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Preface

Many very bright and competent people enrolled in colleges, universities,
and community colleges are frustrated. They are eager, ambitious, and
quite capable of succeeding in their careers or moving to a better job. They
want to learn but find themselves handicapped because they do not have
the basic mathematics skills needed to continue. They need help with these
essential skills. If that describes where you are, this book is for you.

This book is designed to help you review or relearn basic arithmetic
skills. It is more like a private tutor than a lecturer; you participate in the
process rather than simply reading, listening, or sleeping through it.

The book is organized in a format that respects your unique needs and
interests and teaches you accordingly:

® You can use it for self-study, for study with a tutor or helper, or as a text
in a formal course.

e Each chapter begins with a preview and a sample test to help you see
your particular needs.

® You have the option of designing your own course, skipping familiar
material to save time or working through all of it if you need it.

e Many practice problems and self-tests are included, including drill prob-
lems, practical applications, more difficult brain boosters, and problems
where a calculator should be used. Each chapter ends with an optional
self-test.

* Answers to all problems are in the back of the book.
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PREFACE

e Unlike previous mathematics textbooks you may have used, this book is
careful to explain every operation. Sometimes we even explain our
explanations.

This book has been used by hundreds of thousands of students and they
tell us it is helpful, interesting, and even fun to work through. We hope
you agree with them.

It is a pleasure for us to acknowledge our debts to the many people
who have contributed to the development of this book and to this third
edition. Jeffrey Golick and the staff at John Wiley & Sons, Inc., have been
most supportive and patient throughout the lengthy process of producing
a book. We were fortunate to have W. Royce Adams, formerly the direc-
tor of the Reading Center at Santa Barbara Community College, read pre-
liminary versions of the book and provide valuable assistance in
improving its readability.

Finally, we wish to extend special thanks to our kindest critics and
most enthusiastic helpers: our children—Pat, Laurie, Maire, and Eric—
our other works in collaboration.

—RAC
—MJC



How to Use This Book

Image Not Available

Many people go through life afraid of mathematics and upset by numbers.
They bumble along miscounting their change, bouncing checks, and even-
tually trying to avoid college courses or jobs that require even simple
math. Most such people need to return and make a fresh start. Few get the
chance. This book presents fresh-start math. It is designed so that you can:

Xi



xii HOW TO USE THIS BOOK

CAUTION [)

LEARNING HELP [)

e Start at the beginning or wherever you need to start
e Work on only what you need to know

® Move as fast or as slowly as you wish

e Skip material you already understand

e Do as many practice problems as you need

e Take self-tests to measure your progress

In other words, if you find mathematics difficult and want a fresh start,
this book is designed for you.

This is no ordinary book. You cannot easily browse in it. You don’t
read it; you work your way through it. Ideas are arranged step-by-step in
short portions or frames. Each frame contains information, careful expla-
nations, examples, and questions to test your understanding. Frames are
numbered on the left.

Read the material in each frame carefully, follow the examples, and
answer the questions that lead to the next frame. Correct answers move
you quickly through the book. Incorrect answers lead you to frames pro-
viding further information. You move through the book frame by frame,
sometimes forward, sometimes backward.

Each major section of the book starts with a preview that will help you
determine those parts on which you need to work.

Notice the following symbols designed to help you:

This symbol points out common errors or misunderstandings that many
students have and about which you need to be careful.

This offers a hint or gives an alternate explanation or different way of
thinking about a concept or procedure.

This calculator icon tells you to look for a calculator key sequence show-
ing how to solve the problem using a calculator. Calculators are an impor-
tant tool, and we assume that once you have learned the basic operations
of mathematics, you will use a calculator.

Important terms are noted in the margin where they are first used or
defined.

Students are led step-by-step through examples and explanations:

e Step 1 Many worked examples are given . . .
e Step 2 ... with explanations for each step . . .
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e Step 3 ...and immediate feedback in the text and in|Boxed Comments P
and

conversation

bubbles

Most students hesitate to ask questions. They would rather risk failure
than look foolish by asking “dumb” questions. To relieve this worry, we
ask and answer these FAQs (frequently asked questions) in the cartoons.
Learning the FAQs produces smart students.

Special Topics
As you move through the book, special topics appear within lines
like this. Check them out.

In 1846, the Reverend H. W. Adams described what happened when
the 10-year-old math whiz Truman Safford was asked to multiply, in his
head, the number 365,365,365,365,365,365 by itself. “He flew around
the room like a top, pulled his pantaloons over the tops of his boots, bit
his hands, rolled his eyes in their sockets, sometimes smiling and talking,
and then, seeming to be in agony, in not more than one minute, he said
133,491,850,208.566,925,016,658,299,941,583,225.”* In this book we
will show you a way to do arithmetic that is not so strenuous, quite a bit
slower, and not nearly so much fun to watch.

Now, turn to page 1 and let’s begin.

*James R. Newman, The World of Mathematics (New York: Simon and Schuster, 1956),
p. 466.






_1 Whole Numbers

PREVIEW 1

Where to Go for Help
When you successfully complete this chapter
you will be able to do the following: Page Frame

1. Add, subtract, multiply, and divide whole numbers.

(a) 6341+14,207+635=__ 3 1]
(b) 64,508 —-37,629=__ 21 16]
() 4328 x417=_____ 32 24]
(d) 672x2009=__ 32 24]
(e) 46,986 +745=__ 46 35 ]
(f) 373003=__ 46 35
(9) % = 46 35 ]
(h)y 12x0=_____ 32 24
(i) 16+1=__ 46 35 ]
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Where to Go for Help

Page Frame

2. Write a whole number as a product of its prime factors.

(a) 3780=__ 57 a4

(b) 1848 = 57 44
3. Calculate integer powers of a whole number.

(@) 2°=__ 72 59)

(b) 427 = 72 59
4. Find the square root of a perfect square.

(a) V169 = 72 59]

If you are certain you can work all of these problems correctly, turn to
page 81 for a self-test. If you want help with any of these objectives or if
you cannot work one of the preview problems, turn to the page indicated.
Super-students (those who want to be certain they learn all of this), turn to
frame [l and begin work there.

1. (a) 21,163 (e) 63 with remainder 51 2.(a)22-33.5-7 3.8 4. (a) 13
ANSWERS TO (b) 26,879 (f) 81 with remainder 6 (b)23-3-7-11 (b) 1764
PREVIEW 1 (;) 1,804,776 (E) 67
1,350,048 0
PROBLEMS @ oo

1 WHOLE NUMBERS

Image Not Available
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1

Reading and Writing Numbers

Numerals

Digits

Once upon a time, most people used numbers to tell time, count things,
and keep track of their lunch money. But we are living in an age of calcu-
lators and computers, and math skills are important in everything we do.
Using a calculator requires a good understanding of basic math skills and
concepts. For most educated adults, working with numbers is as impor-
tant a part of their job as being able to read and write.

In this chapter we will take a how-to-do-it look at the basic operations
of mathematics: addition, subtraction, multiplication, and division.

What is a number? It is a way of thinking, an idea, that enables us to
compare very different sets of objects. It is the idea behind the act of
counting. The number three is the idea that describes any collection of
three objects: 3 people, 3 trees, 3 colors, 3 dreams. We recognize that these
collections all have the quality of “threeness” even though they may differ
in every other way.

We use numerals to name numbers. For example, the number of corners
on a square is four, or 4, or IV in Roman numerals, or & in Chinese
numerals.

In our modern number system we use ten digits—0, 1, 2, 3, 4, 5, 6, 7, 8,
and 9—to build numerals just as we use the twenty-six letters of the alpha-
bet to build words.

Is 10 a digit? Think about it. Then turn to EBlto continue.

Hi. What are you doing here? Lost? Window shopping? Just passing
through? Nowhere in this book are you directed to frame El. (Notice that
little BMto the left above? That’s a frame number.) Remember, in this book
you move from frame to frame as directed, but not necessarily in 1-2-3
order. Follow directions and you’ll never get lost.

Now return to Elland keep working.

No, 10 is not a digit. It is a numeral formed from the two digits 1 and 0.
Remember:

* A number is an idea related to counting.
* A numeral is a symbol used to represent a number.

e A digit is one of the ten symbols (0, 1, 2, 3, 4, 5, 6, 7, 8, 9) we use to
form numerals.
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How many letters are in this set?

>P~A :<A

Count them. Write your answer, and then turn to frame E1.

n We counted 23, and of course we write it in the ordinary, everyday man-
ner. Leave the Roman, Chinese, and other numeral systems to Romans,
Chinese, and people who enjoy the history of mathematics.
The basis of our system of numeration is grouping into sets of ten or
multiples of ten.

A A4 A 4
><|;‘ A <<AA becomes ><|;» A <7,<A
AAA < 4 AAA </MA
A AT A AL
AA V‘dp‘ AA V‘dp’
AAAAAAAAAA
or AAA 2 tens + 3 ones
AAAAAAAAAA 200 +3 (or 23)

Expanded Form Numbers written as multiples of ten are said to be in expanded form. Any
number may be written in this way. For example,

46 =40 + 6 =4 tens + 6 ones
274 =200+ 70 + 4 = 2 hundreds + 7 tens + 4 ones
305 =300+ 0+ 5 =3 hundreds + 0 tens + 5 ones

Write out the following in expanded form:

362 = + + = hundreds + tens + ones

425 = + + = hundreds + tens + ones

208 = + + = hundreds + tens + ones
Check your work in B

E 362 =300 + 60 + 2 = 3 hundreds + 6 tens + 2 ones
425 =400 + 20 + 5 =4 hundreds + 2 tens + 5 ones
208 =200 + 0 + 8 = 2 hundreds + 0 tens + 8 ones
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Place Value Notice that the 2 in 362 means something very different from the 2 in 425
or 208. In 362 the 2 signifies two ones. In 425 the 2 signifies two tens. In
208 the 2 signifies two hundreds. Ours is a place value system of naming
numbers: the value of any digit depends on the place where it is located.

Thousands place
Hundreds place
Tens place

Ones place

Writing numbers in expanded form will be helpful later when you
want to understand how arithmetic operations work.

Naming Large Numbers

Any large number given in numerical form may be translated to
words by using the following diagram.

Billions Millions Thousands
_AL

Use a hyphen in
two-digit numbers
larger than 20.

and is read “fourteen thousand, two hundred thirty-seven.”



6

QUICK ARITHMETIC

The number 47,653,290,866 becomes

and is read “forty-seven billion, six hundred fifty-three million, two
hundred ninety thousand, eight hundred sixty-six.”

In each block of three digits read the digits in the normal way
(“forty-seven,” “six hundred fifty-three”) and add the name of the
block (“billion,” “million”). Notice that the word “and” is not used
in naming these numbers.

Name each of the following numbers in words.

1. 12,043 2. 457,009 3. 2,023,067
4. 102,400 5. 4,005,007 6. 342,103,010
7. 34,002 8. 82,004,700 9. 2,007,054,002

The correct answers are in the Appendix.

Roman Numerals

A number is an idea. A numeral is a symbol that enables us to
express that idea in writing and use it in counting and calculating.
Roman numerals were used by the ancient Romans almost 2000
years ago and are still seen on clock faces, building inscriptions, and
textbooks. The following seven symbols are used:

I \Y X L C D M
1 5 10 50 100 500 1000

Notice that the numbers represented are 1, 5, and multiples of 5 and
10 (the number of fingers on one hand and on two hands). There is
no zero. We write numerals with these symbols by placing them in a
row and adding or subtracting. For example,
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1=1 7=VII(V+I1+1)

2=1l 8 =VIl

3=l 9 = IX (I subtracted from X)
4 =V (I subtracted from V) 10=X

5=V 27 = XXVII

6=VI(V+I) 152 = CLII

The Romans used only addition and they wrote 4 as llll, but in
order to keep numerals smaller, later mathematicians used subtrac-
tion to form numbers like these:

v IX XL XC Ccb M
4 9 40 90 400 900

Only these six subtractions are allowed. From these other combina-
tions can be made.

XIX=X+IXor10+9or 19
LXIV=LX+ 1V or 60 +4or 64

Roman numerals are a bit more difficult to write than the ones
we use and they are a headache to multiply or divide, but they are
very easy to add or subtract. For example, 111 + 16 = 127 would be
written like this:

CXI + XVI = CXXVII

The numerals we use now (0, 1, 2, 3, etc.) were first seen in Europe in
about the thirteenth century, but Roman numerals were used by
bankers and bookkeepers until the eighteenth century. They did not
trust symbols like 0 that could easily be changed to 6, 8, or 9 by a dis-
honest clerk.

Translate the following numbers written in Roman numerals into
modern numerals.

1. Xl 2. XVl 3. XXVIII

4. LXXVII 5. CXXIV 6. CDXXXI

7. MDCCCXCII 8. MCMX 9. MCMXXXIV
10. MCMLXVI

The answers are in the Appendix.

Turn to frame B.
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2 Adding Whole Numbers

n Addition is the simplest arithmetic operation.

H EN_ENEERN
| | EENR

>~ HBE

+ 3 = 7

We add collections of objects by combining them into a single set and
then counting and naming that new set. The numbers being added (4 and
3 in this case) are called addends and 7 is the sum of the addition.

There are a few simple addition facts you should have stored in your
memory and ready to use. Complete the following table by adding the
number at the top to the number at the side and placing their sum in the
proper square. We have added 1 +2 =3 and 4 + 3 =7 for you.

Add 4 2 8 7 5 6 1 3 9

2

4 7

7

5

1 3

9

6

8

3

Check your answer in E.
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Here is the completed addition table:

Add 4 2 8 7 5 6 1 3 9
2 6 4 10 9 7 8 3 1
4 8 6 12 1 9 10 5 7 13
7 11 9 15 14 12 13 8 10 16
5 9 7 13 12 10 11 6 8 14
1 5 3 9 8 6 7 2 4 10
9 13 11 17 16 14 15 10 12 18
6 10 8 14 13 11 12 7 9 15
8 12 10 16 15 13 14 9 11 17
3 7 5 1 10 8 9 4 6 12

Did you notice that changing the order in which you add numbers
does not change their sum?

4+3=7and3+4=7
2+4=6and4+2=6

This is true for any addition problem involving whole numbers. It is
known as the commutative property of addition. (A commuter is a person
who changes location daily, moving back and forth between suburbs and
city. The commutative property says changing the location or order of the
numbers being added does not change their sum.)

If you have not already memorized the addition of one-digit numbers,
it is time to do so. To help you, a study card for addition facts is provided
in the back of this book in the Appendix. Use it if you need it.

If you want more practice adding one-digit numbers, go to Bl. Other-
wise, continue in B

n Now, let’s try a more difficult addition problem.
34 +52 =
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Estimating

| |called H+2 “four andtuwo"
and my math teacher
turned green. Why?

Call 442 “four plus two. ‘There
I5s nomath operation called
“and.” Your instructor gets
upset because sne's not
sure what you are. saying
and she's affaid youdon't
Know either:

The first step in any arithmetic problem is to estimate or guess at the
answer. Never work a problem until you know roughly what the answer
is going to be. Always know where you are going.

Make a guess at the answer to the problem on page 9. Write your
guess here and then turn to M and continue.

Problem Set 1-1: Practice Problems for One-Digit Addition

Add the following. Work quickly. You should be able to answer all
problems in a set correctly in the time indicated. (The times are for com-
munity college students enrolled in a developmental math course.) Try to
do all addition mentally. The answers are in the Appendix.

A. Add (average time: 90 seconds):

3 7 3 8 5 3 9 2 6 8
5 9 3 =l 6 8 4 A A 4
7 9 4 7 8 6 7 9 8 5
7 8 2 S A 3 4 3 8 4
9 2 6 2 8 4 2 5 9 8
6 8 4 9 6 3 6 9 9 7
8 5 7 8 9 6 9 7 8 6
6 9 5 4 A 6 4 6 5 9
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7 8 6 3 8 7 6 4 9 5
4 9 EN 9 3 8 7 8 9 7
B. Add (average time: 90 seconds):

7 5 2 5 8 4 3 8 9 7
3 6 9 7 8 S 6 4 3 6
6 8 9 3 7 2 9 9 7 4
4 =l 6 5 7 A 4 9 8 7
8 9 8 5 8 4 9 6 4 8
3 7 6 S5 9 5 S 6 3 2
5 6 7 7 5 6 2 3 6 9
8 7 =) 9 4 S 8 A 8 8
7 5 9 4 8 5 7
4 9 2 6 8 6 9 4 8 8
C. Add (average time: 90 seconds):

2 7 3 4 2 6 3 5 9 5
5 3 6 5 7 7 4 7 6 2
4 2 5 8 9 8 4 8 3 8
6 5 4 8 6 9 7 4 8 1
2 4 2 1 8 3 1 9 4 8
7 5 9 9 8 5 6 1 6 7
1 9 3 1 7 2 9 9 8 5
9 9 1 6 9 9 8 5 3 4
2 a1 4 3 6 a1 2 1 3 7

Turn to frame E.

34 + 52 is approximately 30 + 50 or 80. The correct answer will be about
80, not 8 or 800 or 8000. Once you have a reasonable estimate of the
answer, you are ready to do the arithmetic work.



12 QUICK ARITHMETIC

34 +52 =

Check your answer in .

m You should have set the problem up like this:

CAUTION [)

Step 1 The numbers to be added are arranged vertically in columns.
Step 2 The right end or ones digits are placed in the ones column, the
tens digits are placed in the tens column, and so on.

Tens Ones

column Vf column
34
+5{2:

Step 3 Add the numbers in each column separately.

For the ones For the tens
digits: digits:
34 34
+52 +52
6 4+2=6 86 3+5=8

The most frequent cause of errors in arithmetic is carelessness, especially
in simple procedures such as lining up the digits correctly.
Avoid the confusion of

34 or 34
+ 52 +52

Once the digits are lined up the problem is easy.

Does your answer agree with your original guess? Yes. The guess, 80,
is roughly equal to the actual sum, 86.

What we have just shown you is the guess 'n check method of doing
mathematics calculations.

e Step 1 Guess at the answer. This is not a wild guess but a careful esti-
mate.

e Step 2 Work the problem carefully.

e Step 3 Check your answer against your guess. If they are very differ-
ent, repeat both step 1 and step 2.
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Most students hesitate to guess, afraid they might guess incorrectly.
Relax. You are the only one who will know your guess. Do it in your head,
do it quickly, and make it reasonably accurate. Step 3 helps you detect
incorrect answers before you finish the problem. The guess ’n check
method means you never work in the dark, you always know where you
are going. Use this approach on every math calculation and you need
never have an incorrect answer again.

Guess ’n check is especially important when you use a calculator.

Here is a slightly more difficult problem. Try it, then go to K.

27 +48 =
First, guess. Estimate the answer. 27 + 48 is roughly 30 + 50 or about
80. The answer is closer to 80 than
to 8 or 800.
Second, line up the addends 27
vertically. +48
1
Third, work it out carefully. 27
+48
75

Finally, check your answer against ~ The guess, 80, is roughly equal to

your guess. the actual answer, 75. We write this
as 75 = 80. The wiggly equals sign
means “approximately equals.”

What does that little 1 above the tens column mean? What really hap-
pens when you “carry” a digit? In expanded notation:

27 =2 tens + 7 ones
+ 48 =4 tens + 8 ones

6 tens + 15 ones =6 tens + 1 ten + 5 ones
=7 tens + 5 ones
=75

The 1 that is “carried” over to the tens column is really a 10! Another
way to see this is shown on page 14.
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Shortcut

Step 1 Step 2 Step 3

27 27 27
+48 add ones +438 +48

LJWS, 7+8=15 \1"5,1 add tens 15

60 20+40=60 _ 60 add partial sums
75, 15+60=75

15 is the first 60 is the second 75 is the final sum.
partial sum. partial sum.

Again, you should see that the “carry 1” is the 10 in 15.

Using partial sums is the long way to add, so usually we take a shortcut
and write:

1 1
27 7+8=15 27

+ 48 Write 5, + 48
5 carry 1ten. 75 1+2+4=7

You will learn the shortcut method here, but it is important that you
know why it works.
Use the partial sum method to work this problem.

429 +758 =

Set the problem up step by step as we did above, then turn to E.
(Don’t forget to guess ’n check.)

fgtnll counton mbﬂ
fingers when ladd
fs that bad?

{ Not really. Its slow and some-
| times incénvenient, but it is
the normal way to start. eep
working to memorize one -
digit number additions.
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m 429 + 758 =

Guess: 400 + 800 = 1200
Line up the addends: 429

+ 758
Use partial sums: 429

+ 758

17 addones:9+8=17

70 add tens: 20+50=70
1100 add hundreds: 400 + 700 = 1100
1187 add the partial sums

Check: 1200 (the guess) roughly equals 1187. 1200 = 1187.

And of course you would use the shortcut method once you under-
stand this process.

Step 1 Step 2 Step 3
1 1 1
429 9+8=17 429 429
+ 758 Write 7, +758 1+2+5=8 +758 4+7=11
7 carrylten 87 1187

Now try these problems. Work them first using partial sums, then
using the shortcut. Be sure to guess ’n check.

(a) 246 + 877 =
(b) 2348 + 724 =
(c) 980 + 436 =

Check your answers in Bwhen you are finished.

How to Add Long Lists of Numbers

Very often, especially in business and industry, it is necessary to add
long lists of numbers. The best procedure is to break the problem
down into a series of simpler additions. First add sets of two or three
numbers, then add these sums to obtain the total. For example,
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9
S3.2

7

S6 1325
12

I S ]
17

+5 22 38

Using this procedure you do a little more writing but carry fewer
numbers in your head. The result is fewer mistakes.

Better yet, keep your eye open for combinations that add to 10
or 15, and work with mental addition of three addends.

Try these problems for practice.

1. 8 2. 7 3.3 4. 11 5 3 6. 13
17 6 5 7 5 17
3 8 7 2 12 11
4 5 6 5 7 14
11 9 5 6 6 15
9 3 1 7 4 8
16 7 3 13 1 9
7 12 4 6 2 16
11 8 2 5 18 12
5 16 7 14 9 7

3 16 7 1

The answers are in the Appendix.
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m (a) Guess: 200 + 900 = 1100

246
+877
13
110
1000
1123

Check:

addones: 6 +7 =13

add tens: 40+70=110

add hundreds: 200 + 800 = 1000
add partial sums

Shortcut method:

Step 1 Step 2
1 11
26 6+7=13 246 1+4+7=12
+ 877 Write 3, + 877 Write 2,
3 carry1ten. 23 carry 1 hundred.
(b) Guess: 2300 + 700 = 3000
2348
+724
12 addones:8+4=12
60 add tens: 40 +20=60
1000 add hundreds: 300 + 700 = 1000
2000 add thousands: 2000
3072 add partial sums

Check: The guess, 3000, is roughly equal to 3072.

Shortcut method:

Step 1 Step 2
1 1
2348 8+4=12 2348 1+4+2=7
+724 \Nrite 2, +724 Write 7.
2 carry1ten. 72
Step 3 Step 4
1 11
2348 3+7=10 2348 1+2=3
+724 Write O, +724
072 carry 1 thousand. 3072

1100 is roughly equal to 1123. 1100 = 1123.

Step 3

11

246
+ 877
1123

1+2+8=11

3000 = 3072.
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(c) Guess: 1000 +400 = 1400

980
+436
6 addones:0+6=6
110 addtens:80+30=110
1300 add hundreds: 900 + 400 = 1300
1416

Check: 1400 is approximately equal to 1416.

Shortcut method:

Step 1 Step 2
980 0+6=6 980 8+3=11
+ 436 +436 Write 1,
6 16 carry 1 hundred.

1400 = 1416.

Step 3

980 1+9+4=14
+ 436

141

6

If you had difficulty with any of these problems, you should return to
B and review. Otherwise go to Bfor a set of practice addition problems.

m Problem Set 1-2: Adding Whole Numbers

A. Add:
1. 47 2. 18 3. 27 4. 57
23 86 38 69
7. 73 8. 44 9. 92 10. 38
39 28 39 65
13. 47 14. 26 15. 76 16. 48
56 98 24 84
B. Add:
1. 273 2. 189 3. 726
142 204 387
6. 684 7. 729 8. 432

706 287 399

5.

11.

17.

4. 508
495

9. 708
554

45

12. 75
48

18. 67
69

5. 701
829

10. 621
388
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11.

C.
1.

13.

D.
1.

o N UV W

386
438

Add:

4237
1288

7907
1395

6872
493

5049
732

Add:
18,745

6,972

9,876

4,835

. 94,036
6,975

. 487 + 29 + 526 =

. 6489

3074

. 1467

2046

. 8360

1762

. 6709

9006

. 10,674
397

. 59,684
29,527

. 87,468
92,729

. Arrange vertically and add:

1706 + 387 + 42 + 307 =

6284 + 28 + 674 + 97 =
322 +46 + 5984 =
5016 + 423 + 1075 =

14. 375

3. 5076
4385

7. 3015
687

11. 6009
496

15. 8475
928

3. 60,485

9,766

7. 40,026

7,085

o o » N

. 7268 + 209 + 178 =

15. 906

95

. 1684

927

. 9864
2735

. 3785

7643

. 6008

5842

4. 12,008
9,634

. 78,044
97,684

715+ 4293+ 184 + 19 =
456 + 978 + 1423 + 3584 =
6842 + 9008 + 57 + 368 =

10. 8764 + 85+ 983 + 19 =
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F. Brain Boosters

Brain Boosters are more difficult and more fun than

the regular problems. You will find them challenging, but don’t expect to
be as successful with them as you are with the others.

1.

The Aero University kite flying team weighs in as follows: “Tank”
Murphy, 263 Ib; Bertha Brown, 218 Ib; “Moose” Green, 314 Ib; and
Head Kiter, “Tiger” Smith, 87 Ib. What is the total weight of the
Mighty Kiters?

At lunch the other day, John the calorie counter ate the following:
one slice of whole wheat bread, 55 calories; cream cheese and honey
on the bread, 148 calories; yogurt, 123 calories; fresh blackberries,
45 calories. What was his total calorie count for the meal?

Business During the first three months of the year, Balloons.com
reported the following sales:

January $613,572
February $782,716
March $834,247

What was their sales total for this quarter of the year?

Which sum is greater?

987654321 123456789
87654321 123456780
7654321 123456700
654321 123456000
54321 123450000
4321 123400000

321 123000000

21 120000000

1 100000000

G. Calculator Problems
solved using a calculator. Be careful to estimate the answer before doing

Building Construction The Happy Helper building materials sup-
plier has four piles of bricks containing 1250, 865, 742, and 257
bricks. What is the total number of bricks on hand?

Business Micro Systems Support had the following income in the
second quarter of the year: $23,572 in April, $22,716 in May, and
$24,247 in June. What was its total income for this quarter?

The following problems are designed to be

the calculation.
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1. 437,049 2. 27,760 3. 13,907
361,204 932 20,764
378,991 40,087 127,045

+ 200,587 + 35,268 + 390,088

4. 4176 + 32 + 1007 + 4254 + 23,144 + 9006 =

5. 840 + 9801 + 32,009 + 47,606 + 966 + 3444 =

6. 2007 + 207 + 20,007 + 207 =

7. 5555 + 555 + 55 + 5555 + 55,555 =

8. 607 + 6607 + 6077 + 67 + 66,077 + 600,777 =

9. Office Services Joe's Air Conditioning Company has not been very
successful, and Joe is wondering if he should sell it and move to a better
location. During the first six months of the year his expenses were:

Rent $1860 Taxes $315 Supplies $2540
Advertising $250 Part-time helper $2100 Transportation $948
Miscellaneous $187

His income was:
January $609 February $1151 March $1269
April $1381 May $1687 June $1638

(@) What was his total expense for the six-month period?

(b) What was his total income for the six-month period?

(c) Rotate your calculator 180° to learn what Joe should do about this
unhappy situation.

The answers to these problems are in the Appendix. When you have
completed these practice problems you may continue in [ with the study
of subtraction or return to the preview for this chapter on page 1 and use
it to determine the help you need next.

3 Subtracting Whole Numbers

m Subtraction is the reverse of the process of addition.

Addition: 3+4=01
Subtraction: 3+0=7

Weritten this way, a subtraction problem asks the question, “How
much must be added to a given number to produce a required amount?”
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Minuend

Subtrahend
Difference

Most often, however, the numbers in a subtraction problem are written
using a minus sign (—):

17-8=0

This means that there is a number [J such that 8 + (1= 17. Write in the
answer to this subtraction problem, then continue in .

17 - 8 =

| Minuend| [Subtrahend| |[Difference]

Special names are given to the numbers in a subtraction problem, and
it will be helpful if you know them.

The minuend is the larger of the two numbers in the problem. It is the
number that is being decreased.

The subtrahend is the number that is being subtracted from the minuend.
The difference is the amount that must be added to the subtrahend to pro-
duce the minuend. It is the answer to the subtraction problem.

The ability to solve simple subtraction problems depends on your
knowledge of the addition of one-digit numbers. For example, find this
difference:

9-4=

Do this problem and then continue in E.

9-4-=5
Solving this problem probably involved a chain of thoughts something
like this:

“Nine minus four. Four added to what number gives nine? Five? Try it: four plus
five equals nine. Right.”

If you have memorized the addition of one-digit numbers (as shown in
frame B or on the study card in the Appendix), subtraction problems
involving small whole numbers will be easy for you. If you haven’t mem-
orized these, do it now.

Now try a more difficult subtraction problem.

54 -23=

What is the first step? Work the problem and continue in .
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Try nme MiNUSs
fOur or ‘nine

take away four’

The first step is to guess at the answer! Remember?
54 — 23 is roughly 50 — 20 or 30

The difference, your answer, will be about 30—not 3 or 300.

The second step is to write the numbers in a vertical format as you did
with addition. Be careful to keep the ones digits in line in one column, the
tens digits in a second column, and so on. Notice that the minuend is writ-
ten above the subtrahend—larger number on top.

4

—2.3

Once the numbers have been arranged this way, the difference may be
written immediately.

Step 1 Step 2
54 54
—23 onesdigits:4-3=1 —23 tensdigits: 50 — 20 =30
1 31

The difference is 31 and this agrees with our first guess: 30 = 31.
Suppose we need to subtract 8 from 24.

24-8= 7

Because 8 is larger than 4 we need to do some rearranging:
24=10+14

and24-8=10+14-8=10+(14-28)
=10+6
=16
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Try this one:
6437 =
Check your work in EJ.

Canyou do In this section
a problem Lue are consider-
like 57-64°7 iNg only subtrac-
tion ofa sma|ler
number froma

larger” number.
AsK your teacher
or tutor for help
with that problem

m First, guess. 64 — 37 is roughly 60 — 40 or 20. We estimate the answer to
be about 20.
Second, arrange the numbers vertically in columns.

64
-37

Third, write them in expanded form to understand the process.

64 = 6tens+4ones = 5 tens+14 ones
—-37 = —(3tens+7ones) = —(3tens+ 7 ones)
= 2 tens + 7 ones

20 + 7

27 (which agrees with our guess)

Because 7 is larger than 4, we must “borrow” one ten from the six tens
in the minuend. We are actually regrouping or rewriting the minuend.

In actual practice we do not write out subtraction problems in
expanded form. Our work might look like this:

Step 1 Step 2 Step 3
o Borrow one ten, .
64 6f change the 6 in the ﬁf 50 — 30 = 20,
-37 —37 tens place to 5, - 37 write 2.
7 change 4 to 14. 27

subtract14 -7 =7.
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LEARNING HELP D Double-check subtraction problems by adding the answer and the subtra-
hend. Their sum should equal the minuend.
37
+27
64

Try these problems for practice.

@ 71 (b) 283 (© 426 d) 902
-39 - 127 - 128 - 465

Solutions are in El.

[ Easy. Write 90,thenline up
| the Second number beneath |
it and subtractas usual.

Measurement Numbers
Many numbers are the result of measurement. A measurement num-
ber has two parts: a number part giving the size of the quantity and a
unit giving a comparison standard for the measurement. For example,
the winning time for a 100-yard dash is measured to be 9.62 seconds.

9.62 seconds,
A

Number part Units

Money numbers always have units: $5 or 25¢ are quantities mea-
sured in dollars and cents units.

To add or subtract measurement numbers: Example:

1. Convert all numbers to the 2 feet + 10 inches =
same units. 24 inches + 10 inches =

2. Add or subtract the number parts. 24 +10=34

3. Attach the common units
to the sum or difference. 34 inches
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To multiply or divide

measurement numbers: Example:

1. Multiply or divide the 10 ftx 6 ft=
number parts. 10 x6=60

2. Attach the product or ft x ft = ft2

quotient of the units. 10 ft x 6 ft = 60 ft?

Common English

Common Metric

Units Units
Length or inches, feet, miles centimeters, meters,
distance kilometers
Time seconds, minutes, seconds, minutes,
hours, days hours, days

Weight or mass

ounces, pounds

grams, kilograms

Volume cup, quart, gallon cubic centimeter, liter
Area square inch, square centimeter squared (cm?),
foot, acre meter squared (m?)
Metric Equivalents
1 meter a little longer than a yard, about 1.09 yd
1 centimeter the width of a paper clip, about 0.4 inches
1 kilometer about 0.6 miles

1 liter a little larger than one quart, about 1.06 gt
1 cubic centimeter about one-fifth of a teaspoonful
1 kilogram a little more than 2 pounds, about 2.2 Ib

Practice working with measurement numbers by combining these
quantities.

23 ft+7ft=___ ft
461b-18lb=___1b
3ft7in.+4ft8in.=___ ft____in.
5ft8in.—2ft2in.=__  ft in.

i 2 W N =

8lb40oz+31Ib130z= b oz
(Use 1lb=16 0z.)

6lb120z-3Ib100z= b oz

o

7. 4 hr 40 min — 2 hr 35 min = hr min

8. 16 cuft+12cuft= cu ft
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9. 43sqin.— 17 sqin. = sq in.
10. 64 mph — 36 mph = mph

Check your answers in the Appendix.

(a) Guess: 70 —40 =30

Step 1 Step 2 Borrow one ten from 70,
. change the 7 in the tens place to 6,
71 ?7{ change the 1 in the ones place to 11.
-39 -39

' 11-9=2, write 2 |
3{? 60 — 30 = 30, write 3 |

Check: The answer 32 is approximately equal to the guess, 30. 30 = 32.

(b) Guess: 300 —100=200

Step 1 Step 2 Borrow one ten from 30,
change the 8 in the tens place to 7,
71 .
283 Zﬂf change the 3 in the ones place to 13.

- 127 - 127 13-7=6, write 6|
156/70—20:50, write 5 |

\%200— 100 = 100, write T |

Check: The answer is approximately equal to the guess: 200 = 156.

(c) Guess: 400 — 100 =300
Step 1 Step 2 Step 3

426 476 426 16-8=8
- 128 - 128 - 128 110—20:90,Write9\
8 2;98/{ 300 — 100 = 200, write 2\
Notice that in this case we must borrow twice. Borrow one ten from

the 20 in 426 to make 16, then borrow one hundred from the 400 in 426
to make 110.

Check: 300 = 298.
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(d) Guess: 900 — 500 = 400

Step 1 Step 2 Step 3

902 90> 907 12-5=7
_ 465 _ 465 _ 465 90 — 60 = 30, write 3 |
ti////mm-mmﬂmmmm4

In this problem we first borrow one hundred from 900 to get a 10 in
the tens place, then we borrow one ten from the tens place to get a 12 in
the ones place. In expanded form problem (d) looks like this:

902 9 hundreds + 0 tens + 2 ones
— 465 — (4 hundreds + 6 tens + 5 ones)

8 hundreds + 10 tens + 2 ones
— (4 hundreds + 6 tens + 5 ones)

8 hundreds + 9 tens + 12 ones
— (4 hundreds + 6 tens + 5 ones)
4 hundreds + 3 tens + 7 ones

=400+30+7
=437

Check: 400 = 437.

Do you want more worked examples of subtraction problems con-
taining zeros, similar to this last one? If so, go to EJ. Otherwise go to B
for a set of practice problems.

Problem Set 1-3: Subtracting Whole Numbers

A. Subtract:

1. 13 2. 9 3. 12 4. 15 5 8 6. 13
7 4 S 9 6 8
7. 8 8. 7 9. 11 10. 6 11. 16 12. 16
0 7 7 El 7 8
13. 10 14. 13 15. 16. 18 17. 12 18. 10
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19. 11 20. 5 21. 10 22. 8 23. 14 24. 13
8 1 2 7 6 9
25. 12 26. 9 27. 15 28. 11 29. 9 30. 12
3 2 6 4 0 8
31. 14 32. 9 33. 9 34. 1 35. 11 36. 14
S5 3 6 0 5 8
37. 15 38. 11 39. 12 40. 17 41. 13 42. 15
7 6 7 9 6 8
43. 18 44. 14 45. 16 46. 7 47. 12 48. 17
0 7 9 4 4 8
B. Subtract:
1. 40 2. 63 3. 78 4, 33 5. 51 6. 85
27 19 49 17 39 28
7. 36 8. 60 9. 42 10. 91 11. 52 12. 47
17 43 27 63 16 29
13. 70 14. 94 15. 34 16. 55 17. 56 18. 93
48 57 9 29 18 8
C. Subtract:
1. 546 2. 640 3. 409 4. 914 5. 476 6. 219
357 182 324 37 195 43
7. 747 8. 564 9. 400 10. 316 11. 803 12. 327
593 298 127 118 88 276

13. 632 14. 525 15. 438 16. 701
58 480 409 556
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D. Subtract:

1. 6218 2. 8704 3. 6084 4. 30,209 5. 13,042
3409 923 386 1,367 524

6. 8000 7. 57,022 8. 46,804 9. 5007 10. 10,785
321 980 9,476 266 888

11. 10,000 12. 31,072 13. 48,093 14. 384,000 15. 27,004

16.

386 4,265 500 67,360 4,582

60,754 17. 42,003
5,295 17,064

E. Brain Boosters

The enrollment at Sunshine Tech is 5804. If 3985 students are men,
how many female students are there?

Eric had a bad day at marbles. He started the day with 461 and
arrived home after school with 177. How many marbles did he lose?

Last year on this date Sam’s car odometer read 67,243 miles. It now
reads 81,062 miles. How many miles has he driven in the past year?

If your income is $28,245 per year and you pay $4,658 in taxes,
what is your take-home pay?

A $650 color TV is on sale for $495. How much money does Denny
Doright save if he buys it at the sale price?

Subtract nine thousand, nine hundred nine from twelve thousand,
twelve.

If you take three apples from a dish containing 13 apples, how many
apples do you have?

On March 1, Mrs. Pennywatcher had a balance of $635 in her
checking account. During March she deposited checks of $352 and
$114 and wrote checks for $37, $216, $147, and $106. How much
did she have left in her account at the end of the month?

[13 »

Place “+” or signs in each of the following sequences so that
each one will total 100.
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a) 98 76 54 3 21 =100
) 123 45 67 8 9=100
)
)

12 3 4 5 6 7 89 =100
123 4 5 67 89 =100

Can you make up more of these?

10. Is it true that 1963 pennies are worth almost $20?

E. Calculator Problems. Solve using a calculator.

1. 46,804 2. 30,995 3. 669,406
- 999 - 6,887 - 80,507

4. 26,784 — 23,085 =

5. 237,895 — 188,096 =

6. 780,068 — 232,909 =

7. 1,210,110 — 897,068 =

8. Subtract 23,408 from 102,916.

9. Subtract 748,009 from 2,302,117.

10. The population of San Pablo county was 2,374,684 last year and
increased to 2,405,505 this year. By what amount did the population
grow?

The answers to the problems in Problem Set 1-3 are in the Appendix.

When you have had the practice you need, go to Bto study multiplication
of whole numbers or return to the preview for this chapter on page 1.

Let’s work through a few examples.

(a) Step 1 Step 2 Step 3 Check:
400 460 400 167

- 167 - 167 - 167 +233
233 400

Do you see in Step 3 that we have rewritten 400 as 300 + 90 + 10?
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(b) Step 1 Step 2 Step 3 Step 4 Check:
5006 5606 5006 5006 2487

— 2487 — 2487 — 2487 — 2487 + 2519
2519 5006

(c) Step 1 Step 2 Step 3 Step 4 Check:
24,632 24,635 24,637 34635 5,718
-5,718 -5,718 -5,718 —-5,718 + 18,914
14 914 18,914 24,632

Any subtraction problem that involves borrowing should always be
checked. It is very easy to make a mistake in the borrowing process.

Go to B for a set of practice problems on subtraction.

4 Multiplying Whole Numbers

m In a certain football game, the West Newton Waterbugs scored five touch-
downs at six points each. How many total points did they score through
touchdowns? We can answer the question several ways.

2. Add touchdowns: 6 +6+6+6+6="2?
3. Multiply: 5x6="2

We’re not sure about the mathematical ability of the West Newton
scorekeeper, but most people would multiply. Multiplication is a shortcut
method of counting or doing repeated addition.

How many points did the Waterbugs score? Work it out one way or
another, and then go to E.

E 5 X 6 = 30

| Multiplier| [ Multiplicand|  [Product |




Whole Numbers 33

Multiplier
Product
Factors

In a multiplication statement the multiplicand is the number to be multi-
plied, the multiplier is the number multiplying the multiplicand, and the
product is the result of the multiplication. The multiplier and multiplicand
are called the factors of the product.

Notice that we can arrange these letters

into 3 rows of 4

or 4 rows of 3

a
a a@a

mam

a
a ¥

aaaa
aaaa
aaaa

aaa
aaa
aaa
aaa

3x4=12

4x3=12

Changing the order of the factors does not change their product. This is
the commutative property of multiplication.

In order to become skillful at multiplication, you must know the one-
digit multiplication table from memory.

Complete the following table by multiplying the number at the top by
the number at the side and placing their product in the proper square. We
have multiplied 3 x4 =12 and 2 x 5 = 10 for you.

Multiply 2 5 8 1 3 6 9 7 4

1

7

5 10

4 12

9

2

6

3

8

Check your answers in E.
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The Sexy Six
Here are the six most often missed one-digit multiplications:

“Inside”
VAN

9x8=72 It may help you to notice that in these
9x7=63 }—) multiplications the “inside” digits (such as 8
9%x6=54 and 7 in 9 x 8 = 72) are consecutive and the
8x7=56 digits of the answer add to nine: 7 + 2 =9.
8x6=48 This is true for all one-digit numbers
7x6=42 multiplied by 9.

Be certain you have these memorized. (There is nothing very sexy
about them, but we did get your attention, didn’t we?)

m Practice Problems: One-Digit Multiplication
Multiply as shown. Work quickly. You should be able to answer all prob-
lems in a set correctly in the time indicated. (These times are for commu-
nity college students enrolled in a developmental math course.)

A. Multiply (average time: 100 seconds):

6 4 9 6 3 9 7 8 2 8
2 8 7 6 4 2 0 3 7 1
6 8 5 5 2 3 9 7 3 0
8 2 9 6 E) 3 8 El 6 4
7 5 4 7 4 8 6 9 8 6
4 3 9 7 2 El 7 6 8 4
5 3 5 9 9 6 1 8 4 7
4 o e 3 9 1 1 6 4 9
B. Multiply (average time: 100 seconds):
2 6 3 5 6 4 4 8 2 7
8 ] 3 7 3 =) 7 6 6 9
8 0 2 3 1 5 6 9 5 8
4 6 9 8 9 > 4 El 2 9
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N~

9
3

8
7

|~ ©

LN

7
6

8
8

0
4

9
0

2
2

7
8

The answers to these problems are in the Appendix. When you have
had the practice you need, turn to Eland continue.

The completed multiplication table is shown below. If you are not able to
perform these one-digit multiplications quickly from memory, you should
practice until you can do so. A multiplication table is provided in the back

of this book (page 268). Use it if you need it.

Multiply [ 2 5 1 3 7
1 5 1 3 7
7 14 35 56 7 21 42 63 49 28
5 10 25 40 5 15 30 45 35 20
4 8 20 32 4 12 24 36 28 16
9 18 45 72 9 27 54 81 63 36
2 4 10 16 2 6 12 18 14 8
6 12 30 48 6 18 36 54 42 24
3 6 15 24 3 9 18 27 21 12
8 16 40 64 8 24 48 72 56 32

Notice that the product of any number and 1 is that same number. For

example,

1x2=2
1x6=6

1x753=753

Zero has been omitted from the multiplication table because the prod-

uct of any number and zero is zero. For example,

0x2=0
0x7=0
0x395=0

If you want more practice in one-digit multiplication, go to B. Other-
wise, go to E3.
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m The multiplication of larger numbers is based on the one-digit number
multiplication table. Find this product.

34x2=

Remember the procedure you followed for addition. What are the first
few steps in this multiplication? Try it, then go to EJ.

E First, guess. 30 x 2 = 60. The actual product of the multiplication will be
about 60.

Second, arrange the factors to be multiplied vertically, with the ones
digits in a single column, the tens digits in a second column, and so on.

Finally, to make the process clear, let’s write it in expanded form.

34 3 tens + 4 ones
X 2 x 2
6 tens + 8 ones =60+ 8 =68
Check: The guess 60 is roughly equal to the answer, 68.

Notice that when a single number multiplies a sum, it forms a product
with each addend in the sum. For example,

2x(30+4)=(2x%x30)+(2x4)=60+8

In the expanded multiplication above, the multiplier 2 forms a prod-
uct with each addend in the sum (3 tens + 4 ones).
Write the following multiplication in expanded form.

28
X 3

Check your work in E.

The mathematician
Robert Recorde.
invented the. equals
sign in 1557, He decided

that two parallel lines
were as equal as
anything dvailable .
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m Guess: 30x3=90

28 2 tens + 8 ones
X 3—> X 3

6 tens + 24 ones =6 tens + 2 tens + 4 ones
=8 tens + 4 ones
=80+4
=84

Check: 90 is roughly equal to 84.
Of course we do not normally use the expanded form. Instead we sim-
plify the work like this:

Step 1 Step 2 Step 3
28! 28 28
><_j_i multiply ones >_<'_m3l x 3
241 8x3=24 24 multiply 124} add partial
T _:r6ﬁ(l 3x20=60 E@i products
- | 84} 24 +60=84

When you are certain about how to do this, you can take a shortcut
and write:

N

8 3 x 8 =24, write 4 and carry 20.
X 3 3 x 2 tens = 6 tens, 6 tens + 2 tens = 8 tens, write 8.
8

D

Try these problems to be certain you understand the process. Work all
four problems using both the step-by-step and the shortcut methods.

(a) 43 (b) 73
x5 x 4
(0 29 (d) 287
X 6 x 7

Check your work in Bl.
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They were used inthe
fifteenth century to
show that boxes of
merchandise were 5
Where do the. overweight (+) orunder- |
+and - signs weight (). Soon book-

come fromT keepers and mathe-

: maticians starled
usingthem.The +
symbol came fromthe
Latin word et mean -
INg and.

m (a) Guess: 5 x40=200

Step 1 Step 2 Step 3
43 43 43
x5 5x3=15 x 5 5x40=200 x 5
15 15 15
200 200
215
Shortcut

43 5x3=15
x 5 5x4 =20 tens
215 20 tens+ 1 ten =21 tens

Check: 200 =215

(b) Guess: 70 x 4 =280

Step 1 Step 2 Step 3
73 73 73
x4 3x4=12 X 4 4x70=280 X 4
12 12 12
280 280

292
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Shortcut
73 4%x3=12
x 4 4 x7=28tens
292 28 tens + 1ten = 29 tens

Check: 280 =292
(c) Guess: 30x6=180

Step 1 Step 2 Step 3
29 29 29
x 6 X 6 X 6
54 54 54
120 120
174
Shortcut

39 6x9=54
X 6 x 2 tens = 12 tens

174 12 tens + 5 tens = 17 tens
Check: 180 =174
(d) Guess: 300 x7=2100

Step 1 Step 2 Step 3
287 287 287
x 7 x 7 x 7

49 7x7=49 49 49

560 7 x 80 =560 560

1400«{7 % 200 = 1400

2009
Step 4 Shortcut
64

287 287
X 7 x 7

49 2009

560
_1400

2009 Add

Check: 2100 = 2009
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Calculations involving two-digit multipliers are done in exactly the
same way. Apply this method to this problem.

Easy one. The fraction
&-means a+b and =
jooks like a fraction.

— Where did
the + sign
2 come from?

How do you know | read old

allthis qorbaqe?

MO0 A0 EC00000000000

E Guess: 60x20=1200

Step 1 Step 2
57 Multiply by the 57 Multiply by the
x 24 ones digit (4). X 24 tens digit (2).
28 4x7=28 28
200 4 x50 =200 _ 200

140 20x 7 =140

1000 =<{20 x 50 = 1000
1368 Add

Check: 1200 = 1368

Use the shortcut method illustrated next to reduce the written work.

1
2
57 4 x 7 =28, write 8, carry 2 tens.
« 24 / 4 x 50 = 200, add carried 20 to get 220, write 22.

228 20 x 7 = 140, write 40, carry 1 hundred.
1140 <« |20 x 50 = 1000, add carried 100 to get 1100, write 11.

1368 =< Add.

The zero in 1140 is usually omitted to save time.
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Try these:
(@) 64 (b) 327 () 342
x 37 x 145 x 102

Work each problem as shown above. Use the shortcut method if pos-
sible. Check your answers in E.

(a) Guess: 60 x40 =2400

1
2

64 7 x4 =28, write 8, carry 2 tens.
< 37 / 7 x 60 = 420, add carried 20 to get 440, write 44.

448 30 x 4 =120, write 20, carry 1 hundred.
1920 «— 30 x 60 = 1800, add carried 100 to get 1900, write 19.

2368 <«— Add.

Check: 2400 =2368

(b) Guess: 300 x 150 =45,000
12
:337 5 x 7 =35, write 5, carry 3 tens.

X 145 5x 20 =100, add carried 30 to get 130, write 3,
carry 1 hundred.

1635
5 x 300 = 1500, add carried 100 to get 1600, write 16.

-
13080
40 x 7 = 280, write 80, carry 2 hundreds.
4741 5\ 40 x 20 = 800, add carried 200 to get 1000, write 0,

32700
carry 10 hundreds.
40 x 300 = 12,000, add carried 1000 to get 13,000, write 13.
100 x 327 = 32,700 |

Check: 45,000 =47,415

(c) Guess: 350 x 100 = 35,000

342
x 102

684 2x342 =684
000 0x 342 =000

_ 34200 <—100 x 342 = 34,200 |
34884

Check: 35,000 ~ 34,884
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Be very careful when there are zeros in the multiplier; it is very easy to
misplace one of those zeros. Do not skip any steps and be sure to guess 'n
check.

Go to B for a set of practice problems on multiplication of whole
numbers.

Multiplication by a Multiple of 10
When either of the factors being multiplied ends in one or more
zeros, follow these rules.

e To multiply by 10, attach a zero on the right.
86 x 10 =860

To multiply by 100, attach two zeros on the right.
7 x 100 =700 23 x 100 = 2300

To multiply by 1000, attach three zeros on the right.
15 x 1000 = 15,000 425 x 1000 = 425,000

To multiply by any multiple of 10, multiply the nonzero parts first, and
then attach the total number of right-end zeros.

46 46
\

x2/00 —— > x2/00
92 92100 =9200

Multiply / \Attach the total

the nonzero number of right-end
parts zeros.

46 x 200

Example: 2070 x 4300 = ?

2070 A total of 3
-
x 43100 right-end zeros
621
828 |
8901|000 = 8,901,000
Try these problems for practice in multiplying numbers that end
in zero.
1. 11x10= 2. 100 x 35 =
3.422x10= 4. 501 x 100 =

5. 652x 100 = 6. 723 x 1000 =
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7. 403 x 1000 =

9. 107 x 2000 =

11. 4001 x 300 =

13. 400 x 30,200 =

15. 5000 x 21,000 =

Check your answers in the Appendix.

8. 43 x 200 =
10. 20,400 x 100 =
12. 2000 x 3000 =

14. 600 x 1200 =

m Problem Set 1-4: Multiplying Whole Numbers

A. Multiply:

1.7
6

[ oo

B. Multiply:
1. 29

11. 58

16. 23

21. 48

2

.9
8

)]

12.

17.

22.

3

.7
8

0 O

13.

18.

23.

10.

[~

Xe)

14.

19.

24,

11.

72
38

|co o

I~ 00

12. 8

10.

15.

20.

25.

Te)}
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26. 41
72

31. 66
25

36. 82
76

C. Multiply:

1. 305
123

6. 765
202

11. 708
58

16. 354
88

21. 206
301

26. 340
260

31. 3301
1004

27.

32.

37.

12.

17.

22.

27.

32.

D. Brain Boosters

86

78
49

145
516

809
47

6401
773

2008
198

600
210

270
344

5500
2006

28. 18
65
33. 59
75
38. 35
58
3. 3006
125
8. 1107
98
13. 684
45
18. 923
_47
23. 502
106
28. 3005
201
33. 7045
3000

29. 34

57

34. 18

81

39. 94

14.

19.

24,

29.

34.

95

481
203

. 3706
102

319
708

563
107

236
125

1204
300

1250
3002

10.

15.

20.

25.

30.

35.

30. 28
91

35. 29
32

40. 43
64

. 8043
37

4210
304

2043
670

8745
583

671
202

3202
421

4005
2006

1. A room has 26 square yards of floor space. If carpeting costs $23 per
square yard, what would it cost to carpet the room?

2. How many hours are there in a normal 365-day year?



Whole Numbers 45

3. If you manage to save $23 per week, how much money will you
have in a year (52 weeks)?

4. A portable TV can be bought on credit for $145 down and twelve
payments of $95 each. What is its total cost?

5. How many chairs are in a theater with 32 rows of 26 seats each?

6. The Maharaja of Pourboy bought 16 Cadillacs, one for each of his
wives, at a cost of $48,165 each. What was the total cost of his pur-
chase?

7. Multiply 123,456,789 by 8 and add 9 to the product. What is the
total?

8. Complete each of these:

@@ 37 (b) 101 (o) 271 (d) 1221 (e) 4649 (f) 7373
x3 x 11 x 41 x 91 x 239 x 1507

E. Calculator Problems
1. 2381 x 40,023 = 2. 81,432 x 43,000 =
3. 6504 x 22,680 = 4. 11,701 x 2004 =
5.45x38x324x7= 6.45x45x 57 x 21 =
7.23 x34x45x56 = 8. 1,120,000 x 3,450,000 =
9. What is interesting about these three multiplications?
(a) 11,313 (b) 11,317 (c) 31,311
x 10,913 x 10,917 x 30,911
10. Calculate:
7x7= 7x9=
67 X 67 = 77 x99 =
667 X 667 = 777 x 999 =
6667 x 6667 = 7777 x 9999 =

Can you find the pattern in these multiplications?

The answers to these problems are in the Appendix. When you have
had the practice you need, turn to Bto study the division of whole num-
bers or return to the preview on page 1 and use it to determine where to
g0 next.
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5 Dividing Whole Numbers

m Division is the reverse process for multiplication. It enables us to separate

a given quantity into equal parts. The mathematical phrase 12 + 3 is read

“twelve divided by three” and it asks us to separate a collection of 12
objects into 3 equal parts. The mathematical phrases

12
3

12+3 3)12 1213

all represent division and are all read “twelve divided by three.”
Perform this division:

12+3=

Go to E3to continue.

m 12 + 3 = 4

| Dividend| | Divisor |  [Quotient |

Divisor In this division problem, the number being divided (12) is called the divi-
dend, the number used to divide (3) is called the divisor, and the result of
Quotient the division (4) is called the quotient. The word “quotient” comes from a
Latin word meaning “how many times.”
One way to perform division is to reverse the multiplication process.

24 -4 = meansthat4x =24

If the one-digit multiplication tables are firmly set in your memory, you
will recognize immediately that OJ = 6 in this problem.

Try these.
5+7=___ 42 -6=__
28+4=__ 56 +7=__
45 +5=__ 18+3=__
70+-10=____ 63+9=__
30+5=___ 72+8=__

Check your answers in El.
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Averages

call 5=
‘twelve over No. It's a division
three! and itis best
[sn't thot to call it that.
Say"twelve

. divided by three
please.

35+7=5 42 ~6=7
28+4=7 56 +7=8
45 +5=9 18+3=6
70+-10=7 63+9=7
30-5=6 72+8=9

You should be able to do all of these quickly by working backward from
the one-digit multiplication table.

How do we divide dividends that are larger than 9 x 9 and therefore
not in the multiplication table? Obviously, we need a better procedure.
One way to learn how many times the divisor divides the dividend is to
subtract it repeatedly. For example, in 12 + 3

12 9 6 3 3 is subtracted from 12 four
-3 -3 -3 -3 times, so that 12 + 3 =4.
9 6 3 0

Try it. Perform the division 138 + 23 using repeated subtraction.
Check your answer in E3.

Averages

The average of a set of numbers is the single number that best rep-
resents the whole set. One simple kind of average is the arithmetic
average or arithmetic mean, defined as

sum of measurements
number of measurements

Arithmetic average =

For example, the average weight of the five linebackers on our col-
lege football team is figured on page 48.
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2151b+2351b+2241b+2121b+2391b
5

Average weight =

_ 1125 1b _2351b

Try these problems for practice. Find the average of each of the fol-
lowing sets of numbers.

1. 27 and 85 2. 37, 26, and 45

3. 4,12,17,3,6,and 18 4. 1,2,3,4,5,10, 10

5. 12,14, 19, 23, 12, 46, 31, 24, 14, 15, 21

6. In a given week Maria worked in The Copy Place for the following
hours each day: Monday, 3 hours; Tuesday, 3 hours; Wednesday, 7
hours; Thursday, 6 hours; Friday, 7 hours; and Saturday, 4 hours. What
average amount of time does Maria work per day?

7. On four weekly quizzes in his history class, Willie scored 84, 74, 90, and
88 points. What is his average score?

8. A salesman sells widgets for the following amounts in successive weeks:
$1647, $1710, $2205, $1349, and $1409. What is his average weekly
sales?

The answers to these problems are in the Appendix.

138 +~ 23 138 115 92 69 46 23
| -23 -23 -23 -23 -23 =23
115 92 69 46 23 0

23 may be subtracted from 138 six times, therefore 138 + 23 = 6.

We could also divide by simply guessing. For example, to find 245 + 7
by guessing, we might go through a mental conversation with ourselves
something like this:

“7 into 245 goes how many times?”
“Lots.”
“How many? Pick a number.”
“Maybe 10.”
“Let’s try it: 7 x 10 = 70, so 10 is much too small. Try a larger number.”
“How about 50? Does 7 go into 245 about 50 times?”
“Well, 7 x 50 = 350, which is larger than 245. Try again.”
“I'm getting tired. Will 30 do it?”
“Well, 7 x 30 = 210. That is quite close to 245. Try something a little larger than
30.”
“31?7327..."

Sooner or later the tired little guesser in your head will arrive at 35 and
find that 7 x 35 =245, and so
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245 +7 =35

With pure guessing even a simple problem could take all afternoon.
We need a shortcut. The best division process combines one-digit mul-
tiplication, repeated subtraction, and educated guessing. For example,
in the problem 96 + 8, start with a guess: the answer is about 10, since

8 x 10 = 80.
Step 1
Arrange the divisor and dividend horizontally. Tens

column

Can 8 be subtracted from 9? Yes, once.
Werite 1 in the tens column, and place
a zero in the ones column. 10 is your
first guess at the quotient.

Step 2

Multiply 8 x 10 = 80.
Subtract 96 — 80 = 16.

Step 3

Use 16 as the new dividend. Can 8 be
subtracted from 1? No. Write a zero
in the tens column above. Can 8 be
subtracted from 16?2 Yes, twice. Write
a 2 in the ones column above.

Step 4

Multiply 8 x 2 = 16.
Subtract 16 — 16 = 0.

8)de

10
8)96

10
8)96
- 80

16

02

10
8)96
- 80

16

02

10
8)96
- 80
16
- 16
0

Ones
column

The quotient is the sum of the numbers in the answer space (10 +2=12)

so that 96 + 8 = 12. Always check your answer: 8 x 12 = 96.

Now you try one:

1M12+7=

Work this problem using the method shown above. Then go to BJ.
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rf B . .
Because division
eated sub-

you subtracted
30 inthe rob]em

Why dowe

subtract [ of frame 58

inthe subtracted 3 en :
division times. We're doing {
process? | it the quich way.

E 112 +7

Guess: 7 x 10 =70 and 7 x 20 = 140, and so the answer is between 10

and 20.

Step 1

Can 7 be subtracted from 1? No. Write

a zero above the 1 in the hundreds column. 010
Can 7 be subtracted from 11?2 Yes, once. 7112

Write a 1 in the tens column. Place a zero
in the ones column.

Step 2

Multiply 7 x 10 = 70 and subtract

112 - 70 = 42. 6

010
Step 3 7112
Use 42 as the new dividend and -70
repeat the process: 7 x 6 =42, 42
42 -42=0. -42

Quotient = 10 + 6 = 16, remainder = 0.
Check: 7x16=112

When you get comfortable with this process, you can omit writing
zeros and your work will look like this:
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16 7 into 11 once, write 1.
7)112

7 11 -7 =4, bring down the 2.

42 7 into 42, 6 times, write 6.

42
0<—L7x6:42,42—42:0.

Here are a few problems for practice in division.

(a) 976+ 8 (b) 3174 -6 (c) 204 =6

Check your work in .

Special Divisors

A few divisors require special attention. Remember that for any two
numbers a and b, a + b= means that b x 0 =a. Thatis, 21 +3=7
means 3 x 7 =21.

1. If any number is divided by one, the quotient is the original number.
6
6+1=6andT=6because6><1=6
2. If any number is divided by itself, the quotient is one.
6
6+-6=1 and€:1 because 6 x 1=6
3. If zero is divided by any nonzero number, the quotient is zero.
0
O+6:0andE=0 because 6 x0=0

4. If any number is divided by zero, the quotient is not defined in mathe-
matics. If 6 + 0 =[], then 0 x [0 =6, but 0 times any number equals zero.
There is no number [J that will make this equation true.

. 0. .
5. The fraction o s never used because it can have any value whatever. If

0
0= O, then 0 =0 x O, and this equation is true for any value of [J.




52

QUICK ARITHMETIC

m (a) Guess:

Step 1
Step 2
Step 3

Step 4
Step 5

Step 6

Check:

(b) Guess:

Step 1

Step 2
Step 3

Step 4
Step 5

Step 6

Check:

(c) Guess:
Step 1
Step 2
Step 3

Step 4

Check:

8 x 100 = 800; the answer is something close to 100.

8 goes into 9 once, write 1.
8 x1=28,subtract 9 —8=1.

Bring down 7. 8 goes into 17 twice,
write 2.

8 x2 =16, subtract 17 - 16 = 1.

Bring down 6. 8 goes into 16 twice,
write 2.

8 x 2 =16, subtract 16 — 16 = 0.

8§ x122 =976

6 x 500 = 3000; the answer is roughly 500.

6 into 32 No. 6 goes into 31 five times,
write 5.

6 x 5 =30, subtract 31 —30=1.

Bring down 7. 6 goes into 17 twice,
write 2.

6 x2 =12, subtract 17 -12 = 5.

Bring down 4. 6 goes into 54 nine
times, write 9.

6 X 9 = 54, subtract 54 — 54 = 0.

6x529=3174

6 x 30 = 180, and so the quotient is about 30.

122
8)976

-8
17
- 16
16
-_16

Quotient =122

529
63174

- 30y
17

~ 12y
54
54

Quotient =529

34

6 into 22 No. 6 goes into 20 three times, write 3. 6)204

6 x 3 =18, subtract 20 — 18 = 2.

Bring down 4. 6 goes into 24 four
times, write 4.

6 X 4 =24, subtract 24 — 24 =0.

6 x34=204

~18
24
24

0

Quotient = 34
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Units

Now try a problem using a two-digit divisor.
5084 + 31 =

The procedure is the same as above. Check your answer in E.

Working with Measurement Numbers

In most practical work in arithmetic the numbers include units of
some kind. A denominate number is one that describes the size of
some quantity and includes a measurement unit.

$3 =3 dollars
6 ft = 6 feet or 6 x 1 foot
10 lb =10 poundsor 10 x 1 Ib

Denominate numbers can be added, subtracted, multiplied, or
divided like the whole numbers.

¢ To add or subtract denominate numbers, be certain that all numbers
being combined have the same units. The answer will have these same
units.

V % All units must be the same.
3ft+2ft=5ft

b /

3+2=5
Add the number
parts.

e To multiply or divide denominate numbers, work with the units and the
number parts separately.

6ftx3ft=(6x3)(1ftx1ft)
=18 sq ft

50 miles + 2 hours = (50 + 2) (miles + hr)
= 25 miles per hr or 25 mph

Try these problems for practice.

1. 34 ft+12ft - 19 ft= 2. 1271b-17 b=

3. 14yd+21ft-24in.=___ ft 4. 45sq ft+21sqft=

5. 125 miles + 5 hr = 6. 330 meters + 10 sec =

7. 45 miles/hr x 2 hr = 8. 12ftx6ft=

9. 3in.x12in.x5in.= 10. 126 min+1hr=___ min

Check your answers in the Appendix.
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5084 + 31
Guess: This is roughly the same as 500 + 3 or about 200. The quotient
will be about 200.
Step1 31 into 5? No. 31 goes into 50 once, write 1.
Step2 31 x1=31, subtract 50 — 31 =19. 164
Step3 Bring down 8. 31 into 1982 (That is 315084
about the same as 3 into 19.) Yes, 6 times, -31y,
write 6. 198
—186Y
Step4 31 x 6 =186, subtract 124
198 — 186 =12. 124
Step 5 Bring down 4. 31 into 124? (That is 0
about the same as 3 into 12.) Yes,
4 times, write 4. Quotient = 164

Step 6 31 x4 =124, subtract 124 — 124 = 0.
Check: 31 x164=5084

Notice that in step 3 it is not at all obvious how many times 31 will go
into 198. Again, you must make an educated guess and check your guess
as you go along. If you guess ’n check on every problem you will always
get the correct answer.

So far, we have looked only at division problems that “come out
even.” In these problems the remainder is zero. Obviously not all division
problems are of this kind. What would you do with these?

(@)59+8=__ (b) 341 +43=__
() 7528 +37=____

Look in BB for our answers.

Bring down the 3,
put a zero in the
answer space,

bring down the 8

and‘continue.
512033
-20
33
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(a) 7 The quotient is 7 with a remainder of 3.
8)59
- 56
3
(b) 7 Your first guess would probably be that 43 goes into
43)341 341 eight times (try 4 into 34), but 43 x 8 = 344,
-301 which is larger than 341. The quotient is therefore 7
40 with a remainder of 40.
(c) 203
37)7528
74
128 <— At this point notice that 37 cannot be subtracted from
-111 12. Write a zero in the answer space and bring down
17 the 8. The quotient is 203, and the remainder is 17.

Now turn to BB for a set of practice problems on division of whole
numbers.

Problem Set 1-5: Dividing Whole Numbers

A. Divide (Find the quotient and remainder if there is one):

1.63+7=___ 2.84+7=___ 3.92+8=___
4, 56 -8=__ 5.72+0=____ 6. 65+5=__
7. 37+5=__ 8.45+-9=__ 9. 711+7=___
10. 7+1=____ 1M.6+6=____ 12. 13+0=___
13.¥=_ 14.?=_ 15.§=_
16.%:_ 17.%:_ 18.$=_
B. Divide:

1. 245+7=___ 2.369+9=___ 3. 167 +7=__
4. 126 +3=____ 5.228+4=____ 6. 232 +5=__
7.310+6=____ 8.360+8=___ 9.337+3=__
10.E: 11.£: 12 ﬁz

3 T 7 T 8 T



56 QUICK ARITHMETIC

13. 7)364
16. 5)625

C. Divide:

1. 322+ 14=____
. 382+19=

. 936 +24=

N v Ww

. 700 + 28 =
9. 730 +81=

901

M. —-=
17

13. 31)682
16. 12)408

D. Divide:

1. 2001 +21=__
. 2016 +21=__
. 1000+7=__
. 2000 +9=__

O N U1 W

. 2400 +75=__
10. 7)7000

13. 71)6005

16. 231)14,091

E. Brain Boosters

14. 6)222 15. 8)704
17. 4)201 18. 9)603
2.357+17=
4. 407 =13 =
6. 502 + 10 =
8. 701 +36 =
451
10. — =
- 47 =—
989
12. = =
23—
14. 43)507 15. 61)732
17. 33)303 18. 13)928
2.3328+32=
4. 3536+ 17 =
6. 5029 + 47 =
8. 1881+ 11=
11. 14)4275 12. 278405
14. 31)3105 15. 53)6307

17. 411)42,020 18. 603)48,843

1. Business The Wing Ding computer data entry specialist can type 75
words per minute. How long will it take him to key in a 7800-word

document?
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2. Real Estate Sally earned $19,080 after taxes last year as a realtor.
What monthly paycheck should she expect?

3. Payroll The Pizza Palace has set aside $7280 for employee bonuses.
If each of the 13 employees receives an equal bonus, how much does
each employee receive?

4. Suppose your little Banzi sports car travels 528 miles on 11 gallons
of gasoline. How many miles to the gallon are you getting?

5. Last week the People’s Pinkey Company sold 213 pinkeys for a total
of $10,863. What does one pinkey cost?

6. Manufacturing If the Nutty Bolt Company produces 13,408 zinger
bolts in a week and packages them 16 to a carton, how many car-
tons does it need?

7. The planet Pluto travels once around the sun in approximately
90,520 days. If one earth year is equal to 365 days, how many earth
years is a Pluto year?

8. Engineering The noise of an explosion travels 6210 meters through
the air in 18 seconds. What is the speed of this sound? (Your answer
should be in meters per second.)

F. Calculator Problems

1. 561,741 + 123 2. 442,680 + 408

3. 112,042 + 371 4. 367,602 + 591

5 111,111 +-11 6. 1,020,201 = 10,101
7. 999,999 + 6993 8. 964,348 = 7777

The answers to these problems are in the Appendix. When you have
had the practice you need, continue by going to the factoring of whole
numbers in B or by returning to the preview for this chapter on page 1.

6 Factors and Factoring

The symbols 6, VI, and M| are all names for the number six. We can also
write any number in terms of arithmetic operations involving other num-
bers. For example, (4 + 2), (7 - 1), (2 x 3), and (18 + 3) are also ways of
writing the number six. It is particularly useful to be able to write any
whole number as a product of other numbers. If we write
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Factors

Evenly Divisible

6=2x3

2 and 3 are called the factors of 6. Of course we could write
6=1x6

and see that 1 and 6 are also factors of 6, but this does not tell us anything
new about the number 6. The factors of 6 are 1, 2, 3, and 6.
What are the factors of 12? (Choose an answer.)

(@ 2,3,4,and6 Go to 3.
(b) 1,2, 3,46, and 12 Go to .
(© 0,1,2 3,4,6, and 12 Go to .

Not quite. Any two whole numbers whose product is 12 are factors of 12.
It is easy to see that

1x12=12

Therefore, 1 and 12 are factors of 12.
Return to Band choose a better answer.

Right you are.
1x12=12 2x6=12 3x4=12

are all ways of writing 12 as the product of two numbers. Therefore, 1, 2,
3,4, 6,and 12 are all factors of 12.

Any number is evenly divisible by its factors; that is, every factor divides
the number with zero remainder. For example,

12+1=12 12+4=3
12+2=6 12+6=2
12+3=4 12+12=1

List the factors of these numbers:
(a) 18 (b) 20 (c) 24 (d) 48

Check your answers in .

Not correct. Zero is never a factor of any number. There is no number [J
such that

oxO=12

The product of 0 and any number is always 0.
Return to Band choose a better answer.
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Prime Numbers

The factors of 18 are 1, 2, 3, 6, 9, and 18.

The factors of 20 are 1, 2, 4, 5, 10, and 20.

c) The factors of 24 are 1, 2, 3,4, 6, 8, 12, and 24.

d) The factors of 48 are 1, 2, 3, 4, 6, 8, 12, 16, 24, and 48.

For some numbers the only factors are 1 and the number itself. For
example, the factors of 7 are 1 and 7 because

1x7=7

There are no other numbers that divide 7 with remainder zero. Such num-
bers are known as prime numbers. A prime number is one for which there
are no factors other than 1 and the prime number itself.

Here is a list of the first few prime numbers:

2 3 5 7 11
13 17 19 23 29
31 37 41 43 47

Notice that 1 is not listed. All prime numbers have two distinct,
unequal factors: 1 and the number itself. The number 1 has only one fac-
tor—itself. The number 1 is not a prime.

There are twenty-five prime numbers less than 100, 168 less than
1000, and no limit to the total number. Mathematicians have tried for cen-
turies to find a simple pattern that would enable them to write down the
primes in order and predict if any given number is a prime. As yet no one
has succeeded.

How then does one determine if some given number is a prime? There
is no magic way to decide. You must divide the number by each whole
number in order, starting with 2. If the division has no remainder, the orig-
inal number is not a prime. Continue dividing until the quotient obtained
is less than the divisor.

For example, is 53 a prime number? Try to work it out, and then turn
to

To decide if 53 is a prime, we must perform a series of divisions:

13 remainder =1 7 remainder=4
4)53 7)53

26 remainder =1 10 remainder =3
2)53 5)53

17 remainder =2 8 remainder=5

3)53 6)53
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LEARNING HELP [)

We can stop the search for a divisor here because dividing by 8 gives a
quotient (6) less than the divisor (8). All divisors produce a nonzero
remainder; therefore 53 is a prime.

It is really not necessary to test divide by 4 or 6. If the number is not
evenly divisible by 2, it cannot be evenly divided by 4 or 6 because these are
multiples of 2. In testing for primeness we need test divide only by primes.
This will save time, but you must have the first few primes memorized.

For most of your work it will be sufficient if you remember the first
eight or ten primes listed in E&. A study card listing primes to be memorized is
included in the back of this book. Use it.

Which of the following numbers are prime?

(a) 103 (b) 114 (c) 143 (d) 223
(e) 289 (f) 449 (g) 527 (h) 667

Test divide by primes as shown above, and then check your answers in BJ.

(a) 103 +2 =351 remainder 1 103 + 3 =34 remainder 1
103 + 5=20 remainder 3 103 +7=14 remainder §
103+ 11=9 remainder 4

At this point there is no need to continue because the quotient (9) is
less than the divisor (11). 103 is a prime.

(b) 114 + 2 = 57 remainder zero
Because 114 is evenly divisible by 2, it is not a prime.

h° we allowed L 0s @
prime, then we could
Why isnt 1 4 write cmg number a5
aprime? a. product of primes
in manq waqs

For example,

12 =1x2x2x3 or
12=1x1x2x2x3 or

12 - 1xIx[x1x]x2x2 %5
The fact that foctoring
into primes can only be
done one way is impor-

tant in mathematics.
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Prime Factors

(c) 143 + 11 = 13 remainder zero
Because 143 is evenly divisible by 11 and 13, it is not a prime.

(d) 223 is a prime. Test divide it by 2, 3, 5, 7, and 11.

(e) 289 =17 % 17;s0 289 is not a prime.

(f) 449 is a prime. Test divide it by 2, 3, 5, 7, 11, 13, 17, and 19.
(g) 527 =17 x31;s0 527 is not a prime.

(h) 667 =23 x29;s0 667 is not a prime.

The prime factors of any numbers are those factors that are prime numbers.
The prime factors of 6 are 2 and 3. The prime factors of 21 are 3 and

7. The factors of 42 are 6 and 7, but the prime factors of 42 are 2, 3, and

7. The number 6 is not a prime factor; it is not a prime. To factor a num-

ber means to find its prime factors. Finding the prime factors of a number

is a necessary skill if you want to learn how to add and subtract fractions.
What are the prime factors of 30?

(@) 5 x 6 =30 Go to El.
(b) 2,3, 5,6, 10, 15 Go to E1.
(9235 Go to .

You goofed on this one. The numbers 5 and 6 are factors of 30. Their
product equals 30. But they are not both prime factors. Prime factors must
be prime numbers.

Return to B¥and choose a different answer.

These are some of the factors of 30, but not all of them are prime. Return
to BJand choose the set of prime factors.

Right! The prime factors of 30 are 2, 3, and 5.

Prime numbers are especially interesting because any number can be
written as the product of primes in only one way. 6 =2 x 3 and 6 =3 x 2
count as only one way of writing 6 as a product of primes. The order is not
important. The key idea is that 2 and 3 are the only primes whose product
is 6.

9=3x3 This is a product of primes.
10=2x5 So is this.
1M=1 An easy one, 11 is itself a prime. We would not

write 11 x 1 because 1 is not a prime . . . remember?
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12=2x2x3 There are several ways to write 12 in terms of its
factors (12 =2 x 6 or 12 = 3 x 4) but only one way
with primes. Notice that the prime factor 2 must
appear twice.

Write 60 as the product of its prime factors.
60 =
Check your work in E.

The Sieve of Eratosthenes

More than 2000 years ago, Eratosthenes, a Greek geographer-
astronomer, devised a way of locating primes that is still the most
effective known. His procedure separates the primes out of the set
of all whole numbers. Here is one version of what he did. First,
arrange the whole numbers in six columns starting with 2 as shown.
Second, circle the prime 2 and cross out all the multiples of 2; circle
the next number (3) and cross out all multiples of 3; circle the next
remaining number (5) and cross out all multiples of 5; and so on. The
circled numbers remaining are the primes.

multiples
of 5
multiples
multiples of 7
of 5
multiples
of 5 multiples
of 7
multiples multiples multiples
of 2 of 2 of 6
multiples

of 3
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Mathematicians call this procedure a “sieve” because it is a way of
sorting out or separating the primes from the other whole numbers.

Notice that all primes greater than 3 are either in the 5 or 7 col-
umn. They are either one less or one more than a multiple of 6. Pairs
of primes separated by one integer (such as5and 7 or 11 and 13) are
called twin primes. Can you find any other interesting patterns?

60=2x2x3x5

Write the factors in any order you like, 2 x 5 X3 X2 or § x2x 3 x2
or whatever. This is the only set of primes whose product is 60. It is this
property of prime numbers that prompted the Greek mathematicians
thirty centuries ago to call them “primes”—the “first” numbers from
which the rest could be built.

Being able to write any number as a product of primes is a valuable
skill. You will need this skill when you work with fractions in Chapter 2.

How can we rewrite a number in terms of its prime factors? Let’s work
through an example. Find the prime factors of 31S5. First, divide by the
primes in order starting with 2.

2(315 2 is not a factor because it does not divide the number
evenly. Bring the number down and try the next prime.
31315 3 is a factor. Write it to the side

3[105 and divide by 3 again.
3(35

3 is a factor again. Write it to the side
and divide by 3 again.

3 does not divide into 35 evenly. Bring down 35 and try the

next prime.
5|35 5 is a factor. Write it to the side
7 and divide by § again.

5 does not divide evenly into 7; try the next prime.

7 is a prime factor; write it to the side.

The number being factored is the product of the primes
written on the right.

315=3x3x5x7

Finally, check this multiplication to be certain that you have missed no
factors.
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Find the prime factors of 693. Check your work in E.

The Latin word primus. |}
means first in imporfance. §
and the primesare the ¢
importast main ingredli-
ents of numbers. Every

numbet (S either a prime
ora product of prirnes.

Why are prime
numbers call-
ed ‘prime"?

Rounding Whole Numbers

Rounding To round a whole number means to find a number roughly equal to
the given number but expressed less precisely.
Use the following procedure to round whole numbers.

Step 1 Place a mark A to Example Round 3126 to the
the right of the digit nearest hundred.
to which you are
rounding. 31,\%\ hundreds digit

Step 2 Look at the digit to
the right of the mark.

e If this digit is less ) 2isless than 5.
than 5, replace all 31,26 >becomes 3100.
digits to the right of ~—These digits
the mark by zeros. become zeros.

e If this digit is equal 8 is greater than 5.
to or greater than 5,
replace all digits to 73,81 —> becomes 7400.

the right of the mark
by zeros and add 1 to
the digit on the left of
the mark.
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Practice rounding with these problems.

Round 47 to the nearest ten.

Round 675 to the nearest ten.

Round 255 to the nearest hundred. To the nearest ten.

Round 7,564 to the nearest hundred. To the nearest ten.

Round 26,398 to the nearest hundred. To the nearest thousand.
Round 5,309 to the nearest ten. To the nearest hundred.

Round 24,989 to the nearest ten. To the nearest thousand.

© N o U M w N =

Round 65,555 to the nearest hundred. To the nearest thousand.

Check your answers in the Appendix.

The Factor Tree

A very helpful way to think about factors is in terms of a factor
tree. For example, factor 1764.

1764 First, divide by the smallest prime, 2.

/ \ 1764 + 2 = 882.
5 032 Write down the 2 and the quotient 882.

1764 Second, divide by 2 again.
882 +- 2 =441.
. /882 On a new row write down both 2s and the
2“' 2 \441 quotient 441.

Third, when 2 will no longer divide the last quotient evenly, divide
by the next largest prime, 3, ... and so on. Stop when you find a
prime quotient.

1764
2/ X 882
e
2 x/2 X 441
2/x/2 x/3 x/147
2/x 2 3 X 3 >>49
Tt e
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At each level of the tree the product of the horizontal numbers
is equal to the original number to be factored. The last row gives the
prime factors.

The Primes Less Than 100

2 3 5 7 1
13 17 19 23 29
31 37 41 43 47
53 59 61 67 71
73 79 83 89 97

Your work should look something like this:

2693 2 does not divide 693 evenly.
3]693 693 + 3 =231 >
31231
3|77 231+3=77 >
3 does not divide 77 evenly.
5|77 5 does not divide 77 evenly.
7172 77 +7=11 >
11 11 is a prime. >
693=3x3x7x11 Check: 3x3x7x11=9x7x11
=63x11=693
Use this method to find the prime factors of these numbers:
(a) 570 (b) 792 (c) 945
Our work is in E3.
(a) 2[570 570 +2 =285 >
2|285 2 is not a divisor of 285.
3]285 285+3=95 >
3]95 3 is not a divisor of 95.
5|95 95+5=19 >
19 19 is a prime >

570=2x3x5x19
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(b) 21792 792 +2 =396 > [2]
21396 396 +2=198 > | 2]
2[198 198 +2=99 > [2]
2|99 2 is not a divisor of 99.
3|99 99 +3 =33 > [3]
3(33 33+3=11 > [3]
11 11 is a prime >
792=2x2x%x2x3x3x11
(c) 2|945 2 is not a divisor of 945.
3]945 945 +3 =315 >
3315 315+3=105 > [3]
3[105 105+ 3 =35 > [3]
3(35 3 is not a divisor of 35.
5(35 35+5=7 >
7 7 is a prime > [7]

945=3x3x3x5x%x7

It is possible to tell at a glance, without actually dividing, if any number is
evenly divisible by 2, 3, or 5. Knowing how to do so can save you a bit of
work. Use these divisibility rules.

® Any number is evenly divisible by 2 if its ones digit is 2, 4, 6, 8, or 0.
Examples: 12 is divisible by 2, it ends in 2.
46 is divisible by 2, it ends in 6.
7498 is divisible by 2, it ends in 8.

e Any number is evenly divisible by 3 if the sum of its digits is divisible by 3.

Examples: 18 is divisible by 3 since 1 + 8 =9 and 9 is divisible by 3.

471 is divisible by 3 since 4 + 7 + 1 = 12 and 12 is divisible
by 3.

72,954 is divisible by 3 since 7+2 + 9+ 5+4=27and 27 is
divisible by 3.

215 is not divisible by 3 since 2 + 1 + 5 = 8, and 8 is not
divisible by 3.

e Any number is evenly divisible by 5 if its ones digit is 5 or 0.

Examples: 25 is divisible by 3, it ends in §.
370 is divisible by 5, it ends in 0.
73,495 is divisible by 3, it ends in S.
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There are divisibility rules for other numbers (shown in the following
box, if you’re interested), but the few above are all you really need to
remember.

Use these rules to decide which of the following numbers are divisible
by 2, 3, or 5. Do all work mentally. Check »* those evenly divisible by 2.
Mark with an X those evenly divisible by 3. Circle those evenly divisible
by 5.

16 23 27 39 45 111 132
330 335 372 453 498 785 921
1017 2111 73,908 123,456 4,271,305

Turn to B to check your answers.

Divisibility Rules
Consider the following telephone number: 2615910. In a few sec-
onds and without using pencil and paper, can you show that it is
evenly divisible by 2, 3, 5, 6, 10, and 11 but not by 4, 7, 8, or 9? The
trick is to use the following divisibility rules.

e 2 Any number is divisible by 2 if its ones digit is 2, 4, 6, 8, or 0.
Example: 14, 96, and 378 are all divisible by 2.

e 3 Any number is evenly divisible by 3 if the sum of its digits is divisi-
ble by 3.
Example: 672 is divisible by 3 since 6 + 7+ 2 =15 and 15 is divisi-
ble by 3.

4 Any number is evenly divisible by 4 if the number formed by its
two rightmost digits is divisible by 4.
Example: 716 is divisible by 4 since 16 is divisible by 4.

e5 Any number is evenly divisible by 5 if its ones digit is 0 or 5.
Example: 35, 90, and 1365 are all divisible by 5.

° 6 Any number is divisible by 6 if it is divisible by both 2 and 3.
Example: 822 is divisible by 6 since its ones digitis2 and 8 + 2 + 2
= 12 which is divisible by 3.

e 8 Any number is divisible by 8 if its last three digits are divisible by 8.
Example: 1160 is divisible by 8 since 160 is divisible by 8.

* 9  Any number is divisible by 9 if the sum of its digits is divisible by 9.
Example: 9243 is divisible by 9 since 9 + 2 + 4 + 3 = 18 which is
divisible by 9.
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e 10 Any number whose ones digit is 0 is divisible by 10.
Example: 60, 210, and 19,830 are all divisible by 10.

There are no really simple rules for 7, 11, or 13. Here are the least
complicated rules known.

o7 Divide the number in question by 50. Add the quotient and
remainder. The original number is divisible by 7 if the sum of the
quotient and the remainder is divisible by 7.

Example: 476 + 50 = 9, remainder = 26.

Add 9 + 26 = 35.
35 is divisible by 7; therefore 476 is also divisible
by 7.

¢ 11 Divide the number in question by 100. Add the quotient and
remainder. The original number is divisible by 11 if the sum of the
quotient and the remainder is divisible by 11.
Example: 1562 + 100 = 15, remainder = 62.
Add 15+ 62 =77.
77 is divisible by 11; therefore 1562 is also divisible
by 11.

e 13 Proceed as with 11, but divide by 40.
Example: 1170 + 40 = 29, remainder 10.
Add 29 + 10 = 39.
39 is divisible by 13; therefore 1170 is also divisible
by 13.

v means divisible by 2. x means divisible by 3. Circle means divisible
by 5.

17 X X X X X
16 23 27 39 111 132
X X X X X
@ 372 453 498 921
X X X
1017 2111 73,908 123,456 4,271,305

S

Now you should be ready for some practice problems on factoring.
Turn to B and continue.
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E Problem Set 1-6: Factors and Factoring

A. List the prime factors of the following numbers:

.12 2. 16 3. 14
4. 18_____ 5.24_ 6. 20
7.26___ 8. 31__ 9.32
10. 36 1.39_ 12. 42
13. 56 14. 81 15. 121__

B. Write the following as products of primes:

1. 9%=__ 2. 84=__ 3. 136=__
4, 170=__ 5. 252=__ 6. 256=__
7. 288=__ 8. 390=__ 9. 468=__
10. 546=__ 11. 980=__ 12, 1369=__
13. 1363 = 14. 1548 = 15. 3149 =

C. Circle the primes among the following numbers:

6 2 5 9 1 14 3 31 21 23
37 39 53 15 26 19 67 61 63 72
27 91 89 87 17

D. Which of the following numbers are divisible by 2? Which by 3?
Which by 5? (Do it in your head.)

9 12 4 231 45 144 17
261 1044 1390 72 81 102 2808
2088 8280 8802 11 111 1111

E. Brain Boosters

1. A perfect number is one that is the sum of its divisors, not counting
itself. For example, 6 =1+ 2 + 3, and 1, 2, and 3 are divisors of 6,
s0 6 is a perfect number. Show that 28, 496, and 8128 are also per-
fect numbers.
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2. The numbers 220 and 284 are called “amicable” or “friendly” num-
bers. It has been believed for hundreds of years that you can main-
tain a friendship by exchanging gifts, each related to one of these
numbers. For example, in the Bible, Genesis 32:14, Jacob gave his
brother Esau 220 goats and 220 sheep in an attempt to appease him
and gain his friendship.

a. What property of these numbers makes them special? (Hint: Add
up the divisors of 284, not counting itself. Repeat for 220.)

b. About 400 such pairs of friendly numbers are known, each made
up of the parts of the other. Show that 2620 and 2924 are also a
friendly pair.

3. Complete this magic square so that all rows, columns, and diagonals
add to the same sum. What is special about the numbers in this

square?
67 1 43
13 61
31 73 7

4. Consecutive numbers are whole numbers that differ by one. For
example, 2 and 3 are consecutive; so are 115 and 116, or 734, 735,
and 736. The product of three consecutive numbers is always divisi-
ble by what three numbers? Can you see why this is so?

5. Which of the following are primes? What are the prime factors of
the others?

1 11 111 111 11,111 111,111

6. Fill in the missing digits marked with an asterisk (*):

63* *752 3*4

*75 3*58 92*

+253 49*5 +*05

*3%6 +240* 1945
*5788

The answers to these problems are in the Appendix. When you have
had the practice you need, continue by turning to B to study exponents
and square roots or return to the preview on page 1.
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7 Exponents and Square Roots

Base
Exponent

When the same number appears many times as a factor, writing the prod-
uct may become monotonous, tiring, and even inaccurate. It is easy, for
example, to miscount the twos in

131,072 =2 X2 X2X2X2X2X2X2X2X2X2X2X2X2X2X2X2
or the tens in
100,000,000,000=10x10x 10 x10x 10 x 10x 10x 10 x 10 x 10 x 10

Products of this sort are usually written in a shorthand form as 2'” or
10'". In this exponential form the raised number 17 indicates the number
of times 2 is to be used as a factor. For example,

2x2=22 Product of two factors of 2
2x2x2=23 Product of three factors of 2
2x2x2x2=2* Product of four factors of 2
— ——
Four 2s

Write 3 x 3 X 3 X 3 X 3 in exponential form.
3x3x3x3x3=

Check your answer in B3.

3x3x3x3x3=3 35 <—{Exponent]

Five factors of 3

In this expression 3 is called the base and § is called the exponent. The
exponent 5 tells you how many times the base 3 must be used as a factor
in the product.

Multiply the factors in 4°.

4 =

Pick an answer:
(a) 12 Go to B
(b) 64 Go to .

(c) 81 Go to &.
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Your answer is incorrect; 4° is not equal to 12. The raised 3 in 4° tells you
to multiply 4 by itself. Use the number 4 three times as a factor in a mul-
tiplication.

43=4x4x%x4

Means use three
factors of 4

Once you have set up the multiplication in this way it is easy to do it.
4x4x4=4x4)x4=16x4=64

Now, go on to .

Excellent! In the exponential form 4°, the exponent 3 tells you to multiply
three factors of 4, that is,

B =4x4x4=(4x4)x4=16x4=64
It is important that you be able to read exponential forms correctly.
2% is read “two to the second power” or “two squared”
23 is read “two to the third power” or “two cubed”

2*is read “two to the fourth power”
2° is read “two to the fifth power,” and so on

Do the following problems to help get these concepts into your mental
muscles. (Reading about a new concept may get it into, or at least
through, your head, but only doing problems will make it part of you.)

(a) Write in exponential form:

5x5x5x5 =__ ;base=____ exponent=

7x7 =____ ;base=______exponent=___
10x10x10x10x10 =__  ;base=___ exponent=___
3x3x3x3%x3%x3x3 =__  ;base=_____ exponent=___
9x9x9 =__ ;base=___ exponent=__

Tx1Tx1x1 = ; base = exponent =
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(b) Write as a product of factors and multiply out:

25 = = ;base=____ exponent=
107 = = ;base=___ exponent =
3* = = ;base=__ exponent=__
52 = = ;base=__ exponent=__
6° = = ;base=____ exponent=
4 = = ;base=__ exponent=
123 = = ;base=__ exponent=
1° = = ;base=__ exponent=

The correct answers are in B3. Go there when you finish these.

This answer is not correct.
Apparently you found the product 3 x 3 x 3 x 3.

43=4x4x4

Three factors of 4

The raised 3 tells you how many factors of 4 are to be multiplied
together.

A4x4x4=4x4)x4=16x4="?

Complete this and return to [ to continue.

m (a) 5x5x%x5x5=5%Dbase=35, exponent =4
7 x 7 = 7% base = 7, exponent = 2
10 x 10 x 10 x 10 x 10 = 10°; base = 10, exponent = 5
3x3%x3x%x3x%x3x%x3x3=23";base=3, exponent=7
9 x 9% 9=29%base =9, exponent = 3
1x1x1x1=1% base=1, exponent =4

(b) 26=2x2x2x2x2x2=64; base =2, exponent = 6
107 =10 x 10 x 10 x 10 X 10 X 10 x 10 = 10,000,000; base = 10,
exponent = 7/
3*=3x3x3x3=281; base = 3, exponent = 4
5%2=35x5=25;base =35, exponent =2
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6° =6 X 6 X 6 =216; base = 6, exponent = 3
4°=4x4x4x4x4=1024; base =4, exponent = 5
12 =12 x 12 x 12 = 1728; base = 12, exponent = 3
1°=1x1x1x1x1=1;base=1, exponent=35

Any power of 1 is equal to 1.

12=1x1=1
P=1x1x1=1
1“=1x1x1x1=1, and so on

When the base is ten, the product is easy to find.

10% =100
10° = 1000
10*= 10,000

10° = 100,000, and so on

The exponent number for a power of 10 is always exactly equal to the
number of zeros in the final product.

Look at that sequence of powers of ten again. Can you guess the value
of 10'? What about 10°? Can you continue the pattern?

10" = 100 =

Try it, then turn to @.

In the pattern

10° = 100,000
10*= 10,000
10° = 1,000
102 =100

each product on the right decreases by a factor of 10. Therefore, the next
two lines must be

10"=10

10°=1

Of course, this is true for any base.

2'=2,2°=1
3'=3,3%°=1
4'=4,4°=1, and so on
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If we factor 72 into its prime factors, we get
72=2x2x2x3%x3=23x3?

If we factor the number 2592 into its prime factors, we find that
2592 =2%x2%x2x2x2%x3%x3x3x3

Werite this using exponents.
2592=__

Check your work in 3.

.................................. ﬂ

Remember, we're not
multiplying 2x0in 2°
We define’2°=1 so

that each power of
2isone factorof 2 ¢
larger thanthelast... ¢

124316,.......

2592 =25x3*

Using exponents provides a simple and compact way to write any
number as a product of its prime factors.

Find the following products by multiplying:

24x 53 = 3 x2'x15=
62x 7%= 5% 8 x2°=
23%x32x5%= 7°x9"'x3°=
2°x33x 4% = 3 x52x7 =

Go to [ to check your answers.

Is there an No. But ers
vick Wwa: t% 1 of 1O oaﬁ%ué),
et 3° without written down with
multiplying it £l nowork! See

(2 ot the lonquay?} | frame 65.
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2% x 53=2000 3*%x2”x15=10,368
67

6% x 73=12,348 53 % 82 x2°=8,000

23 x 32 x 5* = 45,000 7°x9"%x 3°=107,163

22x33x4*=27,648 3*%x52x7'=14,175

What is interesting about the following numbers?
1,4,9, 16, 25, 36, 49, 64, 81, 100

Do you recognize them? See B.

m These numbers are the squares or second powers of the counting numbers.

12=1
2°=4
3?=9
4? =16, and so on

Perfect Square 1,4, 9, 16, 25, . . . are called perfect squares. If you have memorized the
multiplication table for one-digit numbers, you will recognize them imme-
diately. If you do not remember them, it will be helpful to you to memo-
rize them. A study card for them is provided in the back of this book. Here
are the first twenty perfect squares:

Perfect Squares

12=1 6° =36 112=121 162 = 256
2°=4 72 =49 122 =144 172 =289
3?=9 82=64 132=169 182=324
4=16 9% =81 142 =196 192 =361
52=25 10?2 =100 152 =225 20%=400

The number 32 is read “three squared.” What is “square” about 3% =
9? The name comes from an old Greek idea about the nature of numbers.
Ancient Greek mathematicians called certain numbers “square numbers”
or “perfect squares” because they could be represented by a square array

of dots.
e 0o 00
e 0o 0 e 0o o0 0
[ ) e o0 e 0o o0 0
[ ) e 0o 0 e 0o o0 0
4 9 16 ...andsoon
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Square Root

The number of dots along the side of the square was called the “root” or
origin of the square number. We call it the square root. For example, the
square root of 16 is 4, since 4 x 4 = 16.

What is the square root of 64?

(a) 32 Go to .
(b) 8 Go to K.

Sorry, you are incorrect. We cannot simply divide 64 in half to find its
square root!

The square root of 64 is some number [J such that [0 x 0 = 64. For
example, the square root of 25 is equal to § because 5 x 5 = 25. To
“square” means to multiply by itself, and to find a square root means to
find a number that when multiplied by itself gives the original number.

Now return to B and choose a better answer.

Right! The square root of 64 is equal to 8 because 8 x 8 = 64.

The sign  is used to indicate the square root.

V16 = 4 is read “square root of 16 equals 4.”

V9 =3 is read “square root of 9 equals 3.”

V169 =13 is read “square root of 169 equals 13.”

Find these square roots:
V81 = V361 = V289 =

Try using the table in B if you do not recognize these. Continue in .

Where did that
funny little-

radix in Latin and

o +sign about 1525 AD. some-
> comefrom® [l one beganto abbre-

vigte it with the letter £
r inhandwriting. Soon
rledto ¥y ov'tov.
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V81 =9 Check: 9x9=381
V361=19 Check: 19x 19 =361
V289 =17 Check: 17 x17 =289

Always check your answer as shown.

How do you find the square root of any whole number? There is no
easy way to recognize or identify a perfect square and no quick and easy
way to calculate the square root of a number. Furthermore, the square
root of a number is usually not a whole number. Mathematicians have
extended the Greek idea of square roots from the perfect squares to all
numbers.

The surest and simplest way to find a square root is to use a calculator
having a square root key: [V] For example,

to find V15,129 15129V > 123]

In Chapter 3 we will extend the idea of square roots to decimal num-
bers and will show you how to find the square root of a number using a
calculator.

Now, for a set of practice problems on exponents and square roots,
turn to .

Problem Set 1-7: Exponents and Square Roots
A. Find the value of these:

1. 2= 2. 3= 3. 4= 4. 5°=
5. 10°= 6. 7°= 7. 8= 8. 62=
9. 8= 10. 3*= 1. 5%= 12. 10°=
13. 2°= 14, 3° = 15. 9°= 16. 7°=
17. 6'= 18. 1% = 19. 4°= 20. 2°=
21. 10°= 22. 7*= 23. 8= 24. 6°=
25. 2"°= 26. 9°= 27. 6°= 28. 5% =
29. 3= 30. 74 = 31. 9°= 32. 10%=
33. 4= 34. 5'= 35. 8 = 36. 1=

37. 9°= 38. 4°= 39. 10%= 40. 6° =
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B. Find the value of these:
1. 142 =
4, 253 =

7. 612=__

10. 22x33=_
13. 2'x 3F*x7%=_
16. 22 x73=____

19. 2'x 10 =

1.

14.

17.

20.

C212= 3.15°=___
162=_ 6. 552=_
LA03=_ 9. 1003=__
2Xx3%=_ 12. 3x53=_
Px7Tx11"'=__ 15 2°x3*x5°=__
Px2=_ 18. 62x52x33=_
3Zx10%=__ 21. 2"0x 3¥2=_

C. Calculate these square roots:

1. Vel=__
4. \V25=__
7. V49=__
10. V121=___
13. V225=___
16. V256 =___

. Brain Boosters

2.\V144= 3. V1e=__
5. V36=__ 6. V100=__
8. V324=__ 9. Vi=_
1. Ved=____ 12. Vo=__
14. Va=___ 15. V400=_

. Show that the following interesting equations are correct. (Can you

see why they are interesting?)

2°x92=2592

122+ 332 = 1233
88? + 332 = 8833
1°+53+33=153
32477412 =371
4+ 0% + 73 = 407

3% x 425 = 34,425
312x 325 =312,325
872 — 782 =412 — 142
752 — 572 =512 — 152
94+ 444 74+ 4% =9474
3% +4%4+ 3%+ 55=3435
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1"+324+53=135 (4+9+1+3)>=4913 (add the
four numbers in the parentheses
1 2 3 _ ’
VH77+57=175 and then cube their sum)
4%+ 33=43

62+3° =63
Show that this set of equations is true by finding the value of each side.

2+3+10+11=1+5+8+12
224+324+10%4+112=12+52+ 82+ 12?
22+33+10°+113=13+53+8 +123

. Check the following claims for the first few powers.

(a) Every power of 5 ends in 5.
52 = 53 = 54 =

(b) Every power of 25 ends in 25.
25° = 25°= 25%=

(c) Every power of 625 ends in 625.
6252 = 6253 = 625% =

(d) Every power of 376 ends in 376.
376° = 376° = 376 =

The answers to these problems are in the Appendix. When you have

had the practice you need, turn to E for a self-test covering the concepts
learned in Chapter 1.

CHAPTER 1 SELF-TEST

1

1.

37+46=__ 2.4372+849=__
. 81+47+36=__ 4.43-17=_____
.702-416=__ 6. 6001 -3973=__
. 8300-4605=__ 8. 43x36=___
.237%x204=___ 10. 406 x 137=___

2153 x 302 = 12. 1081+ 47 =
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13.

15.

17.

19.

21.

23.

25.

27)21,687=_____ 14. 2008 +4=__
263X948 =_ 16. Factor:408=__
Factor:9438=__ 18. Factor: 1000=__
Factor:3264=__ 20. 3*=__
I¥0x42x53=_ 22, 2'x3*x7*=_
123=_ 24. V225=__
V324=__

The answers to these problems are in the Appendix.
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Fractions

Where to Go for Help

When you successfully complete this chapter
you will be able to do the following: Page Frame

1. Rename fractions:
write a fraction equivalent to any given fraction;

3 ?

2 _ 85
(@ 7=+ a
reduce a fraction to lowest terms:

18
b) —= 85
(b) 39 - —— a
write a mixed number as a fraction;

2
(© 45 = 85 1]
compare fractions.
(d) Which is larger: 3 or i" 85 a
EAETRETA

83
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Where to Go for Help

Page Frame
2. Multiply and divide fractions.
1 3
(a) 13 X ZE = 98 m
2 2
(b) <z§> = 98 19]
1 3
© 35 +17=____ 105 26|
1
(d) 6+25= 105 26|
.. 2
(e) Divide 6 by ZE' 105 26
3. Add and subtract fractions.
2 3
(a) 45 +17 = 114 34]
1 1
- _3— = 114
(b) 5g-33=__ 34]
3
(© 9-15= 114 34]
4. Do word problems involving fractions.
. 2 . 3
(a) What fraction of 3 is 1 Z? 129 51]
. 1 7
(b) Find2 = of 1 —. 129 51]
3 8
(c) If 7 apples cost 91¢, what will 4 129 51]
apples cost?
. 7 .21
(d) Find a number such that 3 of it is 25. 129 51}

If you are certain you can work all of these problems correctly, turn to
page 141 for a self-test. If you want help with any of these objectives or if
you cannot work one of the preview problems, turn to the page indicated.
Super-students (those who want to be certain they learn all of this) will join
us in frame E.



Fractions 85

ANSWERS TO
PREVIEW 2
PROBLEMS

2 FRACTIONS

1. @9 2. (a) %s or 3%s 3. (a) % or 6% 4. (a) % or 2%
(b) %3 (b) %% or 7% (b) %4 or 1'%a (b) 3% or 4%
(c) % (0) 2 (c) &% or 7% (c) 52¢
(d) Y (d) % or 2% (d) % =2%

(e) % or 2%

Image Not Available

1

Renaming Fractions

Measuring sticks require numbers as labels to identify their marks, and the
space between marks can be specified using counting numbers or whole
numbers: 1 inch, 2 inches, 5 feet, 12 ¢cm, and so on. Fractions enable us to
label some of the points between counting numbers. The word fraction
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comes from the Latin fractus meaning “to break.” We use fractions to
describe subdivisions of the standard measurement units for length, time,

money, or whatever we choose to measure.
Consider the rectangular area below. What happens when we break it

into equal parts?

2 parts, each one-half of the whole

3 parts, each one-third of the whole

4 parts, each one-fourth of the whole

Divide the area below into fifths by drawing vertical lines.

Try it, then go to EL.

E | " || || " | Notice that the five parts or “fifths” are equal in
area.

A fraction is normally written as the division of two whole numbers:

26

2,2 or
3"4" 7 12

Each of the five equal areas above would be “one-fifth” or ! of the

entire area.

“ || " | 1 1shaded part
5 5 parts total

How would you label the shaded portion of the area below?

R ]

Continue in H.
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B EEE ] - peedeens

Numerator
Denominator

The fraction % implies an area equal to three of the original portions.

><(3)

There are three equal parts and the name of each part is % or one-fifth.
In the collection of letters below, what fraction are Hs? (Hint: Count
the total number of letters and decide what portion are Hs.)

HHHHSST

Check your answer in E.

3
5

. number of Hs 4
Fraction of Hs = =—
total number of letters 7

The answer, %, is read “four-sevenths.” The fraction of Ss is %, and the
fraction of Ts is Y.

The two numbers that form a fraction are given special names to simplify
talking about them. In the fraction % the upper number (3) is called the
numerator from the Latin numero meaning number. It is a count of the
number of parts. The lower number (5) is called the denominator from the
Latin nomen or name. It tells us the name of the part being counted.

3 < Numerator, the number of parts

5 <« Denominator, the name of the part (“fifths,” in this case)

A notebook costs $6 and I have $5. What fraction of its cost do I have?
Write the answer as a fraction.

; humerator = , denominator =

Check your answer in H.

How can |
remember which
isthe numerator
and whichis

the denominator?

The denominator is
the down part—
d for down.
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Proper Fraction

Improper Fraction

5
$$$9% $5 is — of the total cost.
—— 6
5 Numerator =5, denominator = 6.

Complete these sentences by writing in the correct fraction.

(a) If we divide a length into eight equal parts, each part will be
of the total length.

(b) Then three of these parts will represent of the total length.

(c) Eight of these parts will be of the total length.

(d) Ten of these parts will be of the total length.

Check your answers in .

1 3 8 10
(a) § (b) § (9 § (d) ?

The original length is used as a standard, and any other length (smaller or
larger) can be expressed as a fraction of the original length. A proper frac-
tion is a number less than 1, as you would suppose a fraction should be. It
represents a quantity less than the standard. For example,

2'3"%" 20

are all proper fractions. Notice that for a proper fraction, the numerator
is less than the denominator (the top number is less than the bottom num-

ber).

An improper fraction is a number greater than 1 and represents a quantity
greater than the standard. If a standard length is 8 inches, a length of 11
inches would be '% of the standard. Notice that for an improper fraction
the numerator is greater than the denominator (top number greater than
the bottom number).

Circle the proper fractions in the following list.

3 3 7 5 15 1 35 7 65 105

2 4 8 4 12 16 32 50 64 100

Go to [ when you have finished.
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It 15 better to say
"7divided by 15" or
‘seven fifteenths!

Remember that
you divide by the
bottom number:

You should have circled the following proper fractions: %, %, Vs, 7%o. All
these are numbers less than 1. In each the numerator is less than the
denominator.

The improper fraction 7 can be shown graphically as follows:

Unit standard =

then,

WiN w|=

= SRS S (seven, count ‘'em)

We can rename this number by regrouping.

1 1
2+ 3 or 23 standard units

Mixed Number A mixed number is an improper fraction written as the sum of a whole
number and a proper fraction.

7 1 1
3= 2+ 3 or2 3

We usually omit the plus sign and write 2 + % as 2%, and read it as
“two and one-third.” The numbers 1%, 2%, and 16% are all written as
mixed numbers.

To write an improper fraction as a mixed number, divide numerator
by denominator and form a new fraction as shown on the next page.
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Improper fraction Mixed number
i Remainder i
y A
13 3
— =13+ 5=2 with remainder 3 2—

I
Quotient

Same denominator

Now you try it. Rename *% as a mixed number.

Follow the procedure shown above, then turn to .

9 4 13 1 27 3
B (a)§—1§ (b)T—3Z (C)—— 3
31 1 41 5 17 1

The reverse process, rewriting a mixed number as an improper frac-
tion, is equally simple. Study the following example of 2% being converted
to an improper fraction.

LEARNING HELP D e Work in a clockwise direction. First multiply 5 x 2 = 10.

3

zﬂ'\g

x
¢ Then add the numerator, 10 + 3 = 13.

/1 0+3

> \

2 13
X

Lm\

73
~—5
T—Same denominator
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Here is how the same operation looks using a picture:

£l
5
3 5 5.5.3 13
5 5 5 5 5 5
3
- (count ‘em)
5
Now you try it. Rewrite these mixed numbers as improper fractions.
1 3 1
(a) 3€ (b) 4; (© 15
2 3 3
(d) 83 (e) 15§ f 92
Check your answers in .
23

i 23 + 4 =5 with remainder 3 —» 5%

If in doubt, check your work with a diagram like this:

23 L 5 rows of 4
[ 2N ]

i 3 remaining

Now try these for practice. Write each improper fraction as a mixed
number.

9 13 27 31 41 17
(a) E (b) T (0) ? (d) ? (e) E 4] 7
The answers are in H.
1 19 3 23 1 3
(3)35—? (b)4§_? (CHE_E
2 26 3 123 3 3

9
@e3=73  @Bg=7  O%=7
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Equivalent Fraction Two fractions are said to be equivalent if they are numerals or names for
the same number. For example,

[0

There is a very large set of fractions equivalent to %:

1 2 3 4 5 46 61 1437

Each fraction is a name for the same number, and we can use these
fractions interchangeably.

To obtain a fraction equivalent to any given fraction, multiply the
original (numerator and denominator) by the same nonzero number. For

example,

1 _1x3]_ 3 iise uivalenttol

2_2><737_6 6 q >

2 _2x5/_10 19 is equivalent to 2
: 3><757_15 15 q 3

Rename the fraction % as an equivalent fraction with denominator 20.
3 ?
420

Check your work in Bl.

3 3x? 3x5 15
m 4" 4x7 4x5" 20 4 x?=20s0? mustbe5
The number value of the fraction has not changed; we have simply
renamed it.
Practice with these.
5 ? 7 ?
(@ 5= m (b) 16 - 28
3 ? 2 ?
(C)7—¥ (d)1§_ﬁ

Look in B for the answers.
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Canceling

CAUTION [)

Lowest Terms

90 2x3x3x3 2x3
105  3x8x7 7

This process of eliminating common factors is usually called canceling.
When you cancel a factor, you divide both top and bottom of the fraction
by that factor. In the cancellation above we actually divided top and bot-
tom by 3 x 5 or 15.

0  90+15
105 105+ 15

6
7

6
7

¢ Cancel the same factor.
e Cancel only multiplying factors.

x§x5

This is illegal: ; < 3x7 Cancel only one 3. We divide the top by

3; so we must divide the bottom by 3.

5 is not a multiplier. Canceling means
dividing the top and bottom of the frac-
tion by the same number. It is illegal to
subtract a number from top and bottom.

L. 2+
This is illegal: 31§

Reduce the following fractions to lowest terms:

15 21 4
(@) a (b) E (o) E

154 256 378
) 7078 © 508 ® 205

The answers are in (4.

5 5x7 35 7 7 x{3! 2
@ ¢ =6x7 " 22 ®) 16 = 16x3" 48

3 3x8 24 2 5 5xi4] 20
©2=7.8" 56 D13=373%1 " 12

Very often in working with fractions you will be asked to reduce a fraction
to lowest terms. This means to replace the fraction with the simplest frac-
tion in its set of equivalent fractions. For example, to reduce %o to its low-
est terms, you would replace it with %.

15 1x[15 1
30 2x15 2
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CAUTION [)

The two fractions %o and % are equivalent, and % is the simplest equiv-
alent fraction to %o because its numerator (1) and denominator (2) are the
smallest whole numbers of any in the set

12 3 4 15

2'4"6'8 30

How can you find the simplest equivalent fraction? For example, how
would you reduce % to lowest terms?

First, factor numerator and denominator.
30 [2/x3)x5
42 2x3x7

Second, identify and eliminate common factors.

30 2x3x5

42 2x3x7
30

2 is a common factor, cancel the 2s: — = %
30

3 is a common factor, cancel the 3s: — f;—x%
2 )
42 7

In effect, we have divided both top and bottom of the fraction by

2 X 3 = 6, the common factor.
30 30+6 5

4 " 42:6 7

Your turn. Reduce *os to lowest terms. Look in B for the answer.

@ 3x5 ___5 21 _3x7_3
384 " 2x2x3x7 28 35 5x7 5
()___L l (d) 154 _ ZX7X1 _1
¢ 4x3 1078 Zx7x7xM 7

Z2x2Zx2x2Zx2x2x2x2 16
()208 Zx2x2Zx2Zx13 ~ 13

2x3x3x 3x7

(f)405 Ix3x3x3x5 15

Remember that cancellation is division by a common factor.
Now check your understanding by reducing the fraction % to lowest
terms. Check your answer in
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" In 2%2 | can .Ri ht. Just
3*5 509 ou know

cancel the 3s, | i
RS || etsoree,
2

. dividing to
A*5 a:fx'j b(c))ttOrE)
by three.

(or simply 2)

E g=1x3=

LEARNING HELP |:> Any whole number may be written as a fraction by using a denominator
equal to 1.
3:3, :ﬂ,andsoon
1 1
The number 1 can be written as any fraction whose numerator and
denominator are equal.

72 1257

=9 = 1257 -+ +-and soon

If you were offered your choice between % of a certain amount of
money and % of the same amount of money, which would you choose?
Which is the larger fraction, % or %? Can you decide? Try. Renaming the
fractions would help. The answer is in B

m To compare two fractions, rename each by changing them to equivalent
fractions with the same denominator.

Now compare the new fractions: % is greater than '%..

LEARNING HELP I:) 1. The new denominator is the product of the original denominators
(24 =8 x 3).
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2. Once both fractions are written with the same denominator, the one
with the larger numerator is the larger. (16 of the fractional parts is
more than 15 of them.)

Which of the following pairs of fractions is larger?

3 5 7 19 40
(a) 1 and 7 (b) 3 and ET) (c) 3 and 3
7 5 1 11 5 11
(d) 15 and g (E) ZZ and ? (f) E and g

Check your answers in (.

(a)i—z—1 E—E'Z—HS lar erthanﬂsoiis lar erthanE
47287 28" 28 "' 28 °0 4 ®1319 7
(b)l—ﬁ E—E'Eislar erthanﬂsoﬁislar erthanl
8 168" 21 168° 168 ° 19 168 °° 21 9 8
39 40 . 39 40
(c)3_§, 3 is larger than 13 SO 13 is larger than 3

7 15 45 5 40 45 40 7 5
D1==—=—, —=— ; — is larger than >4 so 1§ is larger than 3

8 8 24'3 24'24

(e)Zl—g—E l—ﬂ'ﬁislar erthanﬂsozlislar erthan1
4472005 2020 "9 20 *° <3 599 5
(f)i—E l—E'Eislar erthanEsoﬂislar erthani

16~ 560' 35 560' 560 = 9 560 °° 35 g 16

Now turn to B for some practice renaming fractions.

Problem Set 2-1: Renaming Fractions

A. Write as an improper fraction:

1 2 1 3 3
1. 23 2. 4; 3. 75 4, 137 5. SZ
6. 4 7. 1g 8. 5E 9. 31 10. 2i

3 6 8 5



Fractions 97

11. 1611—0 12. 70% 13. 1241—0 14. 15% 15. 37%
B. Write as a mixed number:
NI R R
N
11. % 12. % 13. % 14. % 15. %
C. Reduce to lowest terms:
o N - 1
6. % 7. 47—2 8. % 9. % 10. %
11. % 12. % 13. %66 14. % 15. %
D. Complete these:
! %‘% 2 %:4—75 32 1 420
5. 5= 6.1 7n.2- 2 8. 50=L
T P TR N 1
R VS S I

E. Brain Boosters

1. The Gnu U. college track team is holding an indoor meet. The dis-
tance runners want to race 1 kilometer, a distance roughly equal to
o of a mile. Which is closer to 1 kilometer—6 laps on a track
where each lap is /i of a mile or 5 laps on a track where each lap is %
of a mile?
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2.

Denny Dimwit wrote the following on his arithmetic exam:

1. _1 26_2
64 4 B5 5
He claims that he has discovered that 6s always cancel. His teacher
says that it is accidental that these illegal cancellations work. Write

Denny a short explanation of what canceling really means.

A box of Sugar Glops breakfast cereal contains %, of a pound of
cereal. A box of Astro Puffs contains 11 ounces of cereal (1 ounce =
Y6 of a pound). The two cereals have the same food value (almost
none!) and cost exactly the same amount. Which is the better buy?

Nursing Assistant Nurse Hypo was supposed to give his patient
four % grain No-Go pills. Instead, he gave her nine ¥ grain pills. Did
he give her too much or too little?

Each of the following mixed numbers contains all nine nonzero dig-
its, and they are all equal to the same whole number. What whole
number are they equal to?

7524 5823 1578
(@) 91538 b) 9147 (94263
2148 1428 1752
(d) 96—537 (e) 96—357 (f) 96—438

Carpentry Marta, an apprentice carpenter, measured the length of a
two-by-four as 15% inches. Express this measurement in lowest terms.

Sheet Metal Technology Which is thicker, a %s-inch sheet of metal
or a 'Yu-inch fastener?

The answers to these problems are in the Appendix. When you have

had the practice you need, either return to the preview test on page 83 or
continue in [ with the study of multiplication of fractions.

2 Multiplying Fractions

m The simplest arithmetic operation with fractions is multiplication, and
happily, it is easy to show graphically. The multiplication of a whole num-

ber

and a fraction may be illustrated as follows.
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1T 1 1 1 3 1 .

3x 22 2%72°2 (three segments each 2 unit long)
Any fraction such as % can be thought of as a product: 3 x .
The product of two fractions can also be shown graphically.

1 1
F—Mﬂ ~&-ﬂ
1 1 2 '§
—x—=7 1 Geeseecdeceene 1
2 3 1 i i
11
3 3 3
1 1 1 shaded area

Th duct i L X
e product is: — X —=—=
P 2 3 6 6equalareasinthe 1x 1 square

ececocPhoccocel

eccccccccepocococcced

1
3

LEARNING HELP D Another way to solve this is ¥ X ¥ means % of Y.

The whole % of the whole % of % of the whole % of the whole
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LEARNING HELP [)

In general, we calculate this product as

The product of two fractions is a fraction whose numerator is the
product of their numerators and whose denominator is the product of
their denominators.

Multiply % x %, and then choose which answer below you think is cor-
rect.

5 2 10
(a)gx§_1— Gotom.
5 2 5
b) e x3=73 Go to Bl.
(c)  don't know how to do it and | can’t
figure out how to draw the little boxes. Go to E.
. 5 2 5x2 10
Right. X3 =%6x3 " 18

Now reduce this answer to lowest terms, and go to El.

5><2_ 5x2
6x3 3x2x3

Excellent 2 X E = >
) 3 9

6

Always reduce your answer to lowest terms. In this problem you probably
recognized that 6 was evenly divisible by 2 and did it like this:

5 7 5
6739

You divided the top and the bottom of the fraction by 2. It will save
you time and effort if you eliminate common factors (such as the 2 above)
before you multiply.

Do you see that 3 x % is really the same sort of problem?

3 1 3 1 3x1 3
3_T' and so3xZ_TxZ_m_z

Test your understanding with the following problems. (Hint: Change
mixed numbers such as 1% and 3% into improper fractions; then multiply
as usual.)

7 2 3

8
(a)§x§=_ (b)ﬁxﬁ:—
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CAUTION [)

©Sxe=_ R
@3x2=_ 15 x o=
@axt=_ 32>
Vgx2=_

Have you reduced all answers to lowest terms? The correct answers
are in

Don’t panic. You don’t need to draw the little boxes to do the calculation.
Try it this way:

5 2 5x2-<———Multiply the numerators

63 6x3 < Multiply the denominators

Finish the calculation, and then return to B and choose an answer.

@ x2_ Ix2 7 7
83 (4x2)x3 4x3 12

Eliminate common factors before you multiply. Your work will look like
this when you learn to do these operations mentally:

7.2

43312

8 3 8x3 11 8 3 1
(b) 16 (4><3)><(8><2) 4><2_80rJ/24XJ/62_8
27

(c)% Jfg (d)%x%:?zgg
(i)éx%ﬂ
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Can you extend your new skills to solve these problems?

4 2 1 1\?
(a“EXEXZ - (b)<5> =__

2)\3 16
(C)<1§> =_ (d),/8—1=_

_ Va
Hint: \/% = W

Try them. An explanation is waiting in E2.

Using a Calculator with Fractions

Fractions can be entered directly on many calculators, and the results of
calculations with fractions can be displayed as either fractions or deci-
mals. If your calculator has a fraction key [a%], then you can use it to mul-
tiply, divide, add, and subtract fractions.

In this book we will explain the basic skills needed to work with frac-
tions without a calculator. When you get to button-pushing you will
understand the mathematical process better and make fewer mistakes.
From time to time, we’ll show how a calculator would do the work. For

example,
% is3faby]al=]—] 3 _14]
and

Zx2 isrfalds [ 2R3 [(] —— 7113

m Problem Set 2-2: Multiplying Fractions

A. Multiply and reduce the answer to lowest terms:

1 1 2 1 2 2

1.5)(2 ZEXE 3§X§

3 1 4 1 5 1

4§X§ SEXE 65)(5
1 5 3 8
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10. %xg 1. 1; is 12.%x%
13.§x% 14. 14><% 15.% 1B
16.%x% 17.%x% 18.3? %
B. Multiply and reduce the answer to lowest terms:
1. 4%><§ 2. 3%><1% 3.6><1%
4 % 3% 5. 2%x1% 6 7%><8
7 ;X'I% 8. 1%)(% 9 4%><15
10. 3%x1% 11. 1o%><3% 12. 4%><;
13. 34><2% 14. 9%x% 15. 7%x1%
16. ‘I4><3% 17. 11gx% 18. séng
19. 18x1% 20. 3%x1%
C. Solve:
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12.

14.

10.

11.

81 1T 2 2
— M. — X —x—
121 4 3 5
5 3 8 1 3 8
127%3%7s 3. 25 x5 %y
1 1 2 2 1 9
5§X21X1§ 15. 123 SZXE

. Brain Boosters
. A jet plane cruises at 450 mph. How far does it travel in 3% hours?

. John ate % of a whole apple pie. Later Bert ate % of the remainder.

What part of the total pie did Bert eat?

. The scale on a map is 1 centimeter equals 12/ kilometers. What

actual distance is represented by a map distance of 8% centimeters?

. Ed spends ¥ of his savings and gives % of the remainder to charity.

He then has $12. How much money did he start with?

. Show that the following calculation is correct:

18534

y 17469 34182
9267

5823 5697

Notice that each fraction contains all nine nonzero digits.

. Real Estate What is the area in square miles of a farm 1%, miles

long by % mile wide?

. Nursing What is the total amount of medication in 6 pills each

containing 2% milligrams?

. Construction Find the width of floor space covered by 38 boards

each 3% inch wide.

. Manufacturing How many pounds of elbow grease are contained

in a barrel if a barrel holds 4% gallons and a gallon of elbow grease
weighs 7% pounds?

Photography A photograph must be reduced to four-fifths of its
original size to fit the space available in a magazine. Find the length
of the reduced photograph if the original was 6% inches long.

Business Willie purchased 90 shares of IMD Corporation stock on
WebStock.com at $4% per share. What was the total cost?
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The answers to these problems are in the Appendix. When you have
had the practice you need, either return to the preview test on page 83 or
continue in B with the study of the division of fractions.

2
57374 57374 5x3x£ 10

Multiplication of three or more fractions involves nothing new. Be
sure to change all mixed numbers to improper fractions before mul-

tiplying.

(b) (-)2 = % X—-=—"—0>= il (Easy, right?)

2\3 5\ 5 5 5 5x5x5 125
(C) 1= =2 =2 xTx<T= =
3 3 3 3 3x3x3 27

Again, you must change any mixed numbers to improper fractions
before you multiply.

@ 16 Yo 4 Check: =x2-2x4_16
81 V81 9 979 9x9 81

Square roots are not difficult if both numerator and denominator are
perfect squares. Otherwise you must use a calculator or a table of square
roots and just divide decimals as shown in Chapter 3.

Now turn to B for a set of practice problems on multiplication.

3 Dividing Fractions

Addition and multiplication are both reversible arithmetic operations. For
example,

2 x 3 and 3 x 2 both equal 6
4+5and5+4both equal 9

The order in which you add addends or multiply factors is not impor-
tant.

In subtraction and division this kind of exchange is not allowed, and
because of this many people find these operations very troublesome.

2, but 5§ — 7 is not equal to 2 and is not even a counting number.

7-5=
8 +4 =2, but 4 + 8 is not equal to 2 and is not a whole number.
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CAUTION [)

In dividing fractions it is particularly important that you set up the process
correctly.
Are these four numbers equal?

»8 divided by 4" 8)4 8+4

oo

Choose an answer:

(a) Yes Go to E.
(b) No Go to EA.

The divisor is /5. The division § + % is read “5 divided by 4,” and it asks
how many % unit lengths are included in a length of 5 units.

AN

S units

Division is defined in terms of multiplication.
8+-4=0

asks that you find a number [J such that 8 = [0 x 4. It is easy to see that
O=2.
Division is defined in exactly the same way with fractions.

1

5+—=
2

O

asks that you find a number [J such that 5 = [0 x .
Working backward from this multiplication and using the diagram
above, find the answer to 5 + %. Hop ahead to E to continue.

Your answer is incorrect. Be very careful about this.
. " H " H 8
8 + 4 is read “8 divided by 4” and written 4)8 or 2

l ? b

4 is the divisor
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In the problem 8 + 4 you are being asked to divide a set of 8 objects into
sets of 4 objects. The divisor (4) is the denominator or bottom number of
the fraction.

In the division 5 + % which number is the divisor? Check your answer

in Ed.

Right you are. “8 divided by 4” is written 8 + 4. We can also write this
as 4)8 or %. In all of these the divisor is 4 and you are being asked to divide
a set of 8 objects into sets of 4 objects.

In the division 5 + % which number is the divisor? Check your answer

in Ed.

1 1 1 1 11
5+5=10 A e, e e, e, e, e,

There are ten %-unit lengths
contained in the S-unit length. 1

Using a drawing of this sort to solve a division problem is difficult and
clumsy. We need a simple rule. Here it is:

To divide by a fraction, invert the divisor and multiply.

Example 1

fi |

2
> 5><1 5 x 0

oA

The divisor % has been inverted.

5

To invert a fraction simply means to switch top and bottom. Inverting
% gives %. Inverting ¥ gives %. Inverting 7 gives /.

Example 2
3.,2_3 3_3x3_29
5 3 572 5x2 10

Using a calculator,

3pdfselafaks [=]—[__ ot
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We have converted a division problem that is difficult to picture into a
simple multiplication. The final, and very important, step in every division
is checking the answer.

3229 then3-2, 2
5 3 10’ 5 3710°
1 o)
3
Check: z><—Z:—
3700 5

Why does this “invert and multiply” process work? The division
% + % = [0 means that there is some number [J such that % = [J x %. Mul-
tiply both sides of the last equation by %:

3 3 2 3
= Z o Ox= =
(5) "2 ( g 3) "2
But we can do multiplication in any order we wish and we know that
% X% =%=1;s0 % x % =[. Our answer, the unknown number we have

labeled [J, is simply the product of the dividend % and the inverted divisor %.
Try this one:

7.3
8 2

Solve it by inverting the divisor and multiplying. Check your answer

Wise quy. Invert
Oursisnotto \f and multiply is
reason why, F the rule fordivid-
only to ing fractions, and

invert and it willalways work,

multiply, but its amistake
Isthat it? todo arithmetic
without reasoning
why it works. See
the boxon the next
e foran
explanation.
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LEARNING HELP [)

1 1
7.3_7,2_7x2_17 . 3,7 _7
8728737 8x3 12 Check: 27328

The chief source of confusion in dividing fractions is deciding which
fraction to invert. It will help if you:

1. First put every division problem in the form
(dividend) + (divisor)

Then invert the divisor and multiply to obtain the quotient.
e 2. Check your answer by multiplying. The product

(divisor) x (quotient or answer)

should equal the dividend.

Here are a few problems to test your understanding.

2 3 7 21
@5 g — D0 s —
3 5 1 4
©37+3=—— (Dag 1=
2 o3, 5
(e) 3373—_ (f) Divide 2 by28.

- 1 o 1 7
(g) Divide 8 by > (h) Divide 1 a by 1 3"

Work carefully, check each answer, and then turn to B for our worked
solutions.

Why Do We Invert and Multiply to Divide Fractions?
The division 8 + 4 can be written %. Similarly, /> + % can be written

1 3
2 T : : . 2
5 To simplify this fraction, multiply by 3
3 2

113 13
2_2"2_2"2_1 3
272 371 7272
3 372
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Notice the second fraction here (%) is the original denominator

2x3 _ % = 1. Therefore,
3x2

% + % =" x %. We have inverted the fraction % and multiplied by it.

inverted. Also, in the denominator % x % =

2
3 2 16 2
(@Z+>==x2=-—=-1— Check: X =—
E 5°8 573 15 15 8 J5 5

3 16 3x16 3x2x8 2
Remember g X 15 = 8x15  8x3x5 5

Using a calculator,

shakls [ x| 6fakf1s [=]|—] 25|
7 1
7 21 7 25 5 AN _ 5 7
b) — =22 = Check: X =—
40 25 40 " 21 24 25 24 40
3 1
3 5 15 5 35 72 3 1 5 3 15 _3
(c)3472_472_42><51_2_12 Check: 2><2_4_34
1
. 2
1 4 21 14 %E
4__1__———: —
D45 1905 77 51Xy42 3
1
14 3 42 2 1
h k: _— = — —_—= = — = 44—
Check: 135 x3=75%7=70 %70~ %5
2 11 3 11 1 11 .2
— = = — = — — = :1—
@33+3=75+7=3x3=5 "1
1 3 11 11 .2
heck: 3x - =—>x—=— =32
Chec 3x 5 1 9 3 33
1
3 .5 3 21 3 8 2 5 2 21 2 3
o222, =< heck: 22 x2="x2=2
()4 8-278 41X;/f7 7 Chec s 78 %7°2
1 8 2 1
(g)STE_TxT_w Check: 5><16—8
it l 5,15 5 8 2
4 8‘4'8_41 y55_3
7 2 15 2 5
ChCCk. 1§X§—?X§—Z—1—
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Ratio

Proportion

Using a calculator,

R s K] 2R [E]—[adi

Turn to B for a set of practice problems on dividing fractions.

Ratio and Proportion
A ratio is a comparison of the sizes of two quantities of the same
kind. It is a single number, usually written as a fraction. For example,
the steepness of a hill can be written as the ratio of its height to its
horizontal extent.

10 ft

Steepness = toft 1
PRes=8oft 8 80 ft

The ratio of the circumference of any circle to its diameter is approx-

imately 3.14. This ratio is used so often in mathematics that it has

been given a special symbol, the Greek letter n (pronounced “pie”).

A proportion is a statement that two ratios are equal. It is an equa-
tion or a statement in words and is most interesting when one of the
ratios is incomplete. For example, if the ratio of Jill's height to John's
height is 7 to 8 and John is 6 feet tall, how tall is Jill?
. . _ Jill'sheight 7 [3]
Ratio of heights = John's height 8 6 ft
This equation is a proportion. It is always true that if two fractions
are equal
a ¢ axd c¢xb

b= d e g T axb

Or, since the denominators are equal, a xd =cx b. In any proportion
the cross products are equal.

a C
5= d axd=cxb
Therefore, [?] x8=7 ft x 6 ft

7ftx6ft 42
m=Tn

1 .
8 ft =?ft=52ft=5ft3|n.
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The following problem shows how useful proportions can be.

A telephone pole casts a shadow 9 ft long. A yardstick beside it casts a
shadow 16 inches long. What is the height of the telephone pole?

[?] 36in.

9ft  16in.
36in.x9ft 81 1
= 6.~ 4 (=201t

Try the following problems to exercise your understanding of
ratio and proportion.

1. In the College of Web Technology 2430 students are male and 2970 are
female. How many women students would you expect to find in a class
where there are 18 men?

2. In the first 12 games of the season, Skye Hooke, our star basketball
player, scored 252 points. How many can he expect to score in the
entire 22-game season?

3. A Cardiac SUV travels 132 miles on 8 gallons of gasoline. How far
would you expect it to travel on a full tank of 12 gallons?

The answers to these problems are in the Appendix.

E Problem Set 2-3: Dividing Fractions

A. Divide and reduce the answer to lowest terms:

1-%+% 2.%+% 3.6+§

4.%+6 5.%+% 6.%—%
7805 %5 %Ta
10.3+§ 11.%+% 12.%+%
13 13—4—2 14.%+% 15.%+%
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B. Divide and reduce the answer to lowest terms:

1 1 3 3 1
1. 1ET€ 2. 2275 3.6T15
1 5 2 2
4, 2— +3 5. 37_2ﬁ 6 8§T1§
1 1 3 2 1
7 35—2 8. 45—11 9 6;—55
1 1 1 5 1
10. 1071§ 11. 4ET3§ 12, 15€T9E
1 1 2 2 1 1
13. 7778§ 14. 115725 15. ‘IET‘IE
C. Divide:
1. 8 2. 3 3. 2
1 4 3
2 2 6
4. Zl 5. 12 6. 15
_3 2 3
3 3 5
4
... 3 7 o 1
7. D|V|dez by 3 8. Divide 2 by 3
. 7 3 . 1 1
9. D|V|de18 by > 10. Divide 1 > by74.
2 1 2
11. Divide 5 by 7 12. Divide 11; by 3

D. Brain Boosters

1. Mr. Megabuck drove his new stretch SUV 34% miles and used 3%
gallons of gasoline. How many miles per gallon did he average?

2. The product of two numbers is 14%. One of the numbers is 3%. What
is the other number?

3. If you drive 59% miles in 1% hours, what is your average speed?
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4. Business At the Sew-Rite Fabric Shop, a length of cloth 6% yards
long is to be divided into 5 equal pieces. What will be the length of
each piece?

5. Construction How many pieces of plywood % inch thick are there
in a stack 42 inches high?

6. Business How many shares of stock selling for $5% on
WebStock.com can be purchased for $2150?

The answers to these problems are in the Appendix. When you have
had the practice you need, either return to the preview test on page 83 or
continue in B with the addition and subtraction of fractions.

4 Adding and Subtracting Fractions

m At heart, adding fractions is a matter of counting;:

1 fifth

+ 3 fifths

4 fifths (count them)

2 sevenths

+ 3 sevenths

5
5 sevenths or 7
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LEARNING HELP [)

Fractions having the same denominator are called like fractions. In the
problem at the bottom of page 114, % and ¥ both have the denominator 7
and are like fractions. Adding like fractions is easy.

To add like fractions:

¢ First, add the numerators to find the numerator of the sum.

e Second, use the denominator the fractions have in common as the
denominator of the sum.

2+5 7 < Add numerators

9 9 <——————— Same denominator

2 5
9 9
Adding three or more fractions presents no special problems.

3,1.5_
12 12 12 ——

Add the fractions as shown above, then turn to E3.

3+1+5 3+1+45 9 3
12 12 12 12 12 4

Always reduce the sum to lowest terms.

Try these problems for practice:

1 3 7 5
(a)§+§—_ (b)§+§—_

1 3 1
(C)25+35— (d)2+35—

1 4 5 2 8
(e)7+7+7+17+7

3 1
(f)§+1§+3—

Go to B to check your work.

3.2 9 8 17 5

43T 2 2T T 2
We change the original fractions to equivalent fractions with the same
denominator and then add as before.



116 QUICK ARITHMETIC

How do you know what number to use as the new denominator? In
general, you cannot simply guess at the best new denominator. We need a
method for finding it from the denominators of the fractions to be added.

If the larger denominator is a multiple of the smaller one, use the
larger as the new denominator. For example, to add
11
8 4
first notice that 8 is a multiple of 4. Use 8 as the new denominator.

Rewrite the second fraction as an equivalent fraction with denomina-

tor 8.

1_1x2 2

4 4x2 8
Then,

Using a calculator,

ks [+] 1ladds [=]— 318 ]

Use this procedure to add the following fractions.

1 5 2 5
@3+% ®r3+32

3 1 1 3
Wz WDary

Our answers are in BJ.

What is the LCOmeansleast
LCD? Common Denominator.

| recall It isthe LCMof the
learning denominators of tuwo

) adbout £ fractions. The idea of
4 once. LCMis all you really
need to kndwand use.
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Unlike Fractions

1 3 1 3 4
(c)25+35—2+3+5+5—2+3+5—2+3+2—7

(Add the whole number parts first.)

1 1 1 1 1
(d) 2 + 35 =2+3+ 5= 55 (Remember, 35 means 3 + —.)

2
7 7 7 7 7 71 7 7 71 17
_1+4+5+9+8_£_3§
- 7 777
3 1 3 1 4 4
(f)§+1€+3—1+3+§+§—4+€—4g

(Add the whole number parts first.)

How do we add fractions whose denominators are not the same?

2 3
— — = ?
3t

The problem is to find a simple numeral that names this new number.
One way to find it is to change these fractions to equivalent fractions with
the same denominator. (Equivalent fractions were discussed earlier, in

frame H3.)

Now that % and % have been changed to equivalent fractions, you can
add them. Do it now and then go to El.

(a) The larger denominator, 6, is a multiple of the smaller, 2. Rewrite the
first fraction as an equivalent fraction with denominator 6.
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LCM

Then, 5 + % = % + % = %, or % reduced to lowest terms. The sum is

equal to % or 1%.
_2x4 8
3x4 12

2
(b)
3
Then the sum is % + %> = %, + %, = 1312, or 1%..

(c) The denominator 4 is a multiple of 16; therefore,

and the sum is %¢ + %6 = %e.
1_1x8_8
4 4x8 32

(d)

and the sum is % + ¥ = % + ¥ = V.

If one denominator is not a multiple of the other, another number
must be chosen as the new denominator. This new denominator is called
the Least Common Multiple, or LCM, of the given denominators. It is the
smallest number that is a multiple of both of the original denominators.

To find the LCM, follow these steps.

Step 1
Write each number as a Example Find the LCM of 15 and 18.
product of primes. 15=3x5
18=2x3x3=2x32
Step 2
Write each base prime that 2 3 5 <«—— Thesearetheonly

appears in either number.

primes that appear.

Step 3
Attach to each prime 2" 32 5
the largest exponent \ 3 appears twice in the
that appears on it in factorization of 18.
either number.
Step 4
Multiply to find the LCM. LCM = 2" x 32 x 5!
=2%x9x5
=90

Practice this by finding the LCM of 12 and 30. Check your work in E3.
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m The larger number, 30, is not a multiple of the smaller; therefore we must
find the LCM of the two numbers.

Step 1 12=2x2%x3=2*%3
30=2x3x5
Step 2 The primes are 2, 3, 5.
Step 3 The factor 2 appears twice in 12. The other factors appear
only once in each number.
Step 4 LCM=2*x3x35
=4x3x%x3$§

=60 The LCM of 12 and 30 is 60. This is the
smallest number that is a multiple of both 12
and 30.

Find the LCM of each of the following pairs of numbers.
(@) 4and 6 (b) 8and 18 (c)12and 16

Compare your work with ours in E.

m (@ 4=2x2=2°
6=2x3
LCM = 22 x 3<—— The factor 2 appears twice in 4.

=4x3
=12

(b) 8=2x2x2=23
18=2x3x3=2x32
LCM = 23 x 3><<——— The factor 2 appears three times in 8.
=8x9 The factor 3 appears twice in 18.
=72

(€ 12=2%x2x3=2?x3
16=2x2x2x2=2%
LCM =2*x 3 <<— The factor 2 appears four times in the
=16x3 number 16. The factor 3 appears only
=48 once in 12.

Here is a shortcut way of finding the LCM.

Step 1 Example Find the LCM of
12 and 16.

Write the numbers on a horizontal line. 12 16
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Step 2
Divide both numbers by any factor 2012 16
they have in common. Write the 6 8

quotients below.
Step 3

Repeat the procedure, dividing by

. 12 1
any factor that they have in common 6
until the numbers that remain 6 8
have no common factor.
Step 4
The LCM is the product LCM =2x2x3x4=48

of the factors shown.

Try it. Find the LCM of 8 and 20 using this process. Check your work
in [8.

2| 8 20 < First, divide by the common factor 2.
214 10 <=— Notice that 2 is also a common factor of 4 and 10.
2 5 <——— 2 and § have no common factor.

LCM=2x2x2x5
=40

Practice using this shortcut by finding the LCM of each of the follow-
ing pairs of numbers.

(a) 20 and 24 (b) 24 and 36 (c) 60 and 40

Check your work in 8.
Divide by the common factor 2.

(a)2] 20 24
2010 12 2 is a factor of both 10 and 12.

5 6 <— 5 and 6 have no common factors.

LCM=2x2x5x%x6

=120

(b) 2. 24 36 <=——— Divide by the common factor 2.
2112 18 «— Again 2 is a common factor.
3.6 9 < 3is a factor of both 6 and 9.

2 3 < 2and 3 have no common factor.
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LCM=2x2x3x2x3

=72
() 10.60 40 <—— 10 is a factor of both 60 and 40.
2] 6 4 <— Divide by 2, the common factor of 6 and 4.
3 2 < 3 and 2 have no common factor.

LCM=10x2x3x2
=120

This same procedure can be used to find the LCM of three or more
numbers. For example, find the LCM of 24, 16, and 30 this way.

2[24 16 30 <2 is a common factor. Divide each by 2.
12 8 15

2024 16 30
412 8 15 <« 4isa factor of 12 and 8. Divide them by 4.
3 15 «— Since 15 is not divisible by 4, bring it down.

N

2[24 16 30
4|12 8 15 3 is a factor of 3 and 15. Divide them by 3.
303 Q 2 15 4—/ 2 is not divisible by 3; so bring it down.
1 2 5

LCM=2%x4x3x1x2x5
=240

Try it. Find the LCM for these numbers.
(a) 4, 6,15 (b) 8, 12, 18
Check your work in E.

(a) 2.4 6 15 4 and 6 are divisible by 2.

312 3 715 3 and 15 are divisible by 3.
2 1 5
LCM=2x3x2x1x5
=60
(b) 2| 8 12 18 < All are divisible by 2.

3 9 <— 3 and 9 are divisible by 3.

2
2| 4 6 (9 <—4 and 6 are divisible by 2.
3
1 3

2
2
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LCM=2x2x3x2x1x3
=72

Find the sum of %s + %.. Write both numbers as equivalent fractions
with the LCM of 18 and 12 as the denominator, and then add. Our solu-

tion is in M.

Be careful.
Ly 2.1 .3
YT Y TR
Add only like.
fractions, fractions
with the same.
denominators. Do
youreally think |
that S0¢175¢ 3547
Thats what

dou wrote. .

m 18=2"x3? 12=2?x3

3 5 6 15 6+15 21 7
Add.§+a—¥+¥—7—¥—ﬁ(m|°We5tterm5)

And of course it is much quicker using a calculator:

slak]1s [+] splua[=|—] 711

LEARNING HELP D To add fractions, remember these steps:
1. Add the whole number parts of the fractions.
2. Find the LCM of the denominators of the fractions to be added.

3. Write the fractions so that they are equivalent fractions with the
LCM as denominator.

4. The numerator of the sum is the sum of the numerators, and the
denominator of the sum is the LCM.

5. Reduce to lowest terms.
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This way of adding fractions may seem rather long and involved. It is
involved, but it is the only sure way to arrive at the answer without using
a calculator. Of course, if one is available, a calculator with a fraction key
will make these calculations easy, but it is very important that you under-
stand the basic process and that you check your answers.

Practice by adding the following:

(a)%Jr% (b)%+%
(c);—g+% (d);+%
@135+ g 5+a+s
(9)2%+1%+2% (h)%+211_8+1%

The worked solutions are in .

Easy enough? If the denominators are the same, we subtract numera-
tors and write this difference over the common denominator. Try another:

3 1

4 5 ———

Our solution is in B.

The LCM of 4 and S is 20.

3.2 _3x5 15 1.2 _1xa_ 4
4 20 4x5 20 5 20 5x4; 20
Then

31 15 4 N

4 5 20 20 20

When the two fractions have different denominators, we must change
them to equivalent fractions with the LCM as denominator before sub-
tracting.

If you have not yet learned how to find the Least Common Multiple
(LCM), turn to E8. Otherwise, continue by finding the following differ-

€nces.
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1
(8)3——16—— (b) 10 - 3E——

1
(C)41— ZE_— (d)23—2— 5 ——

Check your answers in .

What Is the LCM?
An LCM is not a Little Crooked Martian, but a Least Common Multiple.
A multiple of a whole number is a number evenly divisible by it.

4,8, 12,16, 20, 24, . .. are all multiples of 4

A pair of numbers will have common multiples.

The multiples of 4 are 4, .12 ) 20, @
The multiples of 8 are @ 32

The common multiples of 4 and 8 are 8 16, 24, and so on.

The smallest common multiple, or least common multiple or
LCM, is the smallest of all the common multiples of a pair of whole
numbers.

The LCM of 4 and 8 is 8. The LCM 8 is the smallest whole number
that is evenly divisible by both 4 and 8.

m (a) The LCM of 18 and 16 is 144.

? 5x8 40 5 2 5x9] 45

5
18 144 18x8 144 16 144 16x9 144

5 .5 _40 45 40+45 85
18 716 144 T 148 148 T 14a

(b) The LCM of 12 and 16 is 48.

7  7x4 28 3 3x31 9

12 12x4) 48 16 16x3| 48

7,3 _28 9 37
16 48 48 48

(c) The LCM of 32 and 30 is 480.

10 10x15 150 4 4x16! 64

327 32x15 480 30 30x16 480
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B+i_150+64_214_107
32 30 480 480 480 240
(d) The LCM of 7 and 5 is 35.
3_3x5_15 4_4x7 28
7 7x5 35 5 5x7 35
3,4 15 .28 43 .8
7 5 35 35 35 35
(e) The LCM of 15 and 9 is 45
2 2x3 6 5 5x5 25
15 15x{3] 45 9 9xi{5/ 45
2 5 5 6 25 31 31
1E+§ 1+E+§ 1 E E 1+ E 1E
(f) The LCM of 2, 6, and 4 is 12
1_6 5_10 3_9
212 6 1 4 12
2 6 4 12 12 12 12 12
(g) The LCM of 12,9, and 8 is 72.
5 5x6 30 1 _1x8 8 3_3x9_27
12 12x6] 72 9 9x8 72 8 8x9 72
5 1 3 5 1 3 30 8 27
ZE+1§+2§—2+1+2+E+§ g 5+ 72 ﬁ-{_ﬁ
72 72
(h) The LCM of 16, 18, and 12 is 144.
13 117 18 11132
16 144 18 144 12 144
13 1 117 8 132 257

16 %8t 15_2 VN a2 T Taa T e T3 g
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113 113
=4+ "
Once you have mastered the process of adding fractions, subtraction is

very simple indeed. Try this problem:

3_1_
8 8 — —
Turn to 8.

m (a) The LCM of 4 and 12 is 12.

1 1 39 13 26 13 1
T T 2" 127 6 "%

10  10x[16 160 S 53
b) 10=—= —= 3—=—
(b) 1 1x16; 16 16 16

5 160 53 107 _11
10-376=%6 16~ 16 %16

(¢) The LCM of 18 and 12 is 36.

7 B 79><2 158 Zﬂ_i_3sx§'3’}_1o5
18718 18x2 36 1212 12x3 36

4_ 23_158 105_2_12
18 12 36 36 36 36

(d) The LCM of 32 and 6 is 96.

———————————

,6 _70_70x3 _210 n
32732 32x3 9% 6

,,,,,,,,,,,

,1_210 112 _98 49 1
32 6 6 9% 96 48 48

Now turn to B for a set of practice problems on addition and sub-
traction of fractions.
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Problem Set 2-4: Adding and Subtracting Fractions

A. Add or subtract as shown:

1.%+% 2_%+% 3_%+%
4.%+% 5_%_% 6.%—%
7'%‘% 8-%—% 9.2—z+;—z
10.;—;+;—2 11.2—2—634 12.;—;_3l2
13.%+%+% 14.%+%+%

15.%+g+; 16.%+%—%

17.%+%—11—2 18.%—%+%

B. Add or subtract as shown:

1'%+% 2-%—% 3.%+%
4-%—% 5-%+% 6.;+§
7-%+% 8.%+§ 9,%_%
10.;—% 11.3—% 12.%-2—54

13. 1%+% 14. z%+1% 15. 3%+1%

16. 32 +12 17. 32 27 18, 32 _ 12

8 7 8 “8 12 16
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C.

1.

Calculate:
1 3
2—5 2 6—4E
1 1
8- — 4, 3-1—
4 5
1 3 1 7 1 1
"2 5 8 "2
2 3 3 7
. 15 subtracted from 4Z 10. 2§ less than 4%

6% reduced by 1i 12.

3 1
16 4§ less than 65

. Brain Boosters

Machinist Tony, the machinist’s helper, got confused and wrote
some numbers incorrectly. How much longer is a 1%-inch bolt than a
1%-inch bolt?

Manufacturing Sara’s time card at the Sew ’n Sew pajama factory
shows that she worked the following hours last week: Monday, 7%
hours; Tuesday, 6% hours; Wednesday, 5% hours; Thursday, 8 hours;
Friday, 9% hours. What total time did she work?

Show that:
1 1
<6+Z>x<5—§)=6x5
3 3
<7+7>x<4—§):7x4

1 1
<31+§>x<21—§>_31x21

The ancient Egyptians, thousands of years ago, wrote all fractions as
a sum of different fractions with numerator 1. For example,

3 1 1
2 would be written > + a
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EWould be Writtenl+l notl+l
3 2 6 3 3

How would the Egyptians have written these fractions?
7 5 5
(a) 3 (b) 9 (c) 12

5. Real Estate Radis Realty is selling a plot of land whose four sides
are 120% ft, 85% ft, 116% ft, and 91% ft. What is the total distance
around the edge of this lot?

6. On a recent trip in his Eletro-Hybrid car, Jose traveled 1846 miles
and stopped for gas three times, using 8% gallons, 10% gallons, and
9%, gallons.

(a) How much gas was used?
(b) What was his average miles per gallon?

7. Business Stock in the on-line grocery store Celery.com opened at
47% yesterday on the New York Stalk Exchange and closed at 45%..
What was its net loss in price?

8. Which is larger?

(a) One-quarter of the sum of ¥ plus % of %
(b) ¥ minus % of %

9. Business The Zippy Delivery driver drove 8% hr on Tuesday, 5% hr
on Wednesday, and 9% hr on Thursday. How many hours did the
Zippy driver drive during those three days?

10. Real Estate Lots-of-Plots, the home building company, originally
owned 234 acres of land. After selling 145% acres, how many acres
of land did it own?

The answers to these problems are in the Appendix. When you have
had the practice you need, either return to the review test on page 83 or
continue in Bl with the study of word problems involving fractions.

5 Solving Word Problems

m The mathematics you use every day in your work or at play usually
appears wrapped in words and hidden in sentences. Neat little sets of
directions are seldom attached; no “Divide and reduce to lowest terms” or
“Write as equivalent fractions and add.” The difficulty with real problems
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is that they must be translated from words to mathematics. You need to
learn to talk arithmetic, not just juggle numbers.

Certain words and phrases appear again and again in arithmetic. They
are signals alerting you to the mathematical operations to be done. Here is
a list of such signal words.

Signal Words Translate as

Is, is equal to, equals, the same as =
Of, the product of, multiply, times, multiplied by X

Add, in addition, plus, more, more than, sum, and, +
increased by, added to

Subtract, subtract from, less, less than, difference, -
diminished by, decreased by

Divide, divided by +
Twice, double, twice as much 2 x

Half of, half % X

Let’s translate the phrase “six times some number.” First, make a word
equation by using parentheses:

(six) (times) (some number)

Second, translate signal words to math symbols and use [J or a letter
of the alphabet to represent any unknown quantity. (The little box [J is
handy because you can write in it if you ever learn its numerical value.)

(6) (x) (0))

Translate the phrase “a number divided by seven.” Check your answer

in B1.
“A number divided by seven” — (a number) (divided by) (seven)
->0O+7 or % 7)0

Translate the following phrases to mathematical expressions.

(a) “Three more than some number”

(b) “One-half of some quantity”



Fractions 131

¢) “The sum of % and a number”

d) “Six less than a number”

e) “Five more than twice a number”

f) “A number divided by %”

g) “One-third of a quantity is equal to %”
h) “A number diminished by two-thirds”

Our translations are in BE.

.Eaajﬁdd

: 8.The
ﬂmimnﬁ
%_QK?

1 2

(@) 3+0O (b)ExD (c)§+D

d)O-6 () 5+ (2 x0) (ﬂD+%
1 3 2

(g)EXD:Z (h)D—§

Several kinds of word problems involving fractions appear again and
again. Translate these:

(a) What fraction of 3% is 1/%?
(b) % of what number is 1%?

(c) % of 1% is what number?

Translate as before, and then turn to B3 for our answers.
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What 15 Nothunq itis reater

improper than | —toprnumber
about an laroer than

: lmproper nu :
fraction?

bottom

No chance. it'l|
be banned?

m (a) (What fraction) (of) (3%) (is) (1%)?

N 2

3 1 3 1
I:‘ X 3] = 1; or D X 31 = 1§
3 . 2
(b) <§> (of) (what number) (is) <1§>?
AN l Il
% X L] = 1% or % x[]= 1%
(c) (g) (of) <11) (is) (what number)?
L L 1Ll l
4 7 4 7
5 X 15 = D or § X 1§ = I:l

Problem (c) is easy to solve. If you do not remember how to do it, you
should return to Bl and refresh your memory. Let’s concentrate on the
other two.

Can you solve problem (a)? It will help if you make up a similar prob-
lem, one that you can solve easily, and compare them. For example,
“What number multiplied by 3 equals 6?”

[Ix3=6

Of course the answer is 2. How did you get that answer? It didn’t simply
pop into your head. Your brain did a quick calculation that went some-
thing like this:
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“What times 3 gives 6?”

“Hmm. | know that 6 divided by 3 is 2. Is 2 the answer?”
“Try it: does 2 times 3 give 6?”

“Yep. The answer must be 2.”

In math language your brain did this:

[Ix3=6

[(J=6+3=2

Check: [2]x3=6. OK.

Now solve [1x 3% = 1% in exactly the same way you solved (1 x 3 = 6.

Check your work in .

[]x 3% = 1% Similar Problem
1 3
D—1§—3Z DX3—6
O-2.1> [1=6+3
4
6 4
D—EXE |:|—2
8
D:E Check: [2]x3=6
8 3 1
Check: ><3Z_1§ 6=6

ix15 6 1
25" 4 5 5

The very best way to solve problems of this kind is to:

1.

Make up a similar problem using small whole numbers—an easy
problem that you can solve immediately.

. Solve the difficult problem in exactly the same way.

3. Check your answer by substituting it for the unknown quantity in the

original equation.

The similar problem you make up allows you to use your feel for the logic
of the problem to help you decide how to do it. You get to “think it out”
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without letting numbers get in the way. Don’t hesitate on this; learn to
trust yourself—but check every answer.

Now try to solve [ x 1% = %s. The solution is in B.

3 ) 2
(Z) (of) (what number) (is) (1;)

Ll \2 VN
3 2 3 2
Z X D = 13 or Z X I:l = 13
Make up a similar, but very easy, problem: Similar Problem
“Two times what number equals six?” 2x[1=6
=6+2
The answer is 3. How did you get it? =3
3 2
ZXD:1§ Check: 2x[3]=6
2 3
[l= 13+7 6=6
5 4
0-3.4
373
20
H-3
3 201 5 2
Check Z X 9 = § = 13

If you are one of those people who like to memorize things, it may help
you to remember that:

If AxB=C
then B=C+A
and A=C=+B

(for any numbers A, B, and C not equal to zero)

As a general rule, it is better not to try to memorize a rule for every vari-
ety of math problem and far better to develop your ability to use basic prin-
ciples, but if you like to memorize helpful rules this is a very useful one.
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Use these problems for practice. Translate each into an equation and
solve it.

(a) % of what number is equal to 1%?
(b) What fraction of 4/ is 6%?

(c) Find a number such that % of it is 2%.

(d) The product of 1% and 2% is what number?
(

e) What fraction of 8% is 7.?

The answers are in E3.

This is similar to the problem “What number times 4 equals 8?”

Similar Problem

7 5
DX1§_E I:‘X4—8
5 7
5 15
68 =2
5 8
L=—x— Check: [2]x4=8  OK.
16 15
1
[1=—
7 5
heck: 1—=—
Chec >< 8= 16
1 15 5
6% 8" 16 ¢

Isn’t it easier when you have the simple problem as a guideline?
Try another problem:
% of what number is 1%?

Translate this word phrase into an equation in symbols and solve. Check
your work in E3.
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E (a) (%) (of) (what number) (is equal to) (1%)?

7 1 3 71 21 5
D—E—:SE ChCCk. gXE———1—

(b) (What fraction) (of) (4%) (is) (6%)?

(c) Find (a number) such that <i> (of) (it) (is) (2%)

11
3 2
WXD—ZE
2 3
=247
12 1
O-12, 1t
5 73
44 4 3 [44] 12 .2
D—?—SE ChCCk. WX 5 —?—ZE
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(d) The (product of) (1%) and (2%) (i1s) (what number)?

1%x2%:|:|
xL=0
2.0
D=4%
(e) (What fraction) (of) (8%) (is) <%>>
Dx8%:%
|:|=%+8%
D:%x%
=11—5 Check: 115><8%=11—5x§=%

Here is another type of problem involving fractions:
If 6E dozen doorknobs cost $100, what will 10 dozen doorknobs cost?

To solve this, first make up a similar and much easier problem in order to
get the feel of it. For example,

If 2 apples cost 10¢, what will 6 apples cost?
Solution: 2 cost 10¢

1 costs 10¢ + 2 = 5¢

then 6 cost 6 x 5¢ = 30¢

In other words we solve the problem by dividing it into two parts:

e First, find the unit cost, the cost of one item.
® Second, find the cost of any number of items.
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Apply this method to the doorknob problem. Work exactly as you did in
the simpler problem. Check your work in B.

2
E 6§ cost $100
20

2
1 100 + 6= | =$100 + =~
costs ($ 00 63> $100 3

3
—$100x%—$15

Then 10 cost (10 x $15) = $150

One way to check your answer is to compare it with what you might
have guessed the answer to be before you did the arithmetic. For example,
if 6% cost $100, then 10 will cost almost double that and the answer will
be between $100 and $200. The actual answer $150 is reasonable.

Here are a few problems for you to practice with.

(a) If 4% dozen pencils cost 2% dollars, what will 8% dozen cost?

(b) If you walk 24 miles in 7% hours, how many miles will you walk in
10 hours, assuming you go at the same rate?

(c) If you can swim 7% of one mile in % hour, how far can you swim in 2%
hours at the same rate?

Look in B for the answers.

Equivalent fractions
What is an hdve the same value

ecquivalent but are written
f%étion v different]
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1 1
(a) 43 cost $ZZ Similar Problem
1 1 $9 9
1 2— +4—=—+— 2 1
costs $ 2 =72 %3 cost 10¢
$9 2 $1
_4><9_2 1 costs 10¢ ~ 2 =5¢
1 1 $1 17  $1
Then82 cost82>< > = X > 6 cost 6 x 5¢ = 30¢
17 1
= = 4_
4 $4
8l dozen cost $4l
2 4
1 .
(b) 75 hours — 24 miles
1
1houre24+75
2 16 1 .
—24XE—?—3§mI|ES

Then 10 hours — 10 x % =32 miles

(o) % hour for % mile

1houre1-£—1xi—ﬂmile
8 3 872 16

1 21 5 105 9 .

ZEhourseﬁx5:3—2:33—2mlles

Now go to @ for some practice on word problems involving fractions.
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m Problem Set 2-5: Solving Word Problems

A. Translate these words and phrases to mathematical expressions and

symbols:
1. is 2. of
3. increased by 4. the same as
5. 6 subtracted from some 6. half of a number
number
7. double the number 8. a number divided by 2%
2 2
9. a number plus 3 10. the sum of a number and 5
L 3 7 . 1
11. a number divided by 7 12. 3 of a number is equal to 15
3 . 1, 1
13. some number less 12 14. What fraction of BZ is 113?

7 5
15. the product of 6 and 3§
B. Solve:

1 7
1. What fraction of 3— is 4—?
4 8
2. What part of 7l is Zl"
. p 3 g

3. What fraction of 3% is 5?7

4, % of what number is %?

4 1
_ [P
5. 11 of what number is 5

1 2
6. 3§ of 5 is what number?

7. Find a number such that % of itis 4%.
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C. Solve:

1. Manufacturing If 4% pounds of Geedunk gear packing cost $39,
what will be the cost of 6/ pounds?

2. Des, the Hash House flash, runs 6% miles in 35 minutes. How many
miles will he cover in 45% minutes at this pace?

3. On a vacation trip, 25% gallons of gas were used to drive 480 miles.
How many gallons were used to drive the first 100 miles at that
rate?

4. Carpentry If a box containing 2% pounds of nails costs $8, how
many pounds can be purchased for $12?

5. Business If you are paid $138 for 34% hours of work, what should
you be paid for 46% hours of work at the same rate of pay?

The answers to these problems are in the Appendix. When you have
had the practice you need, turn to [& for a self-test on fractions.

[Z] CHAPTER 2 SELF-TEST

. 3 . .
1. Write 7% as an improper fraction:

37
2. Write " as a mixed number:

13-

4. Reduce to lowest terms: %

> %‘F%:_ 6.%+§+%=_
7 1%+2%+2§=_ 3_%_%:_

9. 2%—1%=_ 10. 6%—3%:_
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11'%X§:— 12 Z%XZ%:_
13.§+%=_ 14. 3%+7%=_
15. 1%+4%=_ 16. (2%)2=_
17. 1%x4%><7%=_

18. What fraction of 16 is 7?

19. What fraction of 7% is 3?

20. What fraction of 4% is 3%?

21. % of what number is 1%?

2 7
22. 1— of wh is —?
3 of what number is 15

23. Find a number such that % of itis 3%.

24. What fraction of 50 is 4%?

2
25. Construction If 1— cubic feet of gravel cost $60, what will 2 cubic
feet cost?

The answers to these problems are in the Appendix.
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Decimals

When you successfully complete this chapter
you will be able to do the following:

1. Add and subtract decimal numbers.
(@) 4.1672 +17.009 + 2.9 =
(b) 81.62 —79.627 =

2. Multiply and divide decimal numbers.
(@) 13.05x46=___
(b) 210.84x34=___
() 3+0.064=__

(d) Round 4.1563 to two decimal places.

(e) (10.3)*=

Page

145
145

156
156
162
165
156

Where to Go for Help

Frame

143
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ANSWERS TO
PREVIEW 3
PROBLEMS

3 DECIMALS

Where to Go for Help

Page Frame
3. Convert fractions to decimals and decimals
to fractions.
(@) Change s to a decimal. 173
(b) Change 7.325 to a fraction in
lowest terms. 173
4. Work with decimal fractions.
(@) What decimal part of 16.2 is 4.131?
(Round to three decimal places.) 173 25 ]
(b) If 0.7 of a number is 12.67, find the
number. 173 25

If you are certain you can work all of these problems correctly, turn to
page 186 for a self-test. If you want help with any of these objectives or if
you cannot work one of the preview problems, turn to the page indi-
cated. Super-students eager to learn everything in this unit will turn to
frame Bl and begin work there.

1. (a) 24.0762 2. (a) 60.03 3.()o0.4 4, (a) 0.255
(b) 1.993 (b) 716.856 (b) 7%o (b) 18.1
(c) 46.875
(d) 4.16
(e) 106.09

Image Not Available
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1 Decimal Numbers

Decimal

People who have trouble with math may not be able to add 2 and 2 in
class or recognize equivalent fractions, but you can be certain they make
no mistakes checking their change at the bank. Words never interfere with
the really important things. Calculators are helpful, but it is important
that you understand the process before you start pushing calculator keys.
Otherwise you may get the wrong answer, lightning fast, with no clue that
it is incorrect.

In Chapter 1 you learned that whole numbers are written in a place
value system based on powers of ten. A number such as 237 is shown
below in expanded form:

237

R I

(2x100)+(3x10)+(7x1)

This way of writing numbers can be extended to fractions. A decimal
number is a fraction whose denominator is a power of 10. (Remember
that a “power of 10” is simply a multiple of 10, that is, 10, 100, 1000,
10,000, and so on.) For example,

Decimal Form Fraction Form
0.6 = 6 tenths _5
o 10
0.05 = 5 hundredths _>
R ~ 100
32
32= 2h h =—
0.3 32 hundredths 100
0.004 = 4 thousandths __4
) B ~ 1000
267
0.267 = 267 thousandths =7000

We may also write the decimal number 0.267 in expanded form as
shown here:

0.267
P RN
2.6, 7
10 © 100 © 1000
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Write the decimal number 0.526 in expanded form. Check your
answer in B

What i5,0. power
of ten?

'Josdower oftenisa

p uct of 10s
10 x10=100
lelO*IO =] 000
ancl so on.

5 2 6
B %5270 " 700 " 1000

Decimal notation enables us to extend the idea of place value to num-
bers less than one. A decimal number often has both a whole number part
and a fraction part. For example, the number 324.576 is shown in
expanded form below:

1 2x1 4x1 — 7 — —

(3>< 00) +(2x10) + (4 x )+ 5>< ><100> (6 1000)

hundreds tens ones tenths hundredths thousandths
whole number part fraction part

You are already familiar with this way of interpreting decimal numbers
from working with money.

$243.78

A N

(2x$100)+(4x$10)+(3x$1)+(7x10¢) + (8 x 1¢)
Write the following in expanded form.

(a) $86.42 (b) 43.607 (c) 14.5060 (d) 235.22267

Compare your answers with ours in [H.
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F ©55642- 6510+ 681+ <4>< $11—0>+<2 « $L>

Digits

100
2

4
—$80+$6+$ﬁ+$100

1 1 1
(b)43.607=(4><10)+(3><1)+<6xﬁ)+<oxm>+<7xm)

6 0 7
=40+3+ 95700 * 1000

5 0 6 0
(c) 14.5060 = (1 x 10) + (4 x 1)+ﬁ+ 100 + 1000 + 10000

2 2 2
(d) 235.22267 = (2 x 100)+(3x10)+(5x1)+ﬁ+m+m

+ o + 7
10000 100000

Notice that the denominators in the decimal fractions increase by a
factor of 10. For example,

3247.8956

—_—
3x1000!  Thousands 3000.0006 Ten-thousandths 6 x 0.0001
2x100 Hundreds 200.005 Thousandths '5x0.001
4 x10 Tens 40.09 Hundredths 19x0.01
7 x1 Ones 7.8 Tenths 8x0.1 |

o Eachrow changes by a factor of ten. 7
1x10= 10 0.01 x 10=0.1

10x10= 100 0.001 x 10 =0.01
100 x10= 1000 0.0001 x10=0.001

In the decimal number 86.423 the digits 4, 2, and 3 are called decimal dig-
its. The number 43.6708 has four decimal digits. All digits to the right of
the decimal point, those that name the fractional part of the number, are
decimal digits.

How many decimal digits are included in the numeral 324.0576?
Count them: then turn to .

The number 324.0576 has four decimal digits: 0, 5, 7, and 6 (the digits to
the right of the decimal point).
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The decimal point is simply a way of separating the whole number part
from the fraction part; it is a place marker. In whole numbers the decimal
point usually is not written, but its location should be clear to you.

For a whole number the decimal point is understood to be after the
right-end digit.

2=2. 324 =324,

\ The decimal point | \ The decimal point |

Very often additional zeros are annexed to decimal numbers without
changing the value of the original number. For example,

8.5=8.50=28.5000 (and so on)
6=6.=6.0=6.00 (and so on)

The value of the number is not changed, but the additional zeros may be
useful, as we shall see.

The decimal number .6 is often written 0.6. The zero added on the left is
used to call attention to the decimal point. It is easy to mistake .6 for 6,
but the decimal point in 0.6 cannot be overlooked.

Add the following decimal numbers:

2 5
0'2+0'5_E+E_

Try it, using what you know about adding fractions. Then turn to B

2 Adding and Subtracting Decimal Numbers

5 245 7

2
H 0-2+0-5_ﬁ+ﬁ_ 10 —W—0.7

We could skip the second step and say simply: 0.2 + 0.5 = 0.7.
Because decimal numbers represent fractions with denominators equal
to powers of ten, addition is very simple.

2 3
— > _— R
+5.23 5+10+100_

Add, using the expanded form shown above:
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1.45
+3.42

Check your answer in .

4 s
145 42
> 70 T 100

—4+i+i=4.87
10 " 100

Of course we need not use expanded form in order to add decimal
numbers. As with whole numbers, we may arrange the digits in vertical
columns and add directly.

| Decimal point column Tenths column
Ones column Hundredths column

e

1:.:4:5
+3.142
4...8:7

L0.0S +0.02 =0.07
04+04=0.8

Decimal point column
1+3=

Digits of the same power of ten are placed in the same vertical column.
Decimal points are always lined up vertically.

If one of the addends is written with fewer decimal digits than the
other, annex as many zeros as needed to write both addends with the same
number of decimal digits.

2.345 becomes 2.345
+1.5 + 1.500

Except for the preliminary step of lining up decimal points, addition of dec-
imal numbers is exactly the same process as addition of whole numbers.
Add the following decimal numbers.

(a) $4.02 + $3.67 = (b) 13.2+1.57 =
(c) 23.007 +1.12 = (d)14.6+1.2+3.15=
(e)5.7+3.4= (f) 42.768 + 9.37 =

Arrange each sum vertically, placing the decimal points in the same verti-
cal column. Then add as with whole numbers. Check your work in E.
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7|

¢—‘ Decimal points in line vertically

(a) $4.02
+ $3.67
7.69 < 0.02 +0.07 =0.09 Add cents
0.0+0.6=0.6 Add 10¢ units
4+3=7 Add dollars

As a check, notice that the sum is roughly $4 + $3 or $7, which agrees
with the actual answer. Always check your answer by first estimating it,
then comparing your estimate or rough guess with the final answer.

¢—{ Decimal points in line ‘

(b) 13.20<—— Annex a zero to provide the same number of decimal
+1.57 digits as in the other addend.
14.77

A—{ Place answer decimal point in the same vertical line. ‘

Check: 13 + 1 = 14 (which agrees roughly with the answer)

(©) 23.007 (d) 14.60
+1.120 1.20
24.127 +3.15

18.95
€ b7
+34
9.1

ﬁ Y 07+04= 1.1; write 0.1, carry 1.

Carried1+5+3=9

7
In expanded form: 5.7 ——> 5+ﬁ The carried 1
4
4 ——> —_—
S e om0 1
g, l+4 10 10" 10

10

1

=8+ 1+—-—=9+—

\10_ 10

=9.1 The carried 1



Decimals 151

(f) ;121.}68 — > In expanded form:
+9.370

52.138 10 7 100 © 1000 100 _ 10
+9+i+L+L
10100 "1000 . . 10 3 8
5,00, 13 8 ~ 100 ~ 100 ' 1000

10 100 T 1000

10 13 8
0] =326 % 700 * 1000
13 10+ 3

105 = 106 ~52.138

CAUTION |:> You must line up the decimal points carefully to be certain of getting a cor-

rect answer.
Subtraction is equally simple if you line up decimal points carefully
and attach any needed zeros before you begin work.

Example 1:
$437.56 — $41

—$41.00 <« Attach zeros (Remember that $41 is $41. or $41.00.)
$396.56
L—‘ Answer decimal point in the same vertical line. ‘

Example 2:
19.452 - 7.3615

192?%5\ Decimal points in a vertical line

-7.3615 Attach zero
12.0905
\—‘ Answer decimal point in the same vertical line. ‘

Try these problems to test yourself on subtraction of decimal numbers.

(a) $37.66 — $14.57 = (b) 248.3 - 135.921 =
(c) 6.4701-3.2= (d) 7.304 — 2.59 =

Work carefully. The answers are in .



152 QUICK ARITHMETIC

CAUTION [)

! Fasy. Write90as
90.0and line up
the decimal points.

0.

ouranswer :
55.%(04.6 =30.0

(a) $37.86 \

-$14.57
$23.09 Check: 14.57 +23.09 =37.66

(b) 248%\ Line up decimal points \
~

- 135.921 Attach zeros
112.379
A ‘ Answer decimal point in the same vertical line. ‘
Check: 135.921 + 112.379 =248.300

Line up decimal points

() 6.4701
—3.2000
3.2701 Check: 3.2000 + 3.2701 = 6.4701

(d) 7.304
—2.590
4.714 Check: 2.590 +4.714 =7.304

Notice that each problem is checked by comparing the sum of the differ-
ence (answer) and subtrahend (number subtracted) with the minuend.
Avoid careless mistakes by always checking your answer.

Now, for a set of practice problems on addition and subtraction of
decimal numbers, turn to .
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n Problem Set 3-1: Adding and Subtracting Decimal Numbers

A. Add or subtract as shown:
1.

11.
13.
15.
17.
19.
21.
23.
25.
27.
29.
31.
33.
35.

B. Add or subtract as shown:

1
3
5
7
9
1

© N U ow

0.5+0.3
0.9+0.6
0.1+0.8
0.8+0.8
0.8+0.9
0.9-0.2
09-04
29-1.1
3.7-04
0.7+0.9+0.3
28+09+1.1
26+45+1.9
1.4+3.6+0.5
8.8+34+53
9.3-2.6
4.2-0.6
57-3.9
3.0-04

. 14.21+6.8

. 0.687 +0.93

. $7.04 + $23.56

. 75.6 + 2.57

. 0.096 +5.82

. 4.0983 + 12.1036

10.
12,
14.
16.
18.
20.
22.
24.
26.
28.
30.
32.
34.
36.

@ &~ N

10
12

© o & N

0.7+0.9
04+0.2
0.5+0.7
03+04
0.8-0.7
56-2.3
49-26
1.7-0.3
8.7-3.5
52+1.7+3.0
0.5+0.8+0.1
83+26+7.2
0.3+0.6+0.5
3.3-1.7
7.2-6.6
7.1-538
8.5-59
1.1-0.7

$2.83 +$12.19
3.76 + 23.43
5.702 + 0.784
$52.37 + $98.74
. 507.18 + 321.42
. 623.09 + 408.19
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13
15

17.
19.
21.
23.
25.
27.
29.
31.
33.

C.

-—

3
5
7
9

D.
1.

. 45.6725 + 18.0588 14.

. 70.3042 + 58.0643 16.
$14.75+ $9.08 + $3.76  18.
$52.19 + $17.43 + $38.75 20.
$33.40 — $18.04 22
7.83-6.79 24,
75.08 — 32.75 26.
$20.00 — $13.48 28.
$40 — $3.82 30.
3.892 - 0.995 32.
13-6.04 34.

Calculate:

. 148.002 + 3.459 2.

. 68.708 + 27.18 4,

. 7.865 +308.9 6.

. 0.9437 + 15.0988 8.

. 8.939 +10.072

Brain Boosters

10.

212.78 + 25.46

37 +.09 + 3.5 + 4.605
0.721 + 48.06 + 22 + 0.09
2417 -4.8

. 545-3.16

$11.36 — $7.50
10.05 — 3.42
14.22-7.8

30 — 7.984

$65 — $47.35
1.0487 — 0.6728

632.9 - 30.246
517.03 - 425.88
23.745 - 9.06745
4068.4 — 32.9067
9.77803 - 6.42829

On a recent shopping spree at the Happy Peanut Health Food Store

you bought the following;:

1 gt celery juice

1 jar honey
Granny’s Granola
sunflower seeds
virgin olive oil

$3.75
4.18
5.36
2.59
8.98

How much change should you receive from a $50 bill?

At the start of a long trip your mileage meter read 18327.4, and at
the end of the trip it read 23015.2. How far did you travel?

Business

The Zippy Delivery Service truck logged 124.7 delivery

miles Monday, 209.1 miles Tuesday, 279.4 miles Wednesday, 185.4
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miles Thursday, and 313.9 miles Friday. What was the total mileage
for the week?

The 400-meter race run in the Olympic games is 437.444 yards long.
What is the difference between this distance and one-quarter of a
mile (440 yards)?

Machinist A certain machine part is 2.345 inches thick. What is its
thickness after 0.078 inch is ground off?

Finance Can you balance a checkbook? At the start of a shopping
spree your balance was $1472.33. While shopping you write checks
for $212.57, $18.95, $40, $7.48, and $523.98. What is your new
balance?

Real Estate Isabelle from Radis Realty needs to find the perimeter
(distance around) the field shown. All distances are in meters. Help
her with the calculation.

150.045 m

237.42 m

186.21 m

96.4 m

298.674 m

Auto Mechanic Otto, the mechanic, finds that a heated piston mea-
sures 8.586 cm in diameter. When cold it measures 8.573 cm in
diameter. How much does it expand when heated?

Sales What is the actual cost of the following car?

Sticker price $17,745.00
Dealer preparation 206.50
Leather interior 875.40
Antilock brakes 939.00
CD player 419.95
Moonroof 735.50
Tax and license 618.62

Less trade-in 1780.00
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E. Calculator Problems
Solve using a calculator.

-—

. 23770.66 + 34.07 + 1664.82

2. $467.33 + $235.05 + $46.22 + $110.46 + $54.98

3. 23,456.1 + 44,005.6 + 11,873.9 + 2,340.23

4. 123,456.7 + 253.46 + 82.59 + 66,765.3 + 344,700.08
5.%$4.76 + $2.98 + $21.66 + $4.92 + $13.07 + $4.50 + $9.34
6. 25.0982 + 1.00258 + 61.06668 + 7.770771 + 34.5 + 21.2280
7.22,222.2 +2.222 + 2222.22 + 220.22 + 22.220
8.56,678.34 - 9,870.67

9.423,780.8 - 6,670.9

10. 1120.34 — 998.664

11. 356.678 — 21.99 + 45.239 - 101.7

12. $56.37 — $127.20 + $495.03 + $12.46 — $64.55

13. Finance At the start of the month Enrique’s checking account had a
balance of $846.71. During the month he wrote checks for the following
amounts: $34.98, $18.37, $74.76, $93.54, $236.45, $121.35, and $29.33.
He deposited $408.37 during the month. What is his balance in the
account?

14. One minute is defined as exactly 60 seconds in sun time. One minute as
measured by movement of the earth with respect to the stars is 59.836174
seconds. Find the difference between sun time and star time for one minute.

The answers to these problems are in the Appendix. When you have
had the practice you need either return to the preview on page 143 or con-
tinue in frame K with the study of multiplication and division of decimal
numbers.

3 Multiplying and Dividing Decimal Numbers

m A decimal number is a fraction having a power of ten as denominator.
Multiplication of decimals should therefore be no more difficult than the
multiplication of fractions. Try this problem:

0.5x0.3=
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Werite out the two numbers as fractions and multiply, and then choose
an answer.

(a) 15 Go to .
(b) 1.5 Go to .
(c) 0.15 Go to 8.

You answered that 0.5 x 0.3 = 15 and that is incorrect. A wise first step

would be to guess at the answer. Both 0.5 and 0.3 are less than 1; there-

fore their product is also less than 1, and 15 is not a reasonable answer.
Try calculating the sum this way:

5 3

O.S—E 03—E
5 3
0.5X0.3—EXE

Complete this multiplication, and then return to @ and choose a bet-
ter answer.

Your answer is incorrect. Don’t get discouraged; we’ll never tell.

The first step is to guess: both 0.5 and 0.3 are less than 1; therefore
their product will be less than 1. Next, convert the decimals to fractions
with 10 as denominator.

5 3

O'SZE 0.3=ﬁ

Finally, multiply.

5 3
0.5X0.3—ﬁ><ﬁ—

Complete this multiplication, and then return to @ and choose a bet-
ter answer.

Excellent. Notice that both 0.5 and 0.3 are less than 1; therefore their
product will be less than 1. This provides a rough guess at the answer.

5 3
O'S_E 0.3—ﬁ

5 3  5x3 15
05X 0.3 =257 10x10 ~ 100 -

0.15



158 QUICK ARITHMETIC

Of course it would be very, very clumsy and time consuming to calcu-
late every decimal multiplication in this way. We need a simpler method.
Here is the procedure most often used:

Step1 Multiply the two decimal numbers as if they were whole num-
bers. Pay no attention to the decimal points.

Step 2 The sum of the decimal digits in the factors will give you the
number of decimal digits in the product.

Let’s apply this procedure to the problem 3.2 x 0.41.

Step 1 Multiply without regard to the decimal points.

32
x 41
1312

Step 2 Count the number of decimal digits in the factors.

3.2 has one decimal digit (2).
0.41 has two decimal digits (4 and 1).

The total number of decimal digits in the two factors is 3. The
product will have three decimal digits. Count over three digits
to the left in the product.

1.312

']

Three decimal digits

Check: 3.2 x 0.41 is roughly 3 x /5 or about 1%. The answer
1.3 agrees with our rough guess.

Try these simple decimal multiplications.

(@) 0.5x 0.5 = (b)0.1x01=__
(c) 10x0.6 = (d2x04=__
(e)1x0.1= (f)2x0.003=__

(9) 0.01x0.02 = (h) 0.04 x 0.005 =

Follow the steps outlined above. Count decimal digits carefully. Check
your answers in 3.
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OK. 1245067

Relax, I'm
| comingtoiit.

(a) 0.5x0.5=
First, multiply 5 x § = 25. Second, count decimal digits:

0.5 (one decimal digit) x 0.5 (one decimal digit) = a total of
two decimal digits

Count over two decimal digits from the right: %-5/
The product is 0.25.

Check: Both factors (0.5) are less than 1; therefore their product will be
less than 1, and 0.25 seems reasonable.

(b) 0.1 x 0.1 1x1=1

Count over two decimal digits from the right. Since there are not
two decimal digits in the product, attach a few zeros on the left.

1 —> 0.01
w_/

Gwo decimal digits

S00.1x0.1=0.01

1 1 1
Check. W X W = m OK.

(c) 10 x 0.6 10 x 6 = 60

Count over one decimal digit from the right (6.0) so that
10 x 0.6 = 6.0. Notice that multiplication by 10 simply shifts
the decimal place one digit to the right.
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CAUTION [)

10x6.2=62
10 x 0.075=0.75
10 x 8.123 =81.23 (and so on)

(d) 2x0.4 2x4=8

Count over one decimal digit. §/ 2x0.4=0.8
(e) 1x0.1 1x1=1

Count over one decimal digit. \1J 1x0.1=0.1
(f) 2 x 0.003 2x3=6

Count over three decimal digits. O.VO\(E 2 x0.003 =0.006

(g) 0.01x0.02 1x2=2

0.01 (two decimal digits) x 0.02 (two decimal digits) = total of four

decimal digits
Count over four decimal digits. O.Q\O% 0.01 x 0.02 = 0.0002

(h) 0.04 x 0.005 4x5=20

0.04 (two decimal digits) x 0.005 (three decimal digits) = total of five

decimal digits
Count over five decimal digits. O.%) 0.04 x 0.005 =0.0002

® Do not try to do this entire process mentally until you are certain you
will not misplace zeros.

e Always estimate before you begin the arithmetic, and finally check your
answer against your estimate. (Estimating and checking are particularly
important when you use a calculator to do the work.)

Multiplication of larger decimal numbers is performed in exactly the
same manner. Try these:
(@) 4302 x12.05=_
(b) 6.715x2.002=___
(c)3.144x0.00125=__

Look in B for the answers.



Decimals 161

How to Name Decimal Numbers
The decimal number 3,254,935.4728 should be interpreted as:

10
5 x 10, 000 3x 10 7 X — 8 x

v v l [ 1 1
3 x 1,000, 000| (4 x 1000 5x1 4)(_1 2 x 1
2 x 100, 000 9 x 100 1 1000

1
100 10, 000

It may be read “three million, two hundred fifty-four thousand, nine
hundred thirty-five, and four thousand one hundred twenty-eight
ten thousandths.”

Notice that the decimal point is read “and.”

It is useful to recognize that in this number the digit 8 represents
8 ten-thousandths or %o, and the digit 7 represents 7 hundredths
or %oo.

This number is often read more simply as “three million, two
hundred fifty-four thousand, nine hundred thirty-five, point four,
seven, two, eight.” This way of reading the number is easiest to
write, to say, and to understand.

(a) Guess: 4 x 12 is 48. The product will be about 48.

4302 (If you cannot do this multiplication correctly, turn to
x 1205 page 36 in Chapter 1 for help with the multiplication of
5183910 whole numbers.)

The factors contain a total of five decimal digits (three in 4.302 and two
in 12.05). Count over five decimal digits from the right in the product

51.83910
x_

so that 4.302 x 12.05 = 51.8391.
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Check: The answer, 51.8391, is approximately equal to the guess, 48.
(b) Guess: 6.7 x 2 is about 7 x 2 or 14.

6715<<— 6.715 has three decimal digits
X 2002 <«—— 2.002 has three decimal digits

13.443430=<— A total of six decimal digits
A4

Six decimal digits 6.715 x 2.002 = 13.44343
Check: The answer and the guess are approximately equal.

(c) Guess: 3 x0.001 is about 0.003.

3144 <«— 3.144 has three decimal digits
X 125 ««— 0.00125 has five decimal digits

.00393000 =<=— A total of eight decimal digits
x__

Eight decimal digits 3.144 x 0.00125 = 0.00393

Check: The answer and the guess are approximately equal.
Now go to M for a look at division of decimal numbers.

m Division Division of decimal numbers is very similar to division of whole numbers.
For example, 6.8 + 1.7 can be written:

3]
1.7

and if we multiply the top and bottom of the fraction by 10,

———————

6.8 6.8x/10] 68
1.7 1.7x10 17

Now treat %47 as a normal whole number division:

68
—=68+17=4
17

Therefore, 6.8 + 1.7 = 4. Check: 1.7x4=6.8.
Rather than take the trouble to write the division as a fraction, we may
use a shortcut.

Step 1 Example

Write the divisor and dividend in standard 6.8+17="?
long division form. 1.7)6.8
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Step 2

Shift the decimal point in the divisor to the

right so as to make the divisor a whole number. 1 Z, )

Step 3

Shift the decimal point in the dividend zhe

same amount. (Add zeros if necessary.) 1.7.)6.8.
\C AR 4

Step 4

Place the decimal point in the answer space

directly above the new decimal position in )

the dividend. 17.)68.

Step 5

Complete the division exactly as you would 4.

with whole numbers. The decimal points in 17.)68!

divisor and dividend may now be ignored. 68

6.8+1.7=4

Notice in steps 2 and 3 we have simply multiplied both divisor and divi-

dend by 10.

Repeat the process outlined above with this division:

1.38+2.3

Work carefully, then compare your work with ours in K.

Let’s do it step by step.
2.3)1.38

2.3)1.3.8

T T

23)13'8

Shift the decimal point one digit to
the right so that the divisor be-
comes a whole number. Then shift
the decimal point in the dividend
the same number of digits. 2.3 be-
comes 23.

1.38 becomes 13.8. This is the same
as multiplying both numbers by 10.

Place the answer decimal point
directly above the decimal point in

the dividend.
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.6
23.)13.8
138

Divide as you would with whole
numbers.

1.38+2.3=0.6
Check: 2.3x0.6=1.38

Always remember to check your answer.
How would you do this one?

2.6 +0.052 =

Look in [ for the solution after you have tried it.

m .85.%

.052.)2.600.
N AN 4

50.
52.)2600!
2600

o

0

To shift the decimal place three digits in the dividend,
we must attach several zeros to its right.

Then place the decimal point in the answer space
above that in the dividend, and divide as with whole
numbers.

2.6 +0.052=50
Check: 0.052x50=2.6

Shifting the decimal point three digits and attaching zeros to the right
of the decimal point in this way is equivalent to multiplying both divisor
and dividend by 1000.

Try these problems:

(a) 3.5+ 0.001 =
(c) 0.365+18.25 =

(b) 9 +0.02=
(d)8.8+3.2=

The answers are in .

One decimal digit
or one digit to
the right of the
decimal point 4.2

hos one decimal
digit, 4.25 has two,

4.234 has three.
Gotit?
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m Rounding

. 3500. 3.5+ 0.001 = 3500
(a) 0.001.)3.5001 —> 1.)3500.
T NS 3500 Check: 0.001 x3500=23.5
. 450. 9 + 0.02 = 450
(b) 0.02.)9.000 —> 2.)900.
TN 900. Check: 0.02x450=9
. .02 0.365 + 18.25 = 0.02
(c) 18.25.).3615 — > 1825.)36. 5
TN 36 50 Check: 18.25x0.02=.365
_ 2.75 88+:3.2=25
(d)3.2)8.81 —> 32.)88.00
M @¢ Check: 3.2x2.75=8.8
240
224
160
160

If the dividend is not exactly divisible by the divisor, we must either
stop the process after some preset number of decimal places in the answer
or we must round the answer. We do not generally indicate a remainder in
decimal division.

Turn to B3 for some rules for rounding.

Rounding is a process of approximating a number. To round a number
means to find another number roughly equal to the given number but
expressed less precisely. For example,

$432.57 = $400 rounded to the nearest hundred dollars
= $430 rounded to the nearest ten dollars
= $433 rounded to the nearest dollar

1.376521 = 1.377 rounded to three decimal digits
= 1.4 rounded to the nearest tenth
= 1 rounded to the nearest whole number
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There are exactly 5280 feet in 1 mile. To the nearest thousand feet
how many feet are in one mile? To the nearest hundred feet?
Check your answers in El.

m 5280 ft = 5000 ft rounded to the nearest thousand feet

(In other words 5280 is closer to 5000 than to 4000 or 6000.)
5280 ft = 5300 ft rounded to the nearest hundred feet
(In other words 5280 is closer to 5300 than to 5200 or 5400.)

You may want to review the rounding of whole numbers on page 64.

To round decimal numbers, follow these simple steps:

Step 1 Example

Determine the number of digits or the place Round 3.462 to one
to which the number is to be rounded. Mark decimal place:

it with a 3462

Step 2

If the digit to the right of the mark is less

than §, replace all digits to the right of the 2.832 becomes 2.800
mark by zeros. If the zeros are decimal or 2.8

digits, you may discard them.

Step 3

If the digit to the right of the mark is equal
to or larger than 5, increase the digit to the 3.462 becomes 3.5

left by 1.
Try applying this rounding procedure to these problems.

a) Round 74.238 to two decimal places.

Round 21.3754 to the nearest thousandth.

d) Round 6.07 to the nearest tenth.

(a)

(b) Round 8.043 to two decimal places.
(c)

(

Follow the rules, then check your work in E.
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The human brainis a
fartastic machine,
lsnt it ©

Sure. It starts workingthe
moment you're born and
never stops —until uou

(a) 74.238 = 74.24 to two decimal places
(Write 74.23,8 and note that 8 is larger than 55 so increase the 3 to 4.)

(b) 8.043 = 8.04 to two decimal places
(Write 8.04,3 and note that 3 is less than §; so drop it.)

(c) 21.3754 =21.375 to the nearest thousandth
(Write 21.375,4 and note that the digit to the right of the mark is 4;
so drop it.)

(d) 6.07 = 6.1 to the nearest tenth
(Write 6.0,7 and note that 7 is greater than §; so increase the 0 to 1.)
In the following problem, divide as shown and round your answer to
two decimal places.
6.84 +32.7 =
Careful now. Check your work in E.

Multiplying and Dividing by Powers of Ten

Many practical problems involve multiplying or dividing by 10, 100,
or 1000. You will find it very useful to be able to multiply and divide
by powers of 10 quickly and without using paper, pencil, or a calcu-
lator. To begin, you may want to review the section on multiplying a
whole number by a multiple of 10 on page 42.

The following rules are useful when you must multiply a decimal
number by a multiple of 10.

1. To multiply a decimal number by 10, 100, 1000, or a larger multiple of
10, move the decimal point as many places to the right as there are
zeros in the multiplier.
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8.24x 10 = 83;4 Shift the decimal point 1 place to the right.
3.458 x 100 = 3@.8 Shift the decimal point 2 places to the right.

* You may need to attach additional zeros before moving the decimal
point.
2.4 x 1000 = 2.400 x 1000 = 2@. or 2400

Attach two zeros, then
shift the decimal point
3 places to the right.

2. To divide a whole number of a decimal number by 10, 100, 1000, or a
larger multiple of 10, move the decimal point as many places to the

left as there are zeros in the divisor.
124+ 10 = 1.2\/4 Shift the decimal point 1 place to the left.

37.8+100 = .3\38 =0.378 Shift the decimal point 2 places to the left.

* You may need to attach additional zeros before moving the decimal
point.

3.4 + 1000 = 003.4 + 1000 =.0034 = 0.0034
1}\/
Attach 2 zeros on the left;
then shift the decimal
point 3 places to the left.

e With a whole number the decimal point is usually not written, and you
must remember that it is understood to be after the units digit.

4=4,
4+100=4.+100=.04=0.04
A\
Move the decimal point
2 places to the left.

Here are a few problems for practice. Work quickly. No pencil
and paper needed. Do them in your head.
1.42.38x 10 2.529.237 x 100

3.6.226 x 100 4.1.7774 x 100
5. 2.4401 x 1000 6. 5.0037 x 1000
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Check your answers in the Appendix.

7.0.2388 x 100
9.0.4x 100
11.24.66 - 10
13. 237.882 + 100
15. 4.57 ~ 1000
17.0.02 = 100
19. 0.0045 + 100

8. 0.04805 x 1000
10. 1.8 x 1000
12.70.347 -+ 10
14. 5170.2921 + 100
16. 0.2792 =+ 1000
18. 0.0037 x 100
20. 0.00057 x 100

32.7.)6.814
T T

.209

327.)68.400

0.209 = 0.21 rounded to two decimal places

65 dyy 2 x 327 = 654
3000
2943 9 x 327 = 2943

6.84 + 32.7 = 0.21 rounded to two decimal places.

Check: 32.7 x 0.21 = 6.867 which is approximately equal to 6.84. (The
check will not be exact because we have rounded.)
Go to B for a set of practice problems on multiplication and division

of

decimal numbers.

Problem Set 3-2: Multiplying and Dividing Decimal Numbers

A.

-—

Multiply:
. 0.01 x0.001

2
. 10x2.15 4
. 0.04x0.2 6

8

. 0.3x0.3
. 1.2x0.7 10

. 0.07x0.2

. 4.5x%0.002
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11. 0.005 x 0.012 12.
13. 6.41 x0.23 14.
15. 16.2 x 0.031 16.
17. 0.5x1.2x0.04 18.
19. 1.2 x1.23x0.01 20.
21. 1.2x10x0.12 22.
23. 0.234 x 0.005 24.
25. 5.224 x 0.00625 26.
27. 425.6 x 2.875 28.
B. Divide:
1. 6.5+ 0.005 2
3. 0.0405+0.9 4.
5. 0.378 + 0.003 6.
7. 3+0.05 8.
9. 10 -+ 0.001 10.
11. 1.2321+0.111 12.
13. 57.57 + 0.0303 14.
15. 1.111+10.1 16.

C. Divide and round as indicated.

Round to two decimal digits:

1. 10+3 2.
3.5+6 4,
5. 2.0+0.19 6.
7. 1+4 8
9. 100 +9 10.

11. 0.006 + 0.04 12.

35x%x1.2

7.25 x0.301
0.2x0.3x0.5
0.6 x0.6 x6.0
2.3 x1.5x%x1.05
321.4 x0.25
125x 2.3
0.1234 x 0.0075
0.0079 x 0.023

. 3.78+-0.30

6.5+0.5

40.5 + 0.09

12 + 0.006
2.59+70

44.22 - 6.7
104.2 + 0.0320
0.0747 + 0.0332

1+0.7
0.07 + 0.80
2+3

1+8

20 +0.07
0.8 +0.05
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Round to three decimal digits:

13. 10+ 0.70 14. 0.04 =+ 1.71

15. 0.09 = 0.40 16. 0.091 = 0.0014
17. 22.4 - 6.47 18.3.41 +0.25

19. 3.51+0.92 20. 6.001 +2.001
21. 4.0 + 0.007 22, 123.321+0.111

D. Calculate as indicated:

1. (0.3)? 2. (0.03)? 3. (0.003)?
4. (0.3)° 5. (1.2) 6. (1.2)°
7. (0.1)? 8. (0.01)? 9. (0.03)?

Round to three decimal digits:

1 1
10. 31 11. 7
0.23x7.5 0.02x 3.2
12. 0.23+7.5 13. 0.2+3.2
14 0.065 - 0.042 0.03 +0.006
" 0.065 +0.042 " 0.03 +0.006

E. Brain Boosters

1. Andy worked 37.4 hours at $6.25 per hour. How much money did
he earn?

2. What is the cost of 12.3 gallons of gasoline at $1.879 per gallon?

3. Business A television set is advertised for $420. It can also be
bought “on time” for 24 payments of $22.75 each. How much extra
do you pay by purchasing it on the installment plan?

4. Medical Technology The Fit-4-U weight loss center calculates the
Body Mass Index (BMI) for all prospective clients. It is found by
multiplying their weight in pounds by 703 and dividing that product
by the square of their height in inches. A person with a BMI of 30 or
more is considered obese; a BMI over 25 is considered overweight.
Calculate the BMI of a person 5 ft 6 in. tall weighing 165 pounds.
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5.

10.

1.
3.
5.
7.

Meteorology When the wind blows strongly the air temperature
feels colder than the thermometer indicates. The wind-chill factor is
found by multiplying the wind speed by 1.5 and subtracting that
product from the actual temperature. Calculate the wind-chill factor
on a day when the wind is flowing at 30 mph and the actual temper-
ature is 45 degrees Fahrenheit.

. There are three errors in these five problems. What are they?

(a) 6 +0.02 =300 (b) 12+0.03=4
(c)2.4%x0.3=0.72 (d) 100 x 0.002 = 0.20
()0.2x0.2=04

. Lyn once said, “The day before yesterday I was 19, but next year Ill

be 22.” She always tells the truth. When did she say this?

. Is this problem correct?

6+6-06
06
Try substituting any other digit for 6. Notice anything interesting?

19

. Veterinary Medicine An adult dog will consume one ounce of food

for every 2 pounds of body weight (his, not yours). (a) What will
Tiger, my 25 Ib terrier, eat per day? (b) How much will Tamo, my
94 Ib German shepherd, eat? (c) If dry kibble costs $7.95 per 25 Ib
bag, what does it cost to feed these pets each week?

Fire Protection One gallon of water weighs 8.34 Ib. How much
weight is added to a fire truck when its tank is filled with 750 gal-
lons of water?

E. Calculator Problems
Round to three decimal places.

0.234 x 5.877 2. 6.667 x 0.9098
23.55 % 0.0884 4. 3.448 x 1.758
45.79 + 68.689 6. 0.8237 +~ 8.279
14.993 = 2.367 8. 0.0287 +~ 0.00698

Round to four decimal places.

9.
11.

238.456 x 0.007625 10. 0.024562 + 0.983983
2.2223 +7.7774 12. 3.14159 x 78.356
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13. 1+9 14. 3+77
15. 2.8283 x 0.7731 16. 0.0056729 x 4842.375
The answers to these problems are in the Appendix. When you have

had the practice you need, either return to the preview on page 143 or
continue in frame B3 with the study of decimal fractions.

DECIMAL FRACTIONS

Since decimal numbers are fractions, they may be used, as fractions are
used, to represent a part of some quantity. For example, recall that

1 1
"E of 8 equals 4" means 7 % 8=4

and therefore,

”0.5 of 8 equals 4" means 0.5 x8 =4

The word of used in this way indicates multiplication.
Find 0.35 of 8.4.

(If you need a review of problems of this kind, turn to frame Bl in Chap-
ter 2.) Go to B to check your answer to this problem.

m 0.35x8.4=

8.4 <«—— One decimal digit
x 0.35 «—— Two decimal digits
420
252
2.940 <« A total of three decimal digits

Here is a second variety of problem:

What part of 16 is 4?
Y YYY
O x 16 =4

1

O=4+16=—
4
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Terminating
Decimal

?

What decimal part of 16 is

BRI

O x 16 =
O=4+16
Dividing: .25 0=0.25
16)4.00
32
80
80

Check: 0.25 x 16 =4.00 or 4

What decimal part of 8 is 3? Solve this problem using the method illus-
trated above; then hop to E.

(@) O0x5=13 2.6
13 T3
0=2.6 —
30
Check: 2.6 x5=13.00r 13 30
12.5
(b) 0.8 x =10 0.8.)10.00
./ .4
O0=10+0.8 8
20
0=125 16
40
Check: 0.8x12.5=10.000r 10 40
(c) 2.35x [ =1.739 74
[0=1.739 +2.35 2.35.)1 73.90
0=0.74 “~ 1645
940
Check: 2.35x0.74=1.7390 or 1.739 9 40

To convert a number from fraction form to decimal form, simply divide as
indicated in the problems above. If the division has no remainder, the dec-
imal number is called a terminating decimal.
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5
For example, — =
8
.625
8)5.000=<—— Attach as many zeros as needed.
48
20
16
40
_40
0<—— Zero remainder; hence the decimal terminates or ends.

5
—=0.625
8

If a decimal does not terminate, you may round it to any desired num-
ber of decimal digits. Try this one.

. What decimal part of 8 is 3?
0 x8=3 375
T
0 =0.375 " 60
56
Check: 0.375 x 8 =3.000 or 3 40
40

Try these:

(a) What decimal part of 5is 13?
(b) If 0.8 of a number is 10, find the number.
(c) If 2.35 of a number is 1.739, find the number.

Look in B for the answers.
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.1538 2
E 13)2.0000 3 =0.154 rounded to three decimal digits

13
70
65
50
39
110
104
6

Convert the following fractions to decimal form, and round to two
decimal digits.

2 5 17 7
(a) §= (b) E= (o) 7= (d) ﬁ=

Our work is in E3.

How do Vou doa
pro em like
42 7

Easy Write the divisor
2 35 —,—- Then invert
the divisor and multlplj

2193 l_-..=3
FI2=3xz = 5§

.666
m (a) 3)2.000 % =0.67 rounded to two decimal digits
18
20 LEARNING HELP[) Notice that in order to round to
18 two decimal digits, we must carry the division out to
20 at least three decimal digits.
18

2
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.833
(b) 6)5.000 % =0.83 rounded to two decimal digits
48
20
18
20
18

2

2.428 17
() 7)17.000 —- =2.43 rounded to two decimal digits
14 7
30
28
20
14
60
56

4

437
(d) 16)7.000 % = 0.44 rounded to two decimal digits
64
60
48
120
112
8

Repeating Decimal Decimal numbers that do not terminate repeat a sequence of digits. Such
decimals are called repeating decimals. For example,

1
—=0333---
3

The three dots are read “and so on” and indicate that the digit 3 contin-
ues without end. Similarly,

2
— =0.6666 - - -
3
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3 2727 3
and — is 11)3.0000 or — =0.272727 - - -
11 11
22
80
77
30
22
80
77

3

Notice the remainder 3 is equal to the original dividend. This indicates
that the decimal quotient repeats itself.

We may use a shorthand notation to show that the decimal repeats.
1

_ 2 _
—=0.3 —=0.6
3 3

The bar means that the digits under the bar repeat endlessly.

11 =0.27 means 0.272727 - - -

321—7 =3.037 means 3.037037037 - - -

Werite *4; as a repeating decimal using the “bar” notation. Check your
answer in Bl.

Measuring Concentrations

The daily newspaper uses a very useful sort of measurement unit
when it reports that the concentration of sulfur dioxide is 0.2 ppm
(parts per million) in Detroit air during a smog alert. If we need to
specify the concentration of very small relative amounts of material
(as in air or water pollution or medicine dosages), we can write it as
the ratio of the amount of substance added to the total amount of
material. For example, adding 1 pound of salt to 1000 pounds of
pure water will produce a concentration of

1 pound of salt B 1000 x 1 pound of salt
1000 pounds of water ~ 1000 x 1000 pounds of water

B 1000 pounds of salt
~ 1,000,000 pounds of water
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or 1000 parts per million (ppm) of salt. Seawater contains about
35,000 ppm of dissolved solids. The allowable level of DDT in food is
0.05 ppm or

0.05 Ib of DDT or 0.05 ounces of DDT
1,000,000 Ib of milk 1,000,000 ounces of milk

or 0.05 grams of DDT
1,000,000 grams of milk

(and so on)

The actual amount of DDT in a cup or a quart or even a gallon of
milk is measured in millionths of an ounce, but it is stored in human
fat tissue, and even amounts as tiny as 10 ppm can cause serious dis-
orders.

1.24
33541 .000
33
80 -<—— These remainders are the same and therefore further
66 division will produce a repeat of the digits 24 in the
140 quotient.
132
8
41 —
—=1.242424 - - - =1.24
33

Converting decimal numbers to fractions is fairly easy.

4 2
0.4= ﬁ or E
13
A3 =——+
0.13 100
275 11
0.275 = 1000 ~ 20 (reduced to lowest terms)
35 7
0.035 = ——— = —— (reduced to lowest terms)

1000 200
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Follow this procedure to convert decimal numbers to fractions:

Step 1 Example
Write the non-zero digits to the right of the decimal
point as the numerator in the fraction. 0.00325=7?
325
?
Step 2 0.00325 = 52
100000

In the denominator write 1 followed by as
many zeros as there are decimal digits in the 5 digits 5 zeros
decimal number.

Step 3

325  13x25
100000 4000 x 25

Reduce the fraction to lowest terms.

13

~ 4000

Write 0.036 as a fraction in lowest terms. Check your work in E.

Decimal-Fraction Equivalents
Some fractions are used so often that it is worthwhile to list their
decimal equivalents. Here are those used most often. Both rounded
form and repeating decimal form are given. The lines marked A are
especially useful and should be memorized.

1
A— =050
2
1 - 2 _
AE =0.3 or 0.33 rounded 3= 0.6 or 0.67 rounded
1 2 1 3
1—0.25 1°3 =0.50 1—0.75
1 2 3 4
AE =0.20 5= 0.40 T 0.60 5= 0.80

% =0.16 or 0.17 rounded % =0.83 or 0.83 rounded



Decimals 181

%:0.125 %:0.375 %:0625 %:0.875
11—2=0.08§ %:o.mé %=0.58§ %—0916
11_6=00625 11=01875 %=03125
% =0.4375 % =.5625 % =0.6875
:2 =0.8125
21—0 =0.05 21—5 =0.04 % =0.02
9
E 0.036 _W =350 (reduced to lowest terms)

3 dlglts 3 zeros

If the decimal number has a whole number portion, convert the deci-
mal part to a fraction first and then add the whole number part. For exam-

ple,
3.85=3+0.85

85 17
0.85=—-=— (reduced to lowest terms)

100 20

3.85=3+ 2—3—

Write the following decimal numbers as fractions in lowest terms.
(a) 0.0075 (b) 2.08 (c) 3.11
Check your work in .

How to Write a Repeating Decimal as a Fraction
A repeating decimal is one in which some sequence of digits is end-
lessly repeated. For example, 0.333 - - - =0.3 and 0.272727 - - - =0.27
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are repeating decimals. The bar over the number is a shorthand way
of showing that those digits are repeated.

What fraction is equal to 0.3? To answer this, form a fraction
with numerator equal to the repeating digits and denominator
equal to a number formed with the same number of 9s.

= 3 1
03=—=+=
9 3
— 27 3 L == .
0.27 = 99 =11 Two digits in 0.27; therefore use 99 as the denomi-
nator.
— 123 M4 C
0.123=——=—-== Three digits in 0.123; therefore use 999 as the
99 333 .
denominator.
75 3
(8)0.0075 = 75000 = 200
8 2 2
(b)208—2+—100 —2+E—ZE
11 11
(C)3.11 —3+m—3m

Now turn to E for a set of practice problems on decimal fractions.

Square Root of a Decimal Number
As you learned in Chapter 1, the square root of a number is that
number which when squared produces the original number. For
example, the square root of 25, written /25, is

V25 =5since 5x5=25

The square root of a number is not always a whole number or even
a terminating decimal, and so we must approximate it. For example,

V3 =1.732 since 1.732 x 1.732 = 2.9998 ~ 3
and
1/0.07 = 0.265 since 0.265 x 0.265 ~ 0.0702 =~ 0.07

To find the square root of any number you can use a table of square
roots like this:
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2=14142
3=1.7321
4=2

5=2.2361
6 =2.4495
7 =2.6457
8=2.8284
9=3

10=3.1623

For most of the numbers shown, the square root continues with-
out end and without repeating. We have rounded the square roots
to four decimal places.

Using a calculator is by far the easiest way to find the square root
of a number. To calculate a square root, enter the number, then press
the [] key. For example to calculate V237

237 [V] — > | 15.394804

Check: 15.4x 15.4=237.16

Try the following problems for practice in using a calculator to find
square roots. Round to three decimal places.

1.V7 2.V41 3.1/20 4.\/10.7
5.1/1.86 6.1/70.5 7.1/110.2 8.1/51.5

Check your answers in the Appendix.

Problem Set 3-3: Decimal Fractions

A. Write as decimal numbers. Round to two decimal digits.

1. % 2. % 3. %
4. % 5. % 6. %
7. % 8. % 9. %
10. % 1.+ 12. %
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13.

16.

19.

22,

25.

28.

31.

34.

1

7

1
8
7
8
3
0

-_

3
12
"
12
s
16

1
16

14.

17.

20. —

23. —

26. —

29. —

32. —

35. —

B. Write as a fraction in lowest terms:

1.
4.
7.
10.
13.
16.
19.
22.

C.

1. What decimal fraction of 0.5 is 0.6?
2. Find 3.4 of 120.

0.3

0.8

0.4
2.05
3.22
10.875
0.34
4.115

Solve:

2.

0.75

. 0.6

. 1.3

. 3.16

. 2.04

. 0.0007
. 11.0105
. 0.35

15.

~N|w

5
21.
24, —
27. —
30. —
33. —

36. —

. 0.44

0.025
2.25

. 1.125
. 0.075
. 0.0012
. 6.0020
. 0.955
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3.
4.
5.

If 0.07 of some number is 0.315, find the number.
What decimal part of 2.5 is 42.5?
Find a number such that 0.78 of it is 0.390.

D. Brain Boosters

1.

(a) 2%+1.785: (b)%+1.57:

7 3

1 3
(e) 25x3.15: (f)1EX2'05:

5
(h) ‘Iﬁv4.2—

4
(g)3—+4.75=
5
On four examinations in his history course, Denny scored 73.7,

81.4, 63.6, and 75.6 points. Find his average exam grade. (Add the
scores and divide by 4, the number of test scores.)

Verify by dividing that /> = 0.142857, a repeating decimal. Express %,
%, ¥y %5 and % as repeating decimals. What do you notice about these
decimal numbers?

If seven avocados cost $4, what would be the selling price of one?

Business MacDougals Burgers pays its employees $9.72 per hour.
What does the company owe Norm for working 23% hours?

Business The amazing, new, miraculous Microwidgets are priced at
11 for $3.00. What is the price of two amazing, new, miraculous
Microwidgets?

One tablet of calcium pantothenate contains 0.5 gram. (a) How
much is contained in 2% tablets? (b) How many tablets are needed to
make up 2.6 grams?

E. Calculator Problems
Solve using a calculator.

Werite as a decimal number. Round to five decimal digits.

3 10 11 13

.= 2, — 3. — 4, —

29 81 17 31
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23 1357 19 29
5. H 6. m 7. E 8. 6_4

Write as a decimal number, rounded to four decimal places.

17 3
1" 21+7’|26 12 3205*2i

The answers to these problems are in the Appendix. When you have
had the practice you need, turn to B3 for a self-test.

E CHAPTER 3 SELF-TEST
1.62+13.045=____
2.413+986=___
3.16+3.407 +21.744=__

.76-793=__

.427-38=____

.237.4-6587=___

.90-1485=__

.81%x2.04=___

O 00 N o v b

.56x30=___

10.304x1.005=__

11. 8 + 4.2 (round to two decimal digits) =

12. 14.2 =+ 0.075 (round to two decimal digits) =__
13. 83.07 + 104.6 (round to three decimal digits) =____
14. Write 0.56 as a fraction in lowest terms.

15. Write 3.248 as a fraction in lowest terms.

16. Write 32.13 as a fraction in lowest terms.

7
17. Write 6 as a decimal.
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18.

19.
20.
21.
22,
23.
24,
25.

5
Write 3§ as a decimal.

What part of 3.8is4.56? _

What partof 7.0is 4.2? __

Find 0.250f4.8. _

Find 0.650f23.

Find 2.450f3.5.

Find a number such that 0.35 of itis2.45. _
Find a number such that 1.4 of itis17.5. __

The answers to these problems are in the Appendix.
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PREVIEW 4

Where to Go for Help

When you successfully complete this chapter
you will be able to do the following: Page Frame

1. Write fractions and decimal fractions as percents.
(@) Write 1% as a percent. 191 (1)
(b) Write 0.45 as a percent. 191 1]

2. Convert percents to decimal and fraction form.

(a) Write 37%4% as a decimal. ______ 191 (1)

(b) Write 44% as a fraction. _______ 191 (1)
3. Solve problems involving percent.

(a) Find35% of 16. 202 12

(b) Find 120% of45. 202 12

() What percentof 18is3? 202 12

(d) What percent of 1%is 6?2 202 12

189
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Where to Go for Help

Page Frame
(e) What percent of 0.6 is 0.25? 202 12
(f) 70% of what number is 56? 202 12
4. Solve practical problems involving percent.

(a) How much money does a salesperson earn on

a $840 sale if his commission is 15%? 219 24
(b) A camera normally selling for $249.50 is

on sale at a discount of 25%. What is its

sale price? 219 24]
(c) After a 10% discount a paperback novel sells

for $18.45. What was the original price? 219 24
(d) A shirt sells for $39.75 plus 6% sales tax.

What is the total cost? 219 24]
(e) What is the interest paid on a $1000 bank

loan at 9% annual interest rate

for 24 months? 219 24

If you are certain you can work all of these problems correctly, turn to
page 234 for a self-test. If you want help with any of these objectives or if
you cannot work one of the preview problems, turn to the page indicated.
Super-students who are eager to learn everything in this unit will turn to
frame [l and begin work there.

1. (@) 187.5% 2. (a)0.375 3. (a)5.6 4. (a) $126.00
ANSWERS TO (b) 45% (b) s (b) 54 (b) $187.13
(0) 16%% (©) $20.50
PREVIEW 4 (d) 30% (d) $42.14
PROBLEMS (e) 41%% (e) $190
(f) 80
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4 PERCENT

Image Not Available

1 Numbers and Percent

n If you look through advertisements in the morning newspaper, you may
find statements like these:

“20% off” “20% discount” “% savings”
“Was $50, now on sale for $40”

“Price slashed 20%”

“Buy 5 for the price of 4”

“Buy 4, get 1 free”

All of these “customer lures” are ways of saying the same thing. When
buying a car or a house, getting a loan, paying taxes, buying on credit,
earning interest on savings, or shopping for a bargain, you need to under-
stand and be able to work with the concept of percent.

Percent The word percent comes from the Latin words per centum meaning “by
the hundred,” or “parts per hundred,” or “for every hundred.” A number
expressed as a percent is being compared with a second number called the

Base standard or base by dividing the base into 100 equal parts and writing the
comparison number as so many hundredths of the base.
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For example, what part of the base or standard length is length A?

base

We could answer the question with a fraction or a decimal or a percent.
First, divide the base into 100 equal parts. Then compare A with it. The
length of A is 40 parts out of the 100 parts that make up the base.

A:%or 0.40 or 40%. 10 20 30 40 50 60 70 80 90 100
0 :
= 1400 '
100 40%

Thus 40% means 40 parts in 100 or .
What part of this base is length B? Answer with a percent.

Base
10 20 30 40 50 60 70 80 90 100

Turn to B to check your answer.

n Bis% or60% 10 20 30 40 50 60 70 80 90 100
100 ' A A Pl

Of course the compared number may be larger than the base.
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base

207000 e 00 % e 0 % ‘e 2070070 0 0% 0 0 0 0 000" 00 0 e 00 s 0 00 0 0 00 s "0 "0 s "0 "0 s "e "0 s

The length of C is 120 parts out of the 100 parts that make up the base.

Cis 120 or 120% of the base.

Because both our number system and our money system are based on
ten and multiples of ten, it is very handy to write comparisons in hun-
dredths or percent.

What part of $1.00 is 50 cents? Write your answer as a fraction, as a
decimal, and as a percent. Check in E for the answer.

50¢ is what part of $1.00?

%:%:0.50: 50% 50¢ is equal to 50% of $1.00.
We may also write 50¢ = % of $1.00 or 50¢ = 0.50 of $1.00. Fractions,
decimals, and percents are alternative ways to talk about a comparison of
two numbers.

What percent of 10 is 2? Write 2 as a fraction of 10, rename it as a
fraction with denominator equal to 100, then write it as a percent. When
you have completed this, go to 1.

ffffff

,,,,,,
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Decimal to Percent

LEARNING HELP [)

How do you rewrite a decimal number as a percent? The procedure is sim-
ply to multiply the decimal number by 100%.

0.60=0.60 x 100% = 60% 0.60
x100

60.00 = 60%
x_J

0.375=0.375%x100% =37.5%
3.4=3.4%x100% =340%
0.02=0.02 x 100% = 2%

Rewrite the following as percents.
(@)0.70=__ (b)1.25=__
(©0.001=__ (d)3=__

Look in H for the answers.

What does” °%"'mean®
Where did that goof
\ookmq squol COm%from?

lt rneonﬁ "I00 The u)ord
‘percent comes from the
Latin words meaning
e
started as en loo,
v then & ond?nallq%or %.

(@) 0.70=0.70 x 100% = 70%
(b) 1.25=1.25%x 100% = 125%
(c) 0.001 =0.001 x 100% = 0.1%
(d) 3=3x100% =300%
Notice in each of these that multiplication by 100% has the effect of mov-
ing the decimal point two digits to the right.
0.70 becomes 70.% or 70%
)
1.25 becomes 125.% or 125%
)
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Fraction to Percent

0.001 becomes 0.1%
A

3 =3.00 becomes 300.% or 300%

N
To rewrite a fraction as a percent, we can always rename it as a fraction
with 100 as the denominator.

3 3x5 15
—_— = = ——— = 9 i i = =
20 = 205~ 100 15% Multiply by 5 since 100 +20=5

However, the easiest way is to convert the fraction to decimal form by
dividing the denominator into the numerator and then multiplying by
100%.

.50
=0.50 = 0.50 x 100% = 50% 2)1.00

N| =

3 .75
Z:0.75=0.75>< 100% =75% 4)3.00

i=o.15=o.15><100%=15% 15

20 20)3.00
20
100
100

B 1.35

1= == =1.35=1.35x 100% 20)27.00
20 ~ 20

20

=135% 70

60

100

100

Rewrite %s as a percent. Check your answer in B

3125
5
ﬁ=0'3125=0'3125 x 100% 16)5.0000
48
=31.25% 20
1 16
This is often written as 312%. 40
32
1 80
Remember from Chapter 3 that 0.25 = T 80
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Some fractions cannot be converted to exact decimals. For example,

1
—=0333"---
3

where the 3s continue to repeat endlessly. We can round to get an approx-
imate percent:

1 /\ .
- ~0333x100% ~333% | APProximate percent |

3

Or we can write it as an exact percent:

% =0.333...x100% =33.333... % = 33%% < Exact percent

Rewrite % as a percent. The answer is in .

7 1.4
(a) 5= 1.4 since 5)7.0

7
Then E: 1.4x100% = 140%

2 0.666 . ..
(b) 3= 0.666 . . . since 3)2.000

Then %z 0.666...x100% =66.66 ... % = 66%% or 66.7% rounded

1 25 3.125
() 3§ =5 = 3.125 since 8)25.000

1 1
Then 3§ =3.125x100% =312.5% or 3125%

5 0.416...
(d) e 0.41666 . . . since 12)5.000

Then % =0.41666 ... x 100% = 41.666% = 41%%

Percent to a In order to use percent in solving practical problems, it is often necessary
Decimal to change a percent to a decimal number. The procedure is to divide by

100%.
For example,
5
0,
50% = 0% _ 50 _ 0.50 100)50.0

~100% 100
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.05
5% 5
% = =——=0. 100)5.
5% = <000 = 100 = °-0° 00)5.00
.002
02% 0.2
2% = - = —=-0.002 100)0.2
0.2% = 05 = 759 = 0-00 00)0.200

Fractions may be part of the percent number. If so, it is easiest to
reduce to a decimal number and round if necessary.

1 65% 6.5 .065
~op % 22 )
62 % 100% = 100 0.065 100)6.500
1 1
__ 0 —
1 333 % 333 333

33;% = =0.333 (rounded)

100% ~ 100 ~ 100
Now you try a few. Write these as decimal numbers.

(@) 4% = (b) 0.5%

(o) 16%% = (d) 79%% =

Our answers are in B

n 1 .1666. . .
5 =0.1666 . . . since 6)1.0000

2
=0.1666 ...x100% = 16.666 . .. % = 165% exactly

or 16.7% approximately

Rewrite the following fractions as percents.

7 2
(a)§=_ (b)§=_

1 5
(C)3§=_ (d)ﬁ=_

Go to E to check your answers.

B 2
4% 4
4% = -2 __004 100)2.00
() 4% = 100% ~ 100
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.005
0.5% .5
° = = ==
(b) 0.5% 100% = 100 0.005 100)0.500
2 2
2 163% 163 167
Loy — = = S
(c)163 % 100% 100 100 0.167 (rounded)
1 1
—0, —
1 794 & 794 ~79.25

(d) 791% = =0.7925

100% _ 100 _ 100

Percent to Fraction To change a percent to a fraction, divide by 100% and reduce to lowest

terms.
36% 36 9x/4l 9
36% 100% ~ 100 ~ 25x4 25 reduced to lowest terms
36 9
0, - J—
36% means 36 hundredths or 100 or 5
1 1 25
12—% 12— —
121% = 2 = 2 = 2 = 25 =l reduced to lowest terms
2 100% 100 100 200 8
25
2 25 25 1 25
Note that ——— =" +100= "X ——=———.
otethat T55 = = 100=5"%300 = 200

125% 125 5 1
125% = -2 _ 222 2 41
°~100% 100 4 4

For practice, change these percents to fractions.

(@) 72% = (b) 16%% -

(©) 240% = (d) 7%% -

You will find the answers in B.
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It is very helpful to be able to recognize percent-decimal—fraction
equivalents. This table should help.

Cheat Sheet

(b) 163% =

100% _ 100 100 _ 200

Percent Decimal Fraction Percent Decimal Fraction
1 1
0, . o, —_
5% 0.05 20 50% 0.50 5
6l°/ 0.0625 — 60% 0.60 3
4" ' 16 ’ ' 5
8l<V 0.083 — 62l°/ 0.625 >
37 ' 12 27 ' 8
1 2 _ 2
o R 0, —
10% 0.10 10 663/0 0.66 3
1 1 7
0, — 0, -
122A; 0.125 g 70% 0.70 10
2 _ 1 3
16—29 1 — 759 7 =
63 % 0.16 c 5% 0.75 2
1 4
20% 0.20 5 80% 0.80 T
1 1 - 5
V) — __0, —_
25% 0.25 2 83 3 % 0.83 c
3 1 7
(1) I 0, —
30% 0.30 0 872 % 0.875 g
1 - 1 9
0, — 0, I
33 3 % 0.33 3 90% 0.90 10
1 3 10
0, — 0, .
372 % 0.375 s 100% 1.00 10
2
40% 0.40 5
72% 72 18x4 18
EJ ©72%=700% =100 = 25x4 ~ 25
1 1 33
1 ___0, 1 _ I
1 62 o 62 2 33
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240% 240 12x20 12 _2
() 240% =000 =700 ~ 5x20 ~ 5 ~°5

1 1 15
7_0 7_ —
2 % 2 2 15 3

100% _ 100 100 200 40

(d) 7%% =

Now turn to B for a set of practice problems on what you have
learned in this chapter so far.

Problem Set 4-1: Numbers and Percent

A. Write each number as a percent:

1. 0.40 2. 0.10 3. 0.95 4. 0.03
5. 0.3 6. 0.015 7. 0.6 8. 0.01
9. 1.2 10. 4.56 11. 2.25 12. 7.75
13. 0.003 14. 3.0 15. 0.8 16. 5.5
17. 4 18. 6.04 19. 10 20. 0.335

B. Write each fraction as a percent:

1 3 7 7
1- E 2- Z 3 E 4- %
3 1 1 1
5. 5 6. 2 7. 10 8. 5
3 3 7 11
.= 10. — 1. — 12. —
9 8 0 5 4 5
4 9 1 1
13. 1= 14. — 15. — 16. 2—
3 5 10 > 3 6 6
2 11 23 3
17. 3 18. 16 19. 12 20. 3%
C. Write each percent as a decimal number:
1. 7% 2. 3% 3. 56% 4. 15%
1
5. 1% 6. 7% 7. 90% 8. 200%

2
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9. 0.3% 10. 0.07% 11. 0.25% 12. 150%

13 ‘Il°/ 14 Gl‘V 15 lo/ 16 12l°/
. 2 o . 4 0 . 2 (1) . 4 ()

17 125l°/ 18 661"/ 19 30l°/ 20 gl‘y
. 2 (1] . 8 0 . 2 0 . 2 0

D. Write each percent as a fraction in lowest terms:

1. 10% 2. 65% 3. 50% 4. 20%
5. 25% 6. 8% 7. 90% 8. 135%
1
9. 3% 10. 12% 11. 3% 12. 0.03%
1 1
13. 4.5% 14. 220% 15. 13% 16. 333%
3 1 2 1
—0 —0 —0 —0
17.74A> 18.62A) 19. 163A) 20.38A)

E. Calculator Problems
Write each number as a percent. Round to two decimal places.

1. 1.75623 2. 0.05437 3. 0.805155
4. 0.14275 5. 2.34806 6. 12.75261
7 11 7
7. 3 8. 19 9. 1F

3 1 37
10. 27 11. >3 12. 28

The answers to these problems are in the Appendix. When you have
had the practice you need, either return to the preview for this chapter on
page 189 or continue in frame B with the study of problems involving
percent.
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2 Percent Problems

Percentage

In all of your work with percent you will find that there are three basic
types of problems. These three form the basis for all percent problems that
arise in business, industry, science, or other areas. All of these problems
involve three quantities:

e The base or total (T) amount or standard used for a comparison
® The percentage or part (P) being compared with the base or total

e The percent or rate (%) that indicates the relationship of the percentage
to the base (the part to the total)

All three basic percent problems involve finding one of these three quanti-
ties when the other two are known. In every problem follow these three
steps:

Step 1 ‘Translate the problem sentence into a math statement. (If you
have not already read the section on word problems in Chapter 2,
do so now.) For example, the question “30% of what number is
16?” should be translated:

30% of what number is 16?

30% x O =16
30% xOd =16

In this case, 30% is the percent (%) or rate; [J, the unknown quan-
tity, is the total (T) or base; and 16 is the percentage or part (P) of
the total. Notice that the words and phrases in the problem
become math symbols. The word “of” is translated multiply. The
word “is” (and similar verbs such as “will be” and “becomes”) is
translated equals. Use a [ or letter of the alphabet or ? for the
unknown quantity you are asked to find.

Step 2 It will be helpful if you label which numbers are the base or
total (T), the percent (%), and the percentage or part (P).

30% xO=16

bt

% T P
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m Type 1

Step 3 Rearrange the equation so that the unknown quantity is alone
on the left of the equal sign and the other quantities are on the
right of the equal sign. The equation 30% x [ = 16 becomes

16 16

D:1 - 0 = = —
6+30% 30% .30

Step 4 Make a reasonable estimate of the answer. Guess, but guess
carefully. Good guessing is an art.

Step 5 Solve the problem by doing the arithmetic.
Never do arithmetic, never multiply or divide, with percent num-
bers except when converting percents to decimals or decimals to
percents. All percents must be rewritten as fractions or decimals
before you can use them in a multiplication or division.

Step 6 Check your answer against the original guess. Are they the
same or at least close? If they do not agree, at least roughly, you
have probably made a mistake and should repeat your work.

Step 7 Double-check by putting the answer number you have found
back into the original problem or equation to see if it makes sense.
If possible, use the answer to calculate one of the other numbers in
the equation as a check.

Now let’s look very carefully at each type of problem. We’ll explain
each, give examples, show you how to solve them, and work through a
few together. Turn to .

Type 1 problems are usually stated in the form “Find 30% of 50” or
“What is 30% of 502” or “30% of 50 is what number?”

Step 1 Translate. 30% x 50 =0
Step 2 Label. % xT=P
Step 3 Rearrange. 0=30% x50

You complete the calculation and find [J.

O=



204 QUICK ARITHMETIC

Choose an answer:

(a) 150 Go to .
(b) 15 Go to [@.
(c) 1500 Go to (3.

How can g U have more
than 100% of :5ome,thm9
Allof it isall of it nght ©

Percent relates size of
something to astandard.
Ifit is larger than the
standard it is more.than
100% of the standard.

m You answered that 30% of 50 =150, and this is not correct. Be certain you
do the following in solving this problem:

1. Guess at the answer. A careful, educated guess or estimate is an
excellent check on your work. Never work a problem until you
know roughly the size of the answer. 30% is roughly . What is % of
50, approximately?

2. Never multiply by a percent number. Before you multiply 30% x 50,
you must write 30% as a decimal number. (If you need help with this
turn to )

Use these hints to solve the problem. Then return to B and choose a bet-
ter answer.

m Right you are!

Step 4 Guess. The next step is to make an educated guess at the answer.
For example,

1
30% of 50 is roughly 3 of 50 or about 17

Your answer will be closer to 17 than to 2 or 100.
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LEARNING HELP [)

CAUTION [)

Step 5 Solve. Never multiply by a percent number. Percent numbers are
not arithmetic numbers. Before you multiply, write the percent number as
a decimal number.

[
30% _ 30 _ o

0 — —
30% 100% 100

30% x50=0.30x50=15

Step 6 Check. The guess (17) and the answer (15) are not exactly the
same, but they are reasonably close. The answer seems acceptable.

Don’t be intimidated by numbers. If the problem involves very large or
very complex numbers, reduce it to a simpler problem. The problem

7
7 =H 0, "
Find 1432 % of 6.4

may look difficult until you realize that it is essentially the same problem
as “Find 10% of 6,” which is fairly easy.

Before you begin any actual arithmetic problem involving percent you

should:

e Know roughly the size of the answer.

e Have a plan for solving the problem based on a simpler problem.

e Always change percents to decimals or fractions before multiplying or

dividing with them.

Now try this problem:
Find 8%% of 160.
Check your answer in E.

Your answer is incorrect.
First, it is important that you make an educated guess at the answer.

Never work a problem before you know roughly the size of the answer. In
this case, 30% of 50 is roughly ¥ of 50.

Second, never multiply by a percent number. Before you multiply 30% x
50, you must write 30% as a decimal number. If you need help in writing
a percent as a decimal number, turn to frame El. Otherwise, return to &
and try again.

Step 1 Translate. 8%% x 160 =
Step 2 Label. % xT=P
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Step 3 Rearrange. O =8%% x 160
Step 4  Guess. 8% is close to 10%.

1
10% of 160 isﬁmc 160 or 16.

Step 5 Solve. % =8.5% =%—0085

0=0.085x 160 =13.6

Step 6 Check. 13.6 is approximately equal to 16, our original
estimate.

Now try these for practice.

(a) Find 2% of 140. (b) 35% of 20 =

(c)7 % of $1000 = (d)What|55 % of 3.3?

(e) 120% of 15 is what number?

The step-by-step answers are in K.

Does "of "alwa 2
mean multiply®

m ordman,; lanquaze it can
mean maon but in
percent problems it almost
always means that a muiti-

plication 15 coming up-
|

(a) 2% of 140="? Guess: 10% or Yo of 140 = 14.
2% x 140=0 2% of 140 would be about 3.
2% 2
-0 0f — = =
O Mxlzto/ 2% = oo =00 =002
0=0.02x 140
0=2.8 Check: 2.8 is roughly equal to 3, our

original guess.
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(b) 35% of 20="7 Guess:
3% x20=0
0=0.35x%x20 Check:
O=7
1
(o) 71% of $1000="? Guess:

7%% x $1000 =01

1

35% is roughly %, and 3

of 20 is about 6 or 7.

Our guess (6 or 7) is very close
to the answer (7).

1
10%, or 10° of $1000is $100. The

answer should be less than $100.

1
O :72% x $1000

725 =0.0725

1
—o/ — o —
74A> 7.25% 100

0=0.0725 x $1000

0=9$7250 <«

0.0725
x 1000

72.5000
~_

Check:

The answer, $72.50, is a bit less
than the guess of about $100.

1
(d) 5%% of33=2 Guess:  10%, or =, of 3is 0.3.
5%% x33=0 5% of 3 would be half of this
or 0.15. A good guess at the
answer would be about 0.15.
O= 5%% x 3.3
L 11
16 1 3 3 16
- — _0 = = =
H=350 X33 3% =700 ~ 100 ~ 300
16 33 528 .. )—
= % X E = m DlVldC. 3000 5280
0=0.176 Check: The answer, 0.176, is reason-

ably close to the guess: 0.15.
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(e) 120% of 15="7 Guess: 100% of 15 is 135; so the
120% x 15=0 answer is certainly more than
O=120% x 15 15.200% of 15 is twice 15 or
0=1.2x15 30. A good guess would be that
O=18 \ the answer is between 15 and 20.
op - 120 _
120% = 100 - 1.2

Check: The answer, 18, is between 15
and 20, just as we expected our
answer to be.

Type 2 Type 2 problems require that you find the rate or percent. Problems of this
kind are usually stated “7 is what percent of 16?” or “Find what percent
7 is of 16” or “What percent of 16 is 72”

Step 1 Translate. What percent of 16 is 7?
0% x16=7
Step 2 Label. % xT=P

All the problem statements are equivalent to this equation.

Step 3 Rearrange. (0% = e

To rearrange the equation and solve for (1%, notice that it is in the form

0% x16=7

7. . .
Therefore, (0% = e Sixteen is the total amount or base, and 7 is the part
of the base being described.

Solve this last equation. Check your answer in .

7 8 1
m Guess: —— is very close to =— or =~ or 50%. The answer will be a little less

16 16 2
than 50%.
7 7 700 43 12 3
0% 16 16><100/o ‘I6A) 16)700 4316 434
6_4
3 60
0% 2432% 48

12
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3
Check: The answer, 432%, is reasonably close to our preliminary guess of
about 50%.

If you had trouble converting 7¢ to a percent, you should review this
process by turning back to frame H.

The solution to a Type 2 problem will be a fraction or decimal number that
must be converted to a percent.

Try these problems for practice.

(a) What percent of 40 is 16?

(b) Find what percent 65 is of 25.
(c) $6.50 is what percent of $18.00?
(d) What percent of 2 is 3.5?

2
(e) 103 is what percent of 2.6?

Check your work in E3.

How to Misuse Percent

1. In general you cannot add, subtract, multiply, or divide percent num-
bers. Percent helps you compare two numbers. It cannot be used in the
normal arithmetic operations.

For example, if 60% of class 1 earned A grades and 50% of class 2
earned A grades, what was the total percent of A grades for the two
classes? The answer is that you cannot tell unless you know the number
of students in each class.

2. In advertisements designed to trap the unwary, you might hear that
“children had 23% fewer cavities when they used . . ."” or “50% more
doctors use. . . ."”

Fewer than what? Fewer than the worst dental health group the
advertiser could find? Fewer than the national average?

More than what? More than a year ago? More than nurses? More
than infants?

There must be some reference or base given for the percent num-
ber to have any meaning at all.

BEWARE of people who misuse percent!
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m (@) 0% x40=16

—=——x100%

16
of — ——
0% 20
16 16
= 0
20 40X100/o
1600
— 0
40 o
0% =40%
(b) 0% x 25 =65
65
of — ——
0% 5
65 65
25 25

=260%

0% =260%

16 1

Guess: 20 about 3

or roughly 33%.

% =

Check: 40% is reasonably close to 33%

Double-check: 40% x40 ="
0.40x40=16

65 .
Guess: 25 is more than 2 and 2

is 200%. The answer will be
over 200%.

Check: The answer agrees with the
guess.

Double-check: 260% x25="7"
2.60x25=65.00=65

The most difficult part of this problem is deciding whether the per-
cent needed is found from ¢%;s or *%s. There is no magic to it. If you
read the problem very carefully, you will see that it speaks of 65 as a
part “of 25.” The base or total is 25. The percentage or part is 65.

(c) $6.50 =% x $18.00
or 0% x $18.00 = $6.50

$6.50

(1% = —>=
% = $18.00

W_B
°TT

1
Guess: $6.50 is about 3 of $18.00

1
and 3 is roughly 33%.
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650  6.50

of, — 2% _ _Z2Y o

D% =18.00 = 18.00 X 100%
650

0% =

2
o/ — Y
18 % 3618/0

1
0% = 363%

(d) 0% x2=35

Oo% = 32
D%:£x100%:350%
2 2
0% =175%
2
(e)10§=D%><2.6
2
orD%x2.6=10§
2
10§
o —
L% 2.6
10.4 104
of — "~ _ "' o —
0% = 26 26 x 100%

0% =400%

1
Check: 36—% is reasonably close

9
to the guess of 33%.

1
Double-check: 363% x$18="2

=S

Guess:

Check:

Y%

Double-check:

Guess:

325 1g=6s
900 < 1°T°

—|o

é'11 1.5and 1.5
5 isloorL.5and 1.5 s

150%. The answer will be
something more than 150%.

The answer and the guess
are roughly the same.

175% x2 =2
1.75 x2=3.50

P

T

10 . )
— s Sand 5 is 500%.

1040
2.6

%

Check: The answer and the guess

are roughly the same.

Double check: 400% x2.6="2?

2
4x2.6=104= 10;
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Type 3 Type 3 problems require that you find the total given the percent and the

percentage or part. These problems are usually stated like this: “8.7 is
30% of what number?” or “Find a number such that 30% of it is 8.7” or
“8.7 is 30% of a number; find the number” or “30% of what number is
equal to 8.7?”

Step 1 Translate. 30% of what number is equal to 8.7?
30% x0=8.7
Step 2 Label. % xT=P
8.7

Step 3 Rearrange. [O= 0%

If % xT=P

30% x =87
P
hen —=T
then %
P
T=—
or %
8.7
O=
30%

The rearranged problem is (0 = 8.7/30%. Solve this problem. Check
your answer in Bl

30.
0= 3%07/0 = % Guess: % s30. = 03)9.00
0=29 29. A reasonable guess is 30.
0.30)8.70

ﬂ, Check: 29 is very close to our guess.

270

270 Double-check: 30% of 29 =?

0.30x29=8.7

CAUTION D We cannot divide by 30%. We must change the percent to a decimal num-

ber before we do the division.
Here are a few practice problems to test your mental muscles.

(a) 16% of what number is equal to 5.76?
(b) 41 is 5% of what number?
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1 1
(c) Find a number such that 125% of itis 262.

(d) 2 is 8% of a number. Find the number.
(e) 125% of what number is 35?

Check your answers against ours in EJ.

whiclh IS PA?;}be(causeTOTAL
15 always e larger
rurber RIOPLT

No! You con have a percent
greater than 1007 meanin

thaot the percen elor PA

15 more. than the base (orTotal).
125% of 40550, 4O isthe
base or reference number
and BO is the percentoge.

Read the problem to tell
hich is which.
(@) 16% x 0 =5.76 T—i
E o =5. =%
5.76 5.76 500
O= 16% Guess: 016~ 10 °F about 50.
5.76
= <€« 00 = 0.
O 0.16 16% =0.16
36.
O=36 Qﬁkzg Check: The guess and the
48 answer are reasonably close.
92
96 Double-check: 16% x 36 =?

0.16 x36=35.76
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(b) 41 =5% x O

M
5%

0=820

2 _

64
or = 1

123%

26.25

H= 0.125
O=210

(d)2=8%x0O

or=——

8 20.
0.05)41.00.
4 4
40 —

10

10
00
00

0
or about 800.

Check: The guess and answer are very
close.

Double-check: 5% x 820 ="

0.05 x 820 =41
P
T %
26260
Guess: 01 is ——or 60.

1
125% =12.5% =0.125

Check: 210 and 260 are fairly close.

1
Double-check: 125% x210="?

1
0.125 x210=26.25 = 26Z

-2

=%

Guess: —— =~ = =20
uess: 08 T 1"
8% = 0.08

Check: 20 and 25 are close enough.

8% x 25 =2
0.08 x25=2.00

Double-check:
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P
(e) 125% x O =35 T><7
35 o
ord= 125% 125% =1.25
28.
= 35 1.25)35.00. Guess: 35 is less than 335.
1.25 [ AN 1.25
250
1000  Guess about 30.
10 00
=28 Check: The guess (30) and answer (28)
agree.
Double-check: 125% x28 ="
1.25x28=35

The IS-OF Method for Solving Percent Problems
A shortcut way of solving percent problems involves identifying the
two numbers that appear in the problem.
The IS-number is always found next to the word is, or equals, or
is equal to.
The OF-number is always found next to the word of in the
problem.

¢ If the problem is obviously a Type 1 problem, as shown on page 199,
then it will be clear that the numbers should be multiplied.

e Otherwise, divide the IS-number by the OF-number to find the answer.
If the answer should be a percent, rewrite the fraction or decimal
answer as a percent.

Because this method is a shortcut, it is especially important that the
answer be estimated before any calculations are done. Check the
answer after the calculation is completed.

Example Guess: 8is50% of 16;s07
What percent of 16 is 7? is a bit less than 50% of 16.
OF-number
IS-number

OF-number ~ 16 16

IS-number 7 _ 700% :43%% or 43.75%

Check: 43%% x 16=0.4375x 16
=7
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Example Guess: 12 is roughly one-third
What percent is 12 of 322 of 32; so the answer is about 33%.
IS-number T
OF-number

IS-number 12 1200 75 1
- s = o, —_-~~0, _37_0 0
OF-number 32 32 & 2 % =37 2 %o or 37.5%

1
Check: 375% x32=0.375%x32
=12

For practice, identify the IS-number and the OF-number in each of
the following problems and solve it.

1. 16 is what percent of 20?

. What percent of 8 is 14?

. 14% of what number is 98?
. Find what percent 12 is of 5.
. 0.04 is what percent of 0.15?

A v A~ W N

. 7.2 is 24% of what number?

Check your answers in the Appendix.

A Review

Let’s review the seven steps for solving percent problems.

Step 1 Translate the problem sentence into a math equation.

Step 2 Label the numbers as base or total (T), percentage or part (P),
and percent (%).

Step 3 Rearrange the math equation so that the unknown quantity is
alone on the left.

Step 4 Guess. Get a reasonable estimate of the answer.

Step 5 Solve the problem by doing the arithmetic. Always change
percent numbers to decimal numbers first.

Step 6 Check your answer by comparing it with the guess in step 4.

Step 7 Double-check the answer if you can by putting it back into
the original problem to see if it is correct.

Are you ready for a bit of practice on the three basic kinds of percent
problems? Wind your mind and turn to B for a problem set.
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E Problem Set 4-2: Percent Problems

A.

-

Solve:
4is % of 5.
15 is % of 75.

. 6% of $150=___ .

. What percent of 25 is 16?

. 20% of what number is 3?

. 25% of 428=___.

. 8 is what percent of 8?

. 120% of 45is ___.

. 35% of 60is .

. 9is15% of ___.

. 8is__ % of 64.

. 3% of 5,000=___ .

. 100% of what number is 59?
. 2.5% of what number is 2?

. What percent of 54 is 36?
.60is__ % of 12.

. 17is17% of .

. 13 is what percent of 25?

. 74% of what number is 370?

1
. 83% of $250 is .

Solve:

1
.75is 335% of )

. 137%% of 5640 is .

. What percent of 10 is 2.5?
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4. 21 is116§% of .

5. 6% of $3.29 is .
6. 63 is % of 35.
7. 12.5% of what number is 20?

8. 33%% of $8.16 = .

9. 9.6 is what percent of 6.4?
10. What percent of 28 is 3.5?
11. What percent of 7.5 is 2?

12. 37%% of 12 is .

13. $.75is % of $37.50.
14. 0.516 is what percent of 7.74?

15. 6%% of 280 = .

16. 2% is what percent of 9?

17. 1.28is ___ % of 0.32.

18. 42.7is 10% of ____ .

19. 260% of 8.5is .

20. 4.75% of what number is 76?

C. Brain Boosters

1. If you answer 37 problems correctly on a 42-question test, what per-
cent score do you have?

2. Fifty percent more than what number is 25% less than 32?
3. What is 40% of 90% of 140?

4. What is the difference between % of 50% of 17.4 and 50% of % of
17.4?
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10.

D.

S
1
2
3.
4
5
6

. The population of Boomville increased from 48,200 to 63,850 in

two years. What was the percent increase?

. A marathon runner, weighing a normal 146 pounds, weighed 138

pounds after his 26-mile race. What percent of his body weight did
he lose?

. Business Profits from Foiled.com, Ed’s websales site, increased by

$24,450 over last year. This is 30% of last year’s total sales. What
was last year’s total?

. Real Estate Rudolfo bought a house for $184,500 and made a down

payment of 20%. What was the actual amount of the down payment?

. Finance If 5.45% of your salary should be withheld for Social Secu-

rity, what amount should be withheld from monthly earnings of $945?

Manufacturing One dozen megabolts from Zeus’s machine shop
sell for $32.50 plus 6% sales tax. Calculate (a) the sales tax and (b)
the total cost.

Calculator Problems

olve using a calculator. Round each answer to two decimal places.

Find 14.381% of 126.5.

Find 8.255% of 6.4.

10.85% of what number is 16.5?
What percent of 23.766 is 16.8?
254 is what percent of 175.7?
What percent of 125,000 is 37,825?

The answers to these problems are in the Appendix. When you have

had the practice you need, either return to the preview on page 189 or
continue in frame B with the study of some applications of percent to
practical problems.

3 Applications of Percent

Commission

Commission

The simplest practical use of percent is in the calculation of a part (or per-
centage) of some total. For example, salespersons are often paid on the
basis of their success at selling, and they receive a commission or share of
the sales receipts. Commission is usually described as a percent of sales
income.



220 QUICK ARITHMETIC

Commission = rate of commission X total sales

The rate of commission is given as a percent.
Suppose your job as a door-to-door encyclopedia salesperson pays
12% commission on all sales. How much do you earn from the sale of one

$600 set of books?
12% of $600 =

1
Commission = 12% x $600 Guess: 12% is roughly 10 and
=0.12 x $600 1
=$72 o of $600 is $60.

Check: $72 = $60
Try this one yourself:

At the Happy Bandit Used Car Company, in addition to salary, each salesperson
receives a 6% commission on his or her sales. What would a salesperson earn if
he or she sold a 1970 Airedale for $8299.95?

Check your answer in E.

E 6% of $8299.95=_ 7 Guess: 10% of $8300 is $830.
The answer will be
Commission = 6% x $8299.95 about half of this or
=0.06 x $8299.95 $415.
= $497.9970
or $498.00 rounded Check: $498 = $415

The salesperson earns a commission of $498 on the sale. If this same
salesperson earns $2550 in commissions in a given week, what was his or
her sales total for the week?

Translate the question to a basic percent problem and solve it. Our
solution is in Ed.

m Commission = percent rate X total sales cost

$2000 = 0% x $15,000 Guess: 2 is more than 10% of 15. The
answer is somewhere between 10
and 20%.
$2,000 2
o — T <
D% $15,000 15
1 1 .
O= 135% Check: 133% is reasonably close to the

guess.
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Ready for some practice? Try these.

(a) A real estate salesperson sells a house for $184,500. Her usual com-
mission is 5%. How much does she earn on the sale?

(b) All salespeople in the Ace Junk Store receive $300 per week plus a
2% commission. If you sold $975 worth of junk in a week, what
would be your income?

(c) A salesperson at the Wasteland TV Company sold five DVD televi-
sion sets last week and earned $128.70 in commissions. If his com-
mission is 6%, what does a DVD TV set cost?

The correct solutions are in E3.

Commission = 6% X total

$2550 = 6% x [ Guess: 10% of what equals $2500? About
$25,000. The total sales will be almost

$2550  $2550 double this or $40,000 to $50,000.

H= 6%  0.06

[0 = $42,500.00 Check: $42,500 is reasonably close to the
guess.

The week’s sales total was $42,500.

What rate of commission would a salesperson be receiving if he or she
sold a boat for $15,000 and received a commission of $2,000? Look in E3
for the answer.

(a) Commission = 5% x $184,500 Guess: 10% of $180,000 is
$18,000. She’ll earn
=0.05 x $184,500 about $9000.
= $9225 Check: $9225 = $9000
(b) Commission = 2% x $975 Guess: 2% of $100 is $2. Then
2% of $975 is almost 10
=0.02 x $975 times this or almost $20.
=$19.50 Check: $19.50 = $20

Income = $300 + $19.50 = $319.50
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Discount

List Price
Net Price

Discount Rate

. 1
(c) Commission = 6% x total Guess: 6% is about — and

$128.70=6% x O 16 x $128 is about
$2000; so a TV set
would cost about $400.

$128.70

O="""
6%

_ $128.70
~0.06

O = $2145 total sales
Cost per TV set = $2145 = 5, Check: $429 = $400
=$429

Turn to B3 for a look at another application of percent.

Discount

Another important kind of percent application involves the idea of dis-
count. In order to stimulate sales, a merchant may offer to sell some item
at less than its normal price. A discount is the amount of money by which
the normal or list price is reduced to get the sales price or net price.

List price — discount = net price or sales price

The discount is the dollar amount reduction in price. The list price is the
normal, regular, or original price before the discount is subtracted. The net
price is the new or sales or discount price. The net price is always less than
the list price, of course.

The discount is usually given as a percent of the list price.

Discount = rate of discount X list price

The discount rate is a percent number that enables you to calculate the dis-
count as a part of the list price.
Let’s try a problem.

The list price of a lamp is $38.50. On a special sale it is offered at 20% off. What
is the sales price?

Can you solve this problem? Try, and then turn to E for help.
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Discount = rate X list price

1 1
=20% x $38.50 Guess: 20% is 3 and 3 of $38 is
=0.20 x $38.50 about $8. The sales price
=$7.70 will be about $30.
Sales price = list price — discount
=$38.50 - $7.70
=$30.80 Check: $30.80 = $30
Think of it this way:

20% discount — $7.70 discount

100% list price $38.50 list price

sales price sales price

Ready for another problem?

After a 25% discount, the sales price of a camera is $243. What was its original
or list price?

Check your answer in Bl.

I conf’use percent
rcenta

Aren they really

the sarme

No,they only sound alike.

‘Percent”or ‘% is a rate,
like 6% ."Percentage'is
a number expressedas
a.percent or S0me
other number.
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S 25% discount

100% list price

sales price

75% of list price = $243

75% x 1 =$243 Guess:
_$243 %243
~ 75% 0.75
O =$342

Check:

e— ? discount

? list price

sales price

<— 25% of the list price

75% of the list price

If it cost $400 list price,
1
a25% or "y discount

would give a sales price of
about $300. The list price
must be a bit less than $400.

$342 is reasonable.

Here are a few problems to test your understanding of the idea of dis-

count.

(a) An after-Christmas sale advertises all toys 70% off. What would be
the sales price of a model spaceship that cost $19.95 before the sale?

(b) A clothes dryer is on sale for $376 and is advertised as “12% off
regular price.” What was its regular price?

(c) A set of four 740-15 automobile tires is on sale for 15% off list
price. What would be the sales price if the list price is $87.80 each?

(d) A home computer with a list price of $1200 is offered for sale with a
$250 rebate. To what discount rate is this equivalent?

Work hard at these. Knowing how to do them may save you a lot of

money one day. Check your answers in E.

(a) Discount =70% of $19.95 Guess:
=0.70 x $19.95
=$13.965 or

$13.97 (rounded)

If it is 70% off, it costs
30% of list or about one-
third. One-third of $20 is
about $6.
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Sales price = list price — discount
=$19.95-13.97
=$5.98 Check: $5.98 = $6

(b) Discount = 12% of list price

Sales price = 88% of list price Guess: If it cost $400 originally,
$376 =88% x [ its sales price would be
about $300. Its original
§376  $376 cost was about $400.
H=88% ~ 0.8

O = $427.27 (rounded) Check: $400 = $427.27

(c) Discount = 15% of list price Guess: Four tires cost about
=15% x (4 x $87.80) 4 % $90, or $360. 10% of
=0.15x $351.20 $360 is $36; 50 15% is
=$52.68 about $54 off. They

should cost about $300.

Sales price = list price — discount
=$351.20 - $52.68
=$298.52 Check: $298.52 = $300

(d) Discount = $250
Since discount = discount rate x list price, we can write

Discount rate = ﬂ;ic%:: Guess: One-fourth of $1200 is
P $300; so $250 is a bit less
than 25%.
_ $250
~ $1200
~0.208 or Check: 20.8% =25%

about 20.8%

Taxes

Taxes are almost always calculated at a percent of some total amount.
Property taxes are written as some fraction of the value of the property
involved. Income taxes are most often calculated from complex formulas

that depend on many factors. We cannot consider either income or prop-
erty taxes here.
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Sales Tax A sales tax is an amount calculated from the actual price of a purchase and

added to the buyer’s cost.

Sales tax = tax rate X net price ‘

Retail sales tax rates are set by the individual states in the United
States and vary from O to about 9% of the sales price. A sales tax of 6%
is often stated as “6¢ on the dollar” since 6% of $1.00 equals 6¢.

Here is an example of a typical tax problem:

If the retail sales tax rate is 7.5% in California, how much would you pay in Los
Angeles for a necktie costing $26.50?

Try it; then check your work in B.

Sales tax = 7.5% of $26.50 Guess: 7¢ on each dollar on about
=0.075 x $26.50 $25; then the sales tax should
=$1.99 be about 7 x 25 or $1.75.

Cost = $28

Actual cost = list price + sales tax
=$26.50 + $1.99
= $28.49 Check: $1.99 = $1.75.

Most stores and salesclerks use tables to look up the sales tax and
therefore do not need to do the arithmetic shown above except on large
purchases beyond the range of the tables. However, it is in your best inter-
est to be able to check their work.

Here are a few problems to test your ability to calculate sales tax. If
the sales tax is 5%, find the sales tax on each of the following:

(a) A pen priced at 49¢ _____

(b) A chair priced at $27.50

(c) A toy priced at $2.95

(d) A new car priced at $17,785 ____
(e) A bicycle priced at $226.50
()

f) A tube of toothpaste priced at $2.89

Check your answers in EJ.
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m Tax Total cost Calculation
(a) 2¢ S1¢ 0.05 x49¢ =2.45¢ = 2¢
(b) $1.38 $28.88 0.05x27.50=$1.375 = $1.38
(c) 15¢ $3.10 0.05 x $2.95 = $0.1475 = 15¢
(d) $889.25 $18,674.25 0.05 x $17,785 = $889.25
(e) $11.33 $237.83 0.05 x $226.50 = $11.325 = $11.33
(f) 14¢ $3.03 0.05 x $2.89 = 0.1445 = 14¢
Interest

Interest

Principal

In our modern society we have set up complex procedures that allow you
to use someone else’s money. A lender with money beyond his needs sup-
plies cash to a borrower whose needs exceed his money. The money is
called a loan. Interest is the amount the lender is paid for the use of his
money.

Interest is usually calculated this way:

Interest = principal X rate of interest X time

The money borrowed is called the principal, and the rate of interest is a
percent. Unless otherwise stated, the rate of interest is calculated per year
and the time is given in years or as a fraction of a year.

The sum of the principal loaned and the interest is called the amount.

Amount = principal + interest

Interest is the money you pay to use someone else’s money. The more you
use and the longer you use it, the more interest you must pay. The principal
is the money you receive, and the amount is the money you must pay back.

When you purchase a house with a bank loan, a car or a refrigerator
on an installment loan, or gasoline on a credit card, you are using some-
one else’s money and you pay interest for that use. If you are on the other
end of the money game, you may earn interest for money you invest in a
savings account or in shares of a business.

Suppose you borrow $500 at 12% annual interest from your local
credit union for 1 year. How much interest must you pay? Compute the
interest in the following way:
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Interest = $500 x 12% x 1

= *
Principal Interest rate

on which interest per year
is earned

Interest = $500 x 0.12 x 1
=$60

The amount you repay is
Amount = $500 + $60 = $560

Suppose you find yourself in need of cash and arrange to obtain a loan
from a bank. You borrow $2600 at 14% per year for 3 months. How
much interest must you pay?

Try to set up and solve this problem exactly as we did in the problem
above. Our worked solution is in B.

3 months

3
_ o 2 . . ¢ — - - =
m Interest = $2600 X 14% x 12 <— | Time in years is 12 months

p

Principal Interest rate
loaned per year

_i ear
127

Interest = $2600 x 0.14 x %

=$91
Amount = $2600 + $91
=$2691

Depending on how you and the bank decide to arrange it, you may be
required to pay the total principal ($2600) plus interest ($91) all at once
at the end of 3 months, or you may use some sort of regular payment plan
(for example, pay $897 each month for 3 months).

If you play the money game from the other side of the counter, inter-
est is the amount of money earned by savings or other investment.

For example, if you invest $500 in a savings account in a bank for 6
months at an annual interest rate of 5%%, you will earn the following
interest.

1 6
= 0
Interest = $500 x 54 % X 3

=$500 x 0.0525 x 0.5
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=$13.1250
= $13.13 (rounded)

At the end of 6 months your $500 savings has grown to $513.13.

Your turn. What interest would you earn if you buy a $1200 30-
month savings certificate earning 6.34%?

The answer is in E3.

30
Interest = $1200 x 6.34% x EE)
=$1200 x 0.0634 x 2.5

=$190.20
After 30 months your savings certificate is worth

$1200 + $190.20 = $1390.20

Consumer Credit

Purchasing furniture, appliances, clothing, and similar items from retail
stores through an installment plan or deferred payment plan is an Ameri-
can way of life. In this kind of scheme the buyer may make a down pay-
ment, receive the items now, and pay the balance later.

The buyer is using the seller’s money to make the purchase and is usu-
ally charged interest.

Here are three common comsumer credit plans.

e A charge account allows the buyer to purchase an item without mak-
ing a cash outlay. At the end of an agreed period, usually 25 to 30
days, the seller bills the buyer for the cost of the item. No interest
charge is made for this service, although there may be a penalty charge
for late payment.

* In a revolving charge account or open credit plan, the buyer makes one
or more purchases, and interest is calculated each month on the unpaid
balance of the account. It is called a “revolving” credit account because
you may continue to make purchases before having repaid the previous
balance.

A credit card is a revolving charge account.

* An installment plan or multiple payment plan is an agreement to pur-
chase an item and to pay for it with a small down payment and a series
of payments spread over a set period of time. It is often used for the pur-
chase of furniture, appliances, or automobiles, where the cost of the
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item is high and most buyers need to either accumulate the needed cash
or spread payments over a period of time.

Here is an example of an installment purchase. You want to buy a new
car for $19,600. The dealer agrees to give you $600 for your old clunker
as a trade-in and you pay $1000 as a down payment. You borrow the
remaining $18,000 from an auto finance company at an interest rate of
12%%, and it is to be repaid in 36 monthly payments.

Principal = $19,600 — $600 — $1000 = $18,000
1
Interest = $18,000 x 122% x 36 months

=$18,000 x 0.1225 x 3 (36 months = 3 years)
=$6615

You pay $6615 to use the “easy payment plan.”

Amount of the loan = $18,000 + $6615
= $24,615 (total to be repaid)
Monthly payments = $24,615 + 36
~ $683.75

Solve the following problem:

A washing machine is on sale for $289.88 and is available on a handy nothing-
down, easy payment plan with 24 months to pay. The annual interest rate is
8%4%. What monthly payments would be required?

Work it out as we did in the example just completed, and then turn to
E to check your work.

Credit Card Purchases

Using a credit card is equivalent to purchasing on a revolving credit
plan. In addition to any annual fees for use of the card, you pay
interest at a fixed rate on the unpaid balance of your account.

Suppose you purchase a camera for $200 using a credit card, and
the credit card company requires that you repay the loan at a mini-
mum of $25 per month plus interest of 3% per month on the unpaid
balance. What interest do you actually pay?

| Amount owed | Interest

Month 1 $200 x 0.03 = $6.00  you pay $25 + $6.00 = $31.00
Month 2 $175 x0.03 = $5.25  you pay $25 + $5.25 = $30.25
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Month 3 $150 x 0.03 = $4.50
Month 4 $125 x 0.03 = $3.75
Month 5 $100 x 0.03 = $3.00
Month 6 $ 75 x 0.03 = $2.25
Month 7 $ 50 x 0.03 =$1.50
Month8$ 25x0.03=$% .75

you pay $25 + $4.50 = $29.50
you pay $25 + $3.75 = $28.75
you pay $25 + $3.00 = $28.00
you pay $25 + $2.25 = $27.25
you pay $25 + $1.50 = $26.50
you pay $25 + $0.75 = $25.75

$27.00 $227.00
Total interest Total of
is $27.00 8 payments

The 3% per month interest rate seems small, but it amounts to about
20% per year.
A bank loan for the $200 at 6% for 8 months would cost you:

8
$200 x 6% X173

8
2 . —
or $00><006><12

or $8 (quite a difference compared with $27.)

The credit card company demands that you pay more, and in
return they are less worried about your ability to meet the pay-
ments. For a bigger risk, they want a higher interest.

Interest = $289.88 x 8% x 2 years
=$289.88 x 0.0825 x 2
= $47.83 (rounded)
Amount = $289.88 + $47.83
=$337.71
Monthly payments = $337.71 + 24
= $14.07 (rounded)

Percent Increase or Decrease

A very handy way to talk about the change in size of some quantity is to
calculate its increase or decrease as a percent of its original size. There are
two steps in calculating the percent increase or decrease.

Step 1 Find the amount of the increase or decrease.
Example: A chain saw cost $250 last year and with inflation
it costs $300 now. The amount of increase is

$300 — $250 = $50
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Step 2 Find the percent change as a part of the original amount.

amount of increase

Percent increase = —
original amount

or

amount of decrease

Percent decrease = —
original amount

Example: For the typewriter, the amount of increase is $50.
The original amount is $250.

50
P i =——=0.2 209
ercent increase 250 0.20 or 20%

Your turn. Sales at the Hall Glass Company dropped from $44,700
last year to $41,960 this year. What percent change is this?
Check your work in E3.

m Amount of decrease = $44,700 — $41,960 = $2740

amount decrease 2740
original amount ~ 44,700

=0.0612 - - - or 6.1%, rounded

Percent decrease =

Now that we have finished our very brief excursion into the mysteries
of high finance, turn to BJ for a set of practice problems on these impor-
tant concepts.

E Problem Set 4-3: Practical Applications of Percent

1. A lawyer collected $8500 for a client on a damage suit, and he
charged $2480 for his services. What was his rate of commission?

2. Finance How much money must you invest at 9% to earn $3000 in
a year?

3. Business A local sporting goods store offers coaches a 20% dis-
count on all merchandise. The cricket coach at Madam MacAdam’s
Academy bought a new wicket for $26.96. What was the regular
price of the wicket?

4. A laser printer sells for $376 after a 12% discount. What was its
original or list price?
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10.

11.

12.

13.

14.

15.

. If you earned $17.50 per hour and received a pay raise to $18.10 per

hour, what was the percent pay increase?

. Net sales for the Apex Cone Company dropped from $76,000 to

$71,440 last month. What percent decrease was this?

. Because of inflation the cost of a T-shirt went from $12 to $14.79.

What percent increase is this?

. Real Estate If you purchased a lot for $25,400 and later sold it for

30% more than its purchase price, what was its selling price?

. By what percent was a cassette deck reduced if its original price was

$389.50 and it was sold for $310.82?

Finance To pay for a piece of equipment for his photo studio, Dar-
rell obtained a bank loan for $975 at 9%% for 9 months. What are
his nine monthly payments?

If the retail sales tax in your state is 4%, what would be the total
cost of each of the following;:

(a) a $29,500 sports car
(b) a $1.98 toy

(c) 60¢ worth of nails
(d) a $60.60 textbook
(e) a $5.10 picture frame

Students selling tickets to the town carnival received 40¢ for every
$4.50 ticket sold. What percent commission is this?

A refrigerator has a list price of $729. You buy it while it is on sale
at 15% discount and you agree to pay $40 down and the remainder
in 12 equal monthly payments at 12% interest per year.

(a) What is the sale price of the refrigerator?
(b) What total interest will you pay?
(c) How big will your payments be?

What is the selling price of a set of golf clubs with a list price of
$465 if they are on sale at a 35% discount?

Sam wants to buy a new car costing $18,000. Being very experienced
in money matters he visits several banks, shopping for the best loan.
At the First National Bank they offer to finance $17,000 at only
10.5% interest over 3 years. At the Last National Bank they offer to
finance only 80% of his car and they want 12.2% interest over 3
years. Which is the better loan? Calculate the interest for each.
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16.

17.

18.

In a newspaper advertisement a bicycle is offered for sale: “Save
$24.70, buy now at 12% off the regular price.” What was the regu-
lar price?

Senator Phil Buster is running for reelection and a recent poll
showed that he had 4% of the registered voters in his home county.
This week the poll indicates that he has 2% of the voters. The
evening TV news said his support is down 2%. Calculate the actual
percent decrease in voters.

The Double-Talk Bank increased its loan rate from 5% to 6% and
advertised this as a 1% increase in rates. Calculate the actual percent
increase.

The answers to these problems are in the Appendix. When you have

had the practice you need, turn to M for a self-test on percent problems.

[1) CHAPTER 4 SELF-TEST

1.

10.

1.

12.

. 1
Write 3€ as a percent.

.5
. Write — as a percent.

12

. Change 0.08 to a percent.

Write 6.43 as a percent.

. Write 2% as a decimal.
. 1 .
. Write 1125% as a decimal.

. Write 68% as a fraction.
. Find 48% of 250.
. Find 63% of 12.

Find 165% of 70.

Find 6%% of 134.

Find 46.5% of 13.4.
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13.
14.
15.
16.

17.

18.
19.
20.

21.
22,

23.

24,

25.

What percent of 26is9.1? _
What percent of 75is 112.5? _
What percent of 0.72is 1.62? __
What percent of 1.45is 0.609? _

3.5
i P, )
What percent of 3 is 16

15% of what number is 12?

If 120% of a number is 0.84, find the number.

A gallon of gas costs $1.839. If the price is increased 20%, find the
new cost.

After a 30% discount, an article costs $43.40. Find the original price. __

What commission does a salesperson earn on a $3700 sale if her com-
mission rate is 16%?

What is the sale price of a textbook marked 40% off if its list price is
$68.95?

. . . 1
What is the interest on a $4000 loan at an annual interest of 101%
over 30 months?

If the retail sales tax is 6%, what would be the total cost of a $5.85
toy?

The answers to these problems are in the Appendix.
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12.

13.

14.
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65+284=__

7852 +519+604=__
403 -186=__
7201-5325=__
58x27=__

354 x806=__

1128 +24=____
38)17366=__
Factor:378=__
Factor: 1540 =__

. V256 =

2
Write 85 as an improper fraction:

.47 .
Write — as a mixed number:

6

Reduce to lowest terms: 660 _
" 924
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15.
16. 1
17. 21+4
MR
19. 4%—2%:

5
20. —
6><

21.

N
N A
X
o |u

22.

oo | w
—
o

1 _4
23. 3— 22— =
577

2\2
24, (45) =

25. What fraction of 5% is 1%?

26. 11.036+7.8=____

27. 1294 +6.77 +28.025=____
28. 32-643=__

29. 8-0.27=___

30. 14.21-1962=__

31. 94x43=__

32. 0.705x484=__

33. 6+ 9.4 (round to two decimal digits) =
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34.
35.

36.

37.

38.

39.
40.
41.
42,
43,
44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

0.0564 - 0.03 =

Write 4.276 as a fraction in lowest terms:

5
Write 3 as a decimal:

What part of 1.7 is 1.36?

3
Write 2§ as a percent:

Write 0.01 as a percent:
Write 128% as a decimal:
Find 6% of 450.

Find 125% of 5.6. ____

What percent of 56 is 77 ____

32% of what number is 1.6?

2 1
What percent of 3 is E?

At the start of a vacation trip the car odometer reads 23,463 miles.
Two weeks later at the end of the trip it reads 27,205 miles. How
many miles were traveled on the trip?

If sound travels at the rate of 1088 feet per second, how far does it
travel in one-half of an hour?

If $8510 were divided among 23 people, how much money would
each person receive?

3
A 32 pound package of soy nuts costs $5.75. What should 2 pounds cost?

Sue carefully counted out the coins in her purse. She had 7 quarters,
12 dimes, 15 nickels, and 29 pennies. How much money did she have
in coins?

A camera sells for $327 after a 25% discount. What was its original
price?

A textbook normally sells for $51.45 and is on sale at a 20% discount.
What will it cost, including 6% sales tax?

What is the cost of 9.7 gallons of gasoline at $1.979 per gallon?
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54. What fraction of 60 is 7%?

o . 1., .
55. How much money must you have deposited in savings at 7—% in order
. 4
to earn $137.50 in one year?

56. Gerry's weight dropped from 145 Ib to 136 Ib while he was on a
reducing diet. What percent decrease was this?
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Boxes and Problem Sets
Chapter 1 Whole Numbers

Box, page 6 Naming Large Numbers
1. Twelve thousand, forty-three

2. Four hundred fifty-seven thousand, nine

241
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Two million, twenty-three thousand, sixty-seven
One hundred two thousand, four hundred

Four million, five thousand, seven

Thirty-four thousand, two

Eighty-two million, four thousand, seven hundred

W ® N o U AW

Two billion, seven million, fifty-four thousand, two

Box, page 7 Roman Numerals

1. 13 2. 17 3. 28 4. 77
6. 431 7. 1892 8. 1910 9. 1934

Problem Set 1-1, pages 10-11 Practice Problems

A. 8,16,6, 13,11, 11, 13,9, 13, 12
14, 17,6, 12, 15,9, 11,12, 16, 9
15,10, 10, 11, 14, 7, 8, 14, 18, 15
14, 14, 12,12, 16, 12, 13, 13, 13, 15
11,17, 11,12, 11, 15, 13, 12, 18, 12

B. 10, 11, 11,12, 16, 9,9, 12, 12, 13
10, 13, 15, 8, 14, 9, 13, 18, 15, 11
11,16, 14,10, 17,9, 14, 12,7, 10
13, 13,12, 16, 9, 11, 10, 10, 14, 17
11,14, 11, 10, 11, 14, 16, 12, 13, 15

C. 11,12, 14,17, 18, 21, 11, 20, 18, 15
15, 14, 15, 18, 22, 17, 14, 14, 18, 16
12,19, 8, 10, 22, 12, 19, 15, 14, 16

Box, page 16 How to Add Long Lists of Numbers

1. 91 2. 81 3. 46 4. 92 5. 74

Problem Set 1-2, pages 18-21 Adding Whole Numbers

A. 1. 70 2. 104 3. 65 4. 126 5. 80
7. 112 8. 72 9. 131 10. 103 11. 105
13. 103 14. 124 15. 100 16. 132 17. 52

Three hundred forty-two million, one hundred three thousand, ten

5. 124
10. 1966

6. 140

6. 106
12. 123
18. 136
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B. 1. 415 2. 393 3. 1113 4, 1003 5. 1530
6. 1390 7. 1016 8. 831 9. 1262 10. 1009
11. 824 12. 806 13. 1241 14. 861 15. 1001

C. 1. 5525 2. 9563 3. 9461 4. 2611 5. 9302
6. 3513 7. 3702 8. 12,599 9. 7365 10. 10,122
11. 6505 12. 11,428 13. 5781 14. 15,715 15. 9403
16. 11,850

D. 1. 25,717 2. 11,071 3. 70,251 4, 21,642 5. 14,711

6. 89,211 7. 47,111 8. 175,728 9. 101,011 10. 180,197

E. 1. 1042 2. 5211 3. 2442 4. 6441 5. 7083
6. 16,275 7. 6352 8. 7655 9. 6514 10. 9851

F. 1. 882 1b 2. 371 Cal 3. $2,230,535 4. They are the same.
5. 3114 6. $70,535 1,083,676,269

G. 1. 1,377,831 2. 104,047 3. 551,804 4. 41,619
5. 94,666 6. 22,428 7. 67,275 8. 680,212
9. (a) $8200 (b) $7735 (c) Sell

Box, pages 26-27 Measurement Numbers

1. 30 ft 2. 28 1b 3. 8ft3in. 4. 3ft6in.
5. 121b 1 oz. 6. 3lb 2oz 7. 2 hr 5 min 8. 28 cu ft
9. 26sqin. 10. 28 mph

Problem Set 1-3, pages 28-31 Subtracting Whole Numbers

A. 1.6 2.5 3.7 4. 6 5.2 6. 5 7. 8 8.0
9.4 10. 1 1. 9 12. 8 13. 3 14.7 15.0 16.9
17. 3 18. 7 19. 3 20. 4 21. 8 22. 1 23.8 24. 4
25. 9 26. 7 27. 9 28. 7 29. 9 30.4 31.9 32. 6
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33.
41.

1.
16.

3 34,
7 42,

.13
. 19
. 22

. 189
. 154
. 574

. 2809

7679
%14
55,459

E. 1. 1819
6. 2103

1
7

14.

2
7

9. 98-76+54+3+21
123+45-67+8-9
12+3+4+5-6-7+89
123+4-5+67 -89
... and lots more.

F. 1. 45,805
5. 49,799
9. 1,554,108

35. 6 36. 6 37. 8 38.5 39.5 40.8
43. 18 44, 7 45. 7 46. 3 47. 8 48. 9
. 44 3. 29 4. 16 5. 12 6. 57
.17 9. 15 10. 28 11. 36 12. 18
37 15. 25 16. 26 17. 38 18. 85
. 458 3. 8 4, 877 5. 281 6. 176
. 266 9. 273 10. 198 11. 715 12. 51
45 15. 29 16. 145
2. 7781 3. 5698 4. 28,842 5. 12,518
7. 56,042 8. 37,328 9. 4741 10. 9897
12. 26,807 13. 47,593 14. 316,640 15. 22,422
17. 24,939
. 284 3. 13,819 mi 4, $23,587 5. $155
. 3 8. $595
10. Sure, 1,963 pennies
are worth $19.63 in fact.
2. 24,108 3. 588,899 4. 3699
6. 547,159 7. 313,042 8. 79,508
10. 30,821

Practice Problems, pages 34-35

A. 12,32,63,36, 12, 18,0, 24, 14, 8
48, 16, 45, 30, 10, 9, 72, 35, 18, 0
28, 15, 36, 49, 8, 40, 42, 54, 64, 24
20, 0, 25, 27, 81, 6, 1, 48, 16, 63
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B. 16, 30, 9, 35, 18, 20, 28, 48, 12, 63
32,0, 18, 24,9, 25, 24, 45, 10, 72
15, 49, 40, 54, 36, 8, 42, 64, 0, 4
25, 27,7, 56, 36, 12, 81, 0, 2, 56

Box, pages 42-43  Multiplication by a Multiple of 10/40

1. 110 2. 3500 3. 4220 4, 50,100

5. 65,200 6. 723,000 7. 403,000 8. 8600

9. 214,000 10. 2,040,000 11. 1,200,300 12. 6,000,000
13. 12,080,000 14. 720,000 15. 105,000,000

Problem Set 1-4, pages 43—45 Multiplying Whole Numbers

A. 1. 42 2. 72 3. 56 4. 63 5. 48 6. 54
7. 72 8. 42 9. 48 10. 63 11. 56 12. 48
B. 1. 87 2. 402 3. 576 4. 243 5. 282 6. 792
7. 320 8. 259 9. 156 10. 294 11. 290 12. 261

13. 564 14. 392 15. 153 16. 161 17. 282 18. 424
19. 308 20. 324 21. 720 22. 1505  23. 1728 24. 2736
25. 5040 26. 2952 27. 7138 28. 1170  29. 1938 30. 2548
31. 1650 32. 1349  33. 4425 34. 1458  35. 928 36. 6232
37. 3822 38. 2030  39. 8930  40. 2752

C. 1. 37,515 2. 74,820 3. 375,750 4, 97,643
5. 297,591 6. 384,030 7. 38,023 8. 108,486
9. 378,012 10. 1,279,840 11. 41,064 12. 4,947,973
13. 30,780 14. 225,852 15. 1,368,810 16. 31,152
17. 397,584 18. 43,381 19. 60,241 20. 5,098,335
21. 62,006 22. 126,000 23. 53,212 24. 29,500
25. 135,542 26. 88,400 27. 92,880 28. 604,005
29. 361,200 30. 1,348,042 31. 3,314,204 32. 11,033,000

33. 21,135,000 34. 3,752,500 35. 8,034,030
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D. 1. $598 2. 8760 hr 3. $119% 4. $1285
5. 832 6. $770,640 7. 987,654,321
8. (a) 111 (b) 1111 () 11,111
(d) 111,111 (e) 1,111,111 (fH 11,111,111
E. 1. 95,294,763 2. 3,501,576,000 3. 147,510,720
4. 23,448,804 5. 3,878,280 6. 2,423,925
7. 1,970,640 8. 3,864,000,000,000
9. The products contain only the nine digits 1-9
(a) 123,458,769 (b) 123,547,689 (c) 967,854,321
10. 49 63
4489 7623
444889 776223
44448889 77762223

Box, page 48 Averages

1. 56 2. 36 3. 10 4. 5
5. 21 6. 5hr 7. 84 points 8. $1664

Box, page 53 Working with Measurement Numbers

1. 27 ft 2. 1101b 3. 61ft 4. 66 sq ft
5. 25 mph 6. 33 m/sec 7. 90 mi 8. 72sq ft
9. 180 cuin. 10. 186 min

Problem Set 1-5, pages 55-57 Dividing Whole Numbers

A. 1.9 2. 12 3. 11R4 4.7
5. Not defined 6. 13 7. 7R2 8.5
9. 10R 1 10. 7 1.1 12. Not defined
13. 8 14. 6 15. 4 16. 7

17. 6 18. 9
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B. 1. 35 2. 4 3. 23R6 4. 42 5. 57
6. 46 R 2 7. 51R4 8. 45 9. 112R 1 10. 44
1. 21 12. 27 13. 52 14. 37 15. 88
16. 125 17. 50R 1 18. 67
C. 1.23 2. 21 3. 20R2 4. 31R4 5. 39
6. 50R 2 7. 25 8. 19R 17 9. 9R 1 10. 41
11. 53 12. 43 13. 22 14. 11 R 34 15. 12
16. 34 17. 9R6 18. 71R5
D. 1. 95R6 2. 104 3. 9 4. 208 5. 142R 6
6. 107 7. 222 R 2 8. 171 9. 32 10. 1000
11. 305R5 12. 311R8 13. 84R41 14. 100R5 15. 119
16. 61 17. 102R98  18. 81
E. 1. 104 min 2. $1590 3. $560 4. 48 mi/gal
5. $51 6. 838 7. 248 yr 8. 345 m/sec
F. 1. 4567 2. 1085 3. 302 4. 622
5. 1001 6. 101 7. 143 8. 124
Box, page 65 Rounding Whole Numbers
1. 50 2. 680 3. 300; 260
4. 7600; 7560 5. 26,400; 26,000 6. 5310; 5300
7. 24,990; 25,000 8. 65,600; 66,000
Problem Set 1-6, pages 70-71 Factors and Factoring
A. 1.2x2x3 2, 2Xx2x2x2 3. 2x7
4, 2x3x3 5. 2x2x2x3 6. 2x2x5
7. 2x13 8. prime 9. 2x2Xx2x2x%x2
10. 2x2x3x%x3 11. 3x13 12. 2x3x7
13. 2x2x2x7 14. 3x3x3x%x3 15. 11 x 11
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1.
13.
15.

o N W=

2X2Xx2x2x2x3 2. 2x2x3x7
2x2x2x17 4, 2x5x17
2x2x3x3x7 6. 2X2X2Xx2X2X2x2x%x2
2X2XxX2x2x2%x3x%x3 8. 2x3x5x%x13
2Xx2x3%x3x%x13 10. 2x3x7x13
2Xx2x5x7x7 12. 37 x 37

29 x 47 14. 2x2x3x3x%x43

47 x 67

C. Primes: 2, 5, 3, 31, 23, 37, 53, 19, 67, 61, 89, 17

D. Divisible by 2: 12, 4, 144, 1044, 1390, 72, 102, 2808, 2088, 8280, 8802
Divisible by 3: 9, 12, 231, 45, 144, 261, 1044, 72, 81, 102, 2808, 2088,

8280, 8802, 111

Divisible by 5: 45, 1390, 8280

E. 1.

28=1+2+4+7+14
496=1+2+4+8+16+31+62+ 124 + 248

8128=1+2+4+8+16+32+64+ 127 + 254 + 508 + 1016 + 2032 +
4064

a. The divisors of 220 sumto 284:1+2+4+5+10+11+20+22 +
44 + 55 +110=284
The divisors of 284 sum t0 220: 1+2+4+ 71+ 142 =220

b.2924=1+2+4+5+10+20+ 131 +262 + 524 + 655+ 1310
2620=1+2+4+17+34+43+68+86+ 172 +731+ 1462

37; all numbers are primes except for the 1

2,3,6

1, not prime; 11, prime; 111=3x37; 1111 =11 x 101;

11,111 =41x271; 111,111 =3 x 37 x 1001

638 4752 314
475 3658 926
+253 4975 +705
1366 + 2403 1945

15,788
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Problem Set 1-7, pages 79-81 Exponents and Square Roots

A. 1. 16 2. 9 3. 64 4. 125 5. 1000
6. 49 7. 256 8. 36 9. 512 10. 81
11. 625 12. 100,000 13. 8 14. 243 15. 729
16. 1 17. 6 18. 1 19. 256 20. 32
21. 1,000,000 22. 343 23. 64 24. 1296 25. 1024
26. 6561 27. 216 28. 25 29. 27 30. 2401
31. 1 32. 10,000 33. 16 34. 5 35. 4096
36. 1 37. 81 38. 1024 39. 100  40. 7776

B. 1. 196 2. 441 3. 3375 4. 15,625 5. 256
6. 3025 7. 3721 8. 64,000 9. 1,000,000
10. 108 11. 576 12. 1125 13. 7938 14. 4851
15. 2025 16. 2744 17. 1296 18. 24,300 19. 2000

20. 90,000 21. 9216

C 1.9 2. 12 3.4 4. 5 5.6 6. 10 7.7
8. 18 9.1 10. 11 11. 8 12. 3 13. 15 14. 2
15. 20 16. 16

D. 3. (@)5'=5 52=25 52=125 5%=625
(b) 25" =25 252=625 25%=15,625 25%=390,625
(c) 625" = 625 6252 = 390,625 625° = 244,140,625

625% = 152,587,890,625

(d) 376' =376 376° = 141,376 376°=53,157,376
376%=19,987,173,376

Chapter 2 Fractions
Problem Set 2-1, pages 96-98 Renaming Fractions
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5 35 31 13 161
7. E 8. ? 9. ? 10. ? 11. W
481 170 113
13. E 14. T 15. T
1 2 3 3 1
B. 1. 8— 2. 7% 1= 4. 4~ —
8 3 3. 15 " 5 6
5 1 9 2 3
7. 45 8. 4— 9.1o-  10.55  11.52
3 5 4
130405 14200 159
13 4 4 1 1
C 1. 2. ¢ 3. ¢ a. 5. 5
1 8 1 3 7
7. ¢ 8 9. 3 10. o M. o5
1 4 5
13. — 14. = 15. =
> % 7 >
14 27 9 145 7
D- 1. ﬁ 2. E 3. E 4. E 5. g
20 140 39 34 363
7. 5 8. E 9. % 10. H 11. H
66 185 516
13. ﬁ 14. ﬁ 15. H

E. 1. 5 laps, where each lap is % of a mile.
. 3.
3. Sugar Glops 4. Too little 5. 100 6. 152 in.

Problem Set 2-2, pages 102-105 Multiplying Fractions

1 4 1
9 " 15 "8 " 15

—_
N

A. 1. 2.

1
8

®o|lw w|N



1 2 5 1 9
7. 3 8. E 9. 25 10. E 11 4_5 12. %
1 1 13 4 1
13. 15 14. ’IOE 15. ﬁ 16. E 17. 25 18. 6
3 1
19. 14 20. 1= 21. 1—
7 3
B. 1.3 2. 4 3.8 4 1i 5 3l 6. 62
.1 . . - 19¢ - 37 .
1 1 3 3
7. 13 8. § 9. 69 10. 6 11. BSZ 12. 1?
9 7 2 3 13
13. 74 14. 7% 15. 9§ 16. 46; 17. 10§ 18. 13%
19 21l 20. 6
. 3 .
4 1 27 1 3
2 4 5 9 1 1
7- 7 8- E 9- § 10- W 11. E 12- E
13 1l 14. 20 15 3‘Il
13 . . >
D. 1. 1530 miles 2. Bert ate%ofthe pie.
7 .
3. 110 km 4. $54 6. g sami

1 1. 1 2.
7. 165 mgm 8. 1282|n. 9. 342 Ib 10. 55 in.  11. $393.75

Box, page 112  Ratio and Proportion

1. 22 2. 462 points 3. 198 mi
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Problem Set 2-3, pages 112-114 Dividing Fractions

2 3 1 5
A 113 2.15 3.9 4. 5. ¢
4 7 8 1
6. 5 7. 24 8. - 9 3 10. 7
1 5 4 2
11. 1 12. 1 13. 1. 17 15. 2
1 3 1
B. 1 2. 7— .4 4. > 1—
? 3 3 4 > 13
3 4 1
6. 6 7. 1> 8. 2— 9. 1= 10. 8—
4 7
1 2 6 1 4
"1 12,13 13 - 14. 5, 15. =
C 116 2.2 3.+ 4. 3— 5. 18
: . 3 - 3 :
6 6
6. 25 7. < 8.6 9. 1 10.
1. 175 12. 17
175 :

1
D. 1. 10% mi 2. 43 3. 34 mph 4, 1§yd 5. 84 6. 400

Problem Set 2-4, pages 127-129 Adding and Subtracting Fractions

2 1 2 1 1
A. 1. 1; 2. 1; 3.1 4, 3 5. r 6. 5
5 3 1 1 3 1
7. e 8. 3 9. 1§ 10. 1§ 1. 2 12. 2
3 2 4 5 1 9
13. 1§ 14. 13 15. 17 16. 3 17. 1Z 18. 20
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1 11 19 29 29
B. 1. 1§ 2 § 3 1% 4, % 5 E 6. E
53 215 13 4 5 83
eI 8. 316 9. 8 10. 35 11. % 12. 16
5 1 17 51 3 23
13. 1§ 14. 4£ 15. SE 16. 4§ 17. 2 18. 1%
2 13 1 4 3 89
C. 1 1; 2 1% 3. 5— 4 1; 5. ZOZ 6. 1%
33 17 1 13 11 9
7 E 8 15 9 36 10 ZE 11. SE 12. 1%
15 . 2 7 1 1 1 5 1 1 1
D. 1. gln 2. 36§hr 4 g——+—+§ 5 E E ﬁ
5.1 1
12 3 12
7 2 .
5. 414§ ft 6. 28; gallons; 65 miles per gallon
3 1 1 1 1 3
7. ZE 8. (b)z minus 2 of 1 9, 232 hr 10. 888 acres
Problem Set 2-5, pages 139-141 Solving Word Problems
A. 1. = 2. X 3. + 4, = 5. 0-6
1 1 2 2
G'EXD 7. 2x0 8.D725 9.D+§ 10.D+€
3 7 1 3
1 1 7 5
14.DX32—115 15.EX3§
1 3 3 16 3
B. 1. 13 2. ﬁ 3. 1; 4, E 5. 1§
2



254 APPENDIX

C. 1. $52 2. 8% miles 3. 5% gallons 4, 4% Ib 5. $186

Chapter 3 Decimals
Problem Set 3-1, pages 153-156 Adding and Subtracting Decimal

Numbers
A. 1. 08 2. 1.6 3. 15 4. 0.6 5. 0.9 6. 1.2
7. 1.6 8. 0.7 9. 1.7 10. 0.1 11. 0.7 12. 3.3
13. 0.5 14. 2.3 15. 1.8 16. 1.4 17. 3.3 18. 5.2
19. 1.9 20. 9.9 21. 4.8 22. 1.4 23. 9.0 24. 18.1
25. 55 26. 1.4 27. 17.5 28. 1.6 29. 6.7 30. 0.6
31. 3.6 32. 1.3 33. 1.8 34. 2.6 35. 2.6 36. 0.4
B. 1. 21.01 2. $15.02 3. 1.617 4. 27.19
5. $30.60 6. 6.486 7. 78.17 8. $151.11
9. 5.916 10. 828.60 11. 16.2019 12. 1031.28
13. 63.7313 14. 238.24 15. 128.3685 16. 45.195
17. $27.59 18. 70.871 19. $108.37 20. 19.37
21. $15.36 22. 51.34 23. 1.04 24. $3.86
25. 42.33 26. 6.63 27. $6.52 28. 6.42
29. $36.18 30. 22.016 31. 2.897 32. $17.65
33. 6.96 34. 0.3759
C. 1. 151.461 2. 602.654 3. 95.888 4. 91.15
5. 316.765 6. 14.67755 7. 16.0425 8. 4035.4933
9. 19.011 10. 3.34974
D. 1. $25.14 2. 4687.8 mi 3. 1112.5 mi 4. 2.556 yd
5. 2.267 in. 6. $669.35 7. 968.749 meters

8. 0.013 cm 9. $19,759.97

E. 1. 25,469.55 2. $914.04 3. 81,675.83 4. 535,258.13
5. $61.23 6. 150.666231 7. 24,689.082 8. 46,807.67
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9. 417,109.9 10. 121.676 11. 278.227 12. $372.11
13. $646.30 14. 0.163826 sec

Box, pages 168-169 Multiplying and Dividing by Powers of Ten

1. 423.8 2. 52,923.7 3. 622.6 4. 177.74
5. 2440.1 6. 5003.7 7. 23.88 8. 48.05
9. 40 10. 1800 11. 2.466 12. 7.0347
13. 2.37882 14. 51.702921 15. 0.00457 16. 0.0002792
17. 0.0002 18. 0.37 19. 0.000045 20. 0.057

Problem Set 3-2, pages 169-173 Multiplying and Dividing Decimal
Numbers

A. 1. 0.00001 2. 0.1 3. 215 4. 0.06
5. 0.008 6. 0.014 7. 0.09 8. 0.72
9. 0.84 10. 0.009 11. 0.00006 12. 4.2
13. 1.4743 14. 2.18225 15. 0.5022 16. 0.03
17. 0.024 18. 2.16 19. 0.01476 20. 3.6225
21. 1.44 22. 80.35 23. 0.00117 24. 287.5
25. 0.03265 26. 0.0009255 27. 1223.6 28. 0.0001817
B. 1. 1300 2. 12.6 3. 0.045 4. 13
5. 126 6. 450 7. 60 8. 2000
9. 10,000 10. 0.037 1. 111 12. 6.6
13. 1900 14. 3256.25 15. 0.1 16. 2.25
C. 1.333 2. 143 3. 0.83 4. 0.09 5. 10.53
6. 0.67 7. 0.25 8. 0.13 9. 11.11 10. 285.71
11. 0.15 12. 16.00 13. 14.286 14. 0.023 15. 0.225
16. 65 17. 3.462 18. 13.640 19. 3.815 20. 2.999

21. 571.429 22. 1111
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D. 1. 0.09 2.0.0009 3. 0.000009 4. 0.027
5. 1.44 6. 1.728 7. 0.01 8. 0.0001
9. 0.000027 10. 0.012 11. 0.143 12. 0.223
13. 0.019 14. 0.215 15. 138.889
E. 1. $233.75 2. $23.11 3. $126.00 4. 26.6 5. O°F
6. 1st: (b) 12 +0.03 =400, 2nd: 0.2 x 0.2 = 0.04, 3rd: The third
error is that there are only two errors.
7. January 1 8. Yes. It is also true for any other digit.
9. (a) 12.50z (b) 47 oz (c) $8.28 10. 6255 |b
F. 1. 1.375 2. 6.066 3. 2.082 4. 6.062 5. 0.667
6. 0.099 7. 6.334 8. 4.112 9. 1.8182  10. 0.0250
11. 0.2857 12. 246.1624  13. 0.1111 14. 0.0390 15. 2.1866
16. 27.4703
Box, page 183 Square Root of a Decimal Number
1. 2.646 2. 6.403 3. 4472 4. 3.271 5. 1.364
6. 8.396 7. 10.498 8. 7.176

Problem Set 3-3, pages 183-186 Decimal Fractions

A. 1.
7.

13.

19.
25.

31.

0.50
0.20
0.14
0.88
0.25
0.31

2.
8.
14.
20.
26.
32.

0.33
0.40
0.29
0.10
0.42
0.44

3.
9.
15.
21.
27.
33.

»lw

IS
o‘—‘

0.67
0.60
0.43
0.20
0.58
0.56

4,
10.
16.
22.
28.
34.

0.25
0.80
0.13
0.30
0.92
0.69

—_

1

3'E

2
7. —
5

11.
17.
23.
29.
35.

0.50
0.17
0.38
0.08
0.06
0.81

6. 0.75
12. 0.83
18. 0.63
24. 0.17
30. 0.19
36. 0.94



9 2% 10 221—0 1 324—5 12. 1%
13. 3% 14. 221—5 15. % 16. 10%
17. 10(7)00 18. ﬁ 19. % 20. 11%
21. 6% 22. 4% 23. 27—0 24, %
. 1.1.2 2. 408 3. 45 4. 17 5. 0.5
. 1. (a) 4.385 (b) 1.77 (c) 1.475 (d) 0.7681
(e) 7.875 (f) 2.296 (9)0.8 (h) 0.3125

2. 73.575, round to 73.6

2 S -
3. The same six digits repeat. 7= 0.285714, ; =0.428571
; =0.571428, ; =0.714285, g =0.857142

1
4. 57¢ 5. $230.85 6. 55¢ 7. (a) 1.375 grams, (b) SE tablets

. 1. 0.10345 2. 0.12346 3. 0.64706 4. 0.41935
5. 0.56098 6. 0.54984 7. 0.82609 8. 0.45313
9. 1.7447 10. 0.3173 11. 0.2963 12. 1.5567

Chapter 4 Percent
Problem Set 4-1, pages 200-201 Numbers and Percent

A. 1. 40% 2. 10% 3. 95% 4. 3%
6. 1.5% 7. 60% 8. 1% 9. 120%
11. 225% 12. 775% 13. 0.3% 14. 300%

16. 550% 17. 400% 18. 604% 19. 1000%

5. 30%
10. 456%
15. 80%
20. 33.5%
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11.

16.

1.

16.

. 20%

. 25%

175%

2
2165%

. 0.07

. 0.075
11.
16.

0.0025
0.1225

E. 1. 175.62%

5. 234.81%
9. 141.18%

Box, page 216

2. 75%

7. 10%

12. 220%

2
17. 663%

2.
7.
12.
17.

12

17.

0.03
0.90
1.50
1.255

10000

31
400

2. 5.44%
6. 1275.26%
10. 242.86%

IS-OF Method

1. IS=16, OF = 20, 80%

3. 1S=98, OF=0.14, 700

2
5. 1S=0.04, OF =0.15, 265%

3. 70% 4. 35%

1
8. 50% 9. 375%

13. 180% 14. 90%

3

2
18. 68—9 19. 1919
8684A> 9 93A>

3. 0.56 4. 0.15
8. 2.00 9. 0.003
13. 0.015 14. 0.0625

18. 0.66125 19. 0.305

1

3. - 4.
2
7
i :
8. 1, 9
9
13, —— 14.
3 200
13
18. —— 19.
200
3. 80.52%
7. 53.85%
11. 4.35%

2—

5. 150%

10. 60%

15 33l°/
. 3 0

20. 330%

5. 0.01
10. 0.0007
15. 0.005
20. 0.085

10.
15.

20.

w N N B =
N" g‘w m"“” |

4. 14.28%
8. 57.89%
12. 132.14%

2. 1S=14,0F=8, 175%
4, 1S=12, OF =5, 240%

6. 1S=7.2, OF=0.24, 30
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Problem Set 4-2, pages 217-219  Percent Problems
A. 1. 80% 2. 20% 3. %9 4. 64% 5. 15
6. 107 7. 100% 8. 54 9. 21 10. 60
1 2
11. 125% 12. 150 13. 59 14. 80 15. 66;%
16. 500% 17. 100 18. 52% 19. 500 20. $21.25
B. 1. 225 2. 7755 3. 25% 4. 18
5. $0.1974 or 20¢ 6. 180% 7. 160 8. $2.72
9. 150% 10. 12%% 11. 26% 12. 45
2
13. 2% 14. 63% 15. 175 16. 25%
17. 400% 18. 427 19. 221 20. 1600
C. 1. 88% 2. 16 3. 504
4. No difference 5. 32.5% rounded 6. 5.5% rounded 7. $81,500
8. $36,900 9. $51.50 10. (a) $1.95 (b) $34.45
D. 1. 18.19 2. 0.53 3. 152.07 4. 70.69%
5. 144.56% 6. 30.26%

Problem Set 4-3, pages 232-234  Practical Applications of Percent

1. 29%

5. 3.4%

9. 20.2%

11. (a) $30,680
12. 8.89%

14. $302.25
16. $205.83

2. $33,333.33 3. $33.70 4. $427.27

6. 6% 7. 23.25% 8. $33,020

10. $115.85

(b) $2.06 (c) 62¢ (d) $63.02  (e) $5.30
13. (a) $619.65 (b) $69.56 () $54.10

15. $5355 at First National, $5270.40 at Last National
17. 50% 18. 20%
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Answers: Chapter Self-Tests

If you answer any question incorrectly, turn to the page and frame indi-
cated for review.

Chapter 1 Self-Test, pages 81-82

Page Frame Page Frame
1. 83 3 (1] 14. 502 46 35
2. 5221 3 1] 15. 32 46 35
3. 164 3 1] 16. 22x3x 17 57 44
4. 26 21 16} 17. 2x3x112x13 57 44}
5. 286 21 16} 18. 23 x 53 57 44}
6. 2028 21 [16] 19. 26x3x 17 57 44
7. 3695 21 16| 20. 81 72 59
8. 1548 32 24 21. 2000 72 59
9. 48,348 32 24 22. 7938 72 59
10. 55,622 32 24} 23. 15,129 72 B
11. 650,206 32 24} 24. 15 72 B
12. 23 46 35 25. 18 72 59
13. 803 R6 46 35
Chapter 2 Self-Test, pages 141-142
Page Frame Page Frame
115 31
TS ss H 5. 35 114 34
4 19
2. 3— C 11— 114
37 s H 6. 1< 34
15 7
3 20 ss H 7. 6o, 114 34
13 5
4, — ss H 8. — 114 34

17 12
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Page Frame Page Frame
3 7
9. 1o5 114 B 18. - 129 51
10. 3> 114 19. 2 129 51
"2 "5
3
1.1 9 B 20. 129 51)
1
12. 55 9 B 21. 2 129 51
13. 1+ 105 E3 2. L 129 51
) " 25
69 1
4. o 105 E3 23. 12 129 51)
15, + 9 B 24, 129 51
"4 " 100
4
16. 55 9 B 25. $72 129 51
1
17. 58 98 B
Chapter 3 Self-Test, pages 186-187
Page Frame Page Frame
1. 19.245 145 a 7. 75.15 145 a
2. 51.16 145 a 8. 16.524 156 10
3. 41.151 145 1] 9. 168 156 10
4. 68.07 145 a 10. 30.552 156 10
5. 0.47 145 a 11. 1.90 162 16
6. 171.53 145 a 12. 189.33 162 16
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13.

14.

15.

16.

17.
18.
19.

0.794

14
25

31
125

13
100

0.4375
3.625
1.2

Page
162

173

173

173

173
173
173

Frame

Chapter 4 Self-Test, pages 234-235

2
. 316 %

3

2
. 413%
. 8%

. 643%

5. 0.02

. 1.125

17

25

. 120
. 7.56
10.
11.
12.
13.

115.5
8.71
6.231
35%

Page

191

191

193

193

196
196

197

203
203
203
203
203
206

Frame

15.

16.

17.

18.
19.

20.

21.
22.
23.
24.
25.

20.

21.

22.

23.

24,
25.

0.6

1.2

14.95

8.575

12.5

. 150%

225%

42%

83l%

80

0.7

$2.207

$62.00
$592
$41.37
$1025
$6.20

Page
173

173

173

173

173
173

Page

206

206

206

206

210
210

219

219
219
222
227
224

Frame

Frame
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Answers: Final Exam, pages 237-240
1. 349 2. 8975
3. 217 4. 1876
5. 1566 6. 285,324
7. 47 8. 457
9. 2x33x7 10. 2°x5x7x 11
74
1. 16 12. —
9
5 5
13. 7= 14. =
37 7
3 19
15. 155 16. 4
3 4
17. 9, 18
29 1 15 5
19. HOF Zﬁ 20. EOFE
1 5
21. 2— 22. —
12
11 7
23. 1— 24. 21—
VT 9
15
25. — 26. 18.836
68
27. 164.195 28. 25.57
29. 7.73 30. 12.248
31. 40.42 32. 34.1220
33. 0.64 34. 1.88
69 _
LA . 0.
35 250 36. 0.83
1
37. 0.8 38. 2375 %
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39.
41.
43,
45.
47.
49,
51.

53.

55.

1%

27

12.5

30%

1,958,400 ft = 371 miles
$3.07

$436

$19.20

$1896.55

40.
42,
44,
46.
48.
50.
52.

54.

56.

1.28

3742
$370
$3.99
$43.63

6.2%
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TABLE OF SQUARES

Number Square Number Square Number Square
1 1 35 1225 68 4624
2 4 36 1296 69 4761
3 9 37 1369 70 4900
4 16 38 1444 71 5041
5 25 39 1521 72 5184
6 36 40 1600 73 5329
7 49 41 1681 74 5476
8 64 42 1764 75 5625
9 81 43 1849 76 5776
10 100 44 1936 77 5929
11 121 45 2025 78 6084
12 144 46 2116 79 6241
13 169 47 2209 80 6400
14 196 48 2304 81 6561
15 225 49 2401 82 6724
16 256 50 2500 83 6889
17 289 51 2601 84 7056
18 324 52 2704 85 7225
19 361 53 2809 86 7396

20 400 54 2916 87 7569
21 441 55 3025 88 7744
22 484 56 3136 89 7921
23 529 57 3249 90 8100
24 576 58 3364 91 8281
25 625 59 3481 92 8464
26 676 60 3600 93 8649
27 729 61 3721 94 8836
28 784 62 3844 95 9025
29 841 63 3969 9% 9216
30 900 64 4096 97 9409
31 961 65 4225 98 9604
32 1024 66 4356 99 9801
33 1089 67 4489 100 10000
34 1156
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TABLE OF SQUARE ROOTS

Square Square Square Square

Number Root Number Root Number Root Number Root
1 1.0000 51 7.1414 101 10.0499 151 12.2882
2 1.4142 52 7.2111 102 10.0995 152 12.3288
3 1.7321 53 7.2801 103 10.1489 153 12.3693
4 2.0000 54 7.3485 104 10.1980 154 12.4097
5 2.2361 55 7.4162 105 10.2470 155 12.4199
6 2.4495 56 7.4833 106 10.2956 156 12.4900
7 2.6458 57 7.5198 107 10.3441 157 12.5300
8 2.8284 58 7.6158 108 10.3923 158 12.5698
9 3.0000 59 7.6811 109 10.4403 159 12.6095
10 3.1623 60 7.7460 110 10.4881 160 12.6191
11 3.3166 61 7.8102 111 10.5357 161 12.6886
12 3.4640 62 7.8740 112 10.5830 162 12.7279
13 3.6056 63 7.9397 113 10.6301 163 12.7671
14 3.7417 64 8.0000 114 10.6771 164 12.8062
15 3.8730 65 8.0623 115 10.7238 165 12.8452
16 4.0000 66 8.1240 116 10.7703 166 12.8841
17 4.1231 67 8.1854 117 10.8167 167 12.9228
18 4.2426 68 8.2462 118 10.8628 168 12.9615
19 4.3589 69 8.3066 119 10.9087 169 13.0000
20 4.4721 70 8.3666 120 10.9545 170 13.0384
21 4.5826 71 8.4261 121 11.0000 171 13.0767
22 4.6904 72 8.4853 122 11.0454 172 13.1149
23 4.7958 73 8.5440 123 11.0905 173 13.1529
24 4.8990 74 8.6023 124 11.1355 174 13.1909
25 5.0000 75 8.6603 125 11.1803 175 13.2288
26 5.0990 76 8.7178 126 11.2250 176 13.2665
27 5.1962 77 8.7750 127 11.2694 177 13.3041
28 5.2915 78 8.8318 128 11.3137 178 13.3417
29 5.3852 79 8.8882 129 11.3578 179 13.3791
30 5.4772 80 8.9443 130 11.4018 180 13.4164
31 5.5678 81 9.0000 131 11.4455 181 13.4536
32 5.6569 82 9.0554 132 11.4891 182 13.4907
33 5.7446 83 9.1104 133 11.5326 183 13.5277
34 5.8310 84 9.1652 134 11.5758 184 13.5647
35 5.9161 85 9.2195 135 11.6190 185 13.6015
36 6.0000 86 9.2736 136 11.6619 186 13.6382
37 6.0828 87 9.3274 137 11.7047 187 13.6748
38 6.1644 88 9.3808 138 11.7473 188 13.7113
39 6.2450 89 9.4340 139 11.7898 189 13.7477
40 6.3246 90 9.4868 140 11.8322 190 13.7840
41 6.4031 91 9.5391 141 11.8743 191 13.8203
42 6.4807 92 9.5917 142 11.9164 192 13.8564
43 6.5574 93 9.6437 143 11.9583 193 13.8924
44 6.6332 94 9.6954 144 12.0000 194 13.9284
45 6.7082 95 9.7468 145 12.0416 195 13.9642

46 6.7823 96 9.7980 146 12.0830 196 14.000
47 6.8537 97 9.8489 147 12.1244 197 14.0357
48 6.9282 98 9.8995 148 12.1655 198 14.0712
49 7.0000 99 9.9499 149 12.2066 199 14.1067
50 7.0711 100 10.0000 150 12.2474 200 14.1424
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Study Cards

The following few pages contain useful information that you may want to
remember. If you want to work on memorizing the multiplication table, the
first few perfect squares, the first few primes, or other information, cut out
the handy reminders from these pages and carry them with you in your
pocket or purse. Refer to them at every opportunity. Quiz yourself on them.
Get a friend or tutor to quiz you on them. Read and recite the material until
you have it firmly in your memory.

ADDITION TABLE

1 0 1 2 3 4 5 6 7 8 9
0 0 1 2 3 4 5 6 7 8 9
1 1 2 3 4 5 6 7 8 9 10
2 2 3 4 5 6 7 8 9 10 1
3 3 4 5 6 7 8 9 10 11 12
4 4 5 6 7 8 9 10 11 12 13
5 5 6 7 8 9 10 11 12 13 14
6 6 7 8 9 10 11 12 13 14 15
7 7 8 9 10 11 12 13 14 15 16
8 8 9 10 11 12 13 14 15 16 17
9 9 10 1 12 13 14 15 16 17 18
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MULTIPLICATION TABLE

X 0 1 2 3 4 5 6 7 8 9 10
0 0 0 0 0 0 0 0 0 0 0 0
1 0 1 2 3 4 5 6 7 8 9 10
2 0 2 4 6 8 10 12 14 16 18 | 20
3 0 3 6 9 12 15 18 21 24 | 27 | 30
4 0 4 8 12 16 20 24 28 32 36 40
5 0 5 10 | 15 20 25 30 35 40 | 45 | 50
6 0 6 12 | 18 24 30 36 | 42 48 54 | 60
7 0 7 14 | 21 28 35 | 42 49 56 63 | 70
8 0 8 16 | 24 32 | 40 | 48 56 64 | 72 | 80
9 0 9 18 | 27 36 | 45 54 | 63 72 81 90
PERFECT SQUARES
12=1 62 =36 112=121 162 = 256
22=4 7°=49 122 =144 17% =289
32=9 82=64 132=169 182=324
42=16 92 =81 14? = 196 192 =361
52=25 102=100 152 =225 20%2 =400
PRIMES LESS THAN 100
2 3 5 7 11
13 17 19 23 29
31 37 41 43 47
53 59 61 67 71
73 79 83 89 97
If AxB=C
then B=C+A
and A=C+B
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Percent Decimal Fraction Percent Decimal Fraction
1 1
V) - 0, —
5% 0.05 20 50% 0.50 >
6—1 % 0.0625 1 60% 0.60 3
4 (1] . 16 0 . 5
1 — 1 1 5
—9 . — 2—9 .62 =
83 % 0.083 12 6 > % 0.625 3
1 2 _ 2
109 A — —9 . —
0% 0.10 10 66 3 % 0.66 3
1 1 7
0, — 0, -
122 % 0.125 3 70% 0.70 10
2 — 1 3
—0, i 0, i
163 % 0.16 6 75% 0.75 1
1 4
20% 0.20 3 80% 0.80 5
1 1 - 5
0, — __0, —_
25% 0.25 a 83 3 % 0.83 5
3 1 7
9 . — 7—9 .87 —
30% 0.30 10 8 > % 0.875 3
1 — 1 9
0, — o, N
33 3 % 0.33 3 90% 0.90 10
1 3 10
0, — o, -
37 > % 0.375 3 100% 1.00 10
40% 0.40 %
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Signal Words

Translate as

Is, is equal to, equals, the same as
Of, the product of, multiply, times, multiplied by

Add, in addition, plus, more, more than, sum, and,
increased by, added to

Subtract, subtract from, less, less than, difference,
diminished by, decreased by

Divide, divided by
Twice, double, twice as much

Half of, half

2%

VX

THE MOST OFTEN USED SQUARE ROOTS

7 17
V2 ~1.4142 ~ 5 or, even closer, e

7 19
V3 =1.7321 = r or, even closer, ET]

9
V5 ~2.2361 = 2

22
V6 = 2.4495 = 5

8
V7 = 2.6457 = 3

14 17
V8 ~2.8284 ~ 5 or, even closer, 3

19
V10z3.1623~?




Index

A

addend, 8

addition
Brain Boosters, 20
carrying digit, 13
commutative property of, 9
decimals, 148-156
estimating, 10-14
fractions, 114-123, 127-128
long lists of numbers, 15-16
measurement number, 25-27

partial sum vs. shortcut method, 14-18

whole numbers, 18-21
addition table, 9, 267
average, 47-48

B
base, 191-192
base exponent, 72
borrowing when subtracting, 24-25,
27-28,31-32
Brain Boosters
addition, 20
decimal fractions, 185
decimals, adding and subtracting,
154-155
decimals, multiplying and dividing,
171-172

description of, 20

division, 56-57

exponents and square roots, 80-81

factors and factoring, 70-71

fractions, 97-98

fractions, adding and subtracting,
128-129

fractions, dividing, 113-114

fractions, multiplying, 104

multiplication, 44-45

percent, 218-219

subtraction, 30-31

calculator icon, xii
calculator problems

addition, 20-21

decimal fractions, 185-186

decimals, adding and subtracting, 156

decimals, multiplying and dividing,
172-173

division, 57

fractions, 102

multiplication, 45

numbers and percents, 201

percent, 219

subtraction, 31

canceling (fractions), 93, 94

271
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carrying digit when adding, 13
Caution symbol, xii
charge account, 229
commission, calculating, 219-222
commutative property

of addition, 9

of multiplication, 33
concentrations, measuring, 178-179
consumer credit plans, 229-231
credit card, 229, 230-231

D

decimal digit, 147

decimal fractions
Brain Boosters, 185
equivalents, list of, 180-181
overview of, 173-175
problem set, 183-186
repeating decimal, 177-182
terminating decimal, 174-177

decimals
adding, 148-156
Brain Boosters, 154-155, 171-172
converting percents to, 196-198
converting to percents, 194
dividing, 162-165, 169-173
expanded form, 145-147
multiplying, 156-162, 169-173
naming, 161
overview of, 144-148
preview of, 143-144
rounding, 165-167, 169
self-test, 186
square root of, 182-183
subtracting, 151-156

denominate number, 53

denominator, 87

difference (subtraction), 22

digit, 3

discount, calculating, 222-225

discount rate, 222

dividend, 46

divisibility rules, 67-69

division
Brain Boosters, 56—-57
decimals, 162-165
fractions, 105-113
measurement numbers, 53

overview of, 46-47
by power of ten, 167-169
as repeated subtraction, 47-49, 50
shortcut method, 49-51, 52-53,
54-55
special divisors, 51
whole numbers, 55-56
divisor, 46

E

equivalent fraction, 92-93, 138
Eratosthenes, sieve of, 62-64
errors, 12-13

estimating, 10-14

expanded form, 4, 145-147
exponential form, 72-77, 79-80

F
factor (multiplication), 33
factors and factoring
Brain Boosters, 70-71
evenly divisible number, 58-59
overview of, 57-58
prime factor, 61-62, 63-64, 66—67
prime number, 59-63, 66, 268
problem set, 70
factor tree, 65-66
format of book, ix—x, xii—xiii
fractions
adding, 114-123, 127-128
Brain Boosters, 97-98, 104-105,
113-114, 128-129
canceling, 93, 94
converting percents to, 198-200
converting to percents, 195-196
dividing, 105-113
equivalent type, 92-93, 138
“invert and multiply” rule, 108,
109-110
least common multiple (LCM),
118-126
mixed number, 8§9-91
multiplying, 98-105
overview of, 85-88
preview of, 83-85
proper vs. improper, 8§8§—89
reducing to lowest term, 93-94, 100



Index 273

renaming, 95-97
self-test, 141-142
subtracting, 126-128
whole numbers as, 95
word problems, 129-141
writing repeating decimal as, 181-182
See also decimal fractions
frames, xii, 3
fresh-start math, xi—xii

G

guess 'n check method
addition, 12-18
subtraction, 23-25

I

improper fraction, 88-91

installment plan, 229-230

interest, calculating, 227-231

IS-OF method for percent problems,
215-216

L

Learning Help symbol, xii

least common multiple (LCM), 118-126
list price, 222

M
measurement numbers
adding, 25-26
dividing, 53
measuring concentrations, 178-179
metric equivalents, 26
minuend, 22
mixed number, 89-91
multiplicand, 33
multiplication
by 0, 35
by 1, 35
by 9, 34
by 10, 42-43
Brain Boosters, 44-45
commutative property of, 33
decimals, 156-162
fractions, 98-105

larger numbers, 36-42

one-digit numbers, 33-36

overview of, 32-34

by power of ten, 167-169

shortcut method, 40-42

whole numbers, 43-44
multiplication table, 35, 268
multiplier, 33

N
naming
decimal number, 161
number, 5-6
net price, 222
number
description of, 3
expanded form, 4
naming, 5-6
place value, 5, 145
as product of primes, 63
numeral, 3, 6-7
numerator, 86

(0]
open credit plan, 229

P

percent
Brain Boosters, 218-219
commission application, 219-222
consumer credit application, 229-231
converting decimal to, 194
converting fraction to, 195-196
converting to decimal, 196-198
converting to fraction, 198-200
definition of, 191, 223
discount application, 222-225
increase or decrease, calculating,

231-232
interest application, 227-229
IS-OF method, 215-216
misuse of, 209
overview of, 191-193
preview of, 189-190
problem set, 200-201, 217-219,
232-234
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percent (continued)
problem types, 202-203
self-test, 234-235
solving problems, 216
tax application, 225-226
Type 1 problems, 203-208
Type 2 problems, 208-211
Type 3 problems, 212-215
percentage, definition of, 223
percent-decimal-fraction equivalents,
199, 269
perfect square, 77, 268
place value, 5, 145
power of ten
description of, 145, 146
multiplying and dividing by, 167-169
prime factor, 61-62, 62-63, 66—67
prime number, 59-61, 62-63, 66, 268
principal, 227
product (multiplication), 33
proper fraction, 88
proportion, 111-112

Q

quotient (division), 46

R
ratio, 111-112
reducing fraction to lowest term, 93-94,
100
renaming fractions, 95-97
repeating decimal, 177-182
revolving charge account, 229, 230-231
Roman numeral, 6-7
rounding
decimals, 165-167, 169
whole numbers, 64-65

S
sales tax, calculating, 226-227
Self-Tests

answers, 260-262

decimals, 186-187

final exam, 237-240, 263-264

fractions, 141-142
percent, 234-235
whole numbers, §1-82
sieve of Eratosthenes, 62-64
signal words, 130-131, 206,
270
square root
of decimal number, 182-183
most often used, 270
table of, 266
of whole number, 78-80
study cards, 267-270
subtraction
borrowing, 24-25, 27-28, 32
Brain Boosters, 30-31
decimals, 151-156
fractions, 125-128
guess 'n check, 23-25
measurement number, 25-26
overview of, 21-23
whole numbers, 28-30
subtrahend, 22
sum, 8

T
tables
addition, 267
multiplication, 268
square roots, 266
squares, 265
tax, calculating, 225-227
terminating decimal, 174-177

w
whole numbers
addition problem set, 18-19
division problem set, 55-56
as fractions, 95
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