multiply 200 Add.
by 417. by 417. by 417.
3 X 417 0 X 417 200 x 417 1251 + 000
= 1251 =0 = 83,400 + 83,400
= 84,651

Of course, you can skip the second step and simply multiply 417 by 2, writing the 4
in 834 under the 2 in 1251 (instead of under the 5), as shown in the following short
form.
417
X 203
1251  We attach a O to 834 to keep the
8340 columns lined up correctly.

84651

PROBLEM 5
Multiply 304 X 512.

Answers to PROBLEMS
4.109,482

5.155,648
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Multiply 350 x 429.

EXAMPLE 6 Multiplying whole numbers

the result.
\

SOLUTION 6
Step 1 Step 2 Step 3 Step 4
14 2
429 429 429 429
x 350 *x350 x 350 x 350
000 000 000 000
2145 2145 2145
1287 1287
150150
Multiply 0 Multiply 50 Multiply 300 Add.
by 429. by 429. by 429.
0X429=0 50 X 429 300 X 429 000 + 21,450
= 21,450 = 128,700 + 128,700
= 150,150

Note that you can save time by multiplying 35 X 429 and then attaching a zero to

PROBLEM 6
Multiply 290 X 134.

EXAMPLE 7  Multip
Multiply 430 X 219.

obtain the answer.

lying whole numbers

SOLUTION 7  We first multiply 43 X 219, then attach zero to the result to

Step 1 Step 2 Step 3
2 3
219 219 219
X 43 X 43 X 43
657 657 657
876 876
9417
Multiply 3 by 219. | Multiply 40 by 219. Add.
3 X 219 = 657 | 40 X 219 = 8760 657 + 8760 = 9417

Attaching a zero to the result 9417, we have 94,170. Thus 430 X 219 = 94,170.
\

PROBLEM 7
Multiply 620 X 318.

B > Multiplying by Multiples of 10

We are able to shorten the labor in Examples 6 and 7 because one of the numbers involved
was a multiple of 10, that is, 10 multiplied by another number. Multiplication involving
multiples of 10 can always be shortened. If you have been estimating the answers in
Examples 1-5, the following pattern will be easy to follow.

Answers to PROBLEMS
6. 38,860

7.197,160

10 X 3 = 30}
10 X 6 = 60

100 X 3 = 300}
100 X 6 = 600
1000 X 3 = 3000
1000 X 6 = 6000

Add 1 zero.
Add 2 zeros.

} Add 3 zeros.



56 Chapter 1 Whole Numbers 1-56

As you can see, to multiply a number by 10, 100, 1000, we simply write the number fol-
lowed by as many zeros as there are in the multiplicand. Here are some more examples:

20X 3=10X2X3=60
30X40=10X3X10X4=1200

90 X70=10X9X10X7=6300

100 X 80=10X10X10Xx8=8000
200X 70=10X10X2X10 X7 =14,000

The pattern here is found by multiplying the nonzero digits and adding as many zeros
as appear in both factors.

[ EXAMPLE 8 Multiplication involving multiples of 10 PROBLEM 8 |
a. Multiply: 1000 X 7 Multiply:
b. Multiply: 30 X 50 a. 1000 X 5
c. Multiply: 300 X 70 b. 40 X 90
SOLUTION 8 ¢ 70080
t a. 1000 X 7 = 7000 b. 30 X 50 = 1500 c. 300 X 70 = 21,000 )

C > Applications Involving Multiplication

Sometimes we must multiply more than two factors. For example, suppose you wish
to buy a $10,000 car. You put $1000 down as a down payment and need to borrow the
rest (say at about 6% interest) for 4 years. Under these terms your payment is $210 per
month. How much do you end up paying for the $9000 you borrowed? The answer is

$210 X 4 %12
Monthly payment Number of months

in four years

We find this answer in Example 9.

e "
EXAMPLE 9 Multiplying whole numbers PROBLEM 9
Multiply 210 X 4 X 12. Multiply 120 X 4 X 12.
SOLUTION 9 W first multiply 210 by 4, obtaining 210
X 4
840
Then, multiply the product by 12. X 12
1680
840
10080

Thus, you end up paying $10,080 for the $9000 you borrowed.
\

Carbon offsets are becoming an increasingly popular way for individuals and businesses
to participate in solutions to global warming. The basic idea of a carbon offset is to
figure out your personal contribution level to the global warming problem (your carbon
footprint) from such activities as driving, flying, or home energy use. You can find your
carbon footprint at http://www.nature.org/initiatives/climatechange/calculator/.

The average American produces about 17 metric tons of carbon dioxide annually.

Answers to PROBLEMS
8.a.5000 b.3600 -c.56,000 9.5760
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EXAMPLE 10 CO, emissions offsets

If it costs $12 per metric ton to offset the amount of CO, you emit in a year, how much
would it cost to offset 17 metric tons?

SOLUTION 20 We have to multiply 12 by 17 to find the cost.

17 Step 1. Multiply 2 by 17 (2 X 17 = 34).
X 12 Step 2. 10 X 17 = 170
133 Step 3. Add 34 and 170.
204 The cost is $ 204.
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PROBLEM 10

The world average emissions per
person are about 5 metric tons of
carbon dioxide each year. At $12 per
metric ton, how much would it cost
to offset 5 metric tons?

p
EXAMPLE 11 strawberry fields
Here is some information about strawberries:

One pint = 15 large berries One quart = 2 pints
One flat = 8 quarts One flat = 12 pounds

a. How many pints are in a flat?
b. How many berries are in a flat?

c. Inarecent year, 6000 acres of berries were harvested. Each acre yielded
about 2000 flats valued at $10 a flat. What was the value of the total crop?

SOLUTION 11

a. One flat = 8 quarts and one quart = 2 pints. So, we use substitution by
exchanging 2 pints for one quart. Thus, one flat = 8 quarts = 8(2 pints)
= 16 pints. A4
This means that one flat = 16 pints.

b. Again, we use substitution by using 8 quarts for one flat, 2 pints for
one quart, and 15 berries for one pint.

One flat = 8 quarts = 8(2 pints) = 8(2)(15 berries)

Thus, one flat = 8(2)(15) berries = 240 berries. Note that we use parentheses to
indicate the multiplication: 8(2)(15) berries means 8 X 2 X 15 berries.

c. The value of the crop is the product of 6000 (acres), 2000 (flats),
and $10, that is,

6000 X 2000 x $10 = $120,000,000 ($120 million)

PROBLEM 11

a. How many berries are in a quart?

b. What is the weight of 16 quarts?

c. 18000 acres of berries are
harvested, what is the value of
the crop?

v

In part b of Example 11 we can multiply 8 by 2 first and then multiply the result by 15,
that is, (8 X 2) X 15. It is actually easier to multiply 8 X (2 X 15) = 8 X 30 = 240.
It does not matter how we group the numbers because multiplication is associative.

ASSOCIATIVE
PROPERTY OF

MULTIPLICATION

Changing the grouping of two factors does not change the product.

axX((xc)=(@axhb)xc
ar(b-c)=(a-h)-c

D ) Finding Areas

An application of multiplication is finding the area of a region. The area of a region mea-
sures the amount of surface in the region. To find the area of a figure, we use multiplication
and find the number of square units contained in the figure. Unit squares are shown on the

Answers to PROBLEMS

10. $60 11.a.30 berries b. 24 pounds c. $160,000,000 or $160 million
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left below. The area of a rectangle, for example, consists of the number of square units it
contains. If the rectangle measures 3 centimeters by 4 centimeters, then its area measures
3cm X 4 cm = 12 cm? (read “12 square centimeters”), as shown in the diagram.

1 in. 4 cm
lin. 1cm
3cm
1cm
- A square centimeter
A square inch (cm?)
(in?) Area = 3cm X 4 cm = 12 cm?

In general, we can find the area A of a rectangle by multiplying its length L by its width
W, as given here.

AREA OF A The area A of a rectangle is found by multiplying its length L by its width W.
RECTANGLE
A=L-W
r A
EXAMPLE 12 calculating area PROBLEM 12
One of the largest strawberry shortcakes ever created was made in Plant City, The St. Petersburg Times of
Florida. The table holding the shortcake measured 104 feet by 8 feet. What was the | September 27, 2002, claims
area of the table? that Danny Julian made a cake

measuring 40 feet by 38 feet. What
is the area of this cake?

The 40-foot by 38-foot cake
was assembled with two 40-foot
tractor-trailer loads of 18-inch by
25-inch cakes, frozen and stacked
together like bricks, with butter
cream serving as mortar.

SOLUTION 12  The area of the table is 104 ft X 8 ft = 832 ft2. (Actually,
the cake was 827 square feet, used 162,179 strawberries, 450 pounds of sugar, and
600 pounds of whipped cream.)

\

Calculator Corner

As with addition and subtraction, multiplication can be done by simply pressing the appropriate keys on the calculator.
Thus, to do the problem 4 X 3, we simply press 4 3 and the answer, 12, appears in the display. If more
than two numbers are to be multiplied, the procedure is similar. Thus, to obtain the answer in Example 9, that is, to find
210 X 4 X 12, we proceed as follows: 2 1 o @Z)4+@ 1 2 (5, obtaining the answer, 10080, in the

display. Note that you must insert the comma in this answer to obtain the final result, 10,080.

Answers to PROBLEMS
12. 1520 ft?
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F‘a CDmeCt > Practice Problems > Self-Tests

iMATHEMATICS > Media-rich eBooks > e-Professors > Videos

A > Multiplication of Whole Numbers In Problems 1-34, multiply.

1. a 3 2.a 5 3.a 9 4. a. 0 5. aa b5
X4 X2 X1 X6 X8 o,
- - - - - (<)
b. 3 b. 5 b. 8 b. 0 b. 9 ;
x7 x9 x1 x9 X8 S
=
®
6. a 9 7.a. 0 8.a 7 9.a 1 10. a 1 0
X6 x0 x0 x8 X0 S
N
b. 7 b. 0 b. 4 b. 1 b. 8 -4
X6 X3 X0 X X1 —
- _ — - - -]
11.6-8 12.0-9 13.1-5 14. 6-1 §
15.9-9 16. 1-1 17.0-1 18.9-8 S
19. 4-4 20. 8-8 21. 10 22. 10 &
X 9 x5 <
(7]
23. 20 24. 90 25. 53 26. 39
X 8 X 5 X 6 X 4
27. 48 28. 98 29. 608 30. 508
x17 x 15 X 32 X 23
31. 1234 32. 4321 33. 35,209 34. 43,802
X 3 X 4 X 16 X 15

B > Multiplying by Multiples of 10 In Problems 35-50, multiply.

35. 63 36. 83 37. 249 38. 2%
x40 X 30 X_50 X 60
39. 346 40. 671 41. 2260 42. 3160
X 420 X 350 X 200 X300
43. 3020 44. 6050 45. 20-5 46. (30)(90)
X 405 X802
47. (700)(80) 48. 120 - 30 49. 300 - 200 50. 600 X 900

C Applications Involving Multiplication

51. Ostrich strides An ostrich covers 25 feet in one stride. How far does it go in 8 strides?
52, Patterns Copy the pattern and write the missing numbers. Verify your answer by multiplying.

a. 1x1=1 b. 999,999 X 2 = 1,999,998 c. 1x9+2=11
2X2=1+2+1 999,999 X 3 = 2,999,997 12xX9+3=111
3X3=1+2+3+2+1 999,999 X 4 = 123 X9 +4=1111
4X4=1+2+3+4+3+2+1 1234 X9 +5 =

=1+2+3+4+5+4+3+2+1
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53.

55.

57.

59.

D
61.

63.

Chapter 1 Whole Numbers

Distance traveled by light Light travels 300,000 kilometers
per second. How far would light travel in

a. 20 seconds?
b. 25 seconds?

c. 30 seconds?

Borrowing and interest You borrow $8000 (at 11% interest)
for a period of 4 years. Your monthly payments amount
to $206. How much will you end up paying for the $8000
borrowed? (See Example 9 in this section.)

Weeks There are 52 weeks in a year. How many weeks are
there in

a. 5years?
b. 10 years?

Oil consumption In 2010, the estimated annual oil con-
sumption of the United States is 8 billion barrels. At this rate,
how much oil will be used in the next 8 years?

Finding Areas

Lots of eggs! One of the largest omelets ever cooked was
30 feet long by 10 feet wide. What was its area?

Area of baseball diamond Find the area of the region en-
closed by the base lines on the baseball diamond shown.

90 ft

90 ft

54.

56.

58.

60.

62.

64.

1-60

Hours in day, week, month  How many hours are there in
a. 3days?

b. A week?

c. A 30-day month?

d. A year (365 days)?

How far can you go? A car can go about 28 miles on one
gallon of gas. How far could it go on

a. 2 gallons?

b. 5 gallons?

c. 10 gallons?

Earth weight An object weighs six times as much on Earth
as on the moon. Find the Earth weights of these:

a. An astronaut weighing 27 pounds on the moon.

b. The Lunar Rover used by the astronauts of Apollo 15,
which weighs 75 pounds on the moon.

c. The rocks brought back by the Apollo 16 crew, which
weighed 35 pounds on the moon.

Caloric intake The caloric intake needed to maintain
your weight is found by multiplying your weight by 15. For
example, a 200-pound man needs

15 X 200 = 3000 calories a day
Find the caloric intake for:
a. A 150-pound man.
b. A 120-pound man.

c. A 170-pound man.

Swimming, anyone? One of the largest rectangular pools
in the world is in Casablanca, Morocco, and it is 480 meters
long and 75 meters wide. What is the area covered by the
pool?

Area of basketball court  Find the area of the basketball court

e

[P Optimum length: 94 ft — ]

Optimum width: 50 ft
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65.

67.

69.

71.

Area of football field Find the area of the football field.

g

360 ft ————————

Trees The average American uses the equivalent of seven
trees a year in paper, wood, and other products. If there are
about 300 million Americans, how many trees are used in a
year?

Source: http://members.aol.com.

Water flow Assuming a 5 gallon per minute flow, how much
water could Tran save in a year (365 days) by taking a daily
4-minute shower instead of a daily 5-minute shower?

Source: http://www.asheonline.com.

Don’t dump it! A gallon of paint or a quart of motor
oil can seep into the earth and pollute 250,000 gallons of
drinking water. When changing the oil in your car, 5 quarts
of motor oil are accidentally spilled and seep into the earth.
How many gallons of drinking water can be polluted by the
spill?

Source: http://www.leeric.lsu.edu.

> > > Applications: Green Math

73.

75.

CO, emissions froman Escalade ~An Escalade has a 26-gallon
gas tank. How many pounds of carbon dioxide (CO,) gas are
produced for each tank of gas if each gallon produces about
19 pounds of CO,?

Annual gas consumption for an Escalade An Escalade
gets about 13 miles per gallon of gas, and you need about
1150 gallons of gas a year. At $4 per gallon, how much is
that? If each gallon of gas produces about 19 pounds of
CO,, how many pounds of CO, will you produce driving the
Escalade?

> > > Using Your Knowledge

AWeighty Matter

formula is like this:

72. Watch that tank!
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66. Area What is the area of the hockey rink?

Vv N |
gQ ¢ 6@ i
MO |

| 200 ft |

68. Water flow A standard shower head has a flow rate of 5 to

10 gallons of water per minute. Most people take 5-minute
showers. Assuming a 5 gallons per minute flow rate, how
many gallons of water are used for a 5-minute shower? How
many gallons of water does a family of four use in a week
(7 days) assuming they each take a daily 5-minute shower?

Source: http://www.asheonline.com.

70. Gallons and gallons A bath uses 50 gallons of water.

Assuming a 5 gallon per minute flow, how much water could
a person save in a week (7 days) by taking a daily 5-minute
shower instead of a bath?

Source: http://www.asheonline.com.
A spilled gallon of gasoline can pollute
750,000 gallons of water. How many gallons of water

can be polluted if your 13 gallon tank of gas leaks into the
ground?

Source: http://www.leeric.lsu.edu.

74. Annual cost of gas An Escalade gets about 13 miles per

gallon of gasoline. If you pay $4 per gallon and you drive
13,000 miles per year, how much is the annual cost of the
gas?

76. Cost of gas and emissions for a Honda A 6-cylinder Honda

Accord gets about 25 miles per gallon of gas, so you only need
about 600 gallons of gas to drive 15,000 miles per year. At $4
per gallon, how much is that? If each gallon of gas produces
about 19 pounds of CO,, how many pounds of CO, will you
produce driving the Honda? Compare with the Escalade of
Problem 75.

How much should you weigh? There is a formula to estimate your ideal weight. For an average man the

Ideal weight = height (inches) X 4 — 130

For women,

Ideal weight = height (inches) X 4 — 140

For example, the ideal weight for a 70-inch woman is calculated as follows:
Ideal weight = 70 X 4 — 140
=280 — 140

=140
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77. Use the formula to find the ideal weight of a man 6 feet tall
(72 inches).

The amount of food (calories) needed to maintain your
ideal weight depends on your activities. Rate yourself on
the following scale.

13 Very inactive

14 Slightly inactive
15 Moderately active
16 Relatively active
17 Frequently active

> Write On

80. Write in your own words the procedure you use to multiply a
whole number by 10, 100, or 1000.

82. Write in your own words what it means when we say that 1 is
the identity for multiplication. Why do you think they use the
word identity to describe the number 1? What is the identity
for addition?

84. Which of the properties mentioned (commutative, associative,
identity), if any, apply to the operation of subtraction? Explain
and give examples.

> > Concept Checker

1-62

78. Use the formula to find the ideal weight of a woman 5 feet
8 inches tall (68 inches).

To find the daily calories needed to maintain your ideal
weight, use the following formula:
Calories needed = ideal weight X activity level (from table)

For example, a 200-pound office worker who is 13 on the
scale calculated his need like this:

Calories needed = 200 X 13 = 2600
79. Find the calories needed by a 150-pound man who is:

a. Moderately active. b. Frequently active.

81. Write in your own words the meaning of the commutative
property of multiplication. How does this property compare to
the commutative property of addition?

83. Write in your own words the meaning of the associative
property of multiplication. How does this property compare to
the associative property of addition?

Fill in the blank(s) with the correct word(s), phrase, or mathematical statement.

85. The product of a and b can be written three ways:

86. When we write 5 X 4 = 20, the 5 is the
20 is the .

87. The multiplicand and the multiplier are also called

88. The Commutative Property of multiplication states that

89. The identity for multiplicationis ___.
90. a-(b+c¢) =

91. The Associative Property of multiplication states that (a - b) - ¢ =

92. The area of a rectangle of length L and width W is

> > Mastery Test

93. Multiply 210 X 5 X 12.
95. Multiply 450 X 319.
97. Multiply 129 X 318.
99. Multiply 7 X 56.

1041. One pint contains about 15 large berries, and one quart is
equivalent to two pints. How many berries are in a quart?

> SKkKill Checker

103. Write 234 in expanded notation.
105. Add 349 and 786.
107. Subtract 728 from 3500.

, and . multiplicand 1
, the 4 is the , and the L-W a-(b-c)
(a-b)-c axh
multiplier a-b
0 (a)(b)
product a-b+a-c
factors

axb=bxa

94. Multiply 4000 x 80.

96. Multiply 403 x 319.

98. Multiply 53 X 65.
100. Multiply 1000 X 9.

102. A volleyball playing court is 30 feet by 60 feet. What is the
area of the court?

104. Write 758 in expanded notation
106. Add 1289 and 7893.
108. Subtract 999 from 2300.
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(») Objectives (») To Succeed, Review How To . . .

You should be able to: 1. Use the definition of a counting number. (p. 3)

2. Use the multiplication facts. (p. 51)
A > Write a division

problem as

an equivalent (» Getting Started
multiplication

problem.

B> Divide a counting
number by another
using long division.

C > Solve applications
using the concepts
studied.

Suppose you have 12 cents to spend on 3-cent stamps. How many stamps can you buy?
If you have 12 pennies, you can separate them into equal groups of 3. Since there are
four groups, you can buy four 3-cent stamps with 12 cents, as shown in the photo. We
have separated a quantity into 4 equal groups. This process is called division. Of course,
the problem could have been solved by dividing the money available (12 cents) by the
cost of each stamp (3 cents).

A > Writing Division as Multiplication

In mathematics the phrase “twelve divided by 3” is written like this:

12 +-3=4

where =+ is the sign used to indicate division. In this problem, 12, the number being
divided, is the dividend; 3, the number used to divide, is the divisor; and 4, the result
of the division, is called the quotient. The mathematical statement 12 +~ 3 = 4 (twelve
divided by three equals four) can also be written as

E:
3

4
4 12/3=4 312
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Here is the definition.

DIVISION The quotient a +~ b, where b # O, is the unique whole number ¢ so thata = b X ¢

How can you check the fact that 12/3 = 4? One way is to use multiplication. By
definition,

12 -3 =[] meansthat 12 =3 X []

This makes multiplication the inverse process of division. By placing 4 in the [
you make the statement 12 = 3 X [ true. Similarly, to find 42 + 6 = O you think
“42 =6 X [1."Sinced2 =6 X 7,42 +-6=17.

p
EXAMPLE 1 Rewriting division as multiplication PROBLEM 1
Write each division problem as an equivalent multiplication problem, then find Write each division problem as an
the answer. equivalent multiplication problem,
a. 36+9=[] b. 54 =~ 6 =[] then find the answer.
a. 63+9=[]
SOLUTION 1 b 568 [
a. 36 + 9 =[] can be written as 36 = 9 X []. Since 36 = 9 X 4,36 ~ 9 = 4,
b. 54 +~ 6 = [J can be written as 54 = 6 X [J. Since 54 = 6 X 9,54 ~ 6 = 9.
\

As with addition and multiplication, the operation of division has some important
properties.

DIVISION 1. For any nonzero humber a,a =~ a = 1. A nonzero number divided by itself is 1.
PROPERTIES OF 1 2. For any number a, a + 1 = a. Any number divided by 1 is the number.

DIVISION 1. For any nonzero humber a, 0 = a = 0. Zero divided by any nonzero number is O.
PROPERTIES OF 0 2. For any nhumber a, a + O is undefined. Division by zero is undefined.
( )

EXAMPLE 2  Rewriting division as multiplication PROBLEM 2
Write each division problem as an equivalent multiplication problem, then find Write each division problem as an
the answer if possible. equivalent multiplication problem,
a. 8+8=[] b. 8+ 1=[] then find the answer if possible.
c.0+8=0 d 8+0=010 a 9+9=[]

b.9+1=0
SOLUTION 2 C0s9-0
a. 8 + 8 = [Jcan be writtenas 8 = 8 X [J. Since8 X 1 =8,8 + 8 = 1. d. 9+0=[]

b. 8 =1 =[Jcan be writtenas 8 =1 X []. Sincel X 8=8,8 +~1 = 8.
c. 0 -~ 8 =[]can be writtenas 0 =8 X []. Since8 X 0=0,0 +~8 =0.

d. 8 + 0 = [ can be written as 8 = 0 X []. Since there is no number such that
8 = 0 X [, 8 = 0 is not defined.

\ v

- N
Answers to PROBLEMS

1l.a.63=9X[};7 b.56=8X[;7
2a.9=9X[;1 b9=1X[9 ¢0=9X[;0 d.9-+0=[]means9 =0 X[, which is undefined. You cannot divide by 0.
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How do we divide 67 by 13? Since we wish to find out how many groups of 13 there
are in 67, we can do it by repeated subtractions, like this.

67
—13 —> First

54 subtraction
—13 —> Second

41 subtraction
—13 —> Thid

28 subtraction
—13 —> Fourth

15 subtraction
—13 —> Fifth

Remainder —>» 2 subtraction

Thus, there are 5 thirteens in 67, with a remainder of 2. The remainder is what is
left over. We then write

67 +13=5r2

Dividend Divisor Quotient Remainder
As before, we can check this by multiplying 5 X 13 = 65 and then adding the remain-
der, 2, to the 65, obtaining the required 67.
But you don’t have to do division using this method! Here is a better procedure!

B > Long Division

When doing long division, we still use repeated subtractions, but we write the procedure
in a different way. We use the symbol ) to indicate division, placing the divisor to the
left of the division sign) and the dividend inside. Here is the set up:
quotient
divisor)dividend
Next, we want to find the first digit in the quotient. Here is the way to do it:

1. If the first digit in the dividend is greater than or equal to the divisor, divide it by
the divisor and write the quotient of that division directly above the first digit of the
dividend. If this is not the case, then go to step 2.

2. Divide the first two digits of the dividend by the divisor and write the quotient of
that division directly above the second digit of the dividend.

We illustrate this procedure in Example 3, where we are dividing 786 by 6.

f A
EXAMPLE 3 using long division PROBLEM 3
Divide 786 —+ 6. Divide 917 = 7.
SOLUTION 3
6/786 Step 1. Arrange the divisor and dividend horizontally, as shown.
131 Step 2. 6 goes into 7 once. Write 1 above the 7.
6786 Step 3. 6 X 1 = 6; subtract 7 — 6 = 1.
=6 Step 4. Bring down the 8. Now, 6 goes into 18 three times.
18 Write 3 above the 8.
l(8)6 Step 5. 6 X 3 = 18; subtract 18 — 18 = 0.
—6 Step 6. Bring down the 6. The 6 goes into 6 once.
0 Write 1 above the 6.
Step 7. 6 X 1 = 6; subtract6 — 6 = 0.
t Thus, 786 +~ 6 = 131. )

Answers to PROBLEMS
3.131
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In Examples 1, 2, and 3, the remainders have been zero. This means that the divi-
dend is exactly divisible by the divisor. Of course, not all problems are like this. Here is
one in which a nonzero remainder occurs. In such cases, we continue the long division
process until the remainder is less than the divisor.
q )
EXAMPLE 4  Using long division PROBLEM 4
Divide 1729 + 9. Divide 1367 + 4.
SOLUTION 4
9)1729 Step 1. Arrange the divisor and dividend horizontally, as shown.
192 Step 2. You cannot divide 1 by 9, so divide 17 by 9. 9 goes into 17
9)1729 once. Write 1 above the 7.
=9 Step 3. 9 X 1 = 9; subtract 17 — 9 = 8.
_gi Step 4. Bring down the 2. Now, 9 goes into 82 nine times.
19 Write 9 above the 2.
—18 Step 5. 9 X 9 = 81; subtract 82 — 81 = 1.
1 Step 6. Bring down the 9. The 9 goes into 19 twice.
Write 2 above the 9.
Step 7. 9 X 2 = 18; subtract 19 — 18 = 1.
The remainder 1 is less than the divisor 9, so we can stop. The answer is 192
with a remainder of 1 and we write 1729 + 9 = 192 r 1. This is true because
1729 = 9 X 192 + 1, as shown in the diagram:
X
mgz
Start here —» 9J1729
+
9% 192 + 1 =1729 =
\ 7
Here is a slightly different example.
q )
EXAMPLE 5  uUsing long division PROBLEM 5
Divide 809 —+ 8. Divide 709 = 7.
SOLUTION 5
8)809 Step 1. Arrange the divisor and dividend horizontally, as shown.
101 Step 2. 8 goes into 8 once. Write 1 above the 8.
Egog Step 3. 8 X 1= 8; subtract8 — 8 = 0.
009 Step 4. Bring down the 0 in 809. The 0 divided by
-8 8 is 0. Write 0 above the 0 in 809.
1 Step 5. Bring down the 9. Now, 8 goes into 9 once.
Write 1 above the 9 in 809.
Step 6. 8 X 1 = 8; subtract9 — 8 = 1.
p
Answers to PROBLEMS
4.341r3  5.101r2
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The remainder 1 is less than the divisor 8, so we can stop. The answer is 101 with a
remainder of 1 and we write 809 + 8 = 101 r 1. This can be checked by following

the diagram: /—\
X
101

Start here = 8 809

Thatis, 8 X 101 + 1 = 809.

\

We now give an example involving division by a two-digit number.

r A
EXAMPLE 6 Using long division PROBLEM 6
Find the quotient and the remainder: 1035 + 43. Find the quotient and the remainder:
1029 + 45,
SOLUTION 6
24 Step 1. Arrange the divisor and dividend horizontally, as shown.
43/1035 Step 2. 43 does not go into 10. Try to divide 103 by 43. 103 divided
_—?5’5 by 43 should be about 2 since 100 divided by 50 is 2.

172 Since 43 X 2 = 86, it goes twice. Write 2 above the 3.
3 Step 3. 43 X 2 = 86; subtract 103 — 86 = 17.

Step 4. Bring down the 5. The 43 goes into 175
four times. Write 4 above the 5.

Step 5. 43 X 4 = 172; subtract 175 — 172 = 3.

The quotient is 24 with a remainder of 3. Now, 3 is less than the divisor 43, so we can
stop and write 1035 + 43 = 24 r 3. Since 43 X 24 + 3 is 1035, our result is correct.
\

C ) Applications Involving Division

A person’s annual salary is usually paid monthly, biweekly, or weekly. In any case, to

find the amount of money the person is to receive each pay period, we must use division.

For a $19,500 annual salary, the amount received each monthly pay period should be
19,500 <=— Annual salary

12 <— Months in a year
In Example 7 we find out how much this is.

( A
EXAMPLE 7  Using long division PROBLEM 7
Divide 19,500 by 12. If a person earns $19,500 annually,
the biweekly salary will be
SOLUTION 7 $19.500
12)19500  Step 1. Arrange the divisor and dividend horizontally, as shown. 26
1625  step 2. 12 goes into 19 once. Write 1 above the 9. Divide $19,500 by 26.
12J19500

12 Step 3. 12 X 1 = 12; subtract 19 — 12 = 7.

75 Step 4. Bring down the 5. The 12 goes into 75 six
—-72 times. Write 6 above the 5.

30 step 5. 12 X 6 = 72; subtract 75 — 72 = 3.

igo Step 6. Bring down the 0. Now, 12 goes into 30 twice.
60 Write 2 above the first 0.
0 Step 7. 12 X 2 = 24; subtract 30 — 24 = 6.
- (continued)

Answers to PROBLEMS
6.22r39 7.%$750
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Step 8. Bring down the other 0. The 12 goes into 60 five
times. Write 5 above the second 0.

Step 9. 12 X 5 = 60; subtract 60 — 60 = 0.

The answer is 1625 with no remainder. Thus, if a person earns $19,500 annually,
the monthly salary will be $1625.

GREEN MAYH

EXAMPLE 8 checking water leaks to save water PROBLEM 8

According to Green Globe if water leaks from a tap or faucet at just one drop per Do you take a bath or a shower?
second, you would be wasting 10,220 liters of water per year. If we assume a year Replacing one bath a week with a
has 365 days, how many liters per day is that? shower will save a family of four

300 gallons of water per year. How

To find the answer, we have to divide 10,220 (the number of ’
many gallons per person is that?

liters used) by 365 (the number of days in a year)
og Step 1. Arrange the divisor and dividend, as shown.
36510220  Step 2. 365 goes into 1022 twice. Write 2 above the 2 in 10,220.
—730  step 3. 2 x 365 = 730; subtract 730 from 1022.

2920 Step 4. Bring down the 0. 365 goes into 2920 eight times (you may
—2920 . o
0 have to try a couple of numbers, like 7, which is too small, or

9, which is too big). Write 8 above the 0.
Step 5. 8 X 365 = 2920
Step 6. Subtract 2920 from 2920, which is 0.

Thus, the answer is 28 with no remainder, which means that you will be wasting
28 liters of water every day!

Source: http://greenglobeideas.com/idea/saving-water-indoors.

Calculator Corner

Division is faster with a calculator, especially if there is no remainder. Thus, to divide 12 by 3, we press 1 2 (5
3 and the result, 4, appears in the display. If there is a remainder, the calculator gives that remainder in the
form of a decimal.

W mmect > Practice Problems > Self-Tests
all

> Media-rich eBooks > e-Professors > Videos

IMATHEMATICS

A > Writing Division as Multiplication In Problems 1-20, divide and check using multiplication.

1. 305 2. 63+9 3.28+4 4. 6+1
5. 21+7 6.2+0 7.0+ 2 8. 54+9
9, 7+7 10. 56 +~ 8 11.39—G 12. 54 -6
3 0 32 13
13. 0 14. 3 15. ) 16. 3
24 45 62 48
17. 1 18. 9 19. 6 20. 5

Answers to PROBLEMS
8.75
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21.
25.
29.

33.
37.
41.
45.
49.

Cc
51.

53.

55.

57.

59.

Monthly expenses

1.6 Division 69
Long Division In Problems 21-50, use long division to divide.
6)366 22, 71371 23. 85048 24. 76097
4)2055 26. 9/6013 27. 336 ~ 14 28. 340 =+ 17
399 + 19 30. 406 + 13 31. 605 + 10 32. 600 + 27
704 903 805
16 34. 17 35. 81 36. 11)341
12)505 38. 46)508 39. 22)1305 40. 531325
42)9013 42, 111)3414 43, 123)5583 44, 253)8096
417)36,279 46. 505)31,815 47. 50/31,500 48. 600/188,400
654)611,302 50. 703)668,553
Applications Involving Division
Shares sold A stockbroker sold $12,600 worth of stocks 52. Tickets purchased Receipts at a football game were $52,640.

costing $25 per share. How many shares were sold?

Loads in the dishwasher A dishwasher uses 14 gallons of hot
water per load. If 42 gallons were used, how many loads were
washed?

Finding the weekly salary A teacher makes $31,200
annually. What is the weekly salary? (There are 52 weeks in a
year.)

BTUs for 100-watt bulb  One 100-watt bulb burning for 10
hours uses 11,600 Btu. How many Btu per hour does the bulb
burn?

Words per minute in shorthand The fastest recorded short-
hand writing speed under championship conditions is 1500
words in 5 minutes. How many words per minute is that?

54.

56.

58.

60.

If tickets sold for $7, how many tickets were purchased for the
game?

Figuring miles per gallon A car is driven 348 miles and uses
12 gallons of gas. How many miles per gallon is that?

Cost per credit hour A part-time student in a community
college paid $156 for tuition. The student was taking 3 credit
hours. What was the cost of each credit hour?

Running out of gas The United States uses 23 trillion cubic
feet of natural gas each year. The reserves of natural gas are
253 trillion cubic feet. If no more gas is discovered, how many
more years will it take before we run out of natural gas?

Pay per word  One of the highest rates ever offered to a writer
was $30,000 to Ernest Hemingway for a 2000-word article on
bullfighting. How much was he paid per word?

In Problems 61-64 find the monthly expense for each of the categories.

Category Annual (12-Month) Expenditures
61. Apparel and services $1368
62. Entertainment $1164
63. Housing $7656
64. Personal Care Products $336

Source: Bureau of Labor Statistics, Consumer Expenditure Survey for persons under 25 http://data.bls.gov/PDQ/outside.jsp?survey = cx.

65.

67.

> > Applications:

Paper use Americans use over 180,000 million pounds
of paper per year. If we assume that there are 300 million
Americans, how many pounds per person is that?

Paper use by teachers In South Florida classrooms, paper
is becoming a relic. The result: homework online, paperless
term papers, and courses on compact discs. Mark Strauss, a
principal in Fort Lauderdale, keeps track of how many copies
teachers make. Those who exceed 24,000 in a year are urged
to reconsider their paper-dependent ways.

a. How many copies per month is that?

b. If a teacher works 120 days in the school year, how many
copies per day is that?

66.

68.

Replacing paper towels If every family in the United States
replaced one 70-sheet roll of paper towels with a reusable
alternative, it could save 6,528,000 trees per year. How many
trees are saved per month?

Cutting your shower short If you cut your daily shower
by a mere 2 minutes, you will save 1825 gallons of water
per year.

a. How many gallons per day is that? Assume there are
365 days in a year.

b. How many gallons are saved daily if all the members of a
family of four cut their shower by 2 minutes? How many
gallons a year is that?
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> > > Using Your Knowledge

An Average Problem The idea of an average is used in many situations. The average (mean) is the result obtained by
dividing the sum of two or more quantities by the number of quantities. For example, if you have taken three tests and your
scores were 90, 72, and 84, your average for the three tests is:

Sum of the scores — 90 + 72 + 84 _ 246 _
Number of tests — 3 3

82

Thus, the average for the three tests is 82.

The accompanying table shows the average income for a person with different numbers of years of schooling. For
example, the average income for a person with a master’s degree is obtained by dividing the life income, $2,500,000, by the
number of years the average person receives income, 40.

Income — 2,500,000 _ $62.500 Work Life (40 years) Earnings Estimates
vears = 40 ' (in Millions) for Full-Time Year-Round
Workers by Educational Attainment

Thus, the average income is $62,500
Master’s degree

Years of Average Life (40-yr) .

School Income Income Bachelor’s degree
Master’s $62,500 $2,500,000 Associate’s degree
Bachelor’s L] 2,100,000 Some college
Associate | | | | High school graduate
Some COIIege | | | | Not high school graduate
ngh School | | | | 0 0.5 1.0 1.5 2.0 2.5 3.0
No High School | | | | Dollars (in millions)

Source: Data from U.S. Census Bureau.

69. Find the average income for a person with a bachelor’s 70. Find the average income for a person with an associate’s

degree. degree.
71. Find the average income for a person with some college 72. Find the average income for a high school graduate.
education.
73. Find the average income for a person who is not a high school 74. What is the average number of calories in a hamburger?
graduate. Estimate the answer using the following information:
75. A person earned $250, $210, $200, and $240 during the Burger King 275 calories
fo:;r V\’/)eeks of a certain month. What was the average weekly Dairy Queen 360 calories
salary?
y Hardee’s 275 calories
76. The weight of the players in the defensive line of a football cDonald’s 265 calorie
team is as follows: 240, 237, 252, and 263. What is the average M . 3 I S
weight of these players? Wendy’s 350 calories

77. The price of a certain stock during each day of last week was 78. The ages of the players on a basketball team are as follows: 18,
as follows: $24, $25, $24, $26, $26. What was the average 17, 20, 18, 17. What is the average age of the players on this
price of the stock? team?
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79.

81.

> Write On

Look at the definition of division and write the procedure you
use to check a division problem using multiplication. Make
sure the procedure includes the instances in which there is a
remainder.

Explain in your own words why division by 0 is not
defined.

> > Concept Checker

80.

82.

1.6 Division 71

If you divide a number by itself, the answer is 1. Write in your
own words why this rule does not work when you divide 0 by
0.

Fill in the blank(s) with the correct word(s), phrase, or mathematical statement.

83.
84.

85.
86.
87.
88.

89.

91.

93.

The quotient a = b (b # 0) is the unique whole number ¢ so that

When we write 20 + 5 = 4, 20 is called the
and 4 is the .

Multiplication is the process of division.

a+a= (a#0).
a+1=
0+a= (a #0).

> > Mastery Test

Write as a multiplication problem and find the answer if
possible.

a. 48+6=01

b. 37 - 1=0

Write as a multiplication problem and find the answer if
possible.

a. 9+-9=0>

b. 7+1=01

Divide using long division. (Show the remainder if there is
one.)

a. 792 ~ 6 =

b. 1728 ~ 9 =

> Skill Checker

Fill in with < or > to make the resulting inequality true.

95.

345 354

Multiply:

97.

305 X 1003

, 5isthe

Is division commutative? Why or why not? Give
examples.
divisor 0
, 1 inverse
a=bxc quotient
c=axbh a
dividend b=axc

90. Write as a multiplication problem and find the answer if

possible.
a.0+-8=0]
b. 8+0=0
92. Write as a multiplication problem and find the answer if
possible.
a. 9+-9=
b. 9+3=01

94. A person earns $27,600 annually. How much does the person

96. 908

earn each month?

809

98. 908 X 1203
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Primes, Factors, and Exponents

(») Objectives (») To Succeed, Review How To . . .

You should be able to: 1. Use the multiplication facts. (p. 51)

2. Apply the meaning of the word factor. (p. 51)
A > Determine if a
number is prime or

composite. (» Getting Started
B > Find the prime Look at the numbers in the blue boxes (2, 3, 5, and so on). They are prime numbers. The
factors of a numbetr. spiral was constructed by arranging the counting numbers in a counterclockwise fashion

and placing the numbers with exactly two factors (themselves and 1) in a blue box. As

0 T e T S you can see, the prime numbers tend to form diagonal lines. Why? Nobody knows!

a product of primes,
using exponential F% [35 34 [33 [32 E‘
notation if necessary.

D > write two or more
numbers containing
exponents as a
product and then
find the product.

A > Primes and Composites

As you recall from Section 1.5, when a number is written as the product of other
numbers, these other numbers are called factors. Thus, 2 and 3 are factors of 6 because
6 = 2 X 3. Note that 2 X 3 is an example of a factorization of 6. Similarly, 1 and 6 are
factors of 6 because 6 = 1 X 6.

PRIME NUMBER

A prime number is a counting number having exactly two different factors, itself
and 1.

Here are the first few counting numbers written as products of factors:
1=1x1 4=1X40r2Xx2

2=1X2 5=1X5
3=1X3 6=1X6o0r2X3
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As you can see:

1 has only one factor: 1

2 has two factors: land?2

3 has two factors: land3

4 has three factors: 1,2,and 4

5 has two factors: land5
Recall that 4 =1 X 4 and 2 X 2, 6 has four factors: 1,2,3,and 6

6=1X6and2X3.

Since a number is prime when it has exactly two distinct factors, itself and 1, the prime
numbers in the list above are 2, 3, and 5. The other numbers (1, 4, 6) are not prime. Note
that 1 is not prime because it does not have two distinct factors.

COMPOSITE A counting (natural) number greater than 1 that is not prime is said to be
NUMBER composite.

Thus, in the preceding list, 4 and 6 are composite.

( )
EXAMPLE 1  Finding if a number is prime or composite PROBLEM 1
Determine if the given numbers are prime or composite. Determine if the given numbers are
a 14 b. 17 prime or composite.
a. 19 b. 15
SOLUTION 1
a. 14 has more than two factors since 14 = 1 X 14 or 2 X 7. Thus, 14
is composite.
b. 17 = 1 X 17. Since 17 has exactly two factors, itself and 1, 17 is
a prime number.
\ 7

B > Finding Prime Factors

In Example 1 we noticed that 14 is a composite number with four factors (1, 2, 7, 14), two
of which (2 and 7) are prime. The prime factors of a number are those factors that are prime.
For example, the factors of 18 are 1, 2, 3, 6, 9, and 18, but the prime factors of 18 are 2 and
3. The numbers 1, 6, 9, and 18 are not prime and thus cannot be prime factors of 18.

4 )
EXAMPLE 2 Finding prime factors PROBLEM 2
Find the prime factors of these numbers. Find the prime factors of these
a. 10 b. 11 numbers.
a. 13 b. 12
SOLUTION 2

a. 10 =1 X 10or 2 X 5. Thus the factors of 10 are 1, 2, 5, and 10. Of these,
2 and 5 are prime factors.
b. 11 = 1 X 11. Thus 11 has only one prime factor, 11. Any prime number

has only one prime factor, itself.
\ v

It is easy to find the prime factors of 10 because 10 is a small number. How can we
find the prime factors of larger numbers? To do this we first need to know if the given
number is prime. Unfortunately, nobody has discovered a simple formula for finding
all prime numbers. However, a Greek mathematician named Eratosthenes invented a

Answers to PROBLEMS
1.a. prime b. composite

2.a.13 b.2and3
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procedure to find all prime numbers smaller than a given number—say 50. He listed all
the numbers 1 through 50 in a table, as shown here:

Sieve of Eratosthenes

£ @ @ «+ &6 & @O &£ & 10
@ 2 O 4 B 1w @ 18 19 20
2 2 23 24 25 26 2r 28 29 30
@) 32 33 34 35 36 3) 38 39 A0
4y 42 @3 4 45 46 4D 48 M 50

He then reasoned as follows: The number 1 is not a prime (it has only one factor), so he
marked it out. He then concluded that 2 is a prime, but any number with 2 as a factor
(4, 6, 8, etc.) is composite. He then circled 2 as a prime and crossed out 4, 6, 8, and so
forth. Next, since 3 is a prime, he circled it and crossed out all numbers having 3 as a
factor, starting with 9 (6 was already out). Similarly, he circled 5 (the next prime) and
crossed out the numbers having 5 as a factor, starting with 25 (10, 15, and 20 were
already out). He continued this process until he reached 11, noting that all the numbers
having 11 as a factor (2 X 11, 3 X 11, and 4 X 11) had been eliminated when he had
crossed out the numbers having factors of 2 and 3. Hence, all the numbers that are left
are prime. They are circled and set in color in the table.

C

Now we are ready to write a composite number as a product of primes; that is, to find
the prime factorization of a number (a procedure that is necessary to reduce and add
fractions). This is done by dividing by the first few primes, 2, 3, 5, 7, 11, and so on. To
help you in this process, we give the rules that will tell you if a number is divisible by
2, 3, and 5. (There are rules to tell if a number is divisible by 7 or 11, but they are so
complicated that you may as well try dividing by 7 or 11. The Using Your Knowledge
section has additional divisibility rules.)

RULE TO TELL IF A NUMBER IS DIVISIBLE BY 2
A number is divisible by 2 if it ends in an even number (2, 4, 6, 8, or 0).

For example, 42, 68, and 90 are divisible by 2. When a number is divisible by 2, it is
called an even number, so 42, 68, and 90 are even. If a whole number is not even (not
divisible by 2) it is called an odd number. Thus, 43, 71, and 95 are odd.

RULE TO TELL IF A NUMBER IS DIVISIBLE BY 3
A number is divisible by 3 if the sum of its digits is divisible by 3.

Thus, 273 is divisible by 3 because the sum of its digits (12) is divisible by 3 as shown:

2 7 3
(N
2+7+3=12 (divisible by 3)

RULE TO TELL IF A NUMBER IS DIVISIBLE BY 5
A number is divisible by 5 if it ends in 0 or 5.

For example, 300 and 95 are divisible by 5. Note that the divisibility rules for 4, 6, 8, 9,
and 10 are given in Exercises 65—69.
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We will use these divisibility tests to help us write a composite number as a product
of primes. This is called prime factorization. Let us try to write 24 as a product of primes;
that is, find the prime factorization of 24. To do so, we divide by successive primes
(2, 3,5, and so on).

Divide 24 by 2 (the first prime). —2| 24
Divide 12 by 2. —2[12
Divide 6 by 2. 2| 6
3 cannot be divided by 2, so we divide by the next prime, 3. - 3|_3
1

Thus,

24 =2X2X2X3
You can also use a factor tree and still divide by successive primes, as follows:

24
2/><\1 Write 24 as a prime (2) times a composite
number (12).

(2

/\ a composite.

2
)X 6 Write 12 as a prime (2) times
(2)x(3) Write 6 as a prime (2) times

o ) another prime.

Now we are finished, 24 =2 X 2 X 2 X 3.

Note: You can also use a dot (+) and write 24 = 2-2.2-3. In this section, we will use
the multiplication sign (X) to indicate a multiplication.

What about trying to write 79 as a product of primes? We do this by dividing by
successive primes (2, 3, 5, etc.) if possible.

79 is not divisible by 2 (it ends in 9).
79 is not divisible by 3 (7 + 9 = 16, which is not divisible by 3).
79 is not divisible by 5.

11

79 is not divisible by 7. If we divide 79 by 7 779
we have a remainder of 2. =7
09

=7

2 « Remainder

7
79 is not divisible by 11. If we divide 79 by 11 1179
we have a remainder of 2. —77

2 «— Remainder

Note that we can stop dividing here because dividing by 11 gives a quotient (7) less
than the divisor (11). In general, when testing to see if a number is prime, you can stop
dividing when the quotient is less than the divisor. Since 79 is not divisible by any of our
prime divisors, 79 is a prime number.
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EXAMPLE 3 Prime factorization: Writing as product of primes
Write (if possible) the given number as a product of primes.

a. 45 b. 89 c. 32
SOLUTION 3

a. We must divide by the first few primes, 2, 3, 5, 7, and so on. Since 45 is not

divisible by 2, we start by dividing by 3 as shown:

Divide by 3. —3[45
Divide by 3. —3[15
Divide by 5. - 5|_5
1
Thus,
45=3X3X5
The factor tree is
45
@/X\{J.S Write 45 as a prime (3) times a

/\ composite number.

@ X @ Write 15 as a prime (3) times another
prime. As before, 45 =3 X 3 X 5

. We try to divide by successive primes.

89 is not divisible by 2 (it ends in 9).

89 is not divisible by 3 (8 + 9 = 17, which is not divisible by 3).
89 is not divisible by 5.
89 is not divisible by 7.

5 + Remainder

8
89 is not divisible by 11. 11/89
—88

1 < Remainder

Since the quotient (8) is smaller than the divisor (11), we can stop here.
Because 89 is not divisible by any of our prime divisors, we can say
that 89 is a prime number.

PROBLEM 3
Prime factorization: Write (if
possible) the given number as a
product of primes.

a. 35 h. 16 c. 97

Answers to PROBLEMS
3.a5X7 b2Xx2x2X2
c. Prime

32
c. Divideby2. — —2[32 /\
D!v!de by2.  —2[16 3 x 16
Divideby 2.  —2| 8 or A
Divide by 2.  —2| 4 ) x 8
Divideby 2.  —2| 2 A/J,
-
@ x@
Thus,
\ 32=2X2X2X2X?2 )
p
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Products like 2 X 2 X 2 X 2 X 2 are easier to write using exponential notation. Using
this notation, we write

2X2X2X2X 2‘ = 25 «— 2%isread “two to the fifth power.”

five 2's

Here 2 is called the base and 5 is called the exponent. The exponent 5 tells us how many
times the base 2 must be used as a factor. Similarly,

3IX3X3=3° 32 s read “three to the third power” or “three cubed.”

6 X6 =6 62 is read “six to the second power” or “six squared.”

.

EXAMPLE 4  Prime factorization: writing numbers with exponential
notation
Use exponential notation to write the given number as a product of primes.

a. 18 b. 72

SOLUTION 4
a. Divide by 2 — 2[ 18

Divide by 3 — 3| 9 18 _

5

Divide by 3 — 3| 3 9_,
3

3 _

13=1

Thus,
18=2X3Xx3=2X3?

b. Divide by 2 — 2| 72

Divide by 2 — 2[36 72 _ ¢
2
Divide by 2 — 2[ 18 36 _ ;g
2
Divide by 3 — 3|_9 %: 9
Divide by 3 — 3[ 3 9 =3and§=1
3

1

Thus,
T2=2X2X2X3X3=282x32

2% X 3%isread “2 cubed times 3 squared.”

PROBLEM 4

Prime factorization: use exponential
notation to write the given number

as a product of primes.

a. 27

b. 98

-

Answers to PROBLEMS
4.a.3 b.2XT7
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D )> Products Involving Exponents

Sometimes we are given a number such as 22 X 32 and we want to write the answer in
standard notation. Thus,

22X P=2X2X3X3=236

EXAMPLE 5  Prime factorization: finding products involving exponents PROBLEM 5

Write the given numbers as a product of factors; then find the product. Prime factorization: find the

a 28 X 32 b 22 X 53 products by writing as a product of
factors.

SOLUTION 5 a 2x3 b. 2% x 57

a 22°X3FP=(2xX2x2)X(BX3J=8xX9=72
b, 22 X 5% = (2 % 2) X (5 X 5 X 5) = 4 X 125 = 500
\

Now look at this pattern.

10° = 100,000
10* = 10,000
10® = 1000
102 = 100
10t=__?
10°0=_ 2

Here, the exponent of a number whose base is 10 tells us how many zeros there are in
the final product. Can you now find the values of 10 and 10°? Since the exponent tells
us the number of zeros, we have

100=10 and 10°= 1

In general, for any number a, we define

Thus, 2t =2,31=3,2°=1,and 3° = 1.

EXAMPLE 6 Prime factorization: finding products involving exponents PROBLEM 6

Write these as a product of factors, then find the product. Prime factorization: find the

a 32X 2 b, 52X 23% 70 products by writing as a product of
factors.

SOLUTION 6 a 31X 4 b. 22X 3°x &

a. ¥ X2=9%x2=18
b. 52X 22X 7°=25 X8 X 1=200
\

Often, we have to derive an approximate result from insufficient or even conflicting data.
Guesstimation, a book by Lawrence Weinstein and John A. Adams, shows you how to do
just that. As one of the reviewers says: Guesstimation is a book that unlocks the power of
approximation—it is popular mathematics rounded to the nearest power of ten! (Which
is the subject of our discussion!) Two “guesstimations” are used in Example 7.

Answers to PROBLEMS
5.a.108 b. 200

6.a.48 b.500
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GREEN MAH

EXAMPLE 7 A lot of trash PROBLEM 7

How much trash do you produce every day? It should be between 4 and 5 pounds, The volume of the trash produced
but the whole country produces 2 X 108 tons of trash per year. Write 2 X 10® as a in the United States every year is
standard numeral and in words. 3 X 108 cubic meters per year. (A

cubic meter is a cube one meter
on each side.) Write 3 X 10%as a
standard numeral and in words.

2 X 108 = 2 X 100,000,000 = 200,000,000, that is, two
hundred million tons of trash per year.

Calculator Corner

We can easily determine if a number is prime using a calculator. We simply divide the number by the first few primes. Thus,

to determine if 79 is prime, we divide 79 by 2, 3, 5, 7, and 11. Since none of the divisions is exact, 79 is a prime number.
Regarding multiplying factors involving exponents, we can proceed two ways:

Method 1. By repeated multiplications.

Method 2. By using the [y<]key, if your calculator has one.

Thus, to multiply 23 X 32 (as in Example 5), we can proceed as follows:

Method 1. 22 X 32 = 2 2 2 3 3 72

Method 2. If you have a [y | key, you can find 23 first by pressing 2 3 . The display will show 8. To
multiply this answer by 32, key in 3 2 . As before, the answer will be 72. The complete

sequence is 2 3 3 2

F‘Fi mmed > Practice Problems > Self-Tests
Hil

I > Media-rich eBooks > e-Professors > Videos
|MATHEMATICS

A > Primes and Composites In Problems 1-10, determine if the number is prime or composite. If
composite, list all its factors.

1.7 2. 28 3.6 4. 17
5. 24 6. 8 7. 25 8. 26
9. 23 10. 30

B > Finding Prime Factors In Problems 11-20, find the prime factors of each number.
11. 14 12, 16 13. 18 14. 23 15. 29
16. 30 17. 22 18. 20 19. 21 20. 31

C > Writing Composite Numbers as Products of Primes  In Problems 21-30, write each number as a product
of primes using exponents. If the number is prime, indicate so.

21. 34 22. 31 23. 41 24. 48 25. 64
26. 81 27. 91 28. 110 29. 190 30. 200

Answers to PROBLEMS
7.300,000,000, that is, three hun-
dred million cubic meters per year

suossa| alow Joj OJ|9¢ /WO dYYLW 03 03
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D > Products Involving Exponents  In Problems 31-40, find the product by writing as a product of factors.
31. 30X 22 32. 10% X 22 33. 2°x 10° 34. 42x 3 35. 52X 22
36. 22X 50x 32 37. 43X 21X 4° 38. 10° x 3% x 10° 39. 52 X 22X 11° 40. 28 X 52 X 6!

> > Applications

44. Prime numbers less than 50 How many prime numbers are 42, Prime number between 50 and 100 How many prime
less than 50? numbers are between 50 and 100? (Hint: Use a sieve of
Eratosthenes.)

43. Cell phones and exponents At the end of 2005, the number 44. Alaskan oil reserves The proved Alaskan oil reserves are

of worldwide cell phone subscribers was 2,000,000,000. 5,000,000,000 barrels. Write this number as a product by
Write this number as a product using exponents. using exponents.

45. Folding paper Take a sheet of notebook paper. If you fold it 46. Patterns in paper folding Is there a pattern for finding the
in half once, it is 2 layers thick. If you fold it in half again, it is 4 number of layers thick by using exponents for 2? If so, how
layers thick. If you fold it in half another time, it is 8 layers thick. many layers thick will it be after:

Here is the table relating the number of folds and the 6 folds?
number of layers thick. Complete this table. a. biolos:
b. 10 folds?
Number of Folds Number of Layers Thick 47. Pioneer journey Pioneer 10, a crewless U.S. spacecraft, was
0 20 — 1 launched March 2, 1972, on a 639-day, 1,000,000,000-kilometer
0 TR journey past Jupiter. Write this distance using exponents.
5 22— 4 48. Hemoglobin in red blood cells A red blood cell contains
about 3 X 108 hemoglobin molecules. Write this number as a
3 2°=8 product of factors and multiply out.
4 2 = 49. Distance to Milky Way Our solar system is 3 X 10* light-
5 2 = years from the center of the Milky Way galaxy. Write 3 X 10*

as a product of factors and multiply out.

50. Light-years to Milky Way A light-year (the distance 51. Lettersinamanuscript A typical typed page of text contains

light travels in 1 year at 186,000 miles per second) is about 3000 = 3 X 10?® letters. Thus, a 500-page manuscript
6 X 10%? miles. Since we are 3 X 10* light-years from the will have (5 x 10?) x (3 x 10°) letters. Write this number as
center of the Milky Way, our distance from this center is a product of factors and multiply.

(3 X 10% X (6 X 10'2) miles. Write this number as a product
of factors and multiply out.

52. Hamburger revenue A large hamburger costs ($3 X 10°). If 53. 0sinagoogol The definition of a googol is:
2 million = (2 X 10°) of these burgers are sold, the revenue 1 googol = 10'®. How many 0 are in a googol?
would be ($3 x 10% x (2 x 10°. Write this number as a Hint: 10% has 2 zeros, 10° has 3 zeros.
product of factors and multiply.

54. Exponents If a googolplex = 10% write a googolplex
using powers of 10.

> > Applications:

Problems 55-60 use data from Guesstimation but to understand some of the data, you have to understand some of the terminology:

Watt (W): the amount of power a device uses in performing its function (your computer uses about 130 watts when it is on).
GW: A gigawatt, equivalent to 10° watts.

Kilogram (kg): about 2.20 pounds.

Joule (J): the standard unit of energy, equivalent to 1 watt of power used or dissipated for 1 second.

55. Electrical power How much electrical power do you use? 56. Nuclear power If we add electricity generated by nuclear

Your cable box uses 25 watts and your television 100. The plants, the total electrical energy used in the United States in
total electrical power used in the United States in one year 1 year is 3 X 10 joules. Write 3 X 10% in standard form and
is 5 X 10" watts. Write 5 X 10 in standard form and in in words.

words.



1-81

57.

59.

Solar energy We can also use solar energy, but we will need
lots of land to place our solar panels to get the energy needed.
Do you know how much land? 4 X 10* km? (km? is a square
1 kilometer on a side). Write 4 X 10* in standard form and in
words.

Back to nuclear How much fuel does that one-GW nuclear
power plant require in 1 year? The answer is 2 X 10* kg/year
of 5% enriched uranium. Write 2 X 10* in standard form and
in words.

> > Using Your Knowledge

58.

60.

1.7 Primes, Factors, and Exponents 81

Coal power What if we use coal? How much coal does a
one-GW (gigawatt) coal-fired electrical power plant require in
1year? 5 X 10 kilograms per year! Write 5 X 10* in standard
form and in words.

Wind turbine  What if we used wind turbines, giant windmills
that generate electricity? If the wind is blowing at 10 meters
per second (about 20 mph) and the length of the blades is
40 meters, the available power from the turbine is 3 X 10° W.
Write 3 X 10° in standard form and in words.

Divide and Conquer (Prime Factorization) To write a number as a product of primes, you have to divide the number by
2, 3,5, 7, and so on. We restate the rules to tell, without dividing, if a number is divisible by 2, 3, or 5.

61.

62.

63.

64.

65.

66.

A number is divisible by 2 if its last digit is 2, 4, 6, 8, or 0. Are
these numbers divisible by 2?

a. 12 b. 13 c. 20

A number is divisible by 3 if the sum of its digits is divisible by 3.
For example, 462 is divisible by 3 because 4 + 6 + 2 = 12,
which is divisible by 3. Are these numbers divisible by 3?

a. 493 b. 112 c. 111

A number is divisible by 5 if its last digit is 5 or 0. Are these
numbers divisible by 5?

a. 125 b. 301 c. 240

Use the information in problems 55, 56, and 57 to determine
if the given numbers are divisible by 2, 3, or 5. (For example,
42 is divisible by 2 and 3, as indicated by the check marks.)

Number Divisible by

3 5
42 4 4
24

50
19
30
e. 91

N

a0 T o

Divisibility by 4 A number is divisible by 4 if the number
created by the last two digits in the number is divisible by 4.
For example, 384 is divisible by 4, since the last two digits in
the number form the number 84, which is divisible by 4. On
the other hand, the number 319 is not divisible by 4, since the
last two digits form the number 19, which is not divisible by
4. Are these numbers divisible by 4?

a. 420 b. 308
c. 1234 d. 1236

Divisibility by 6 A number is divisible by 6 if it is divisible
by 2 and 3. Thus, 234 is divisible by 6 because 234 is divisible
by 2and by 3 (2 + 3 + 4 = 9, which is divisible by 3, so 234
is divisible by 3). On the other hand, 368 is not divisible by 6
because 368 is divisible by 2 but not by 3 (3 + 6 + 8 = 17,
which is not divisible by 3). Are these numbers divisible by 6?

a. 432 b. 315
c. 3126 d. 4123

67.

68.

69.

70.

Divisibility by 8 A number is divisible by 8 if the number
formed by the last three digits in the number is divisible by
8. For example, 3416 is divisible by 8 because the last three
digits in the number form the number 416, which is divisible
by 8. On the other hand, the number 1319 is not divisible by 8,
since the last three digits form the number 319, which is not
divisible by 8. Are these numbers divisible by 8?

a. 1424 b. 1630
c. 2360 d. 2148

Divisibility by 9 A number is divisible by 9 if the
sum of the digits of the number is divisible by 9. This
means that 342 is divisible by 9 since 3 + 4 + 2 =
9, which is divisible by 9. However, 1352 is not divisible by 9,
since 1 + 3 + 5 + 2 = 11, which is not divisible by 9. Are
these numbers divisible by 9?
a. 348

c. 2386

b. 564
d. 6570

Divisibility by 10 A number is divisible by 10 if it ends with
a 0. Thus, 980 and 340 are divisible by 10, but 342 and 786 are
not. Are these numbers divisible by 10?

a. 450 b. 432
c. 567 d. 980

Christian Goldbach made a famous conjecture (guess) that
has not yet been proved or disproved. He said that every even
number greater than 2 can be written as the sum of two primes.
For example,

4=2+2
6=3+3
8§=3+5

Write each even number from 10 through 20 as the sum of
two primes.
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> Write On

71. In 1771 Leonhard Euler, a Swiss mathematician, discovered
the prime number 23t — 1. This is an example of a Mersenne
prime, a prime of the form 2° — 1. The largest prime at this
time is 213466917 — 1,

a. Do you think this number is odd or even? Write the
reasons.

b. How many digits do you think this prime has?

c. How many lines do you think it would take to type
it?

> > Concept Checker

1-82

72. Do you think the number of primes is finite or infinite? Write
your reasons.

73. What is the difference between “the number of factors” of
a number and “the number of prime factors” of a number?
Explain and give examples.

Fill in the blank(s) with the correct word(s), phrase, or mathematical statement.

74. A number is divisible by 2 if it ends in an number. 1 sum

75. A number is divisible by 3 if the of its digits is divisible by 3. a product
76. A number is divisible by 5 if it ends in orin factors even
77. A number is if it is divisible by 2. 5 0

78. al = (a#0). odd

79. % = (a #0).

> Mastery Test

80. Find the prime factors of 40.

82. Write 84 as a product of primes.

84. Find the product: 2* X 32
86. Find the product: 5% X 22 X 3

> Skill Checker

81. Determine if the following numbers are prime or composite:
a. 41 b. 39

83. Use exponents to write the number as a product of primes.
a. 3600 b. 360

85. Find the product: 52 X 22 X 7°

In Section 1.1 we discussed how to write a number in expanded form. Thus, 387 = 300 + 80 + 7. We can now write the
expanded form using exponents. To do this, recall that 10* = 10,000, 10° = 1000, 10? = 100, 10* = 10, and 10° = 1. Thus,

387 =3 X 10>+ 8 X 10* + 7 X 10°

Write each number in expanded form using exponents.

87. 138
89. 1208

88. 345
90. 3046
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(») Objectives

You should be able to:

A

Simplify expressions
using the order of
operations.

Remove grouping
symbols within
grouping symbols.

Solve applications
using the concepts
studied.

1.8 Order of Operations and Grouping Symbols 83

Order of Operations and Grouping Symbols

(») To Succeed, Review How To . . .

1. Use arithmetic facts (+, —, X, ). (pp. 24, 38, 51, 63)

2. Write a number containing exponents as a product and how to find this
product. (p. 78)

(» Getting Started

Suppose all 239 rooms in the motel are
taken (for simplicity, do not include
extra persons in the rooms). How can

we figure out how much money we are H @ T E ”:,

going to collect? To do this, we first
multiply the price of each room ($24, MARQUEE
$28, and $38) times the number of
rooms (44, 150, 45). Next, we add all
these figures and get the result. Note 44 Rooms $24.00 Single
that we have multiplied before adding. 150 Rooms $28.00

. 45 Rooms $38.00
(Did you get $6966 for the answer?) P4 thrj 12/31

A

If we want to find the answer to 3 - 4 + 5, do we (1) add 4 and 5 first and then multiply
by 3, or (2) multiply 3 by 4 first and then add 5? In (1) the answer is 27. In (2) the answer
is 17. What if we write 3 - (4 + 5) or (3 - 4) + 5? What do the parentheses mean? By
the way, 3 - (4 + 5) can also be written as 3(4 + 5) without the multiplication dot -. To
obtain an answer we can agree upon, we must make rules regarding the order in which
we perform operations. The rules are as follows:

ORDER OF OPERATIONS

1. Do all calculations inside grouping symbols like parentheses ( ), brackets [ ],
or braces { } first.

2. Evaluate all exponential expressions.

w

Do multiplications and divisions as they occur in order from left to right.
4. Do additions and subtractions as they occur in order from left to right.
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You can remember this order if you remember the phrase PEMDAS.
Please  (parentheses) «——————— Step 1.
Excuse  (exponential expressions) <«— Step 2.
My (multiplicatlon)7 Step 3. If the multiplications occur
Dear (division) first, do them first.
If the divisions occur first, do
the divisions first.
Aunt (addition) < Step 4. If the additions occur first, do
Sally  (subtraction) / them first.
If the subtractions occur first,
do the subtractions first.
Note that using step 3 8 -4 + 2 = 32 +~ 2 = 16. When done in order from left to
right multiplication was done before division, because the multiplication occurs before
the division.
With these conventions:
3-224+5=3-4+5 Do exponents (22 = 2 - 2 = 4).
=12+5 Multiply (3 - 4 = 12).
=17 Add (12 + 5 = 17).
Similarly,
3. (22 + 5) = 3(4 + 5) To add inside parentheses, first do
exponents (22 =2 - 2 = 4),
=3-9 Add inside parentheses (4 + 5 = 9).
= 27 Multiply 3 by 9.
But
(3:-2)+5=(3-4)+5 Tomultiply inside parentheses,
first do exponents (22 = 2 - 2 = 4).
=12+ 5 Multiply inside parentheses (3 - 4 = 12).
=17 Add (12 + 5 = 17).
( )
EXAMPLE 1  simplifying numerical expressions PROBLEM 1
Simplify. Simplify.
a. 8:-32-3 b. 3¥+3-5 a 7-22-7 b. 23 +22-5
SOLUTION 1
a.8:32—-3=8:9—3 Doexponents (32 =3 -3 = 9).
=72 -3 Do multiplications and divisions in order from left to right
(8-9=72).
=69 Do additions and subtractions in order from left to right
(72 — 3 = 69).
b. 3+3-5=27+3-5 Doexponents (3° =3-3-3 =27).
=27+ 15 Do multiplications and divisions in order from left to right
(35 =15).
=42 Do additions and subtractions in order from left to right
(27 + 15 = 42).
\
f
EXAMPLE 2  simplifying numerical expressions PROBLEM 2
Simplify. Simplify.
a63—7—(2+3) b.8+2-2:-2+3-1 a.48+6—(3+1)
b.10+2-2-2+2-1
~
Answers to PROBLEMS
la 49 bh43 2a 4 h21
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SOLUTION 2
a.63+-7—2+3)=63+7-5 Do the operations inside parentheses first
(2 +3=05).
=9-—-5 Do multiplications and divisions (63 +~ 7 = 9).
=4 Do additions and subtractions (9 — 5 = 4).

b.8+2:2-2+3-1=4-2-2+3—1 Divide8by2.

=16+3—-1 Do multiplications (4 - 2 - 2 = 16).

=19 -1 Do additions (16 + 3 = 19).

=18 Do subtractions (19 — 1 = 18).

> <4
EXAMPLE 3  simplifying numerical expressions PROBLEM 3
Simplify 22 +-4-2+356—-2)—-3-2 Simplify.
- 3. — — 22

SOLUTION 3 6+-3-2+25-3)—22-1

22+4-24+35—-2)—-3-2
=2+4-2+33)—-3-2 Do calculations inside parentheses (5 — 2 = 3).
=8+4-2+33)—-3-2 Do exponents (23 = 8).

=2-2+33)—3-2 Divide 8 by 4.
=4+3(3)—3-2 Multiply 2 by 2.
=4+9-3-2 Multiply 3 by 3.
=4+9—-6 Multiply 3 by 2.
=13-6 Add 4 and 9.

=7 Subtract 6 from 13.

B > More Than One Set of Grouping Symbols
T T T T T T T T [ T T T T [ T T [

SUPEI: SATURDA};

KING or QUEEN| | [ QUEEN-SIZE|  [VELVET ||
BEDSPREADS | | | MATTRESS | | | SWAG LAMPS
s%a_s $1400 $gg0o swm $1200

Suppose you wish to buy 2 bedspreads and 2 mattresses. The price of one bedspread and
one mattress is $14 + $88. Thus, the price of two of each is 2 - (14 + 88). If, in addition,
you wish to buy a lamp, the total price is

[2- (14 + 88)] + 12

We have used two types of grouping symbols in the expression, parentheses ( ) and
brackets [ ]. There is one more grouping symbol, braces { }. When grouping symbols
occur within other grouping symbols, computations in the innermost ones are done first.
Thus, to simplify [2 - (14 + 88)] + 12, we first add 14 and 88 (the innermost grouping
symbols), then multiply by 2, and finally add the 12. Here is the procedure:

[2-(14 +88)] +12=[2-(102)] + 12 Add14and 88.
=204 + 12 Multiply 2 by 102.
= 216 Add 204 and 12.

Answers to PROBLEMS
3.4
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EXAMPLE 4  Simplifying numerical expressions
Simplify 20 = 4 + {23 — [3 + (6 — 2)]}.

SOLUTION 4

20+4+{2-33—-[3+(6-2)]}
=20+4+{2-32—[3+ 4]} Subtractinside parentheses (6 — 2 = 4).
=20+4+{2-32-7} Add inside brackets (3 + 4 = 7).
=20-4+{2-9-7} Do exponents (32 = 9).
=204+ {18 -7} Multiply inside braces (2 - 9 = 18).

PROBLEM 4
Simplify.
25+5+{3-22-5+@ -1}

=20+4+11 Subtract inside braces (18 — 7 = 11).
=5+11 Divide 20 by 4 (20 + 4 = 5).
=16 Add (5 + 11 = 16).
C > Applications Involving Order of Operations
[ EXAMPLE 5 Finding the ideal heart rate PROBLEM 5

When swimming, you expend less energy than when running to get the same ben-
efit. To calculate your ideal heart rate while swimming, subtract your age A from
205, multiply the result by 7, and divide the answer by 10. In symbols,

Ideal rate = [(205 — A) - 7] = 10
Suppose you are 25 years old (A = 25). What is your ideal heart rate?

SOLUTION 5

Ideal rate = [(205 — A) - 7] = 10

= [(205 — 25) - 7] + 10 LetA = 25.

Find your ideal heart rate while
swimming if you are 35 years old.

You are ready for your spring break and want to go to the Bahamas with 19 friends;
a total of 20 people. A travel agent charges $50 for setting up the trip and $400 per
person. You have a coupon for $100 off the total.

a. Write an expression for the total cost (using the coupon).
b. Evaluate the expression and find the total cost.

SOLUTION 6

a. The expression will consist of

$50 setup + cost for 20 people — $100 coupon
50 + 20(400) — 100

b. We use the order of operations to simplify the expression.

50 + 20(400) — 100
50 + 8000 — 100 Multiply.
8050 — 100 Add.
7950 Subtract.

Thus, the total cost of the trip is $7950 after the discount.

.

=[180-7] + 10 Subtract inside the parentheses.
= 1260 + 10 Multiply inside the brackets.
=126 Divide.
\
EXAMPLE 6  Estimating vacation costs PROBLEM 6

You are having a party for 40 of
your friends. The rental fee for the
recreation hall is $150, and the
caterer charges $25 per person but
will give you a $100 discount if you
pay up front.

a. Write an expression for the total
cost assuming you pay up front.

b. Evaluate the expression and find
the total cost.

-

Answers to PROBLEMS
6. a. 150 + [25(40) — 100] b. $1050

4.9 5.119
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Now that you know how much to pay for your vacation, we are ready to save some
money in your electric usage. According to the U.S. Department of Energy the formula
for estimating energy consumption is:

Wattage X Hours used per day <+ 1000 = Daily kilowatt-hour (kWh) consumption

Source: http://www.energysavers.gov/your_home/appliances/index.cfm/mytopic=10040.

If you then want to estimate the annual (365-day) power consumption of your PC com-
puter (120 watts) and your monitor (150 watts) being used for 4 hours each day, you
simply substitute the 120, 150, and 4 in the formula, but you have to know about the
order of operations to place the numbers correctly.

We show how they do it (incorrectly) in Example 7.
GREEN MAH

EXAMPLE 7 u.s. Department of Energy consumption PROBLEM 7

(120 + 150 Watts X 4 Hours/day X 365 Days/year) + 1000 The Department of Energy uses

the given formula to compute (to
’
a. Is that the correct way to enter the 120 and the 1507 the nearest kWh) the annual energy

b. Find the answer to the nearest kWh. consumption of a 200-watt fan run
4 hours a day for 120 days. What is
SOLUTION 7 y y

) the answer?
a. To make clear the fact that we want to add the number of watts first, we should
write the formula as

(120 + 150) Watts X 4 Hours/day X 365 Days/year + 1000

b. To find the answer we follow the order of operations: PEMDAS

P (270) Watts X 4 Hours/day X 365 Days/year + 1000
M by 4 1080 Watts X 365 Days/year -+ 1000

M by 365 394,200 Watts + 1000

D by 1000 394.2

To the nearest kwWh, we get 394 kWh.

How much would it cost to run the computer and monitor for a year? It depends
on the cost of electricity in your area. For a map showing kWh cost by state try
http://michaelbluejay.com/electricity/cost.html.

Calculator Corner

Does your calculator know the order of operations? We can give your calculator a test to see if it does! Enter 3

4 5 (0. What answer should the calculator give you? It should be 23 (multiply 4 by 5 first and then add 3).
But what if we get 35 for an answer? This means that the calculator performs the operations as they are entered rather
than following the order of operations. In this case, the calculator added 3 and 4 and then multiplied the result, 7, by 5.
If you have a calculator like this, you have to enter the operations in the order in which you want them performed. Thus,
you should enter 4 @30 5 3 (). Sometimes, you can remedy this problem by using parentheses to
indicate which operation you want performed first, that is, you would enter 3 a - s @D
and obtain 23.

Answers to PROBLEMS
7.96 kWh
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(%]

<

2 A > Order of operations In Problems 1-20, simplify.

(5]

M 1.4-5+6 2.3:-4+6 3.7+3-2

o

§ 4.6+9-2 5.7-8-3 6.6-4-9

Iy 7.20-3-5 8.30-6-5 9.48+6—(3+2)
P 10.81+9-(4+5) 11.3-4+2+ (6 — 2) 12.3:-6+2+(5-2)
S

S 13.6-3-3-3+4-1 14. 10 +2-2-2+3-2 15.8+2-2-2—-3+5
(-}

3 16.9+3:3-3-8+5 17. 10-5-2+8-(6—4)—3-4 18.15+3-3+2-(5-2)+8+4
yl 19.4.8:2-34-1)+9-+3 20.6-3-3-2(3-2)—8+2

=

e

@

B > More than one set of grouping symbols In Problems 21-25, simplify.
21. 20 + 5+ [4+ (5 — 3)] 22.30+6+[4+2-3+(3+5)]
23. (20 —15)-[20 + 2 — (2- 2 + 2)] 24, (30 — 10) - [52 ~ 4 — (3 -3 + 3)]
25. {4+2-6—-(3+2-3)+[538+2 -1}

C > Applications Involving Order of Operations

26. Babysitting pay You have a babysitting job paying $5 an 27. Mowing lawns You are mowing lawns, making $10 an hour.
hour. You work for 4 hours and they give you a $10 tip. You mow a lawn in 3 hours, but they must also pay you for $2

a. Write an expression for your total earnings. worth of gas and oil.

a. Write an expression for your total earnings.
b. Evaluate the expression to find the total earnings.

b. Evaluate the expression to find the total earnings.

Is there a difference between fat calories and carbohydrate calories? The answer is yes. Each gram of fat contains 9 calories,
but each gram of carbohydrate has only 4. To find the percent of fat in a dish, use this procedure:

1. Multiply the number of grams of fat by 9.
2. Divide by the total calories and multiply by 100.
3. Round to the nearest whole number.

Note that you don’t have to know about percents yet, the formula automatically tells you the percent of fat! For example,
salmon smothered in cream sauce has 1024 total calories and 76 grams of fat. The percent of fat calories in the salmon is:

1. 9-76 =684
2. 684/1024 - 100 = 66.797
3. The nearest whole number is 67.

Thus, 67% of the calories in this dish come from fat.

28. Fat calories A quarter-pound cheeseburger, large fries, and a 29. Fatcalories Three slices of cheese pizza and a 16-ounce diet

16-ounce soda from McDonald’s have about 1200 calories and soda from Domino’s have about 510 calories and 15 grams of
50 grams of fat. What percent of the calories come from fat? fat. What percent of the calories come from fat?

30. Fat calories A taco salad and 16-ounce soda from Taco Bell 31. Fat calories One piece of fried chicken (wing), mashed
have about 1045 calories and 55 grams of fat. What percent of potatoes and gravy, coleslaw, and a 16-ounce diet soda from
the calories come from fat? KFC contain about 380 calories and 19 grams of fat. What

percent of the calories come from fat?
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Follow the same three steps as for calculating the percent of fat calories in food, but in step 1 multiply by 4 instead of 9.

32. Carbohydrate calories A half-cup serving of vanilla ice 33. Carbohydrate calories On the other hand, one-half cup

cream has about 180 calories and 15 grams of carbohydrates. of cooked carrots has about 36 calories and 8 grams of
What percent of the calories come from carbohydrates? carbohydrates. What percent of the calories come from
carbohydrates?
34. Carbohydrate calories An Arby’s Bacon Cheddar Deluxe, 35. Carbohydrate calories A Burger King Whopper with
regular fries, and a soft drink have about 1000 calories and cheese, regular fries, and a medium drink have about 1380
100 grams of carbohydrates. What percent of the calories calories and 150 grams of carbohydrates. What percent of the
come from carbohydrates? calories come from carbohydrates?

Did you find any proteins in Problems 28-35? The percent of protein calories in food can be found by following similar
steps to those in Problems 28-35. As it turns out, a gram of protein contains the same amount of calories as one gram of
carbohydrates: 4 calories.

Calculating the percent of protein calories in food Follow the same three steps as for calculating the percent of
carbohydrate calories in food to find the percent of protein calories in:

36. Protein calories A McDonald’s hamburger (105 grams) 37. Protein calories A Carl’s Jr. Hamburger (119 grams) with
with 280 calories and 12 grams of protein. 284 calories and 14 grams of protein.

38. Protein calories A Sonic Jr. Burger (135 grams) with 353 39. Protein calories A McDonalds McChicken (147 grams)
calories and 14 grams of protein. with 430 calories and 14 grams of protein.

40. Protein calories A Jack in the Box Chicken Sandwich
(145 grams) with 390 calories and 15 grams of protein.

Source: http://www.foodfacts.info/.

Estimating the weight of a child  The weight of a child (in kilograms) can be estimated based on age using the proper formula
but you have to know the order of operations and the meaning of grouping symbols to do it correctly! In the table below, the
asterisk = is used to indicate multiplication and the / is used to indicate division.

45. To find the weight of a 6 year old child, we should use the formula

Age | Weight in Kilograms
At birth 3.25 [(Age in years) « 2] + 8
From 3 to 12 months [(Age in months) + 9]/ 2 a. Find the weight of the child using this formula.
From age 1to 6 years | [(Age in years) = 2] + 8 b. ?F(FEOSQ you US)e th;] fOf?f}az T
: _ ge in years) = 7] — which applies to
From age 710 12 years | {[(Age in years) 7] — 5}/2 7- to 12-year-olds instead. To the nearest kg, what weight
Source: medal.org. do you get then?
41. Estimate the weight of a child at birth. 46. There is an age in which the formulas
) ) ) [(Age in years) * 2] + 8 and {[(Age in years) = 7] — 5} /2
42. Estimate the weight of a child 11 months old. give the same result. Substitute 1, 2, 3, 4, 5, 6, and 7 for the

age in each of the formulas and discover at what age the

43. Estimate the weight of a child 5 years old. results coincide.

44, Estimate the weight of a child 9 years old.
> > Using Your Knowledge

What is the corresponding dose (amount) of medication for children when the adult dosage is known? There are several
formulas that tell us.

47. Fried’s rule (for children under 2 years): 48. Clarke’s rule (for children over 2 years):
(Age in months - adult dose) + 150 = child’s dose (Weight of child - adult dose) + 150 = child’ dose

Suppose a child is 10 months old and the adult dose is a If a 7-vear-old chil iahs 7 h I ;
75-milligram tablet. What is the child’s dose? [Hint: Simplify . tzble)t/sezrdc;f \,th'a? g Cshilg,fgggg?s and the adult dose is

(10 - 75) + 150] [Hint: Simplify (75 - 4) + 150.]
49. Young’s rule (for children between 3 and 12):
(Age - adult dose) + (age + 12) = child’s dose

Suppose a child is 6 years old and the adult dose of an
antibiotic is 3 tablets every 12 hours. What is the child’s dose?
[Hint: Simplify (6 - 3) + (6 + 12).]
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You already know how to use the order of operations to evaluate expressions. Here is a more challenging game: Use the
numbers 1, 2, 5, and 6, any of the operations we have studied, and parentheses to make an expression whose value is 24. Here
isone: (L +5) (6 — 2).
Now, you make your own expression using the given numbers.

50.

54. A student claimed that the answer to 15 + 5 X 10 is 200.

56. In Problem 55, which answer is correct, 4 or 7? How can we

1,2,7,2 51. 2,3,3,8

> Write On

What did the student do wrong?

make the rule more precise?

> > Concept Checker

55.

52. 4,6,9,5 53. 2,3,8,9

The order of operations is PEMDAS, which lists multiplication
before division. Using multiplication before division, what
would be the value of 4/2 - 2 + 3?

The order of operations also states that the operations
must be performed from left to right. Evaluate 4/2 - 2 + 3 if
we do the operations as they occur from left to right.

Fill in the blank(s) with the correct word(s), phrase, or mathematical statement.

We can remember the order of operations when evaluating an expression by remembering PEMDAS.

57.
58.
59.
60.
61.
62.

63.
65.

67.
69.

70.
72.
74.

P means to do the calculations inside the grouping symbols such as

E means to evaluate all expressions.

M means to do all in order from left to right.
D means to do all in order from left to right.
A means to do all in order from left to right.

S means to do all in order from left to right.

> Mastery Test

Simplify: 2 ~8-2+4(6—-1)—2-3
Simplify: 81 -9 — (3 + 4)

Simplify: 27 +3-3-3+4—1
Simplify: 22 + 4 -5

> Skill Checker

Find the product 3* - 22,
Write the product 32 - 102 in words.
Write 3° - 10? - 22 in expanded form.

64.
66.

68.

71.
73.

exponential multiplication
division parentheses
addition powers

subtraction

Simplify: 15+~ 3+ {3-22 — [4 + (5 — 3)]}

A travel agent charges $50 for setting up a cruise for 10 people,
plus $500 per person. If you get a $100 discount:

a. Write an expression for the total cost.
b. Evaluate the expression and find the total cost.

Simplify: 7- 32 — 5

Find the product 24 - 32,
Write the product 23 - 32 - 10? in words.
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(») Objectives

You should be able to:

A

Solve equations by

using number facts.

Solve equations
using the addition,
subtraction, or
division principle
given in the text.

Solve applications
using the concepts
studied.
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Equations and Problem Solving

(») To Succeed, Review How To . . .

1. Use the arithmetic facts (+, —, X, +). (pp. 24, 38, 51, 63)
2. Check subtraction using addition. (p. 38)
3. Write a division problem as an equivalent multiplication problem. (p. 63)

(» Getting Started

The ad says that you can save $30 when you buy an electric cooktop. If the cook-
top costs $280 now, how much did it cost before? Since it costs $280 now and you
are saving $30, it used to cost $30 more, that is, $280 + 30 = $310. If you think of the
old cost as ¢, you can write the problem like this:

The new cost is the old cost reduced by $30:
$280 = c - $30

With what number can you replace ¢ to make the statement true? The answer is
again $310.

Electric cooktop Cyt $ 30

A

Sentences such as 280 = ¢ — 30 or 27 = 7 + x that contain the equals sign (=) are
called equations.

SOLUTIONS

The solution of an equation is the replacement that makes the equation a true
statement. When we find the solution of an equation we say that we have solved
the equation.
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Thus, the solution of 280 = ¢ —30is 310
because 280 = 310 — 30
Similarly, the solution of 27 =7+ xis 20
because 21=7+20
-
EXAMPLE 1 Finding solutions to equations by substitution PROBLEM 1
Find the solution of each equation. Find the solution of each equation.
a x+7=13 b. 10 —x=3 a. x+6=15 b. 13-x=4
c. 15 =5x d 24+-x=6 C. 24 = 8x d. 36+x=9

SOLUTION 1

a. We have to find a number x so that when we add 7 to it, we get 13. You can do
this mentally or by substitution.
If we replace x with 5, we get 5 + 7 = 13. False!
If we replace x with 6, we get 6 + 7 = 13. True.
Thus, the solution of x + 7 = 13 isx = 6.*
b. We need to find a number x so that when we subtract it from 10, the answer
is 3. You can do this mentally or by substitution.
If we replace x with 5, we get 10 — 5 = 3. False!
Since 10 — 5 = 5, we need a larger number for Xx.
If we replace x with 6, we get 10 — 6 = 3. False!
We need a bigger number. Try 7.
If we replace x with 7, we get 10 — 7 = 3. True.
Thus, the solutionof 10 — x = 3isx = 7.
c. To solve 15 = 5x, we need a number that multiplied by 5 would give
us 15. You can do this mentally. The number is 3. Thus, the solution of
15 = 5xisx = 3.
d. Here we need a number x so 24 divided by this number would yield 6. You can

do this mentally or by substitution.We can try 3. But 24 =~ 3 = 8 (not 6). If we
try 4, we get 24 = 4 = 6, which is the desired result. The solution is x = 4.

B ) Rules for Solving Equations

So far, we have solved our equations by trial and error. We need some rules to follow. These
rules are based on the idea of equivalent equations, equations that have the same solution.

m Two equations are equivalent if their solutions are the same.

For example, x + 7 = 10 is equivalent to x = 3, but x = 3 has an obvious solution. Let
us go back to the equation at the beginning of this section.

The new cost is the old cost reduced by $30

Tl 1 T
$280 = c — $30

* Technically, the solution is 6, but some people write x = 6 instead.

Answers to PROBLEMS
lLax=9 hbx=9

c.x=3 dx=4
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ADDITION The equation a = b is equivalenttoa +c=b + ¢
PRINCIPLE (PROPERTY)
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To find the cost ¢ we restore the $30 cut; that is,

$280 + 30 =c — 30 + 30
or 310 =c¢

This example illustrates the fact that we can add the same number on both sides of the
equation and produce an equivalent equation. Here is the idea:

Note: Some books use the word “property” instead of “principle.”
Thus, we can add the same number ¢ to both sides of an equation and obtain an
equivalent equation.

We get:

EXAMPLE 2  Using the addition principle PROBLEM 2

Solve. Solve.

a.n—17=20 b. 30=m - 18 an—13=17 b . 20=m-3
SOLUTION 2

a. The idea is to have n by itself on one side of the equation. Thus, we want
to “restore” the 17. We do this by adding 17 to both sides.

n—17=20
n—17+ 17 =20+ 17 Add 17 on both sides.
n=20+17 n+0=n
n =37 Add.

The solution is n = 37. (Check: Substitute 37 in the original equation to
get 37 — 17 = 20, a true statement.)

b. This time we add 18 to both sides, obtaining
30+ 18 =m— 18 + 18 Add 18.

The solution is 48 = m. (Check: 30 = 48 — 18.)

m+0=m

SUBTRACTION The equation a = b is equivalenttoa—c=b —c¢
PRINCIPLE (PROPERTY)

Answers to PROBLEMS
2.an=30 b.m=23

Now, suppose the cost of the cooktop has gone up $30 and the new cost is $280. What
was the old cost ¢? The equation here is

c+ 30 =280
/ N N
Oldcost up$30  new cost

This time, we bring the price down by subtracting $30 from both sides of the equation.
We get

¢+ 30 =280
¢+ 30— 30 =280 - 30
¢ =250

Thus, the old cost was $250. We have used the following principle.
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-
EXAMPLE 3  Using the subtraction principle PROBLEM 3
Solve. Solve.

a. n+15=48 b. 43=18 + m an+10=13
b. 39 =18 +m
SOLUTION 3
a. n+15=48
n+ 15— 15 =48 — 15 Subtract 15 from both sides.
n=48 — 15
n =33 48 — 15 = 33

The solution is n = 33. (You can
since 33 + 15 = 48.)

43 — 18 =18 + m — 18 Subtract 18 from both sides.

b. 43 =18+ m
43 -18=m
25=m

The solution is m = 25. (Check:

check this in the original equation,

18+ m—18 =m
43 - 18 = 25

43 = 18 + 25)

g:?\::\lstl:?lll’“LE (PROPERTY) The equation a = b is equivalenttoa ~-c=b + c (¢c # 0)

Now, suppose the cost of the cooktop has doubled; it now costs $280. What was the
old cost c? Since the old cost ¢ has doubled and it is now $280, the equation is 2c = 280.
To find the answer, we must cut the cost in half by dividing by 2. Thus, the old cost ¢ was
$140. This example suggests that we can divide both sides of an equation by a (nonzero)
number and obtain an equivalent equation. Here is the principle.

p
EXAMPLE 4 Using the division principle PROBLEM 4
Solve. Solve.

a. 3x =33 b. 48 = 6x a. 4x =36
b. 42 = 7x
SOLUTION 4
a. We use the division principle and divide on both sides by 3, obtaining:
3x =33
3Xx - 3 =33 —~ 3 Divide both sides by 3.
X = 33 = 3 Divide 3x by 3.
X =11 Divide 33 by 3.
b. We divide both sides by 6, obtaining:
48 = 6x
48 —- 6 = 6X ~ 6 Divide both sides by 6.
48 ~ 6 =X Divide 6x by 6.
8=x Divide 48 by 6.

-

Answers to PROBLEMS
3.an=3 bm=21
4.ax=9 b.x=6
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Now that you’ve learned how to solve equations, you need to know how to apply this
knowledge to solve real-world problems. These problems are usually stated in words and
consequently are called word or story problems. This is an area in which many students
encounter difficulties, but don’t panic; we are about to give you a sure-fire method of
tackling word problems. To start, let us look at this problem.

The Sears Tower (now called the Willis Tower) is 1454 feet tall. The addition of two

antennas brought the height to 1559 feet. How tall are the antennas?

Before we attempt to solve this problem, we shall discuss an effective way to solve

such a problem. The procedure is as easy as 1-2-3-4-5.

RSTUV PROCEDURE TO SOLVE WORD PROBLEMS

1.
2. Select [ or a letter to represent the unknown.
3. Translate the problem into an equation.

4.

5. Verify the answer.

Read the problem carefully and decide what is asked for (the unknown).

Use the rules we have studied to solve the equation.

This is the method you really want to learn to master word problems.

How do we remember all of these steps? Easy. Look at the first letter in each sen-

tence (in bold). Do you see now why we call this the RSTUV method? To help you even
more, here are some hints and tips for using the method.

1. Read the problem. Mathematics is a language. You have to learn how to
read it. You may not understand or even get through reading the problem the first
time. That’s OK. Read it again, and as you do, pay attention to key words or
instructions such as compute, draw, write, construct, make, show, identify, state,
simplify, solve, and graph. (Can you think of others?)

2. Select the unknown. How can you answer a question if you don’t know
what the question is? One good way to look for the unknown (variable) is to look
for the question mark and read the material to its left. Try to determine what is
given and what is missing. Remember, this is your word problem, so you can use
any letter you wish for the unknown. Here is a suggestion: Use h for height, s for
speed, p for population, d for distance, and so on.

3. Translate the problem into an equation or inequality. Problem solving
requires many skills and strategies. Some of them are look for a pattern; examine
a related problem; use a formula; make tables, pictures, or diagrams; write an
equation; work backward; and make a guess. When you solve problems, your plan
should lead to writing an equation or an inequality.

4. Use the rules we have studied to solve the equation. If you are studying
a mathematical technique, it’s almost certain that you will have to use it in solving
the given problem. Look for ways the technique you’re studying (addition,
subtraction, and division principles, for example) could be used to solve the
problem.

5. Verify the answer. Look back and check the results of the original problem.
Is the answer reasonable? Can you find it some other way?
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Now, let us use the RSTUV procedure to solve Example 5.

EXAMPLE 5 Problem solving: RSTUV method
The Willis Tower, in Chicago, is 1454 feet tall. The addition of two antennas
brought the height to 1559 feet. How tall are the antennas?

SOLUTION 5

1. Read the problem. Read the problem slowly, not once but two or three times.
(Reading mathematics is not like reading a magazine; mathematics problems may
have to be read several times before you understand them. It is OK, as long as you
do understand them.)

2. Select the unknown. The problem asks for the height of the antennas. What
would you call this height? We will use h for height. h is what we are looking for
and is our unknown.

3. Translate the problem into an equation or inequality. The problem says
that the Willis Tower is 1454 feet high. The addition of two antennas brought the
height to 1559 feet. Here is the translation:

Willis Tower height + Two antennas height reached 1559

1454 + h = 1559
4. Use the rules we have studied to solve the equation. To solve this
equation, we use the subtraction principle and subtract 1454 from both sides of the
equation (so that we can have h by itself on the left side).

1454 — 1454 + h = 1559 — 1454

Simplify h =105
Thus, the height h of the antennas is 105 feet.

5. Verify the answer. To verify the answer, recall that: The addition of the
antennas (105) brought the height to 1559. Is it true that the original height (1454)
plus 105 is 15597 Yes, 1454 + 105 = 1559, so our answer is correct!
Congratulations, you solved your first word problem using the RSTUV method!
Now, use the same procedure and do Problem 5.

EXAMPLE 6 Problem solving: tuition and fees

In a recent year the charges for tuition and fees T plus room and board R, for

1 year, at a public 4-year college amounted to $12,127. The room and board R cost
$1145 more than the tuition and fees T. What are the costs of tuition and fees T
and the costs of room and board R?

SOLUTION 6

1. Read the problem. This time there are two unknowns.

2. Select the unknowns. The two unknowns are: tuition and fees T and room
and board R.

3. Translate the problem into an equation or inequality. There are two
sentences to translate:

“tuition and fees T plus room and board R amounted to $12,127”

This means that: 1) T + R = $12,127

“The room and board R cost $1145 more than tuition and fees T”
This means that: 2) R = T + $1145
Since we need one unknown only, substitute T + 1145 for R in (1)
Like this: 1) T + R = $12,127

Substituting T + (T +$1145) = $12,127

Answers to PROBLEMS
5. 151 feet 6.R=%7791, T =$21,235

1-96

PROBLEM 5

Suppose the Willis Tower is

1559 feet tall. The addition of an
antenna brought the height to
1710 feet. How tall is the antenna?

PROBLEM 6

College charges for tuition and
fees T plus room and board R, for
1 year, at a private 4-year college
amounted to $29,026. The tuition
and fees T cost $13,444 more than
the room and board R. Use the
RSTUV procedure to find the cost
of tuition and fees T and the cost of
room and board R.
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4. Use the rules we have studied to solve the equation.

To solve T+ (T + $1145) = $12,127

Add like terms (T + T =2T) 2T + $1145 = $12,127

Subtract $1145 to isolate T 2T + $1145 — $1145 = $12,127 — $1145
2T = $10,982

Divide both sides by 2 T = $5491

This means: ) R = $5491 + $1145 = $6636

5. Verify the answer. Is it true that tuition and fees ($5491) plus room and board
($6636) amount to $12,1277? Yes, $5491 + $6636 = $12,127. Our answer is correct!

Source: http://www.ed.gov/about/bdscomm/list/hiedfuture/2ndmeeting/trends.pdf.

GREEN MAS

EXAMPLE 7 Keeping your cool and saving energy PROBLEM 7

If you use an air conditioner that uses A watts of power and an attic fan using F watts | Together, your computer and

of power, you are using a total of 1300 watts. The air conditioner A uses 500 more monitor use 270 watts of power.
watts than the attic fan F. How many watts does each of the items use? If the monitor uses 30 more watts

than the computer, how many watts
does each use? By the way, if the

1. Read the problem. There are two unknowns. computer and the monitor are in
2. Select the unknowns. The two unknowns are: A the watts for the air sleep mode, you will only use about
conditioner and F the watts for the fan. 60 watts.

3. Translate the problem into an equation or inequality. There are two
sentences to translate:
“The air conditioner uses A watts and the fan uses F watts for a total of 1300

This means that: (1) A + F = 1300

“The air conditioner A uses 500 more watts than the fan F”

This means that: (2) A = F + 500

Since we need one unknown only, substitute F + 500 for A in (1)

Like this: (1) A +F = 1300

Substituting (F +500) + F = 1300

4. Use the rules we have studied to solve the equation.

To solve (F +500) + F = 1300

Add like terms (F + F = 2F) 2F + 500 = 1300

Subtract 500 to isolate 2F 2F + 500 — 500 = 1300 — 500
2F = 800

Divide both sides by 2 F = 400

This means: 2 A = F + 500 becomes A = 400 + 500 = 900

5. Verify the answer. Is it true that the air conditioner uses 500 more watts than the
fan? Yes, the air conditioner uses 900 watts and the fan uses 400.

Our answer is correct!

Answers to PROBLEMS
7. Computer 120, monitor 150


http://www.ed.gov/about/bdscomm/list/hiedfuture/2ndmeeting/trends.pdf
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( )
7. How many calories C do you need in a
TRANSLATE 24-hour day? It depends on your weight
1. Of the 995 candy products introduced W in pounds and your daily activities.
in a recent year, 398 were chocolate. Here are the steps:
Write an equation for N, the number of TRANSLATE o ’
candies that were not chocolate. 1. Divide Wby 2.2.
Source: National Confectioners Assoc. 2. Multiply by 24.
2. Who spends the most on women’s These are the calories you need for basic
clothes? ~ According to  Maplnfo, A. 995 =N —398 function.
Connecticut women (C) do. As a matter B. 69=P 4 12 3. If your daily activities are moderate,
of fact, they spend $27 dollars more multiply the result in 2 by 0.70.
per household annually than women C. T=S+12 4 Add th lts of stens 2 and 3
(N) in New Jersey. Write an equation 24W  0.70-24W - £dd- the Tesults ot steps 2 and 3.
for C. D. C=55+""55 Thisis C.
' ' 8. The basal metabolic rate (BMR) for an
3. If you are under 25 years old, your — - . L
probability P of completing college is E. S=T+12 ﬁ‘.jmé r:jwale IS ﬂbt\?\'/ngd % mlijlt'pdlé'!ng
69 percent, an increase of 12% over the F. D=P—-100 Is body weight W by 10 and adding
probability 10 years ago double his body weight to this value.
' G. BMR =2W + W What is the formula for the BMR of an
4. :j(_ou can bﬁcy ;1 comp_utelr wi_th a 1?1?10 b adult male?
iscount. If the original price of the = . .
computer was P, Whé?t is thg discounted H. BMI 705H? 9. ‘tl)'he BI\I/I_RIfo_r anre]ldultt)fzmale IS Ebtalngd
: s ' _ y multiplying her body weight W by
price D _ . 995-398=N 10 and adding her body weight to this
5. Do women want to be thin or smarter? In 705P value. What is the formula for the BMR
ahrecent surv;:y condu_(l:_ts\(/jh by eDie;s.cotT J. BMR =" of an adult female?
the percent of women 0 wanted to be . . .
thinner exceeded the percent of women S K. C=675h 10. TTF bc;dy m?ssblné:iex ]SBtMI) |sfa rellabli
who wanted to be smarter by 12%. Write L. $100=D—P Indicator ot body talness tor mos
an equation for T. . =D-— people. BMI is obtained by multiplying
o ) M. BMR = 10W + W your weight P by 705 and dividing by
6. When J09hglr:19 yO\l;V\r/]W” 'burhn 675 C;'- : = the square of your height H.
ories each hour. at is the number — .
of calories C burned in h hours of N. C=N+27 Note: If your BMI is between 18.5 and
jogging? 0. BMR = 10W + 2W 24.9 you are normal!
. J

|MATHEMATICS

> Practice Problems > Self-Tests

> Media-rich eBooks > e-Professors > Videos

A > Solving Equations In Problems 1-12, find the solution of the equation, mentally or by substitution.
1. m+9=17 2. n+18=29 3.13—x=9

4. 19 —-x=38 5. 20 = 4x 6. 27 = 3x

7. 9x =54 8. 8x =88 9.30+-y=6

10. 45 +y =5 11. 9=63 +t 12, 7=35+1t

B > Rules for Solving Equations  In Problems 13-24, solve.

go to mhhe.com/bello for more lessons

13.z-18=30 14. z - 13 =41 15.40=p— 12
16. 30=p—9 17. x+17=31 18. x + 12 = 37
19. 30 =17+ m 20. 21 =18+ m 21. 4x =28

22, 7x =49 23. 9x =36 24, 11x =121
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C
25.

27.

29.

31.

33.

35.

37.

39.

41.

43.

Applications Using The RSTUV Method

Finding the speed of Thrust 2 The fastest car is the jet-
engined Thrust SSC, which can travel 763 miles per hour.
This is 130 miles per hour more than the Thrust 2. If s is the
speed of the Thrust 2, find s.

Human-powered flight record Glenn Tremml holds the
record for human-powered flight. The previous record was
held by Bryan Allen, who flew 22 miles across the English
channel. If d is the distance flown by Glenn, and Bryan flew
15 miles less than that, find d.

Weight of a brontosaurus A brontosaurus, a prehistoric
animal, weighed about 60,000 pounds. This is four times as
much as an average African elephant. If w is the weight of an
African elephant, find w.

Calories in Coke A McDonald’s Quarter Pounder has 420
calories. If you have a small Coca-Cola with that, the total
number of calories reaches 570. How many calories are in the
Coke?

Coke calories A Whopper sandwich contains 640 calories.
If you have a medium Coca-Cola Classic with that, the total
number of calories reaches 920. How many calories are in the
Coke?

Individual calories A McDonald’s cheeseburger and small
fries contain 540 calories. The cheeseburger has 120 more
calories than the fries. How many calories are in each food
item?

Tuition cost At 2-year colleges, books and supplies cost
about $700. If you add to that tuition costs, the total is $2272.
What is the cost of tuition?

Source: Data from The Chronicle of Higher Education.

Scholarship and grants awards The combined average
financial aid award for scholarship and grants is about $3600.
If the scholarship money is $400 less than the grant money,
what are the average awards for scholarships and for grants?

Source: Data from Office of Student Financial Services.

Banking Tran deposited his $1000 summer earnings at a
bank. He also had 5 direct deposit checks for p dollars each
deposited in the account.

Write an expression for his balance.

His bank statement indicated a $2115 balance. What was the
amount p of each of the direct deposit checks?

Banking Tran wrote four checks for $50, $120, $70, and
$65. If his new balance n was $907, what was his old (starting)
balance?

26.

28.

30.

32.

34.

36.

38.

40.

42,

44,
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In Problems 25-50, use the RSTUV procedure to solve the problem.

Population predictions It is predicted that by the year 2010
the world population will be 6823 million, 743 million more
than in the year 2000. If p was the world population in the year
2000, find p.

Calories needed for weight maintenance The number of
calories you must eat to maintain your weight w (in pounds) is
given by the formula:

15w = number of calories

A man is eating 2700 calories a day and maintaining his
weight. What is his weight?

English Smiths  There are three times as many persons named
Smith in the United States as there are in England. If the United
States has 2,400,000 people named Smith, how many people
named Smith are there in England?

Sodium in Coke A Quarter Pounder contains 580 mg
(milligrams) of sodium. If you have a small Coca-Cola with
that, the total number of milligrams of sodium reaches 620.
How many milligrams of sodium are in the Coke?

Coke sodium A Whopper sandwich contains 870 mg
(milligrams) of sodium. If you have a Coca-Cola Classic with
that, the total number of milligrams of sodium reaches 920.
How many milligrams of sodium are in the Coke?

Individual calories A Whopper sandwich and medium fries
contain 940 calories. The Whopper has 340 more calories than
the fries. How many calories are in each food item?

Source: Olen Publishing.

Tuition, board, and book costs  If you are a student in a private
four-year college, you should expect to pay about $16,080 a
year for tuition and board plus books. If the amount for tuition
and board is $14,680 more than the books, what is the cost of
tuition and board and what is the cost of books?

Source: Data from The Chronicle of Higher Education.

Loans and grants awards The combined average financial
aid award for loans and grants is about $5350. If the grant
money is $1150 less than the loan money, what are the average
awards for loans and for grants?

Source: Data from Office of Student Financial Services.

Banking Tran had his monthly car payment of ¢ dollars each
deducted from his account. After three monthly payments,
his $2115 balance was down to $1212. How much was his
monthly car payment c?

Transportation Andrea needed some transportation to go
to school. She decided to buy a PT Cruiser and pay for it in
5 years (60 monthly payments) at 0% interest. If her total
payments amounted to $24,000, how much was her monthly
payment?
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45. Transportation Andrea also needed some insurance for her
Cruiser. Allstate told her that they would sell her a policy
with the coverage she wanted and she could pay in three
installments of t dollars each. If the price of the policy was
$1350, what was the amount t of each installment?

46. Transportation Andrea was told that the Cruiser would get
about 22 miles per gallon (mpg). She wanted to travel from
Tampa to Miami, a distance of about 264 miles. How many
gallons of gas would Andrea need?

47. Transportation  Andrea is driving from Tampa to Miami and
will pass through Yeehaw Junction on the way. If the distance
from Tampa to Yeehaw Junction is 106 miles and from Tampa
to Miami is 264 miles, how many miles is it from Yeehaw
Junction to Miami?

48. Transportation A Mapquest map told Andrea the 264-mile 49. Nutrition Did you know that you must burn about 3500
trip would take about 4 hours. What was Andrea’s average calories to lose one pound of body fat?
speed? (Hint: Distance = Average speed X Time.) . .
a. How many calories does it take to lose 15 pounds?
b. Suppose you need 1800 calories to maintain your daily
weight and you cut your daily calories to 1300. What is the
number of excess calories burned each day?

c. How many days would it take you to lose 15 pounds?

50. Nutrition You can burn calories by exercising. Here are the To burn 3500 calories (the equivalent of one pound loss), how
calories burned in one minute of the listed activity. long do you have to (answer to the nearest minute):
a. Walk at 5 mi/hr? b. Ride your bicycle
Calories Burned at 12 mi/hr?
Type of Exercise in One Minute c. Lift weights?
Walking (5 mi/hr) 3
Cycling (12 mi/hr) 10
Weightlifting 12

In Problems 51 and 52, follow the procedure of Example 6 and solve.

51. Tips The tip T plus the cost M of a meal at a restaurant 52. Tuition and fees  The tuition and fees T for courses at a

amounted to $96. If the cost M of the meal was $64 more college, for one semester, was $290 more than the cost B of

than the tip T, how much was the tip and how much was the the books. If the total bill (tuition and fees plus books) came to

meal? $1150, how much was the tuition and fees and how much were
the books?

> > > Applications: Green Math

What do you do with your e-waste, that is, your television sets, computer products (CPUs, monitors, notebooks, printers,
keyboards, and faxes), and cell phones? Here are some problems dealing with electronic waste.

Source: http://electronicstakeback.com/.

53. Trashing TVs and computers The number of trashed TVs 54. Recycling TVs and computer units Fortunately, 54 million

and computer products in the United States amount to units of these items are recycled but, as expected, 42 million
178 million units each year, but there are 136 million more TVs units more TVs than computer units are recycled. How many
than computer units trashed. How many TVs and how many TVs and how many computer products are recycled each
computer units are trashed each year in the United States? year?

55. Trashing cell phones and computer products 283 million 56. Recycling cell phones and computer products  Fortunately 62

cell phones and computer products are trashed each year million computer products and cell phones are recycled each
in the United States. If 31 million more units of computer year; 34 million more computer products than cell phones.
products than cell phones are trashed, how many cell phones How many computer products and how many cell phones are

and how many computer products are trashed each year? recycled each year?


http://electronicstakeback.com/
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57. Storing at home As you probably know, we don’t trash or recycle most items but stockpile them at home! There are 108 million
computers and monitors stored at home and somehow there are 24 million more computers than monitors. How many computers and

how many monitors are stored at home?

Be green and save
Source: http://www.greenandsave.com/.

58.

60.

62.

Water savings If you install new shower heads and water
filters in your home you can save $404 each year, but you save
more by installing new shower heads, $196 more. How much
do you save annually with each improvement?

Let the sun shine in You can save $1480 in utilities by
installing a solar hot water heater and some solar electric
panels, which is much more expensive at $15,500. The solar
panels will cost you $10,500 more than the solar water heater.
What is the cost of each item?

Savings with geothermal and cross ventilation How
much can you save if you install your geothermal and cross
ventilation system? $3120, with the geothermal providing
$2880 more in savings. How much do you save with each
system?

> > > Using Your Knowledge

63.

The formula for the distance d at which a car travels in time
t hours at 50 miles an hour is

d = 50t

How long would it take for the car to travel 300 miles?

> > > Write On

65.

67.

We have an addition, a subtraction, and a division principle.
Write in your own words the reasons why we have no
multiplication principle.

The solution of an equation is the replacement that makes the
equation a true statement. What is the solution of x + 1 = 2?
Does your answer satisfy the definition of a solution?

> > > Concept Checker

59.

61.

64.

66.

68.

Winter savings  You can save money in the winter by having a
heating system tune-up and sealing your duct leaks for $480.
The duct leak job is $120 more than the tune-up. What is the
cost of each?

Geothermal and cross ventilation If you want to go all out,
you can install a geothermal system for heating and cooling
your home and work with your architect or builder so that
the windows provide good cross ventilation throughout the
house. How much will it cost for both? $31,200! Of course, the
geothermal system will cost you $28,800 more than the cross
ventilation. What is the cost of each system?

The formula for the velocity V (in feet per second) that an
object travels after falling for t seconds is given by

V =32t

How long would it take an object to reach a velocity of 96 feet
per second?

Write in your own words what the multiplication principle
should be.

What is the solution of 5 + x = 5? What about the solution of
54+x=5+x?

Fill in the blank(s) with the correct word(s), phrase, or mathematical statement.

69.

70.

71.

72.

73.

74.

The of an equation is the replacement that makes the a—-c=b-c equivalent
equation a true statement.

Addition solution
If the solutions of two different equations are the same, the equations
are a+-c=b+c;c#¥0 same
Using the Principle, the equation a = b is equivalent translate equal

toa+c=b+c.

The equation a = b is equivalent to the equation

the Subtraction Principle.

By the Division Principle, the equation a = b is equivalent to the

equation

In the RSTUV procedure, the T stands for

using
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> > Mastery Test

Solve:

75. x +8=17 76. 12 -y=7 77. 20 = 4x

78. 28 + x =7 79. 40=38+m 80. 49 =7p

81. x—5=10 82. 10=n-19 83.20=x+5

84. The CN Tower in Canada is said to be 362 feet taller than the Note: Many people do not recognize the CN Tower as a building
Willis Tower, which is 1454 feet high. What is the height of the because, so they say, the CN Tower is not a building. Most of
CN Tower? the structure is no more than a concrete shaft housing elevators,

and therefore it is not a building, one could argue.

> Skill Checker

85. Use long division to divide %. 86. 0 +9=

> Collaborative Learning

This section will involve three groups of students: Carpeters, Gardeners, and Painters. At least one of the students in
each group should have access to a telephone directory or the Internet and be willing to make some phone calls or
get information.

Here are the dimensions of the rooms we will work with:

Area
Family Room: 130" X 15’ 0"
Living Room: 14’ 0" X 15" 0"
Dining Room: 10’ 0" X 14’ 0"

Carpeters

In charge of estimating the cost of carpet for the three rooms: family room, living room, and dining room.

. Find the area of each room.

. Find the total area for the three rooms.

. Find the cost of a square foot of carpeting (you may have to call several carpet places or find the prices online).
. Find the cost of padding (the cushion under the carpet).

. Find the cost of all materials (carpet plus padding).

. Give the total area to a retailer or dealer and request an estimate for installing the carpet and padding. How much
do you save if you install the carpet yourself?

Note: When estimating area you can check your work by searching the Web for a “carpet calculator.” It will calculate
the area in square feet and square yards.

o OB WD B

Painters

In charge of estimating the cost of the paint for the three rooms. Hint: Each room has four walls (ignore doors,
windows, and ceilings), and we assume that the ceiling (and consequently each wall) is 8 feet tall.

1. Find the area of the four walls in each room.
. Find the area of all walls in the three rooms.
. Find the cost of a gallon of wall paint (call several paint stores or find the prices online).

. Find how many gallons of paint you need. The industry standard for coverage is about 400 square feet per
gallon, that is, you can paint 400 square feet of wall with one gallon of paint. Note: You can check with a paint
calculator by doing a Web search.

5. Find the cost of the paint.

Of course, you need brushes, cleaning materials, and paper or a tarp to cover the floor. For more information on
measuring rooms and paint coverage, try a Web search.

B W N
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Gardeners

We shall not neglect the outside of the house, so we shall install sod in our lawn.

Sod is usually sold in rectangles measuring 5 square feet (15 inches by 48 inches) or by pallets bringing
500 square feet per pallet. Dimensions and pallet sizes vary!

Assume our lawn is 40 feet by 50 feet.

Find the area of the lawn.

How many pallets of sod do we need?
What is the cost of each pallet (delivered)? Find the price for the sod by calling sod farms or searching online.

Find the installed price of the sod for our lawn.
Compare the installed price and the do-it-yourself price. How much do you save if you install the sod yourself?
To find more information about sod, try a Web search for “sod installation.” 4]

1.
2.
3.
4. After you find the area of the lawn, call a sod farm and ask for the installed price of sod (per square foot).
5.
6.

Research

Questions . There is a charming story about the long-accumulated used wooden tally

sticks mentioned in The Human Side of Mathematics at the beginning of this
chapter. Find out how their disposal literally resulted in the destruction of the
old Houses of Parliament in England.

2. Write a paper detailing the Egyptian number system and the base and symbols
used, and enumerate the similarities and differences between the Egyptian and
our (Hindu-Arabic) system of numeration.

3. Write a paper detailing the Greek humber system and the base and symbols
used, and enumerate the similarities and differences between the Greek and
our system of numeration.

4. Find out about the development of the symbols we use in our present numera-
tion system. Where was the symbol for zero invented and by whom?

5. Write a short paragraph discussing the development of the grouping symbols
we have studied in this chapter.

Chapter 1

Section Item Meaning Example
1.1 Natural (Counting) 1,2, 3,and so on 19 and 23 are counting numbers.
numbers
Digits 0,1,2,3,4,56,7,8,9
Whole numbers 0,1,2,3,and soon 0 and 17 are whole numbers.
1.1B Expanded form Numeral written with the ones, tens, 278 =200 + 70 + 8
hundreds, and so on displayed
1.2A < (less than) a < b means that a is to the left 5<8and0<9
of b on a number line. .
(continued)
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Section Item Meaning Example
1.2A > (greater than) a > b means that a is to the right 8>5and9>0
of b on a number line.
Inequalities Sentences using 3<b5and8>2
<or>
1.2B Rounding Approximating a given number to 637 rounded to the nearest ten
a specified number of digits is 640; 637 rounded to the nearest
hundred is 600.
1.3A Addends The numbers to be added Inthesum6 + 3 =9,
6 and 3 are the addends.
Sum or total The result of an addition The sum of 3 and 6 is 9.
Identity for Addition 0 is the identity for addition. 0+5=59+0=09.
Commutative Property |a+b=b+a 5+4=4+5
of Addition
Associative Property (@+by+c=a+({+c) 1+2)+3=1+(2+3)
of Addition
1.3B Polygon A flat geometric region with many sides RN
Perimeter The distance around an object The perimeter of the rectangle
In the case of a polygon, the perimeter is 3 ft
the sum of the length of all sides. I:l 2 fi
is(3+ 2+ 3+ 2)ft=10ft.
1.4A Minuend Ina — b = c, ais the minuend. In5 — 3 =2, 5is the minuend.
Subtrahend Ina — b = c, b is the subtrahend. In5 — 3 = 2, 3is the subtrahend.
Difference Ina — b = c, cis the difference. In5 — 3 = 2, 2is the difference.
1.5A Multiplicand Ina X b = c, ais the multiplicand. In 3 X 5 = 15, 3 is the multiplicand.
Multiplier Ina X b = c, bis the multiplier. In 3 X 5 = 15, 5 is the multiplier.
Product Ina X b = c, cis the product. In 3 X 5 = 15, 15 is the product.
Factors Ina X b = c, aand b are factors. In3 X 5 =15, 3 and 5 are factors.
1.5A Multiplication Property [0 Xa=0=aXx0 0Xx3=0and5x0=0
of Zero
Commutative Property |axXb=bXa 4XT7T=T7X4
of Multiplication
Identity for lXa=aXxX1l=a 1X4=4X1=4
Multiplication
Distributive Property axX(+c)=(@axb)+(axc) 3X (20 +3)=(3Xx20)+ (3X3)
1.5B Multiples of 10 10, 100, 1000, etc. 1000 x 3 = 3000
1.5C Associative Property of |a X (b Xc)=(aXb) Xc 4X(2X3)=(@4X2)x3
Multiplication
1.5D Avrea of rectangle Multiply the length L by the width W. The area of a rectangle 10 in.

by 6 in. is 60 in.?
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Section Item Meaning Example
1.6A Dividend Ina + b = c, ais the dividend. In 15 + 3 = 5, 15 is the dividend.
Divisor Ina + b = c, bis the divisor. In 15 =~ 3 = 5, 3 is the divisor.
Quuotient Ina + b = c, cis the quotient. In 15 + 3 = 5, 5 is the quotient.
Division Properties l.a+a=1@=+#0) 5+5=1and9+9=1
of One 2.a+1=a 7+1=7and10+1=10
Division Properties 1.0+-a=0(@+#0) 0+17=0and0+-3=0
of Zero 2. a + 0is undefined. 7 = 0 is not defined.
1.7A Prime number A counting number having exactly two 17 and 41 are prime.
different factors, itself and 1
Composite number A counting number greater than 1 that 22 and 48 are composite.
is not prime
1.7B Prime factors The factors of a number that are The prime factors of 22 are
prime numbers 2and 11.
1.7C Base In the expression b", b is the base. In the expression 23, 2 is the base.
Exponent In the expression b", n is the exponent. In the expression 23, 3 is the
exponent.
1.7D 1 as an exponent al=a 9'=9and3'=3
0 as an exponent a=1(@+#0) P=1and3=1
1.8A Order of operations PEMDAS 36+-3X6—-—(3+4)+5
(Parentheses, Exponents, Multiplication, =36+3X6—-7+5
Division, Addition, and Subtraction) =12X6—-7+5
=72—-7+5
=65+5
=70
1.9A Equation A sentence using an = sign 10=2xandx +2=5
are equations.
Solution The solution of an equation is the The solution of 10 = 2xis 5.
replacement that makes the equation
a true statement.
1.9B Equivalent Two equations are equivalent if their 2x+1=3and2x = 2 are
equations solutions are the same. equivalent equations.
The Addition The equation a = b is equivalent to The equationx — 3 =5is
Principle (Property) at+tc=b+ec equivalenttox —3+3 =5+ 3.
The Subtraction The equation a = b is equivalent to The equationx + 3 =5is
Principle (Property) a—-c=b-c equivalenttox +3 —-3=5— 3.
The Division The equation a = b is equivalent to The equation 2x = 6 is
Principle (Property) a+-c=b=c(c#0). equivalentto 2x ~ 2 = 6 =+ 2.
1.9C RSTUV procedure Read the problem.

Select the unknown.
Translate the problem.

Use the rules studied to solve
the problem.

Verify the answer.
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> Chapter 1

If you need help with these exercises, look in the section indicated in brackets.

1. <1.1A, B> Write in expanded form and find the 2. ¢1.1C)> Write in standard form.
value of the underlined digit. a. 40 +9
a. 121 b. 500 + 80 + 6
b. 189 c. 500 + 3
c. 380 d. 800 + 10
d. 1490 e. 1000 + 4
e. 2559
3. <1.1D ) Write the word name for these 4. < 1.1E)> Write in standard form.
numbers. a. Twenty-six
a. 79 b. One hundred ninety-two
b. 143 c. Four hundred sixty-eight
c. 1249 d. One thousand, six hundred forty-four
d. 5659 e. Forty-two thousand, eight hundred
e. 12,347 one
5. ¢ 1.2A) Fill in the blank with < or > to 6. < 1.2B’> Round to the nearest hundred.
make a true inequality. a. 2848 b. 9746
a-2l__29 b. 30__28 c. 3550 d. 4444
c. 23 25 d. 19 39 e. 5555
e. 39 19
7. <¢1.2C) Round the price of the car to the 8. (1.3A) Add.
nearest hundred dollars. a. 3402 + 8576 b. 2098 + 2383
a. $21,090 b. $27,270 c. 3099 + 6547 d. 4563 + 8603
c. $35,540 d. $26,460 e. 3480 + 9769
e. $22,990

9. ¢{1.3B) Find the perimeter of the triangle.
a. b. c. d. e.

3f [ \3fe 4t 4t 5 ft 5 ft 4 ft 5t o ft 10 ft

3t
11t 41t 31t 6 ft
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10. <1.4A) Subtract. 11. <1.4A) Subtract.
a. 47 — 18 a. 654 — 467
b. 36 — 19 b. 547 — 458
c. 55 — 26 c. 952 — 863
d. 46 — 37 d. 851 — 673
e. 93— 44 e. 432 — 246

12. <1.4B) The balance in a savings account is $5403.  13. < 1.5A) Multiply.
How much money is left in the account if a. 36 X 45
a. $869 is withdrawn?

b. 28 X 49

b. $778 is withdrawn? c. 47 % 39
c. $989 is withdrawn? d. 56 X 24
d. $676 is withdrawn? e. 48 X 92
e. $765 is withdrawn?

14. ¢ 1.5A) Multiply. 15. < 1.5B)> Multiply.
a. 123 X 216 a. 330 X 234
b. 231 X 413 b. 220 X 546
c. 345 X 654 c. 550 X 324
d. 231 X 843 d. 450 X 124
e. 879 X 569 e. 490 X 892

16. ¢(1.5C ) A person has a $220 monthly payment. 17. < 1.5D Find the area of a shortcake tray measuring:
What is the total amount of money paid if a. 36in. by 10 in.
a. 36 payments are required? b. 24n. by 10 in.
b. 24 payments are required? c. 30in. by 12 in.
c. 48 payments are required? d. 18in. by 10 in.

d. 30 payments are required? e. 24in. by 12 in.

e. 60 payments are required?

18. < 1.6A) Divide (if possible). 19. < 1.6A) Divide (if possible).
0 2
a. E a. 6
0 5
b. g b. 6
0 12
C. E C. F
20. ¢ 1.6A) Divide. 21. {1.6B) Divide.
a. 75+5 a. 2719+ 9
b. 84 +7 b. 378 ~ 9
c. 90 +-6 c. 824 + 8
d. 88 ~8 d. 126 ~ 6

e. 68 +4 e. 455 + 7
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22. <1.6B) Divide. 23. (1.6C) A person’s salary is $11,232. How much does
a. 21)967 'it:e person receive each pay period if the money is paid
b. 24)1009 a. 9 equal payments?
c. 35)876 b. 12 equal payments?
d. 29)1074 c. 24 equal payments?
e. 51)2450 d. 26 equal payments?
e. 52 equal payments?
24. ¢1.7A) Classify as prime or composite (not prime). 25. ¢ 1.7B ) Write the prime factors of these numbers.
a. 41 a. 40
b. 26 b. 25
c. 37 c. 75
d. 81 d. 128
e. 2 e. 68
26. < 1.7C)> Write the number as a product of primes. 27. <1.7D) Find the product by writing as a product of
a. 50 factors.
b. 34 a
c. 76 b. ¥
d. 39 c ¥
e. 81 d. 27
e. ¥

28. <1.7D) Find the product by writing as a product of  29. <1.7D) Find the product by writing as a product of

factors. factors.
a. 3¥ x5 a. 22xX3x8°
b. 3% x 8 b. 52X 7° X 2t
c. X X2 c. FXEXE
d. 5°Xx 28 X 52 d. 52X 3°x2°
e. 42X 9 x5! e. 50x 30 x 20

30. < 1.8A) Simplify. 31. < 1.8A) Simplify.
a.7-8—-2 a.30+4-5
b.6-8-3 b. 31+5-5
c.5:8-4 c.32+6-5
d. 4-8-5 d. 33+7-5
e.3:8—-5 e.34+8-5

32. ¢ 1.8A) Simplify. 33. (1.8A) Simplify.
a.48+6—(1+2) a.9+3-3-3+3-1
b. 48 + 8 — (2 + 2) b. 9+3-3+3-1
c. 48 +4—(2+3) c.8+2-2:-2+2-1
d. 48 +3—(2+4) d.8+2-2+2-1

e. 48+2-(2+5) e.8+4-4+4—-1
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34. <1.8B)> Simplify.
a. 205+ {3-9-[3+(5-2}

35. ¢1.8C)> A mechanic charges $30 an hour plus parts to
repair a car. If the parts cost $80, find the total cost for

b. 205+ {4-9— 3+ (5-3)} a job that takes:
a. 3hours.
c.24+-6+{5-9-[83+(5—-4
{ [ ( ah b. 5 hours.
d. 24 +4+{6-9—-[3+ (5 - 5]}
c. 2 hours.
e.24+-3+{7-9—-[83+(5B—-1
{ [ ( ah d. 4 hours.
e. 6 hours.
36. < 1.9A) Find the solution. 37. <1.9A) Find the solution.
a. x+6=18 a. 10— x=3
b. x+7=18 b. 10 —x=4
c. x+8=18 c. 10—x=5
d. x+9=18 d. 10—-x=6
e. Xx+10=18 e.10—x=7
38. < 1.9A) Find the solution. 39. ¢1.9A) Find the solution.
a. 20 = 4x a. 28+-x=4
b. 20 = 5x b. 24 ~x=4
c. 20 = 10x c.20-x=4
d. 20 = 20x d. 16 -x=4
e. 20 = 2x e. 12+-x=4
40. <1.9B) Solve. 41. <1.9B) Solve.
a.n—10=11 a. 20=m—12
b.n—-14=12 b. 20=m — 38
c.n—27=13 c.1l=m-14
d.n—48=14 d. 42=m-15
e.n—18=15 e. 49=m-—16
42, <1.9B) Solve. 43. <1.9B) Solve.
a.33=18+m a. 3x =36
b.32=19+m b. 4x =52
c.37=19+m c. 6x =72
d.39=17+m d. 7x =63
e. 46 =17+ m e. 9x = 108
44. <1.9B) Solve. 45. <1.9C) A building is 1430 feet tall. An antenna is
a. 10 = 2x added on the roof. Find the height of the antenna if the
b. 16 — 4x building is now:
a. 1520 ft tall.
c. 20 = 5x
b. 1530 ft tall.
d. 36 = 6x
c. 1540 ft tall.
e. 48 = 8x
d. 1515 ft tall.

e. 1505 ft tall.
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(Answers on page 111)

Visit www.mhhe.com/bello to view helpful videos that provide step-by-step solutions to several of the problems below.

1. Write 348 in expanded form and find the value of
the 3.

3. Write 76,008 in words.

5. Fill in the blank with < or > to make a true inequality:
18 13

7. The price of a car is $24,795. Round $24,795 to the
nearest hundred.

9. Find the perimeter of a triangle with sides 24 inches,
18 inches, and 30 inches.

14. The balance in a savings account is $4302. If $978 is
withdrawn, how much money is left in the account?

13. A person must pay $210 each month for 36 months.
What is the total amount of money paid?

b J

0
15. Divide: a. 9 0

17. Divide: 26) 885

19. Is 49 a prime or a composite number?

21. Write 60 as a product of primes.

23. 32X 5x%X8 =

25. Simplify 16 ~ 4 - 22+ 5 — 1,

27. A mechanic charges $35 an hour plus parts to fix a car.
If the parts cost $90 and it took 3 hours to do the job,

what is the total cost of the repair?

29. Solve.

a. 4x =24 b. 35 = 7x

2.

10.

12,

14.

16.

18.

20.

22,

24,

26.

28.

30.

Write 600 + 50 + 2 in standard form.

. Write eight thousand, five hundred ten in standard

form.

. Round 3749 to the nearest hundred.

. 501 + 9786 =

643 — 465 =

420 X 381 =

Find the area of a rectangular frame measuring
20 inches by 8 inches.

Divide: 328 + 8

A person’s annual salary of $15,600 is paid in 12 equal

monthly payments. How much does the person receive
each month?

Write the prime factors of 28.

22X 3=

Simplify 3 - 22 — 5,

Simplify 15 + 3 + {22-3 - [2 + 3 + 1]}

Solve.

a.1l0=m-6 b.30 =20 +m

A building is 1380 feet tall. An antenna is added on

the roof of the building, which makes the building and
antenna 1425 feet tall. How tall is the antenna?


www.mhhe.com/bello

1-111

Answers to Practice Test Chapter 1 111

Chapter 1
Answer If You Missed Review
Question Section Examples Page
1. 348 = 300 + 40 + 8; 300 1 11 1,2,3 4,5 3-4
2. 652 2 11 6,7,8 4-5
3. seventy-six thousand, eight 3 11 9 6
4. 8510 4 11 10, 11 6
5 > 5 1.2 1,2 14
6. 3700 6 1.2 3,4 16-17
7. $24,800 7 1.2 56,7 17-19
8. 10,287 8 13 1-7 25-27
9. 72in. 9 13 12 30
10. 178 10 14 1-8 38-43
11. $3324 11 14 9,10 44
12. 160,020 12 15 56,7 54-55
13. $7560 13 15 9,10, 11 56-57
14. 160 in.2 14 15 12 58
15. a. 0 b. not defined 15 1.6 1,2 64
16. 41 16 1.6 3,4,5 65-67
17. 34r1 17 1.6 6 67
18. $1300 18 1.6 7,8 67-68
19. composite 19 1.7 1 73
20. 2,7 20 1.7 2 73
21. 2 X2X3X5=22X3X5 21 1.7 3,4 76-77
22. 36 22 1.7 5,6 78
23. 45 23 1.7 5,6 78
24, 7 24 1.8 1 84
25. 20 25 1.8 2,3 84-85
26. 11 26 1.8 4 86
27. $195 27 1.8 56,7 86-87
28. a. m =16 b.m=10 28 1.9 2,3 93-94
29. a. x=6 b.x=5 29 1.9 4 94
30. 45 ft 30 1.9 5 96
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Fractions and Mixed Numbers

Equivalent Fractions: Building
and Reducing

Multiplication and Division of
Fractions and Mixed Numbers

The Least Common Multiple
(LCM)

Addition and Subtraction
of Fractions

Addition and Subtraction of

Mixed Numbers Fractions and

Order of Operations and

Grouping Symbols M |Xed Numbers

Equgtions and Problem __ _
e T

o

The Human Side of Mathematics

o ==
As we mentioned in Chapter 1, the concept of a whole number is one i STORE J lUST
of the oldest in mathematics. On the other hand, the concept of rational OFF CLOSE S ELL

numbers or fractions (so named because they are ratios of whole numbers),

developed much later because nonliterate tribes had no need for sucha STORE MARCH EVERY

concept. Fractions evolved over a long period of time, stimulated by the
need for certain types of measurement. For example, take a rod of length :LC&'NG T HING
1 unit and cut it into two equal pieces. What is the length of each piece? ’ _
One-half, of course If the same rod is cut into four equal pleces then each ~
plece is of Iength . Two of these pieces will have Iength 7 which tells us
that 7 2, as you WI|| see later in the chapter. It was ideas such as these that
led to the development of the arithmetic of fractions.

How were fractions written? During the Bronze Age, Egyptian
hieroglyphic inscriptions show the reciprocals of whole numbers by using
an elongated oval sign. Thus, 5 and 55 Were written as

In this chapter, we study the operations with fractions that are the quotients of two whole numbers and their
uses today.

113
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Fractions and Mixed Numbers

(») Objectives (») To Succeed, Review How To . . .

You should be able to: 1. Understand the basic arithmetic (+, —, X, +) facts. (pp. 24, 37,
51, 63)

A > Write a fraction 2. Use the definition of a counting number. (p. 2)

corresponding to a
given diagram.

(») Getting Started

B > Classify a fraction as

proper or improper. In the cartoon, Sally is very upset with the idea of learning about fractions. The word
fraction comes from the Latin word fractio, which means “to break” or “to divide.”
C > Write an improper T : i
fraction as a mixed S dau g e Vol | (WS HAETUOHAES) | ITHAT'S FRACTIONS!!| 140U KNOW I'LL NEVER
IN HALF... UNDERSTAND FRACTIONS:
number. WHAT ARE YaU TRYING T0 Do

TOME?IL 60 CRAZY! I'LL...
. ¥~

EFONERY )y

D > Write a mixed o
number as an .
improper fraction.

Sehees

Peanuts: © United Features Syndicate, Inc.

E > Solve applications A fraction is a number (usually written as % where a and b are whole numbers and b
using the concepts is not 0) equal to the quotient of a divided by b. Fractions are used in everyday life. For
studied. example,

% of Americans do their grocery shopping at night.
% of all popcorn consumed is consumed at home.
% of all U.S. tomatoes are grown in California.

1% of M&Ms Plain Chocolate Candies are brown.

There are infinitely many fractions and some examples are 3, 1—70 3 and 1% Look at
the symbol % on the measuring cup. The number above the bar (the top number) is
called the numerator and the number below the bar (the bottom number) is called the
denominator.

2 <«— numerator
3 <€— denominator

The denominator of a fraction tells us the number of equal parts into which a whole has
been divided and the numerator tells us how many of these parts are being considered.
Thus % tells us that the whole (a cup) has been divided into 3 equal parts and that 2 parts
are being used.
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50 ] L] L]
A > Diagramming Fractions
4.0 To help us understand fractions, we can represent them by using a diagram such as
the following:
30 | | | 1 part shaded out of 2. Thus, 5 is shaded.
2.0 | | | | 2 parts shaded out of 3. Thus 5 1s shaded.
10 | | | | | 3 parts shaded out of 4. Thus - 1s shaded.
0.0 You can also show 3, 3, and 2 7 using a shaded circle.
Watching TV
I Ages 15-19
7] Ages 75 and over
Source: Bureau of Labor Statistics.
The graph shows that the number
of hours watching TV for 15- to 19-
year-olds (green bar) is about half I out of 2: Zoutof 3: 3 outof 4:
as much as that of persons 75 and ) B ) )
over (orange bar). Or using portions of a one-unit-long line
P —— ———
1 out of 2: % 2 outof 3: % 3 out of 4: %
-
EXAMPLE 1  Using a diagram to represent fractions PROBLEM 1
- . . . 2 1 - .
Represent % and % by using a diagram similar to the ones shown above. Represent 5 and 7 in the diagrams
below.

SOLUTION 1

| | | | | | 3 _ 3 shaded parts
57 5 parts total

| | | | | 1 _ 1 shaded part

4 4 parts total

B > Proper and Improper Fractions

In Example 1, the fractions 2 and % are less than the whole that is used. Such fractions
are called proper fractions.

DEFINITION OF A A proper fraction is a fraction in which the numerator is less (smaller) than the
PROPER FRACTION denominator.

Thus, &, % 372, and % are proper fractions. On the other hand, some fractions such as 7, %
or = are equal to or greater (larger) than a whole. Such fractions are called improper
fractions.

DEFINITION OF AN An improper fraction is a fraction in which the numerator is equal to or greater
IMPROPER FRACTION than the denominator.

Thus, 2,3 3 g, 1, and 3 are improper fractions. Note that 2 and both have the value 1. All
improper fractions have values that are greater than or equal to 1. In general,

e N
Answers to PROBLEMS

s EEEE

|\ |
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WRITING 1 AS A n_
FRACTION n =1 forany numbern # 0 ]

On the other hand, % =5, % =3, and % = 49. In general,

\é\alﬂzl_rl‘:gNn AS A % =n for any number n ]

WRITING O AS A 0
FRACTION i

=0 forany numbern # 0

Caution! § is undefined.

EXAMPLE 2 classifying fractions PROBLEM 2
Classify the given fraction as proper or improper. Classify the given fraction as proper
15 17 8 0 8 or improper.
a. 16 b.5 C. g d.8 e 7 L6 .3 .19
"6 1 "3
SOLUTION 2 : !
d. § e. I

a. 15is less than 16; thus, % is a proper fraction (the numerator is less than the
denominator).

. 17 is greater than 5; thus, % is an improper fraction.
8 is equal to 8; thus, g is an improper fraction.
. 0is less than 8; thus, g is a proper fraction.

® o o T

8 is greater than 1; thus, % is an improper fraction.

C > Improper Fractions as Mixed Numbers

In Example 2 we mentioned that % is an improper fraction. This fraction can also be
written as a mixed number.

DEFINITION OF A A mixed number is a number representing the sum of a whole number and a
MIXED NUMBER proper fraction.

To write an improper fraction as a mixed number, divide the numerator by the
denominator, obtaining the whole number part of the mixed number. The fractional part
uses the remainder as numerator and the same denominator as the original fraction. Here
is a diagram illustrating the procedure.

17.

Note: Here is the diagram for B The remainder is
the numerator of the
fractional part.

| | | | | | | | | | | | Divide the The answer (3) is the I P

numerator (17) by the whole number part of

| | | | | | | | | | | | denominator (5). the mixed number.

T
5 improper {g =17 +5=3 i 2 _ 32} mixed
Do you see that this is 3 + %? fraction o remainder s 5] number
2
s A ) )
Answers to PROBLEMS Note that 3z = 3 + &, the sum of a whole number and a proper fraction. Similarly,
2.a. Improper  b. Proper 5_ 42 8 _ 43
prop P 3=13andz = 1z.
c. Improper d. Proper
e. Improper
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p
EXAMPLE 3  Writing improper fractions as mixed numbers PROBLEM 3
Write as mixed numbers. Write as mixed numbers.
a. 2_63 b. % a. 2—56 b. %
SOLUTION 3
a. % = 3 with a remainder of 5. Thus, % = 3%.

\ b. % = 9 with a remainder of 2. Thus, % = 9%.

D > Mixed Numbers as Improper Fractions

We can also rewrite a mixed number as an improper fraction. For example, to write 34l as
an improper fraction, we think of 3% as a sum, where the 3 is expressed as 172 as shown

in the diagram. . L 13
=3+t1=7

(T 1T HEEE
| OEC - B T~

P 1. Multiply the denominator (4)
1 _— 13 by the whole number part (3).

3Z ;, =4 2. Add the numerator (1). This is
same the new numerator.
denominator 3. Use the same denominator.

Here is the procedure. To write a mixed number as an improper fraction:
1. Multiply the denominator by the whole number part and add the numerator.
2. Use the number obtained in part 1 as the numerator of the improper fraction.

3. Use the same denominator.

7

EXAMPLE 4  writing mixed numbers as improper fractions PROBLEM 4
Write as an improper fraction. Write as an improper fraction.
3

a. 6% b. 3% a. 55 b. 8%
SOLUTION 4

2 _7x6+2 44 1
a 67="—7 =73 b.3g="9 =7

e N
Answers to PROBLEMS

1 5
3.a 5§ b. 76

23 58
4. a. 4 b. 7
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E > Applications Involving Writing Fractions

Suppose you want to know what fraction of a pound (16 ounces)
is in the 5-ounce can. Since the can contains 5 ounces and
the whole pound is 16 ounces, the answer is 16 Similarly,
a week (7 days) is 31 of the month of January (which has
31 days), and a weekend (2 days) is 7 2 of a week. Note that
in all these fractions, the numerator and denominator are
expressed in the same type of unit.

p
EXAMPLE 5 Finding fractions of a week PROBLEM 5
Find what fraction of a week (7 days) each amount of days represents. Find what fraction of a month
a. 4 days b. 7 days c. 14 days (30 days) each amount of days

represents.

SOLU.HOIY 5 , a. A week b. 30 days
a. 4 days = 71\{4\/eek b. 7 days = 7, or 1, week ¢. 60 days
c. 14 days = =, or 2, weeks

\

What type of oil do you use for cooking? Here are the fat contents of nine
different oils.

[ Saturated far [ Polyunsaturated fat ¥ Monounsaturated fat

Canola oil
Safflower oil
Corn oil
Olive oil
Soybean oil
Peanut oil
Lard
Butterfat

Type of oil

Coconut oil

Percent

Source: NC State University.

Which oil has the most monounsaturated fat? Approximately what fraction of the oil is
monounsaturated? Since monounsaturated fats are shown in blue, the oil with the most
monounsaturated fat is olive oil, which is about % monounsaturated fat. Why? The bar

representing the olive oil is 10 units long and about 7 of them are blue, representing
monounsaturated fats; thus

Otive oil I —

N v

VT

7 <— 7 monounsaturated (blue) units
10 <— 10 total units of length

Answers to PROBLEMS

7 30 _ 60 _
5.&.% b_%, C.3072
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EXAMPLE 6 Looking for saturated fats
Referring to the preceding figure,

a. Which oil has the most saturated fat?
b. About what fraction of the fat in this oil is saturated?

SOLUTION 6

a. Coconut oil has the most saturated fat.

b. About nine (9) of the ten (10) units in the coconut oil bar are green.
Thus, % of the coconut oil is saturated fat.

\

PROBLEM 6

Referring to the figure,

a. Which oil has the most
polyunsaturated fat?

b. About what fraction of the fat in
this oil is polyunsaturated?

- GREEN MRS

EXAMPLE 7 Water usage per day

How much water do you use each day? The average American uses as much as
101 gallons each day! The graph shows the water consumption at several locations
in the home.

a. In what location is the most water used?

b. How many gallons per day are used in that location?

¢. What fraction of the total water is used in that location?

SOLUTION 7

a. Toilet (shown gold)
b. 27 gallons

27
C. 101

You can save between 3 and 5 gallons of water by cutting your shower short by one
minute or flushing your toilet unnecessarily.

PROBLEM 7

a. In what location is the least water
used?

b. How many gallons per day are
used in that location?

¢. What fraction of the total water is
used in that location?

Home Water Usage/Day

Total 101

Toilet 27

Leaks - 14

Other D 5
Clothes 22

Faucet 16
Shower 17

0 20 40 60 80 100
Gallons

Many applications of fractions involve the idea of a ratio. A ratio is a quotient of two

numbers.

RATIO The ratio of a to b is written as the fraction % (b # 0).

1

For example, the ratio of men to women in your class may be 2—? or %

p
EXAMPLE 8 Price-to-earnings ratio of stock
The price-to-earnings (P/E) ratio of a stock is the price of the stock divided by its
earnings per share. If the price of a stock is $30 and its earnings per share are $3,
what is the P/E ratio of the stock?

SOLUTION 8  The P/E ratio is £ = 10

\

PROBLEM 8

What is the P/E ratio of a stock
whose price is $28 and whose
earnings are $4 per share?

-
Answers to PROBLEMS

8287

5
b.5 c.ah7 2

7. a. Other 101

8
6. a. safflower b. 10
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Hﬂ Comect > Practice Problems > Self-Tests

!MATHEMATICS > Media-rich eBooks > e-Professors > Videos

A > Diagramming Fractions In Problems 1-10, what part of each object is shaded?

7. 8. 9. 10.
1 quart

In Problems 11-20, what fraction of the dollar bill is green (not faded)?

go to mhhe.com/bello for more lessons

11.
C 06308
3R
13.
15.
17.
co6 %:Ie suzg
3 e
19.

C06906942C ; - b cossossuzc
3 R , i 3 R 2




2-9 2.1 Fractions and Mixed Numbers 121

B > Proper and Improper Fractions In Problems 21-30, classify the fraction as proper or improper.

9 61 4 17 8
21. H 22- ? 23. ﬁ 24. T 25. H

9 8 14 3 100
26. 17 217. 16 28. T 29. 100 30. 10

C > Improper Fractions as Mixed Numbers In Problems 31-40, write the fraction as a mixed number.

31 46 8 59 29
31. 10 32. ¢ 33. 7 34. 3 35. )
19 69 83 101 97
36. > 37. 7 38. 3 39. 10 40. 3

D > Mixed Numbers as Improper Fractions In Problems 41-50, write the mixed number as an improper fraction.

1 1 1 3 2
41. 57 42. 6§ 43. 4E 44. Sﬁ 45. 1H
2 3 2 1 7
46. 313 47. 810 48. 11 49. 25 50. 9§

E Applications Involving Writing Fractions
51. Sleepy time A person slept 7 hours. What fraction of the day 52. Fraction of an hour Forty-five minutes is what fraction of an
(24 hours) is that? hour (60 minutes)?

53. Fraction of a pound A box of cereal weighs 7 ounces. What ~ 54. Pizza fractions A pizza was cut into 8 equal parts. Five pieces
fraction of a pound (16 ounces) is that? were eaten.
a. What fraction of the pizza was eaten?

b. What fraction of the pizza was left?

55. Hours worked as fractions A woman has worked for 5 hours. 56. Fraction of reading Sam Smart has to read 41 pages. He

If her workday is 8 hours long, what fraction of the day has she has already read 31. What fraction of the reading has he
worked? finished?

57. Taxpayers’ revenue In a recent year the Internal Revenue 58. Taxpayers’ revenue In a recent year the Internal Revenue
Service collected 51 cents of every dollar (100 cents) of Service collected 7 cents of every dollar (100 cents) of revenue
revenue from individual taxpayers. What fraction of the from corporate taxes. What fraction of the revenue came from

revenue came from individual taxpayers? corporate taxes?

59. Minutes in a commercial A viewer made the following table 60. In Phoenix it rained 3 out of 31 days. What fraction of the
showing the number of seconds various commercials lasted: 31 days is that?

Complete the table by filling in the number of minutes each
commercial lasted. For example, the shampoo commercial
lasted % minutes.

Time of Commercials

Commercial Seconds Minutes
Shampoo 30 % or %
Dog food 60 a.
Toothpaste 90 b.
Soap 45 c.

Cereal 15 d.

<
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The following information will be used in Problems 61-65.

Household overcrowding Is your household
overcrowded? In a recent survey it was discovered
that of every 98 households in America:
25 are single-person
33 are two-person
16 are three-person
15 are four-person
are five-person
are six-person
are seven-person or more

The following information will be used in Problems 66-70.

Traveling abroad Are you taking a trip soon? In a recent
survey, it was discovered that of every 99 Americans who
traveled abroad, their destinations were as shown.

1. Mexico 37 6. Italy 5
2. Canada 30 7. Japan 2
3. United Kingdom 8 8. Spain 2
4. France 6 9. Netherlands 2
5. Germany 5 10. Switzerland 2

Source: Infoplease.

FICO scores  When you apply for credit—whether for a
credi