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Preface

Elementary Algebra is a work text that covers the traditional topics studied in a
modern elementary algebra course. It is intended for students who (1) have no
exposure to elementary algebra, (2) have had a previously unpleasant experience
with elementary algebra, or (3) need to review algebraic concepts and techniques.

Use of this book will help the student develop the insight and intuition necessary
to master algebraic techniques and manipulative skills. The text is written to
promote problem-solving ability so that the student has the maximum opportunity
to see that the concepts and techniques are logically based and to be comfortable
enough with these concepts to know when and how to use them in subsequent
sections, courses, and non-classroom situations. Intuition and understanding are
some of the keys to creativity; we believe that the material presented will help make
these keys available to the student.

This text can be used in standard lecture or self-paced classes. To help students
meet these objectives and to make the study of algebra a pleasant and rewarding
experience, Elementary Algebra is organized as follows.

[l PEDAGOGICAL FEATURES

The work text format gives the student space to practice algebraic skills with ready
reference to sample problems. The chapters are divided into sections, and each
section is a complete treatment of a particular topic, which includes the following
features: Section Overview, Sample Sets, Practice Sets, Section Exercises, Exer-
cises for Review, and Answers to Practice Sets. The chapters begin with Objectives
and end with a Summary of Key Concepts, an Exercise Supplement, and a Profi-
ciency Exam.

Each chapter begins with a set of objectives identifying the material to be covered.
Each section begins with an overview that repeats the objectives for that particular
section. Sections are divided into subsections that correspond to the section objec-
tives, which makes for easier reading.

Elementary Algebra contains examples that are set off in boxes for easy reference.
The examples are referred to as Sample Sets for two reasons: (1) They serve as a
representation to be imitated, which we believe will foster understanding of alge-
braic concepts and provide experience with algebraic techniques. (2) Sample Sets
also serve as a preliminary representation of problem-solving techniques that may
be used to solve more general and more complicated problems. The examples have
been carefully chosen to illustrate and develop concepts and techniques in the most
instructive, easily remembered way. Concepts and techniques preceding the exam-
ples are introduced at a level below that normally used in similar texts and are
thoroughly explained, assuming little previous knowledge.

A parallel Practice Set follows each Sample Set, which reinforces the concepts just
learned. There is adequate space for the student to work each problem directly on
the page.

The Answers to all Practice Sets are given at the end of each section and can be
located easily by referring to the page number, which appears after the last Practice
Set in each section.

The exercises at the end of each section are graded in terms of difficulty, although
they are not grouped into categories. There is an ample number of problems; after
working through the exercises, the student will be capable of solving a variety of
challenging problems.
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Exercises for Review

Summary of Key Concepts

Exercise Supplement

Proficiency Exam

The problems are paired so that the odd-numbered problems are equivalent in
kind and difficulty to the even-numbered problems. Answers to the odd-numbered
problems are provided at the back of the book.

This section consists of problems that form a cumulative review of the material
covered in the preceding sections of the text and is not limited to material in that
chapter. The exercises are keyed by section for easy reference. Since these exercises
are intended for review only, no work space is provided.

A summary of the important ideas and formulas used throughout the chapter is
included at the end of each chapter. More than just a list of terms, the summaryis a
valuable tool that reinforces concepts in preparation for the Proficiency Exam at
the end of the chapter, as well as future exams. The summary keys each item to the
section of the text where it is discussed.

In addition to numerous section exercises, each chapter includes approximately
100 supplemental problems, which are referenced by section. Answers to the odd-
numbered problems are included in the back of the book.

Each chapter ends with a Proficiency Exam that can serve as a chapter review or a
chapter evaluation. The Proficiency Exam is keyed to sections, which enables the
student to refer back to the text for assistance. Answers to all Proficiency Exam
problems are included in the back of the book.

[0 CONTENT

The writing style is informal and friendly, offering a no-nonsense, straightforward
approach to algebra. We have made a deliberate effort not to write another text that
minimizes the use of words because we believe that students can best study alge-
braic concepts and understand algebraic techniques by using words and symbols
rather than symbols alone. It has been our experience that students at the elemen-
tary level are not experienced enough with mathematics to understand symbolic
explanations alone; they also need to read the explanation.

We have taken great care to present concepts and techniques so they are under-
standable and easily remembered. After concepts have been developed, students
are warned about common pitfalls.

Chapter R — Arithmetic Review This chapter contains many examples of arith-
metic techniques that are used directly or indirectly in algebra. Since the chapter is
intended as a review, the problem-solving techniques are presented without being
developed. Therefore, no work space is provided, nor does the chapter contain all of
the pedagogical features of the text. As a review, this chapter can be assigned at the
discretion of the instructor and can also be a valuable reference tool for the student.

Chapter 1 —Basic Properties of Real Numbers The symbols, notations, and
properties of numbers that form the basis of algebra, as well as exponents and the
rules of exponents, are introduced in Chapter 1. Each property of real numbers and
the rules of exponents are expressed both symbolically and literally. Literal expla-
nations are included because symbolic explanations alone may be difficult for a
student to interpret.

Chapter 2 — Basic Operations with Real Numbers The basic operations with
real numbers are presented in this chapter. The concept of absolute value is dis-
cussed both geometrically and symbolically. The geometric presentation offers a
visual understanding of the meaning of |x|. The symbolic presentation includes a
literal explanation of how to use the definition. Negative exponents are developed,
using reciprocals and the rules of exponents the student has already learned.
Scientific notation is also included, using unique and real-life examples.
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Chapter 3— Algebraic Expressions and Equations Operations with algebraic
expressions and numerical evaluations are introduced in Chapter 3. Coefficients
are described rather than merely defined. Special binomial products have both
literal and symbolic explanations and since they occur so frequently in mathemat-
ics, we have been careful to help the student remember them. In each example
problem, the student is “talked” through the symbolic form.

Chapter 4 — Solving Linear Equations and Inequalities In this chapter, the em-
phasis is on the mechanics of equation solving, which clearly explains how to
isolate a variable. The goal is to help the student feel more comfortable with solving
applied problems. Ample opportunity is provided for the student to practice trans-
lating words to symbols, which is an important part of the “Five-Step Method” of
solving applied problems (discussed in Sections 4.5 and 4.6).

Chapter 5— Factoring Polynomials Factoring is an essential skill for success in
algebra and higher level mathematics courses. Therefore, we have taken great care
in developing the student’s understanding of the factorization process. The tech-
nique is consistently illustrated by displaying an empty set of parentheses and
describing the thought process used to discover the terms that are to be placed
inside the parentheses.

The factoring scheme for special products is presented with both verbal and
symbolic descriptions, since not all students can interpret symbolic descriptions
alone. Two techniques, the standard “trial and error” method, and the “collect and
discard” method (a method similar to the “ac” method), are presented for factoring
trinomials with leading coefficients different from 1.

Chapter 6 — Graphing Linear Equations and Inequalities in One and Two Vari-
ables Inthis chapter the student is shown how graphs provide information that is
not always evident from the equation alone. The chapter begins by establishing the
relationship between the variables in an equation, the number of coordinate axes
necessary to construct its graph, and the spatial dimension of both the coordinate
system and the graph. Interpretation of graphs is also emphasized throughout the
chapter, beginning with the plotting of points. The slope formula is fully developed,
progressing from verbal phrases to mathematical expressions. The expressions are
then formed into an equation by explicitly stating that a ratio is a comparison of
two quantities of the same type (e.g., distance, weight, or money). This approach
benefits students who take future courses that use graphs to display information.

The student is shown how to graph lines using the intercept method, the table
method, and the slope-intercept method, as well as how to distinguish, by inspec-
tion, oblique and horizontal/vertical lines.

Chapter 7 — Rational Expressions A detailed study of arithmetic operations with
rational expressions is presented in this chapter, beginning with the definition of a
rational expression and then proceeding immediately to a discussion of the domain.
The process of reducing a rational expression and illustrations of multiplying,
dividing, adding, and subtracting rational expressions are also included. Since the
operations of addition and subtraction can cause the most difficulty, they are given
particular attention. We have tried to make the written explanation of the exam-
ples clearer by using a “freeze frame” approach. For example, the operation
3x " 5
x—2 x+3
3x 5
x—2+x+3

is treated as follows:

The LCD is (x—2){x+3).
Rewrite each fraction with the
LCD as the denominator.
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We now try the “freeze frame” approach by writing each step.

The first denominator has been
multiplied by x + 3. Multiply the
numerator by x + 3.

3x(x+3) =3x2 4+ 9x

—2x+3)  @=2x+3)

3x(x + 3)

i has b
x—2a+3) T G=2G+23) The second denominator has been

multiplied by x — 2. Multiply the
numerator by x — 2,

5(x—2)=5x—10

3x(x + 3) 5(x — 2)
x—2)(x+3) (x—2)(x+3)
3x2+9x+5x+10  3x2+ 14x+ 10

(x—2)(x+3) (x—2)(x+3)

Now, add the fractions.

The five-step method of solving applied problems is included in this chapter to
show the problem-solving approach to number problems, work problems, and
geometry problems. The chapter also illustrates simplification of complex rational
expressions, using the combine-divide method and the LCD-multiply-divide
method.

Chapter 8— Roots, Radicals, and Square Root Equations The distinction be-
tween the principal square root of the number x, Vx, and the secondary square root
of the number x, Vx, is made by explanation and by example. The simplification of
radical expressions that both involve and do not involve fractions is shown in many
detailed examples; this is followed by an explanation of how and why radicals are
eliminated from the denominator of a radical expression. Real-life applications of
radical equations have been included, such as problems involving daily output,
daily sales, electronic resonance frequency, and kinetic energy.

Chapter 9— Quadratic Equations Methods of solving quadratic equations as
well as the logic underlying each method are discussed. Factoring, extraction of
roots, completing the square, and the quadratic formula are carefully developed.
The zero-factor property of real numbers is reintroduced. The chapter also includes
graphs of quadratic equations based on the standard parabola, y = x2, and applied
problems from the areas of manufacturing, population, physics, geometry, mathe-
matics (numbers and volumes), and astronomy, which are solved using the five-
step method.

Chapter 10— Systems of Linear Equations Beginning with the graphical solu-
tion of systems, this chapter includes an interpretation of independent, inconsist-
ent, and dependent systems and examples to illustrate the applications for these
systems. The substitution method and the addition method of solving a system by
elimination are explained, noting when to use each method. The five-step method
is again used to illustrate the solutions of value and rate problems (coin and
mixture problems), using drawings that correspond to the actual situation.

[l ANCILLARY PACKAGE

Users of Elementary Algebra will receive an extensive set of ancillary items that can
substantially assist the instructor in the presentation of the course as well as
motivate the student. This package includes the following:
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Math Review Pak With every copy of the text, students will receive a package of
index cards containing important ideas and formulas from the Summary of Key
Concepts at the end of each chapter. Each index card lists a key word on one side
with the definition or explanation on the reverse side; the key word is referenced to
the section of the text where it is discussed. This is a useful device to help students
remember the concepts learned in the text and to study for exams.

Instructor’s Manual The printed manual contains chapter-by-chapter objectives,
lecture suggestions, and recommendations for using the entire ancillary package,
as well as:

o Answers to both even- and odd-numbered exercises
® Pretests and answers for each chapter of the text

Prepared Tests 'This set of tests contains six written tests for each of the chapters
in the book. Half of the tests have open-ended questions and the other half have
multiple-choice questions. Thus, instructors are provided with more flexibility in
testing. The answers to all of the questions are included. There is also a Diagnostic
Test (with answers included) that can be used for placing students in the proper
course.

Computerized Test Bank Available for the Apple II and the IBM PC, this bank
contains over 2,000 questions, both open-ended and multiple choice, enabling the
instructor to create many unique tests. The instructor is able to edit the questions
as well as add new questions. The software solves each problem and prints the
answer in a grading key on a separate sheet.

Test Bank This printed bank contains five tests for each chapter of the book that
were generated from the Computerized Test Bank and bound as another source of
tests. Answers to the tests are included on separate grading keys.

MAXIS Interactive Software This program disk contains practice problems from
each chapter of the text. Use of the software will provide the student with an
alternative way to learn the material and, at the same time, receive individualized
attention. The program automatically advances to the next level of difficulty once
the student has successfully solved a few problems; the student may also ask to see
the solution to check his or her understanding of the process used. Once the student
has completed a section, a printout is available showing how many problems were
answered correctly. The software is keyed to the text and refers the student to the
appropriate section of the text if an incorrect answer is input. A useful tool to check
skills and to identify and correct any difficulties in finding solutions, this software
is available for the Apple II and IBM microcomputers.

Videotapes A complete set (15 hours) of videotapes is free to adopters and will
give added assistance or serve as a quick review of the book. Keyed to the text, the
videotapes “walk” the student through each section of the book and provide an-
other approach toward mastery of the given topic. Prepared by the authors of the
text, the videotapes often include a short summary of the theory used in solving the
problems before working some of the odd-numbered problems in the text.

Student Solutions Manual and Study Guide This guide contains step-by-step
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lems.
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Section
Overview

Multiplication

Factors and Products

R.1 Factors, Products, and
Exponents

(] FACTORS
(J EXPONENTIAL NOTATION

[J FACTORS

Let’s begin our review of arithmetic by recalling the meaning of multiplication for
whole numbers (the counting numbers and zero).

Multiplication is a description of repeated addition.

In the addition
T+7+7+7

the number 7 is repeated as an addend* 4 times. Therefore, we say we have four
times seven and describe it by writing

4-17

The raised dot between the numbers 4 and 7 indicates multiplication. The dot
directs us to multiply the two numbers that it separates. In algebra, the dot is
preferred over the symbol X to denote multiplication because the letter x is often
used to represent a number. Thus,

4-T=T+T+7+7

In a multiplication, the numbers being multiplied are called factors. The result
of a multiplication is called the product. For example, in the multiplication

4-7=28

the numbers 4 and 7 are factors, and the number 28 is the product. We say that 4
and 7 are factors of 28. (They are not the only factors of 28. Can you think of
others?)

Now we know that

(factor) - (factor) = product

This indicates that a first number is a factor of a second number if the first number
divides into the second number with no remainder. For example, since

4-7=28

both 4 and 7 are factors of 28 since both 4 and 7 divide into 28 with no remainder.

[J EXPONENTIAL NOTATION

Quite often, a particular number will be repeated as a factor in a multiplication. For
example, in the multiplication

7-7-7-7
the number 7 is repeated as a factor 4 times. We describe this by writing 74. Thus,
7 . 7 . 7 . 7 — 74

* An addend is a number that is to be added to another number.
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The repeated factor is the lower number (the base), and the number recording how
many times the factor is repeated is the higher number (the superscript). The
superscript number is called an exponent.

Exponent An exponent is a number that records how many times the number to which it is
attached occurs as a factor in a multiplication.

Y- SAMPLE SET A

For Examples 1, 2, and 3, express each product using exponents.

1.3:3-3:3-3-3. Since 3 occurs as a factor 6 times,
3:-3-3-3-3-3=36
2. 8-8. Since 8 occurs as a factor 2 times,
8-8=82
3.5-5-5-9-9.  Since 5 occurs as a factor 3 times, we have 53. Since 9 occurs as a factor 2

times, we have 92. We should see the following replacements.
5:5:5-9-9
————

Then we have

5:5:5-9-9=53.92

4. Expand 35. The base is 3 so it is the repeated factor. The exponent is 5 and it records the
number of times the base 3 is repeated. Thus, 3 is to be repeated as a factor 5 times.

36=3.3-3.3-3

5. Expand 62 - 104, The notation 62 + 104 records the following two facts: 6 is to be repeated asa
factor 2 times and 10 is to be repeated as a factor 4 times. Thus,

62-104=6-6-10-10-10-10

Section R.1 EXERCISES

For problems 1-8, express each product using expo- represent numbers. Use exponents to express the
nents. following product.
1.8:8-8 X X"X"X*X*y*y*y
2.12-12-12-12-12
3.5-5-5-5-5-5-5
4.1-1 For problems 11-18, expand each product (do not
BEESSN S RS compute the actual value).
6.8-8-8-15-15-15-15
7.2:2:-2:9:-9:9-9-9-9-9-9 11. 34
8.3-3-10-10-10-10 12, 48
9. Suppose that the letters x and y are each used to 13. 25
represent numbers. Use exponents to express the 14. 98
following product. 15. 5% - 62
16. 27 - 3¢
X x-xy-y 17. x4t - y4

10. Suppose that the letters x and y are each used to 18. x6 - y2
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For problems 19-28, specify all the whole number 23. 21
factors of each number. For example, the complete set 24, 45

of whole number factors of 6is 1, 2, 3, 6. 25. 11
19. 20 26. 17

27. 19
20. 14 28. 9
21. 12 *
22. 30

Section
Overview

R.2 Prime Factorization

U PRIME AND COMPOSITE NUMBERS
] THE FUNDAMENTAL PRINCIPLE OF ARITHMETIC
] THE PRIME FACTORIZATION OF A WHOLE NUMBER

Prime Number

Composite Numbers

The Fundamental Principle of
Arithmetic

Prime Factorization

] PRIME AND COMPOSITE NUMBERS

Notice that the only factors of 7 are 1 and 7 itself, and that the only factors of 23 are
1 and 23 itself.

A whole number greater than 1 whose only whole number factors are itself and 1
is called a prime number. ;

The first seven prime numbers are
2,3,5,7,11, 13, and 17

The number 1 is not considered to be a prime number, and the number 2 is the first
and only even prime number.

Many numbers have factors other than themselves and 1. For example, the
factors of 28 are 1, 2, 4, 7, 14, and 28 (since each of these whole numbers and only
these whole numbers divide into 28 without a remainder). :

A whole number that is compose ctors other than itself and 1 is called a
composite number. Composite numbers are not prime numbers.

Some composite numbers are 4, 6, 8, 10, 12, and 15.

(] THE FUNDAMENTAL PRINCIPLE OF ARITHMETIC

Prime numbers are Very important in the study of mathematics. We will use them
soon in our study of fractions. We will now, however, be introduced to an important
mathematical principle.

Except for the order of the factors, every whole number, other than 1, can be
factored in one and only one way as a product of prime numbers.

When a number is factored so that all its factors are prime numbers, the factori-
zation is called the prime factorization of the number.
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=~ SAMPLE SET A

1.

Find the prime factorization of 10.
10=2-5

Both 2 and 5 are prime numbers. Thus, 2 - 5 is the prime factorization of 10.

. Find the prime factorization of 60.

60=2-30 30 is not prime. 30=2 - 15
=2-2-15 15 is not prime. 15=3 * 5
=2:2:3-5 We’ll use exponents. 2 - 2 = 22
=22.3.5

The numbers 2, 3, and 5 are all primes. Thus, 22 - 3 - 5 is the prime factorization of 60.

. Find the prime factorization of 11.

11 is a prime number. Prime factorization applies only to composite numbers.

¥- SAMPLE SET B

[l THE PRIME FACTORIZATION OF A WHOLE NUMBER

The following method provides a way of finding the prime factorization of a whole
number. The examples that follow will use the method and make it more clear.

1. Divide the number repeatedly by the smallest prime number that will divide into
the number without a remainder.
2. When the prime number used in step 1 no longer divides into the given number
- without a remainder, repeat the process with the next largest prime number.
3. Continue this process until the quotient is 1. ‘
4. The prime factorization of the given number is the product of all these prime
divisors. ‘

1.

Find the prime factorization of 60.

Since 60 is an even number, it is divisible by 2. We will repeatedly divide by 2 until we no longer
can (when we start getting a remainder). We shall divide in the following way.

2160

ofs0 30 is divisible by 2 again.
3115 15 is not divisible by 2, but is divisible by 3, the next largest prime.
5|5 5 is not divisible by 3, but is divisible by 5, the next largest prime.
1 The quotient is 1 so we stop the division process.

The prime factorization of 60 is the product of all these divisors.

60=2-2-3-5 We will use exponents when possible.
60=22-3-5 Continued
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2. Find the prime factorization of 441.

Since 441 is an odd number, it is not divisible by 2. We’ll try 3, the next largest prime.

147 is divisible by 3.
49 is not divisible by 3 nor by 5, but by 7.
7 is divisible by 7.

The quotient is 1 so we stop the division process.

The prime factorization of 441 is the product of all the divisors.

441=3-3 -
441 =32 . 72

7-17 We will use exponents when possible.

Section R.2 EXERCISES

For problems 1-15, determine which whole numbers For problems 16-25, find the prime factorization of
are prime and which are composite. each whole number. Use exponents on repeated fac-
1. 23 2. 25 tors.
3. 27 4. 2 16. 26 17. 38
5.3 6.5 18. 54 19. 62
7.7 8.9 20. 56 21. 176
9. 11 10. 34 22. 480 23. 819
11. 55 12, 63 24, 2025 25. 148,225
13. 1044 14. 339
15. 209
R.3 The Least Common Multiple
Section a _MI.II.TIPI.ES
Overview 0 COMMON MULTIPLES
0 THE LEAST COMMON MULTIPLE (LCM)
(J FINDING THE LEAST COMMON MULTIPLE
(] MULTIPLES
When a whole number is multiplied by other whole numbers, with the exception of
Multiples zero, the resulting products are called multiples of the given whole number.

Muitiples of 2 Muitiples of 3 Multiples of 8 Muitiples of 10
2X1= 2 3X1= 3 8X1= 8 _10><1=10
2X2= 4 3X2= 6 8§X2=16 10X2=20
2X3=6 3X3=9 8§X3=24 10X3=30
2X4= 8 3X4=12 8§ X4=32 10X4=40

2X5=10 3X5=15 8X5=40 10 X5 =150




> SAMPLE SET A

Section R.3 The Least Common Muitiple R-27

0 COMMON MULTIPLES

There will be times when we are given two or more whole numbers and we will need
to know if there are any multiples that are common to each of them. If there are, we
will need to know what they are. For example, some of the multiples that are
common to 2 and 3 are 6, 12, and 18.

We can visualize common multiples using the number line.

Second Third
First common common common
multiple multiple multiple
Multiples of 2 1 ‘
=:¥ = -E_.-—' v/ ; Y -._‘ = -._4 v/ i
012 \45A78A1011A1314 A1617/
3 ~—"6 —"9 — 12 ~—15—"18

Multiples of 3

Notice that the common multiples can be divided by both whole numbers.

] THE LEAST COMMON MULTIPLE [(LCM)

Notice that in our number line visualization of common multiples (above) the first
common multiple is also the smallest, or least common multiple, abbreviated by
LCM.

Least Common Muitiple The least common multiple, LCM, of two or more whole numbers is the

smallest whole number that each of the given numbers will divide into without a
remainder,

[l FINDING THE LEAST COMMON MULTIPLE

Finding the LCM To find the LCM of two or more numbers,

1. Write the prime factorization of each number, using exponents on repeated
factors.
2. Write each base that appears in each of the prime factorizations.
3. To each base, attach the largest exponent that appears on it in the prime
factorizations.
4, The LCM is the product of the numbers found in step 3.

Y- SAMPLE SET B

Find the LCM of the following numbers.
1. 9and 12

1. 9=3-3=32
12=2:6=2-2-3=22-3
2. The bases that appear in the prime factorizations are 2 and 3. Continued
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3. The largest exponents appearing on 2 and 3 in the prime factorizations are, respectively, 2
and 2 (or 22 from 12, and 32 from 9).
4. The LCM is the product of these numbers.
LCM=22-32=4-9=36
Thus, 36 is the smallest number that both 9 and 12 divide into without remainders.
2. 90 and 630
1. 90=2-:45=2-3-15=2:83:3:5=2-32-5
630=2-315=2:3-106=2:3-3-35=2:83-3-5:7
=9-.32.5.7
. The bases that appear in the prime factorizations are 2, 3, 5, and 7.
The largest exponents that appear on 2, 3, 5, and 7 are, respectively, 1, 2, 1, and 1.

21 from either 90 or 630
32 from either 90 or 630
51 from either 90 or 630
71 from 630

4. The LCM is the product of these numbers.
ICM=2-32-5-7=2-9-5-7=630
Thus, 630 is the smallest number that both 90 and 630 divide into with no remainders.

w b

3. 33, 110, and 484

1. 33=3-11
110=2-55=2-5-11
484=2-242=2-2-121=2-2-11-11=22- 112
. The bases that appear in the prime factorizations are 2, 3, 5, and 11.
. The largest exponents that appear on 2, 3, 5, and 11 are, respectively, 2, 1, 1, and 2.

22 from 484
31 from 33 -
51 from 110
112 from 484

4. The LCM is the product of these numbers.

LCM=2%2-3-5-112
=4-:3-5-121
= 7260

Thus, 7260 is the smallest number that 33, 110, and 484 divide into without remainders.

W N

Section R.3 EXERCISES

For problems 1-25, find the least common multiple of
given numbers, ‘

1. 8,12 9. 28, 42
2. 8,10 10. 20, 24
3. 6,12 11. 25,30
4. 9,18 12, 24, 54
5. 5,6 13. 16, 24
6. 7,9 14. 36,48
7. 28, 36 15. 15,21
8. 24,36 16. 7,11, 33
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17. 8,10, 15 22, 12, 16, 24
18. 4,5,21 23. 12, 16, 24, 36
19. 45, 63, 98 24. 6,9,12,18
20. 15, 25, 40 25. 8, 14, 28, 32
21. 12, 16, 20

R.4 Equivalent Fractions

Section 0 EQUIVALENT FRACTIONS
Overview (J REDUCING FRACTIONS TO LOWEST TERMS
J RAISING FRACTIONS TO HIGHER TERMS

[0 EQUIVALENT FRACTIONS

Equivalent Fractions Fractions that have the same value are called equivalent fractions.

2 4
For example, —and r represent the same part of a whole quantity and are therefore

3
equivalent. Several more collections of equivalent fractions are listed below.
1512 3 ;12384 5 71421 28 35
25’205 3’6’9’ 12 "6°12° 18724’ 30

[l REDUCING FRACTIONS TO LOWEST TERMS

It is often useful to convert one fraction to an equivalent fraction that has reduced
values in the numerator and denominator. When a fraction is converted to an
equivalent fraction that has the smallest numerator and denominator in the collec-

Reduced to Lowest Terms tion of equivalent fractions, it is said to be reduced to lowest terms. The conver-
sion process 1s called reducing a fraction.

We can reduce a fraction to lowest terms by

1. Expressing the numerator and denominator as a product of prime numbers.
(Find the prime factorization of the numerator and denominator. See Section
R.2 for this technique.)

2. Divide the numerator and denominator by all common factors. (This technique
is commonly called “cancelling.”)

SAMPLE SET A

¥
| Reduce each fraction to lowest terms.

. 8. 23
18 2-3:3
= 7;2, : 73, 2 and 3 are common factors.

.;3’3

o= B

Continued
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2_1_@_2-2-2-2
© 20 2:2-5
7-7-2-2

775

2 is the only common factor.

_4
)
3.§:2-4 7
0 2-5-7
=2’.4.7
2 and 7 are common factors.
757
_1
5
. 3_2:22 Th fact
T 3.5 ere are no common factors.

8
Thus, T is reduced to lowest terms.

[J RAISING A FRACTION TO HIGHER TERMS

Equally important as reducing fractions is raising fractions to higher terms.
Raising a fraction to higher terms is the process of constructing an equivalent
fraction that has higher values in the numerator and denominator. The higher,
equivalent fraction is constructed by multiplying the original fraction by 1.

3 9 3 9
ice that = Z i s = =
Notice that 5 and 5 are equivalent, that is AT Also,

This observation helps us suggest the following method for raising a fraction to
higher terms.

Raising a Fraction to Higher A fraction can be raised to higher terms by multiplying both the numerator and
Terms denominator by the same nonzero number.

3 24 .
For example, Zcan be raised to 9 by multiplying both the numerator and denomi-

8
nator by 8, that is, multiplying by 1 in the form e

How did we know to choose 8 as the proper factor? Since we wish to convert 4 to
32 by multiplying it by some number, we know that 4 must be a factor of 32. This
means that 4 divides into 32. In fact, 32 -+ 4 = 8. We divided the original denomina-
tor into the new, specified denominator to obtain the proper factor for the multipli-
cation.
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s> SAMPLE SET B

Determine the missing numerator or denominator.

f’
1. %= % Divide the original denominator, 7, into the new denominator, 35. 35 + 7 =5.
Multiply the original numerator by 5.
B _Bl16,_ 15
7 7-5 35
2. % = 4—‘;5 Divide the original numerator, 5, into the new numerator, 45. 45 + 5 = 9. Multiply
the original denominator by 9.
5_5-9_45
6 6-9 b4

Section R.4 EXERCISES

For problems 1-25, reduce, if possible, each fraction 21 39
to lowest terms. " 13
6 5
1. - . —
8 2 10 53, 121
] ' 132
4 ,
3. — . —
14 < 14
108
25. —
5. 18 6.2 "
" 12 8
10 14
7. — —
6 8 4
10 32
9., — .=
12 10 28
36 26 1
1. - -« = « 5
L 10 e 60 &t 3
12 18 3
) — | = 28, —=
13. ¢ 14. o 3
18 32
150 e o T - o
24 16 40 30
11 17 1
17. —~ « . o=
22 18 51 32 2
27 16 3
19. — . — e 5=
81 20 42 34 2

22,

24.

31.

33.

35.

44
11

30
105

12
5 30
3 _?
1 16
4
5 25
o _z
25 7
5 80
3 7

For problems 26 - 35, determine the missing numera-
tor or denominator.
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R.5 Operations with Fractions

Section J MULTIPLICATION OF FRACTIONS
Overview (0 DIVISION OF FRACTIONS
[J ADDITION AND SUBTRACTION OF FRACTIONS

[l MULTIPLICATION OF FRACTIONS

Multiplication of Fractions To multiply two fractions, multiply the numerators together and multiply the
denominators together. Reduce to lowest terms if possible.

|
| =

For example, multiply

(=21

Now reduce.

= —L 3 is the only common factor. |

Notice that we since had to reduce, we nearly started over again with the original
two fractions. If we factor first, then cancel, then multiply, we will save time and
energy and still obtain the correct product.

¥- SAMPLE SET A

Perform the following multiplications.

L 19732 53
=LZ-1—2 2 is a common factor.
Z7-7 3-8
1 2
1 3.3
_1-2
- 1-3-3
_2
9
|
f 2, 8.8.5_ 3 222

2 and 3 are common factors.
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Reciprocals

Ll DIVISION OF FRACTIONS
Two numbers whose product is 1 are reciprocals of each other. For example, since

% . g =1, % and % are reciprocals of each other. Some other pairs of reciprocals are
listed below.

27 34 61
72 4’3 1’6

Reciprocals are used in division of fractions.

Division of Fractions To divide a first fraction by a second fraction, multiply the first fraction by the

reciprocal of the second fraction. Reduce if possible.

This method is sometimes called the “invert and multiply” method.

7> SAMPLE SET B

Perform the following divisions.

... 3 . . 4
The divisor is T Its reciprocal is .

[VV]
S
- O

w

Wik W

= 2/ 12/ D) : 5 2 is a common factor.
3-1

10 Continued




R-14 Chapter R Arithmetic Review

5 5 .. . b . .
3. s 13 The divisor is ETR Its reciprocal is
5.5 _5 12
6 12 6 5
_ 5 2-2-3
23 5
__ B Z2-F
73 B
== l-_z
1
=2
[l ADDITION AND SUBTRACTION OF FRACTIONS
Fractions with Like To add (or subtract) two or more fractions that have the same denominators, add

Denominators (or subtract) the numerators and place the resulting sum over the common

denominator. Reduce if possible.

CAUTION

Add or subtract only the numerators. Do not add or subtract the denominators!

3> SAMPLE SET C

Find the following sums.

3,2

1. = + T The denominators are the same. Add the numerators and place the sum over 7.

pe
9 ©|-1 walw

©
<©
©
©
w

Fractions can only be added or subtracted conveniently if they have like denomina-
tors.

Fractions with Unlike To add or subtract fractions having unlike denominators, convert each fraction
Denominators to an equivalent fraction having as the denominator the least common multiple
of the original denominators.

The least common multiple of the original denominators is commonly referred
to as the least common denominator (LCD). See Section R.3 for the technique
of finding the least common multiple of several numbers.
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7> SAMPLE SET D

Find each sum or difference.

1. % + % The denominators are not alike. Find the LCD of 6 and 4.

6=2-3
4=22 The LCDis22-3=4-3=12,

Convert each of the original fractions to equivalent fractions having the common denomina-
tor 12.

1_1-2_2 3_8-3_29

6 6-2 12 4 4-3 12

Now we can proceed with the addition.

1,3 _ 2 9
st~
_2+9
12
_u
12
2. —g— - % The denominators are not alike. Find the LCD of 9 and 12.
9 = 32
12=22.3 The LCDis 22:32=4 -9 = 36.

Now we can proceed with the subtraction.
5.5 _20_ 15
9 12 36 36
_20—15
36
= i
36

Section R.5 EXERCISES

For problems 1-40, perform each indicated operation.

1. 1.4 5. 14
3 3 ‘6 15
1 2 9 20
2. -.2 AN
3 3 5 16 27
2 5 35 48
3. 2.2 (0. =2
5 6 6 36 55
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7.%-%15— 24.1—31+%1-+%
8-%-2—2— 25.;—§+2—10+2—20
11-§+g 28.%+%
12'%*% 29.%+%

13. S+ 30. 241
14-Z—g+§ 31.§+§
15.l4§+282 32.g_i

16. 2+ 2 3. 22
17'%+% 34.1—15+-1-5E
18.—176+170 35.5_2._1_70
19.§+§ 36.%—4;45

20. =+ 3. 53

21, 4L 38. o+ 2
2. 2 40.2-245
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Section
Overview

Decimal Fractions

2 |

.
|

SAMPLE SET A

R.6 Decimal Fractions

0 DECIMAL FRACTIONS

0 ADDING AND SUBTRACTING DECIMAL FRACTIONS

(0 MULTIPLYING DECIMAL FRACTIONS

] DIVIDING DECIMAL FRACTIONS
[0 CONVERTING DECIMAL FRACTIONS TO FRACTIONS

[ CONVERTING FRACTIONS TO DECIMAL FRACTIONS

0 DECIMAL FRACTIONS

Fractions are one way we can represent parts of whole numbers. Decimal fractions
are another way of representing parts of whole numbers.

A decimal fraction is a fraction in which the denominator is a power of 10.

A decimal fraction uses a decimal point to separate whole parts and fractional
parts. Whole parts are written to the left of the decimal point and fractional parts
are written to the right of the decimal point. Just as each digit in a whole number
has a particular value, so do the digits in decimal positions.

w0

et

o

]
4 58 2 =
w "85:’ =} =} =3
g =8 = < &
£ =23 = 3 =
z B2 £ & S
= TEBE =5 B =
AN T TR T SN [ B

Decimal point

w
=1
<}
=

L

]
o=
4
=]
w & & 2
= = 0 = 0w
5 8 2 =—E S
@ 54
0 & [} < L =]
= - 2 B =g 5 8
) 1 3 :5 =
=] 1) o 2 =
5] 2 & 1) 52 T
£ o B = TE =
L g —J v

Notice that decimal numbers
have the suffix “th.”

The following numbers are decimal fractions.

1. 579

The 9 is in the tenths position.

2. 6.8014

The 8 is in the tenths position.

The 0 is in the hundredths position.
The 1 is in the thousandths position.
The 4 is in the ten thousandths position.

8014
6.8014 =6 ———.
0 6 10000

9
9=57T—.
579=5 10
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[l ADDING AND SUBTRACTING DECIMAL FRACTIONS

Adding/Subtracting Decimal
Fractions

‘  decimal points line up under each
other and correspondmg decimal positions are in the same column. Add zeros
if necessary.
2. Add or subtract the numbers as if they were whole numbers.
3. Place a decimal point in the resulting sum or difference directly under the
other decimal points.

Y- SAMPLE SET B

| Find each sum or difference.

| 1. 9.183 + 2.140

i) The decimal points are aligned in the same column.
' 9.183
‘ | + 2.140
| 11.323
" 2. 841.0056 + 47.016 + 19.058
i ! The decimal points are aligned in the same column.
; 841.0056

47.016 Place a 0 into the thousandths position.
' + 19.058 Place a 0 into the thousandths position.

' J The decimal points are aligned in the same column.
i 841.0056
il 47.0160
'|:i| + 19.0580
907.0796

|
|
|" 3. 16.01 — 7.053

I‘ ' ] The decimal points are aligned in the same column.
II‘ 16.01 Place a 0 into the thousandths position.
— _7.053

16.010
. — 7.053
i 8.957

'||{| i) The decimal points are aligned in the same column.
|

MULTIPLYING DECI!

To multiply decimals,

Multiplying Decimal Fractions 1. Multiply the numbers as if they were whole numbers.
2. Find the sum of the number of decimal places in the factors.
3. The number of decimal places in the product is the sum found in step 2.
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7> SAMPLE SET C

Find the following products.

1. 6.5X4.3

58

4.3
gy

195
260
27.95
AN

6.5 X4.3=2795
2. 23.4 X 1.96

23@

1.96
- N
1404
2106
234
45.864
AN/

23.4 X 1.96 = 45.864

<« 1 decimal place } 1 + 1 = 2 decimal places in the

<« 1 decimal place product.

«— 2 decimal places

< 1 decimal place | 1+ 2 = 3 decimal places in the
product.

<« 2 decimal places

«— 3 decimal places

] DIVIDING DECIMAL FRACTIONS

Dividing Decimal Fractions To divide a decimal by a nonzero decimal,

1. Convert the divisor to a whole number by moving the decimal point to the
position immediately to the right of the divisor’s last digit.

2. Move the decimal point of the dividend to the right the same number of digits
it was moved in the divisor.

3. Set the decimal point in the quotient by placing a decimal point directly above
the decimal point in the dividend.

4, Divide as usual.

s~ SAMPLE SET D

Find the following quotients.

1. 32.66 + 7.1

7.1)32.66

4.6

7 b ) 32@.6
284

42.6

42.6
0

32.66 + 7.1 = 4.6

The divisor has one decimal place.

Move the decimal point of both the divisor and the dividend 1
place to the right.

Set the decimal point.

Divide as usual.

Continued
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Check: 32.66 +~7.1=4.6if 4.6 X 7.1 = 32.66

4.6
Y
46
322
32.66 True

2. 1.0773 + 0.513
The divisor has 3 decimal places.

2.1
.\51/3' 1.\0@3 Move the decimal point of both the divisor and the dividend 3
1026 places to the right.
513 Set the decimal place and divide.

1.0773 + 0.513 = 2.1
Check by multiplying 2.1 and 0.513. This will show that we have obtained the correct result.
3. 12 <+ 0.00032

0.00032)T2 The divisor has 5 decimal places.

0.()\0_03/2' ) 12.@_0% Move the decimal point of both the divisor and the dividend 5
places to the right. We will need to add 5 zeros to 12.
37500.
32) 1200000. Set the decimal place and divide.
96
240
224
160
160
000

[J CONVERTING DECIMAL FRACTIONS TO FRACTIONS

We can convert a decimal fraction to a fraction by reading it and then writing the
phrase we have just read. As we read the decimal fraction, we note the place value
farthest to the right. We may have to reduce the fraction.

7> SAMPLE SET E

Convert each decimal fraction to a fraction.
1. 0.6

0.6 — tenths position

Reading: six tenths —> 1—%

Reduce: 0.6 =

10
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2. 21.903
21.903 — thousandths position
. 903
Reading: twenty-one and nine hundred three thousandths — 21 1000

[ CONVERTING FRACTIONS TO DECIMAL FRACTIONS

Y- SAMPLE SET F

Convert the following fractions to decimals. If the division is nonterminating, round to 2 decimal
places.

3
1 ¢
75
4)3.00 Divide 3 by 4.
28
20
20

2
5)1.0 Divide 1 by 5.

@
| o

.833

6) 5.000

48 Divide by 6.

20 <
18 This recurring remainder indicates that the division is nonter-

20 . <—o minating.

l

0.833 ... .
We are to round to 2 decimal places.

= 0.83 to 2 decimal places. Continued

ol oo
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1
4.5§

1 1
Note that 5§— 5 +§.
125

8)1.000

8 Convert —;— to a decimal.
20
16
40
40
0

=.125

QO kst

Thus, 5%= 5 +%= 5+ .125 = 5.125.

1
. 0.16 -
5 4

1
This is a complex decimal. The “6” is in the hundredths position. The number 0.16 1 is read as
“sixteen and one-fourth hundredths.”

1 16-4+1 65

16 —
orelod_— i
T4 100 100 100
1
13

4 160 4X20 80
20

Now, convert —;% to a decimal.
.1625

80)13.0000
80
500
480

160
400
400

0

0.16 21{ = 0.1625.
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Section R.6 EXERCISES

For problems 1-20, perform each indicated opera-
tion.

1.184+7.11

2. 15.015 — 6.527

3. 4.904 — 2.67

4. 156.33 — 24.095
5. .0012+1.53 + 5.1
6. 44.98 + 22.8 — 12.76

7. 5.0004 — 3.00004 + 1.6837
8. 1.11 +12.1212 — 13.131313
9

For problems 21-25, convert each decimal fraction to
a fraction.

21.
22,
23.
24.
25.

0.06

0.115

3.7
48.1162
712.00004

For problems 26-30, convert each fraction to a deci-
mal fraction. If the decimal form is nonterminating,

. 426 - 3.2 round to 3 decimal places.
10. 2.97 - 3.15 5
11. 23.05 - 1.1 26. 3
12. 5.009 - 2.106 9
13. 0.1 - 3.24 27, —
14. 100 - 12.008 20
15. 1000 - 12.008 28. 15 + 22
16. 10,000 - 12.008
17. 75.642 + 18.01 29, L
18. 51.811 + 1.97 11
19. 0.0000448 <+ 0.014 30. 2
20. 0.129516 + 1004 "9

R.7 Percent

Section [J THE MEANING OF PERCENT
Overview [J CONVERTING A FRACTION TO A PERCENT

(0 CONVERTING A DECIMAL TO A PERCENT

] CONVERTING A PERCENT TO A DECIMAL

[l THE MEANING OF PERCENT

The word percent comes from the Latin word “per centum,

2 &L

per” meaning “for

each,” and “centum” meaning “hundred.”

Percent (%) Percent means “for each hundred” or “for every hundred.” The symbol % is
used to represent the word percent.

Thus, 1% = L or 1% =0.01.

100

[l CONVERTING A FRACTION TO A PERCENT

We can see how a fraction can be converted to a percent by analyzing the method

3, 3
that 3 is converted to a percent. In order to convert 3 to a percent, we need to

1
introduce —— (since percent means for each hundred).

100
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Fraction to Percent

To convert a fraction to a percent, multiply the fraction by 1 in the form

Multiply the fraction by 1.

. 100 1
Since 00" 100 100"

Divide 300 by 5.

Multiply the fractions.

|
Replace 100 with the % symbol.

1 1
100 « ——, then replace 100 with the % symbol.

100

Y- SAMPLE SET A

Convert each fraction to a percent.
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[l CONVERTING A DECIMAL TO A PERCENT

We can see how a decimal is converted to a percent by analyzing the method that

1
0.75 is converted to a percent. We need to introduce —

100°
0.75=0.75 - 100 - 1—(1)0 Multiply the decimal by 1.
1
=175 100
. )
= 75% Replace 100 with the % symbol.

Decimal to Percent : 3 i
' To convert a fraction to a percent, multiply the decimal by 1 in the form

100 - i—l)-a, then replace % with the % symbol. This amounts to moving the

decimal point 2 places to the right.

v> SAMPLE SET B

Convert each decimal to a percent.

_ ) 1
1. 0.62=0.62 - 100 - 7o

—ey. L

=62 100

= 62%

Notice that the decimal point in the original number has been moved to the right 2 places.

—84-100 1
2. 8.4=8.4100 - 5

1
= 840 100

= 840%

Notice that the decimal point in the original number has been moved to the right 2 places.

_ £ 100 - 1
3. 0.47623 = 0.47623 - 100 100

_ 1

= 47.623 100

= 47.623%

Notice that the decimal point in the original number has been moved to the right 2 places.
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Percent to Decimal

] CONVERTING A PERCENT TO A DECIMAL
We can see how a percent is converted to a decimal by analyzing the method that

) . . 1
12% is converted to a decimal. We need to introduce —

100°
1 1
12% =12 - — 1 ith —.
o 100 Replace % with 100
. 5 Multiply the fracti
100 ultiply ractions.
=0.12 Divide 12 by 100.

j 1
To convert a percent to a decimal, replace the % symbol with 100° then divide

the number by 100. This amounts to moving the decimal point 2 places to the
left.

¥~ SAMPLE SET C

Convert each percent to a decimal.

1.

1 L
% = 48 + ——
18% =48 * 7 |
_ 48
100

=0.48

Notice that the decimal point in the original number has been moved to the left 2 places.
1

. 659% =659 - —

100
659
100
= 6.59

Notice that the decimal point in the original number has been moved to the left 2 places.

1

. 0.4113% = 0.4113 - —

100
04113
100

= 0.004113

Notice that the decimal point in the original number has been moved to the left 2 places.
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Section R.7 EXERCISES

For problems 1-12, convert each fraction to a per- For problems 13-22, convert each decimal to a per-
cent. cent.
1. g 13. 0.36
5 14. 0.42
9. ! 15. 0.446
8 16. 0.1298
1 17. 4.25
8.3 18. 5.875
19. 86.98
4, i 20. 21.26
16 21. 14
5. 15+ 22 22. 12
2
6. 11
" 2
9 For problems 2330, convert each percent to a deci-
16 mal.
8. — .
45 23. 35%
0. 2 24. 76%
55 25. 18.6%
7 26. 67.2%
10. 97 27. 9.0145%
28. 3.00156%
11. 15 29. 0.00005%

12. 8 30. 0.00034%







Basic
Properties
of Real
Numbers

After completing this chapter, you should

Section 1.1 Symbols and Notations

® understand the difference between variables and constants

® be familiar with the symbols of operation, equality, and inequality
e be familiar with grouping symbols

® be able to correctly use the order of operations

Section 1.2 The Real Number Line and the Real Numbers
® be familiar with the real number line and the real numbers
® understand the ordering of the real numbers

Section 1.3 Properties of the Real Numbers
e understand the closure, commutative, associative, and distributive properties
e understand the identity and inverse properties

Section 1.4 Exponents

e understand exponential notation

® be able to read exponential notation

® understand how to use exponenitial notation with the order of operations

Section 1.5 Rules of Exponents
¢ understand the product and quotient rules for exponents
® understand the meaning of zero as an exponent

Section 1.6 The Power Rules for Exponents
e understand the power rules for powers, products, and quotients
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Section
Overview

Variable

Constant

Binary Operation

Symboils of Operation

s> SAMPLE SET A

1.1 Symbols and Notations

0 VARIABLES AND CONSTANTS

[J SsYMBOLS OF OPERATION, EQUALITY, AND INEQUALITY
] GROUPING SYMBOLS

{J THE ORDER OF OPERATIONS

(1 VARIABLES AND CONSTANTS

A basic characteristic of algebra is the use of symbols (usually letters) to represent
numbers.

A letter or symbol that represents any member of a collection of two or more
numbers is called a variable.

A letter or symbol that represents a specific number, known or unknown, is
called a constant.

In the following examples, the letter x is a variable since it can be any member of
the collection of numbers {35, 25, 10}. The letter h is a constant since it can assume
only the value 5890,

1. Suppose that the streets on your way from home to school have speed limits of
35 mph, 25 mph, and 10 mph. In algebra we can let the letter x represent our
speed as we travel from home to school. The maximum value of x depends on
what section of street we are on. The letter x can assume any one of the various
values 35, 25, 10.

2. Suppose that in writing a term paper for a geography class we need to specify the
height of Mount Kilimanjaro. If we do not happen to know the height of the
mountain, we can represent it (at least temporarily) on our paper with the letter
h. Later, we look up the height in a reference book and find it to be 5890 meters.
The letter h can assume only the one value, 5890, and no others. The value of his
constant.

[l SYMBOLS OF OPERATION, EQUALITY, AND
INEQUALITY

A binary operation on a collection of numbers is a process that assigns a number
to two given numbers in the collection. The binary operations used in algebra are
addition, subtraction, multiplication, and division.

If we let x and y each represent a number, we have the following notations:

Addition x+y
Subtraction x—=y
Multiplication Xy (x)(») x(y) ®y  xy

Division x/y x+y  yx

28

|

! 1. a + b represents the sum of @ and b.

2. 4 + y represents the sum of 4 and y.
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8 — x represents the difference of 8 and x.
6x represents the product of 6 and x.

ab represents the product of a and b.

h3 represents the product of h and 3.
(14.2) a represents the product of 14.2 and a.
(8)(24) represents the product of 8 and 24.

. 5 - 6(b) represents the product of 5, 6, and b.

© ® N B @ w

||'
H | 10. g represents the quotient of 6 and x.

X PRACTICE SET A
1. Represent the product of 29 and x five different ways.

If we let a and b represent two numbers, then a and b are related in exactly one of

three ways:
Equality Symbol a=b a and b are equal
Inequality Symbols a>b a is strictly greater than b

a<b a is strictly less than b
Some variations of these symbols include

aFb a is not equal to b
a=b a is greater than or equal to b
a<b a is less than or equal to b

The last five of the above symbols are inequality symbols. We can negate (change
to the opposite) any of the above statements by drawing a line through the relation
symbol (as in a # b), as shown below:

a is not greater than b can be expressed as either
atb or a=bh.

a is not less than b can be expressed as either
atb or a=b.

a < b and a # b both indicate that a is less than b.

[J GROUPING SYMBOLS

Grouping symbols are used to indicate that a particular collection of numbers and
meaningful operations are to be grouped together and considered as one number.
The grouping symbols commonly used in algebra are

Parentheses: ( )
Brackets: [ |
Braces: { )
Bar: -

In a computation in which more than one operation is involved, grouping symbols
help tell us which operations to perform first. If possible, we perform operations
inside grouping symbols first.
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7> SAMPLE SET B

|

1. 4+17)—-6=21—-6=15
i 2. 8(3+6)=8(9) =172
i 3. 5[8 + (10 — 4)] = 5[8 + 6] = 5[14] = 70
|” 4. 2(3[4(17 — 11)]} = 2(3[4(6)]) = 2(3[24]) = 2(72) = 144
| 5. %{%) The fraction bar separates the two groups of numbers 9(5 + 1) and 24 + 3. Per-
|,|_I form the operations in the numerator and denominator separately.
Mi 95+1) _ 96) _ 54 _ 54

94+3 24+3 2443 27 2

X PRACTICE SET B

Use the grouping symbols to help perform the following operations.

1+19

1. 3(1+8) 2. 4[2(11 — 5)] 3. 6(2[2(10 — 9)]} 1. 5

The following examples show how to use algebraic notation to write each ex-
pression.

1. 9 minus y becomes 9 — y

2. 46 times x becomes 46x

3. 7 times (x + y) becomes 7(x + )
4

. 4 divided by 3, times z becomes (%) z

(a—b)(b—a)
2a
6. Introduce a variable (ary letter will do but here we’ll let x represent the number)
and use appropriate algebraic symbols to write the statement: A number plus 4 is
strictly greater than 6. The answeris x +4 > 6.

4

(a — b) times (b — a) divided by (2 times a) becomes

(] THE ORDER OF OPERATIONS

Suppose we wish to find the value of 16 + 4 - 9. We could

1. add 16 and 4, then multiply this sum by 9.
16+4-9=20-9=180

2. multiply 4 and 9, then add 16 to this product.
16+4-9=164+36=52

We now have two values for one number. To determine the correct value we must
use the standard order of operations.

Order of Operations 1. Perform all operations inside grouping symbols, beginning with the inner-
most set.
2. Perform all multiplications and divisions, as you come to them, moving
left-to-right.
3. Perform all additions and subtractions, as you come to them, moving left-to-
right,
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As we proceed in our study of algebra, we will come upon another operation,
exponentiation, that will need to be inserted before multiplication and division.
(See Section 1.4.)

- SAMPLE SET C

Use the order of operations to find the value of each number.

1. 16+4-9 Multiply first.
=16 + 36 Now add.
=52
2. (27—8)+7(6+12) Combine within parentheses.
=19 + 7(18) Multiply.
=19 4+ 126 Now add.
= 145
3. 8+2[4+3(6—1)] Begin with the innermost set of grouping symbols, ( ).
=8 + 2[4 + 3(5)] Now work within the next set of grouping symbols, [ ~ ].
=8 + 2[4 + 15] .
I =8 + 2[19]
H =8+38
k =46
4 6+ 4[2 + 3(19 — 17)] _ 6 + 42 + 3(2)]
L‘J 18 —2[2(3) + 2] 18 — 2[6 + 2]
i _6+ 4[2 + 6]
18 — 2[8]
_6+ 48]
18 —16
= _6+32
2
= ﬁ
2
19

Lo
i

%X PRACTICE SET C
Use the order of operations to find each value.

1. 254+ 8(3) 2.24+3(18—5+2) 3. 4+3[2+3(1+8+4)]

19+ 2(6 + 2[18 + 6(4 + 1)]}
5-6—3(5)—2

Answers to Practice Sets are on p. 7.
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Section 1.1 EXERCISES

For problems 1-26, use the order of operations to find 18. 0+ 10(0) + 15[4(3) + 1]
each value.

1. 2+ 3(6) 19. 6.1(2.2+1.8)

2. 18—7(8—3)
20. §2—9 + 0.6

3.8:-4+16+5

21. (4+7)(8—23)
4. 21+4)+5-2

22. (10 + 5)(10 + 5) — 4(60 — 4)
5.38+2)+6+3

5 1 1 2
6. 6(4+1) + (16 + 8) — 15 23. (E—Z>+<§+§)
7. 6(4—1)+8(3+7) — 20 3_8 1.1
24. 4(5 15)+9(3+4>
8. (8)(5) + 2(14) + (1)(10)
25. g+%+0[2+4(0)]

9. 61 — 22 + 4[3(10) + 11]

26. 0-9+4-0+7+0[2(2—2)]

1+16—3
10. (—7—) + 5(12)
For problems 27-29, state whether the given state-
11 8(6 + 20) n 3(6 + 16) ments are the same or different.
8 22 27. x=y and x>y

28. x < and x
12. 18+ 2+ 55 a4 7y

29. x=y and y=x

13. 21+7+3 30. Represent the product of 3 and x five different
ways.
14. 85+5-5—85 31. Represent the sum of @ and b two different ways.

15. (300 — 25) =+ (6 — 3)

For problems 32-40, rewrite each phrase using alge-

16. 4-3+8- 28— (3+ 17) + 11(6) braic notation.

32. Ten minus three

17. 2((7+7) + 6[4(8 + 2))) 33. x plus sixteen




34.

35.

36.

37.

38.

39.

40.
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51 divided by a

81 times x

3 times (x + )

(x + b) times (x + 7)

3 times x times y

x divided by (7 times b)

(a + b) divided by (a + 4)

For problems 41-44, introduce a variable (any letter
will do) and use appropriate algebraic symbols to
write the given statement.

41

42

43

44

. A number minus eight equals seventeen.
. Five times a number, minus one, equals zero.

. A number divided by six is greater than or equal
to forty-four.

. Sixteen minus twice a number equals five.

Determine whether the statements for problems 45-

50
45

46

47

48

49

50

are true or false.

.6—4(4)(1) =10
.5(4+2-10=110
.8:6—48=0

20 :
) +43<

16 5

. 2[6(1 + 4) — 8] > 3(11 + 6)

. 6[4 + 8+ 3(26 — 15)] £ 3[7(10 — 4)]

51.

52.

53.

54.

The number of different ways 5 people can be
arranged inarowis 5 - 4 - 3 - 2 - 1. How many
ways is this?

A box contains 10 computer chips. Three chips
are to be chosen at random. The number of ways
this can be done is

10:-9-8-7-6-5-4-3-
3:2-1-7-6-5-4-3-

2-1
2-1

How many ways is this?

The probability of obtaining four of a kind in a
five-card poker hand is

13 - 48
(52:51-50-49-48)+(5-4-3-2-1)
What is this probability?

Three people are on an elevator in a five story
building. If each person randomly selects a floor
on which to get off, the probability that at least
two people get off on the same floor is

5-4-3
5-5-5
What is this probability?

1

% Answers to Practice Sets {1.1)

Al
B.
cl

1. 29 - x, 29x, (29)(x), 29(x), (29)x
1.27 2.48 3.24 4.4
1.49 2.26 3.37 4.17



8 Chapter1 Basic Properties of Real Numbers

Section
Overview

Real Number Line

Coordinate

Graph

Construction of the Real
Number Line

Real Number

Positive and Negative Real
Numbers

1.2 The Real Number Line
and the Real Numbers

(0 THE REAL NUMBER LINE
O THE REAL NUMBERS

] ORDERING THE REAL NUMBERS

[l THE REAL NUMBER LINE

In our study of algebra, we will use several collections of numbers. The real

number line allows us to visually display the numbers in which we are interested.
A line is composed of infinitely many points. To each point we can associate a

unique number, and with each number we can associate a particular point.

The number associated with a point on the number line is called the coordinate
of the point.
The point on a line that is associated with a particular number is ‘called the
graph of that number.

We construct the real number line as follows:

1. Draw a horizontal line.

2. Choose any point on the line and label it 0. This point is called the origin.

3. Choose a convenient length. This length is called “1 unit.” Starting at 0, mark
this length off in both directions, being careful to have the lengths look like they
are about the same.

We now define a real number.

A real number is any number that is the coordinate of a point on the real
number line.

The collection of these infinitely many numbers is called the collection of real
numbers. The real numbers whose graphs are to the right of 0 are called the
positive real numbers. The real numbers whose graphs appear to the left of 0 are
called the negative real numbers.

"‘—‘\‘.
Negative Positive
numbers numbers

The number 0 is neither positive nor negative.




Natural Numbers

Whole Numbers

Integers

Rational Numbers

Fractions
Division by 1

Division by O

x/0 Is Undefined or
Indeterminant

Irrational Numbers

Section 1.2 The Real Number Line and the Real Numbers @

0 THE REAL NUMBERS

The collection of real numbers has many subcollections. The subcollections that
are of most interest to us are listed below along with their notations and graphs.

The natural numbers (N): (1,2,3, . . .}

—
6

The whole numbers (W): {0,1,2,3, . . .}

>
0 1 2 3 4 5 6

Notice that every natural number is a whole number.

The integers (Z):{. . . ,—3,—2,—-1,0,1,2,3, . . .}

-————————————————————
-5 -4 -3 -2-1 0 1 2 3 4 §5...

Notice that every whole number is an integer.

The rational numbers (Q): Rational numbers are real numbers that can be
written in the form a/b, where a and b are integers, and b # 0.
Rational numbers are commonly called fractions.

. . . . a
Since b can equal 1, every integer is a rational number: - = a.

Recall that 10/2 = 5 since 2 + 5 = 10. However, if 10/0 = x, then 0 - x = 10.
But 0 - x =0, not 10. This suggests that no quotient exists.

Now consider 0/0 = x. If 0/0 = x, then 0 - x = 0. But this means that x could
be any number, that is,0/0 = 4 since 0 - 4 = 0, 0r 0/0 = 28since 0 - 28 = 0. This
suggests that the quotient is indeterminant.

Division by 0 is undefined or indeterminant.

Do not divide by 0.

Rational numbers have decimal representations that either terminate or do
not terminate but contain a repeating block of digits. Some examples are:

3 15

—=0.75 -— =1.36363636 . . .
4 ) N 11 _
Terminating Nonterminati;_g, but repeating

Some rational numbers are graphed below.

& % > N & P
\d \4 » » 24 1

_9 _5 _1 0 2 9l
2 3 8 4

The irrational numbers (Ir): Irrational numbers are numbers that cannot be
written as the quotient of two integers. They are numbers whose decimal repre-
sentations are nonterminating and nonrepeating. Some examples are

4.01001000100001 . . . m=3.1415927 . . .
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Notice that the collections of rational numbers and irrational numbers have no
numbers in common.

When graphed on the number line, the rational and irrational numbers ac-
count for every point on the number line. Thus each point on the number line
has a coordinate that is either a rational or an irrational number.

In summary, we have

Real numbers

Rational numbers Irrational numbers
Integers ‘
Whole numbers
Natural
numbers
7> SAMPLE SET A
The summary chart illustrates that
1. Every natural number is a real number.
2. Every whole number is a real number.
3. No integer is an irrational number.

X PRACTICE SET A

. Is every natural number a whole number?

. Is every whole number an integer?

. Is every integer a rational number?

Is every rational number a real number?

Is every integer a natural number?

Is there an integer that is a natural number?

SO w10

(] ORDERING THE REAL NUMBERS

Ordering the Real Numbers A real number b is said to be greater than a real number a, denoted b > a, if the
graph of b is to the right of the graph of a on the number line.

Y: SAMPLE SET B

As we would expect, 5 > 2 since 5 is to the right of 2 on the number line. Also, —2 > —5 since —2
is to the right of —5 on the number line.

-2> -5 5> 2
3 i } % 1 Il

— t —it
-5 -4 -3 -2 -1 0 1

N

T T >

3 4 5

N
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% PRACTICE SET B

1. Are all positive numbers greater than 0?

2. Are all positive numbers greater than all negative numbers?

3. Is O greater than all negative numbers?

4. Is there a largest positive number? Is there a smallest negative number?

5. How many real numbers are there? How many real numbers are there between 0 and 1?

~~ SAMPLE SET C

~5

1. What integers can replace x so that the following statement is true?
—4=x<2

This statement indicates that the number represented by x is between — 4 and 2. Specifically, —4
is less than or equal to x, and at the same time, x is strictly less than 2. This statement is an
example of a compound inequality.

& »- 'y & il 1 I
> 14 T T

T T T # #
-5 4 -83-2-1 0 1 2 3 4 5

The integers are —4, —3, —2,—1, 0, 1.

2. Draw a number line that extends from —3 to 7. Place points at all whole numbers between and
including —2 and 6.

-3 -2 -1 0 1 2 3 4 5 6 17

These are not whole numbers

8. Draw a number line that extends from —4 to 6 and place points at all real numbers greater than
or equal to 3 but strictly less than 5.

It is customary to use a closed cirele to indicate that a point is included in the graph and an
open circle to indicate that a point is not included.

' | ! ! 4 i
T T T T

"4 -3 -2 -1 0 1L 2 3 4 5 6

Closed Open
circle circle

% PRACTICE SET C

1. What whole numbers can replace x so that the following statement is true?

—3=x<3

2. Draw a number line that extends from —5 to 3 and place points at all numbers greater than or equal to —4 but
strictly less than 2.

Answers to Practice Sets are on p. 13.
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Section 1.2 EXERCISES

For problems 1-7, next to each real number, note all
collections to which it belongs by writing N for natu-
ral numbers, W for whole numbers, Z for integers, @
for rational numbers, Ir for irrational numbers, and R
for real numbers. Some numbers may require more
than one letter.

1
1. - a—
2 2. —12
7
3.0 4. —24 -
8
5. 86.3333 . . . 6. 49.125125125 . . .
7. —15.07

For problems 8-10, draw a number line that extends
from — 3 to 3. Locate each real number on the number
line by placing a point (closed circle) at its approxi-
mate location.

1

8. 15 9. -2
1

10. ——
8

11. Is 0 apositive number, negative number, neither,
or both?

12. An integer is an even integer if it can be divided
by 2 without a remainder; otherwise the number
is odd. Draw a number line that extends from —5
to 5 and place points at all negative even integers
and at all positive odd integers.

13. Draw a number line that extends from —5 to 5.
Place points at all integers strictly greater than
— 3 but strictly less than 4.

For problems 14 -16, draw a number line that extends
from — 5 to 5. Place points at all real numbers between
and including each pair of numbers.

14. —5and —2 15. —3 and 4

16. —4and 0

17. Draw a number line that extends from —5t0 5. Is
it possible to locate any numbers that are strictly
greater than 3 but also strictly less than —2?

For the pairs of real numbers shown in problems 18-
22, write the appropriate relation symbol (<, >, =) in
place of the *.

18. —5*—1
19. —3=*0
20. —4 =17
21. 6*x—1
1 3
—_— % ——
22, 1 1

23. Is there a largest real number? If so, what is it?
24. Is there a largest integer? If so, what is it?

25. Is there a largest two-digit integer? If so, what is
it?

26. Is there a smallest integer? If so, what is it?

27. Is there a smallest whole number? If so, what is
it?

For problems 28-32, what numbers can replace x so

that the following statements are true?
28. —1=x=5, x an integer

29, —7T<x<—1, x an integer

30. —3=x=2, x a natural number
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31. —15<x=—1, x a natural number 86. Is every rational number an integer?

32. -5 =x<5, x a whole number 3%7. Can two rational numbers be added together to
yield an integer? If so, give an example.

33. The temperature in the desert today was ninety-

five degrees. Represent this temperature by a ra- For problems 38-44, on the number line, how many
tional number. units (intervals) are there between?

38. 0 and 2?

39. —5 and 0?

34. The temperature today in Colorado Springs was

eight degrees below zero. Represent this temper- 40. 0 and 6?
ature with a real number. 41. —8and 0?
42, —3 and 47
43. mand n, m > n?
35. Is every integer a rational number? 44. —gand —b,—b> —a?
EXERCISES (1.1)  45. Find the value of 6 + 3(15 — 8) — 4.

{1.1) 46. Find the value of 5(8 — 6) + 3(5 + 2 - 3).
FOR REVIEW (1.1)  47. Are the statements y < 4 and y = 4 the same or different?

(1.1)  48. Use algebraic notation to write the statement “six times a number is
less than or equal to eleven.”
(1.1)  49. Is the statement 8(15 — 3 - 4) — 3 - 7= 3 true or false?

X Answers to Practice Sets {(1.2)
A. 1. yes 2. yes 3. yes 4. yes 5. no 6. yes
B. 1. yes 2. yes 3. yes 4. no, no 5. infinitely many, infinitely many

€ 1.0,1,2 2. <+ttt
-5 -4 -3 -2 -1 0 1 2 3

1.3 Properties of the Real Numbers

Section (O THE CLOSURE PROPERTIES
Overview 0 THE COMMUTATIVE PROPERTIES
O THE ASSOCIATIVE PROPERTIES
O THE DISTRIBUTIVE PROPERTIES
(O THE IDENTITY PROPERTIES
O THE INVERSE PROPERTIES

Property A property of a collection of objects is a characteristic that describes the collec-
tion. We shall now examine some of the properties of the collection of real numbers.
The properties we will examine are expressed in terms of addition and multiplica-
tion.

(1 THE CLOSURE PROPERTIES

The Closure Properties If @ and b are real numbers, then ¢ + b is a unique real number, anda - bis a
unique real number.
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For example, 3 and 11 are real numbers; 3 + 11 = 14 and 3 - 11 = 33, and both
14 and 33 are real numbers. Although this property seems obvious, some collections
are not closed under certain operations. For example,

1. The real numbers are not closed under division since, although 5 and 0 are real
numbers, 5/0 and 0/0 are not real numbers.

2. The natural numbers are not closed under subtraction since, although 8 is a
natural number, 8 — 8 is not. (8 — 8 = 0 and 0 is not a natural number.)

[l THE COMMUTATIVE PROPERTIES

Let a and b represent real numbers.

The Commutative Properties COMMUTATIVE PROPERTY COMMUTATIVE PROPERTY
OF ADDITION OF MULTIPLICATION
at+b=b+a a*b=b-a

The commutative properties tell us that two numbers can be added or multiplied
in any order without affecting the result.

7> SAMPLE SET A

The following are examples of the commutative properties.

1.3+4=4+4+3 Both equal 7.

2. 5+x=x+5 Both represent the same sum.
3.4-8=8-4 Both equal 32.

4. y71=Ty Both represent the same product.
5. 5(a+1)=(a+1)5 Both represent the same product.
6. x+4)(y+2)=(y+2(x+4) Both represent the same product.

X PRACTICE SET A

Fill in the (

) with the proper number or letter so as to make the statement true. Use the commutative

properties.
1. 6+5=( )+6 2. m+12=124( ) 3.9-7=( )9
4. 6a=a( ) 5. 4(B—5)=( )4 6. (9a—1)( )=(2b+ 7 (9a—1)
(J THE ASSOCIATIVE PROPERTIES
Let @, b, and ¢ represent real numbers.
The Associative Properties ASSOCIATIVE PROPERTY ASSOCIATIVE PROPERTY
OF ADDITION OF MULTIPLICATION
(a+b)+ec=a+(b+c) (ab)c = a(be)

The associative properties tell us that we may group together the quantities as
we please without affecting the result.
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> SAMPLE SET B

The following examples show how the associative properties can be used.

1. 2+6)+1=2+(6+1)
8+1=2+7
9=9 Both equal 9.

2. B4+ x)+17=3+ (x+17) Both represent the same sum.
3.(2:-3):5=2-(3"-5)

6:-5=2-15
30=30 Both equal 30.
4. (9y)4 =9(y4) ' Both represent the same product.

% PRACTICE SET B

Fill in the ( ) to make each statement true. Use the associative properties.

1. (9+2)+5=9+( ) 2.x+G6B+y)=( )+y 3. lla)6=11( )
4. [(Tm=2)(m+3)lm +4)=(Tm—=2)[( ) )]

<~ SAMPLE SET C

Simplify (rearrange into a simpler form): 5x6b8ac4.
According to the commutative property of multiplication, we can make a series of consecutive
switches and get all the numbers together and all the letters together.

5:6-8-4-x-b-a-c
960xbac Multiply the numbers.

960abcx By convention, we will, when possible, write all letters in
alphabetical order.

X PRACTICE SET C
Simplify each of the following quantities.
1. 3a7y9d 2. 6b8acz4 - 5 3. 4p6gr3(a + b)

(] THE DISTRIBUTIVE PROPERTIES

When we were first introduced to multiplication we saw that it was developed as a
description for repeated addition.

4+4+4=3-4

Notice that there are three 4’s, that is, 4 appears 3 times. Hence, 3 times 4.
We know that algebra is generalized arithmetic. We can now make an important
generalization.

When a number a is added repeatedly n times, we have

agtaetat - --+a

@ appears n times
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Then, using multiplication as a description for repeated addition, we can replace

with na.

For example:

1. x + x + x + x can be written as 4x since x is repeatedly added 4 times.
x+tx+x+x=4x

2. r + r can be written as 2r since r is repeatedly added 2 times.
r+r=2r

The distributive property involves both multiplication and addition. Let’s rewrite

4(a + b). We proceed by reading 4(a + b) as a multiplication: 4 times the quantity

(a + b). This directs us to write

4at+b)=(@@+b)+@+b+a+b+(a+b)
=a+b+a+b+a+b+a+bd

Now we use the commutative property of addition to collect all the a’s together and
all the b’s together.

4(a+b)=aL+a+a+¢lz+l\)+b+b+Jb
4as 4D%s

Now, using multiplication as a description for repeated addition, we have
4(a + b) =4a + 4b
We have distributed the 4 over the sum to both a and b.
4(a + b) = 4a + 4b
N\

The Distributive Property albtel=a-b+a-c (b+cla=a-b+a-c

The distributive property is useful when we cannot or do not wish to perform
operations inside parentheses.

7> SAMPLE SET D

Use the distributive property to rewrite each of the following quantities.
1. 26+7)=2-54+2-7 Both equal 24.
e
2. 6(x+3)=6-x+6-3 Both represent the same number.
=6x + 18
3. z+5)y=zy+5y=yz+ 5y

% PRACTICE SET D
1. What property of real numbers justifies
alb+c¢)=(b+c)a?
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Use the distributive property to rewrite each of the following quantities.

2.32+1)

7. l(x+y)

Additive ldentity

Multiplicative ldentity

Additive Inverses

Muitiplicative Inverses

The Inverse Properties

Expanding Quantities

3. (x+6)7 4, 4aty) 5. (9+ 2)a 6. a(x +5)

Answers to Practice Sets are on p. 19.

(] THE IDENTITY PROPERTIES

The number 0 is called the additive identity since when it is added to any real
number, it preserves the identity of that number. Zero is the only additive identity.
For example, 6 + 0 =6.

The number 1 is called the multiplicative identity since when it multiplies
any real number, it preserves the identity of that number. One is the only multipli-
cative identity. For example 6 - 1 = 6.

We summarize the identity properties as follows.

ADDITIVE IDENTITY MULTIPLICATIVE IDENTITY
PROPERTY PROPERTY
If @ is a real number, then If a is a real number, then
at+0=a and 0+a=a ails=a and l-a=a

[ THE INVERSE PROPERTIES

When two numbers are added together and the result is the additive identity, 0, the
numbers are called additive inverses of each other. For example, when 3 is added
to —3, the result is 0, that is, 3 + (—3) = 0. The numbers 3 and —3 are additive
inverses of each other.

When two numbers are multiplied together and the result is the multiplicative
identity, 1, the numbers are called multiplicative inverses of each other. For

1 1
example, when 6 andg are multiplied together, the resultis 1, thatis, 6 - 8 = 1.The

1 .
numbers 6 and r are multiplicative inverses of each other.

We summarize the inverse properties as follows.

1. If a is any real number, then there is a unique real number —a, such that
a+(—a)=0 and —a+a=0
The numbers a and —a are called additive inverses of each other.

: i 1
9. Ifais any nonzero real number, then there is a unique real number— such that
a

a'—=1 and l'a=1
a a

1 Mapeilinsaand
The numbers a and — are called multiplicative inverses of each other.
a

When we perform operations such as 6(a + 3) = 6a + 18, we say we are ex-
panding the quantity 6(a + 3).
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Section 1.3 EXERCISES

Use the commutative property of addition and multi- 27. 1u3r2z5min 28. 6d4elf2(g + 2h)
plication to write expressions for an equal number for
problems 1-22. You need not perform any calcula-

tions.
1\ (1) (1
1. x+3 2. 54y 29. <§>d<Z)e(§)a

3. 10x 4. 182 30. 3(a+6)2(a — 9)6b

31. 1(x + 2y)(6 + 2)9(3x + 5y)

5. r6 6. ax
7. xe 8. 7(2+b) For problems 32 —.5.1, use the distributive property to
expand the quantities.
32. 2(y+9) 33. b(r+5)
9. 6(s+1) 10. (8 +a)(x+ 6)
34. m(u+a) 35. kR(j+1)
11. (x+16)(a+7) 12, (x+y)(x—y)
36. x(2y +5) 37. z(x+ 9w)
13. 0.06m 14. 8%
38. (1+d)e 39. 8+2f)g
15. 5(6h+ 1) 16. m(a+ 2b)
40. ¢(2a + 10b) 41. 15x(2y + 32)
17. k(10a — b) 18. (21¢)(0.008) ,
42, 8y(12a + b) 43. z(x+'y+m)
19. (—16)(4) 20. (5)(b—6
(5)( ) 44. (a+6)(x+y) 45. (x+10)(a+ b+ ¢)
21.0-0 22. %+ 0 46. 1(x+y) 47. 1(a + 16)
Simplify using the commutative property of multipli- 48. 0.48(0.34a + 0.61)
cation for problems 23 -31. You need not use the dis-
tributive property.
23. 9x2y 24. 5a6b 49. € 21.5(16.2a + 3.8b + 0.7¢)

25. 2a3b4c 26. 5x10y52 50. 5% (200 + 3¢) . Bl. 2z,(L,, + 8k)
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EXERCISES
FOR REVIEW

(1.1) 52. Find the valueof 4 - 2+5(2-4—6-+3)—2 5.

{1.1) 53. Is the statement 3(5 - 3—3 - 5) + 6 - 2 — 3 - 4 <0 true or false?

(1.2)  54. Draw a number line that extends from —2to 2 and place points at all
integers between and including —2 and 3.

(1.2) 55. Replace the * with the appropriate relation symbol (<,>).—7 * —3.

(1.2) 56. What whole numbers can replace x so that the statement — 2=x<2
is true?

X Answers to Practice Sets (1.3)

A.1.5 2. m 3.7
B. 1.2+5 2.x+5
€. 1. 189ady 2. 960abcz

4.6 5.(k—5 6.((2b+7)

.a°6 4. (m+3)(m+4)
3. T2pgr(a +b)

D. 1. the commutative property of multiplication 2. 6+3 3. 7x+42 4. 4a+ 4y 5. 9a+ 2a

6. ax+5a 7.x+y

Section
Overview

Factors

Exponential Notation

1.4 Exponents

[J EXPONENTIAL NOTATION

[ READING EXPONENTIAL NOTATION

0 THE ORDER OF OPERATIONS

[l EXPONENTIAL NOTATION

In Section 1.3 we were reminded that multiplication is a description for repeated
addition. A natural question is “Is there a description for repeated multiplication?”
The answer is yes. The notation that describes repeated multiplication is expo-
nential notation.

In multiplication, the numbers being multiplied together are called factors. In
repeated multiplication, all the factors are the same. In nonrepeated multiplica-
tion, none of the factors are the same. For example,

18-18-18-18 Repeated multiplication of 18. All four factors, 18, are

the same.

X X X Xx°X Repeated multiplication of x. All five factors, x, are the
same.

3:-7-a Nonrepeated multiplication. None of the factors are
the same.

Exponential notation is used to show repeated multiplication of the same factor.
The notation consists of using a superscript on the factor that is repeated. The
superscript is called an exponent.

If x is any real number and n is a natural number, then

i e Fi il et ST LR T
(% 5 L

An exponent records the number of identical factors in a multiplication.

Note that the definition for exponential notation only has meaning for natural
number exponents. We will extend this notation to include other numbers as
exponents later.
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7> SAMPLE SET A

L7:7-7-7-7-7="178, The repeated factor is 7. The exponent 6 records the fact that 7
I appears 6 times in the multiplication.

i 2. x-x-x-x=uxt The repeated factor is x. The exponent 4 records the fact that x appears 4
| times in the multiplication.

3. 2y)(2y)(2y) = (2y)3. The repeated factor is 2y. The exponent 3 records the fact that the
factor 2y appears 3 times in the multiplication.

4. 2yyy = 2y8, The repeated factor is y. The exponent 3 records the fact that the factor y
appears 3 times in the multiplication.

|
| 5. (a+b)a+ b)(a—b)(a—b)(a—b) = (a+ b)2(a— b)s. The repeated factors are (a + b) and
(a =), (a + b) appearing 2 times and (a — b) appearing 3 times.

X PRACTICE SET A
Write each of the following using exponents.

l.a‘a‘a-a 2. (3b)(3b)(5¢)(5¢)(5¢)(5¢) 3.2:2-7-7-7T-(a—4)a—4)

4. 8xxxyzzzzz

CAUTION

It is extremely important to realize and remember that an exponent applies only
to the factor to which it is directly connected.

7~ SAMPLE SET B

1. 8x3means 8 - xxx and not 8x8x8x. The exponent 3 applies only to the factor x since it is only to
the factor x that the 3 is connected.

2. (8x)3 means (8x)(8x)(8x) since the parentheses indicate that the exponent 3 is directly connected
to the factor 8x. Remember that the grouping symbols ( ) indicate that the quantities inside
are to be considered as one single number.

| 3. 34(a+ 1)2 means 34 - (a + 1)(a + 1) since the exponent 2 applies only to the factor (a + 1).

X PRACTICE SET B

Write each of the following without exponents.

1. 4a3 2. (4a)3
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+- SAMPLE SET C

Select a number to show that (2x)2 is not always equal to 2x2.
Suppose we choose x to be 5. Consider both (2x)? and 2x2.

(2x)2 2x2
(2 - 5)2 2 - 52
(10)2 225
100 #* 50

Notice that (2x)2 = 2x2 only when x = 0.

%X PRACTICE SET C

1. Select a number to show that (5x)2 is not always equal to 5x2.

1 READING EXPONENTIAL NOTATION

In x™,
Base x is the base
Exponent n is the exponent
Power The number represented by x™ is called a power.
X to the nth Power The term x” is read as “x to the nth power,” or more simply as “x to the nth.”
x Squared and x Cubed The symbol x2 is often read as “x squared,” and x3 is often read as “x cubed.” A

natural question is “Why are geometric terms appearing in the exponent expres-
sion?” The answer for x3 is this: x3 means x * x - x. In geometry, the volume of a
rectangular box is found by multiplying the length by the width by the depth. A
cube has the same length on each side. If we represent this length by the letter x,
then the volume of the cube is x - x - x, which, of course, is described by %3, (Can
you think of why x2 is read as x squared?)

Cube with R —
length = x e 2T
width = x =z -
depth = x

Volume = xxx = x3

J THE ORDER OF OPERATIONS

In Section 1.1 we were introduced to the order of operations. It was noted that we
would insert another operation before multiplication and division. We can do that
now.
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The Order of Operations . Perform all operations inside grouping symbols beginning with the inner-

most set.

. Perform all exponential operatio
right.

3. Perform all multiplications and divisions as you come to them, moving left-
to-right.

4. Perform all additions and subtractions as you come to them, moving left-to-

right.

ne to them, moving left-to-

Y- SAMPLE SET D

Use the order of operations to simplify each of the following.
1. 224+5=4+4+5=9
2.524+324+10=25+9+10=44

3. 224+ (5)8) —1=4+(5)(8) — 1
=4+4+40—1
=43

4. 7:-6—42+15=7-6—-16+1
=42—-16+1
=27

5. 2+302+72—3(4+1)2=(5)3+72—3(5)?
=125 + 49 — 3(25)
=125+49—175
=99

7]

. [4(6 + 2)312 =[4(8)3]2
= [4(512)]?
= [2048]2
= 4,194,304
. 6(32+22) + 42 =6(9 + 4) + 42
= 6(13) + 42
=6(13) + 16
=78+ 16
=94
62 + 22 13+8  36+4 1+64
T4246-22 102—(19)(5) 16+6-4 ' 100—95
_36+4  1+64
16+24 ' 100—95

N

_40, 65
40 5

=1+13

=14

X PRACTICE SET D
Use the order of operations to simplify the following.
1. 3244-5 2.234+33—-8-4 3. 144 (224 4)2 - 23




4.

52+ 62— 10
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04— 05

— 9312 — 102 — 42
[6(10 — 23)]2 — 102 — 6 5.~ @

Section 1.4 EXERCISES

For problems 1-21, write each of the quantities using
exponential notation.

1

10.

11.

12,

13.

14.

. b to the fourth

. a squared

. x to the eighth

. (—38) cubed

. 5times s squa}'ed

. 3 squared times y to the fifth

. a cubed minus (b + 7) squared
. (21 — x) cubed plus (x + 5) to the seventh
XXXXX

(8)(8) xxxx

2+-3+3-3"- 3xxyyyyy
2+2-5-6"-6 - 6xyyzzzwwww
Txx(a + 8)(a + 8)

10xyy(c + 5)(c + 5)(c + 5)

72_6.23

16.

17.

18.

19.

20.

. 4xdxdxdxdx

Answers to Practice Sets are on p. 25.

(9a)(9a)(9a)(9a)

(—7)(—7)(—7) aabbba(— T) baab

(@ — 10)(a — 10)(a + 10)

z+wiz+wiz+w(z—w(z—w)

(2y)(2y)2y2y

21. 3xyxxy — (x+ D)(x+ 1)(x+1)

For problems 22-31, expand the quantities so that no
exponents appear.

22.

23.

24.

25.

26.

27.

28.

43

62

73y2

8x3y2

(18x2y4)2

(9a3b2)3

5x2(2y3)3
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29. 10a3b2(3c)? 44. 22(10 — 23)
30. (a+ 10)%(a? + 10)2 45. (3¢ — 43) = 17

31. (x2—y?)(x2 +y2) 46. (4+3)2+1+(2-5)

For problems 32-34, select a number (or numbers) to
show that 47. (24+25— 23 . 5)2 + 42

32. (5x)? is not generally equal to 5x2.

48. 15+ 08 + 52(2 + 8)3
33. (7x)? is not generally equal to 7x2.

4 . 49. (7)(16) — 92+ 4(11 + 32)
34. (a + b)? is not generally equal to a2 + b2,

‘ 28 —17
35. For what real number is (6a)? equal to 6a2? 50. 52
36. For what real numbers, a and b, is (a + b)2 equal
to a2 +b2? - 51 a+ez+2
’ 19

Use the order of operations to simplify the quantities
for problems 37-55. 52 62—1 4 43 4 (2)(3)
37. 3247 ‘5 10
38. 43 —18

53, S82—90)] 72—
39. 52+ 2(40) ) 25— 7 2¢—5
40. 82+34+52+17)

5y @FDP+23413 152 [2(5))2
41. 2+ 3(8+1) ) 62 552
42, 344241+ 5)3

8—2-102  18(23 + 72
55. 6 1 ( ™)

43. (62—42)+5 22 2(19) — 38
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EXERCISES
FOR REVIEW

(1-1)  56. Use algebraic notation to write the statement “a number divided by
eight, plus five, is equal to ten.”

(1.2) 57. Draw a number line that extends from — 5 to 5 and place points at all
real numbers that are strictly greater than — 3 but less than or equal
to 2.

(1.2) 58. Is every integer a whole number?

(1.3) 59. Use the commutative property of multiplication to write a number

. equal to the number yx.
(1.3)  60. Use the distributive property to expand 3(x + 6).

X Answers to Practice Sets {1.4)

A. 1. gt 2. (3b)2(5c)4

3. 22-7(a—4)2 4. 8x3y2b

B. 1. 4aaa 2. (4a)(4a)(4a)
€. 1. Select x=3. Then (5 - 3)2=(15)2=225,but 5+ 32=5'9=45. 225+ 45.

D.1.29 2.3 3.9

4.8 5.3

1.5 Rules of Exponents

Section
Overview

O THE PRODUCT RULE FOR EXPONENTS
0 THE QUOTIENT RULE FOR EXPONENTS
[J ZERO AS AN EXPONENT

Definition of Exponents

Base
Exponent
Power

We will begin our study of the rules of exponents by recalling the definition of
exponents.

If x is any real number and n is a natural number, then

J

x"=tx-x'x- SSTSn g T

-

An exponent records the number of identical factors in a multiplication.

In z7,

x is the base
n is the exponent
The number represented by x”" is called a power.

The term x” is read as “x to the nth.”

L__I THE PRODUCT RULE FOR EXPONENTS

The first rule we wish to develop is the rule for multiplying two exponential
quantities having the same base and natural number exponents. The following
examples suggest this rule:

1. 22 - xt=xx - xxxx = xx33%%x = %6
e —

2+ 4 = 6
factors factors

2.a°a2=a*aa= aaa =ad
N
1+2 = 3

factors factors
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PRODUCT RULE FOR EXPONENTS

If x is a real number and n and m are natural numbers,

XN« xMm = yntm xlhpm = xn+m

To multiply two exponential quantities having the same base, add the exponents.
Keep in mind that the exponential quantities being multiplied must have the same
base for this rule to apply.

3> SAMPLE SET A

Find the following products. All exponents are natural numbers.
1. x3 - x5 = x3+5 =8

ab - alt = abtl4 = a0
. y5 y=y5 .y1=y5+1=y6
(0= 2y)8(x — 2y)5 = (x — 2y)8%5 = (x — 2y)13

. 23yt £ (xy)3tHe Since the bases are not the same, the
product rule does not apply.

Uk WN

X PRACTICE SET A
Find each product.
1. x2- x5 2. x9- x4 3. y6 - y4 4. c12. ¢8 5. (x+2)3- (x+2)°

7> SAMPLE SET B

We can use the first rule of exponents (and the others that we will develop) along with the properties
of real numbers.

1. 2x3 - x5 = = 1448

We used the commutative and associative properties of multiplication. In practice, we use these
properties “mentally” (as signified by the drawing of the box). We don’t actually write the
second step.

. 4y8 - 6y2= = 24y5

. 9a%b6(8ab42b3) =| 9 - 8 - 2a2+1bE+4+3 | = 14443p13

. 5(@+6)2-3a+6) =5 3(a +6)>+8| = 15(a + 6)1°
. 4x3 - 12 - y2 = 48x3y?2

. 402 - ha* = 202 t+*

S O AR W N

The bases are the same, so we add the exponents. Although we don’t know exactly what number
A + 5% is, the notation A + % indicates the addition.
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X PRACTICE SET B
Perform each multiplication in one step.
1. 3x5 - 2x2 2. 6y3 - 3y* 3. 4a%b2 - 9a2b 4. xt- 4y 2x2 - Ty8

5. (x—y)3 - 4(x —y)? 6. 8xty2Zxx3yS 7. 2aaa3(ab2a®)bbab? 8. a*-a™-a’

(] THE QUOTIENT RULE FOR EXPONENTS

The second rule we wish to develop is the rule for dividing two exponential quanti-
ties having the same base and natural number exponents.

The following examples suggest a rule for dividing two exponential quantities
having the same base and natural number exponents.

5
. XX = () e = xxx = x3. Notice that 5 —2 = 3.

x2 xx (22)
8  HodiE 7S
2. & = Ga5 _ (GomIonnng]_ aaaae = a.  Notice that 8 — 3 =5,
ad aaa (aaa)

QUOTIENT RULE FOR EXPONENTS

If x iz a real number and n and m are natural numbers,

—_— = yh—m —— n—m
prtal e 7 0.

To divide two exponential quantities having the same nonzero base, subtract the
exponent of the denominator from the exponent of the numerator. Keep in mind
that the exponential quantities being divided must have the same base for this rule

to apply.

7> SAMPLE SET C

Find the following quotients. All exponents are natural numbers.

x5

1. i =x3  The part in the box is usually done mentally.
2. %—75);== (a+7)8

3. ?13%% = ‘ 9a3—2p6—1¢21 J = 9ab®¢c

4. 1;:5 = 5xH—4

The bases are the same, so we subtract the exponents. Although we don’t know exactly what
O — A is, the notation [0 — A indicates the subtraction.
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X PRACTICE SET C

Find each quotient

1 y_9 2 a’ (x +6)5 26x4y822
Y " a " (x+6)3 " 13x2y2z
xn

When we make the subtraction, n — m, in the division e there are three
possibilities for the values of the exponents:

1. The exponent of the numerator is greater than the exponent of the denominator,
that is, n > m. Thus, the exponent, n — m, is a natural number.

2. The exponents are the same, that is,n = m. Thus, the exponent, n — m, is zero, a
whole number.

3. The exponent of the denominator is greater than the exponent of the numerator,
that is, n < m. Thus, the exponent, n — m, is an integer.

[l ZERO AS AN EXPONENT

In Sample Set C, the exponents of the numerators were greater than the exponents

of the denominators. Let’s study the case when the exponents are the same.

When the exponents are the same, say n, the subtraction n — n produces 0.

xn
Thus, by the second rule of exponents, - = xnTn = x0,

But what real number, if any, does x° represent? Let’s think for a moment about
our experience with division in arithmetic. We know that any nonzero number
divided by itself is one.
8 43
— 1, — 1’ ﬁ —
8 43 258

xn
Since the letter x represents some nonzero real number, so does x”. Thus, P
xn
represents some nonzero real number divided by itself. Then iy 1.
xn x"
But we have also established that if x # 0, Pt x%. We now have that i x0
xn

and i 1. This implies that x® =1, x # 0.

Exponents can now be natural numbers and zero. We have enlarged our collec-
tion of numbers that can be used as exponents from the collection of natural
numbers to the collection of whole numbers.

x0=1,x#0

Any number, other than 0, raised to the power of 0, is 1. 0° has no meaning (it does
not represent a number).
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1 1.5 Rules of Exponents

Find each value. Assume the base is not zero.
1. 69=1
3. 2a+5)0=1

¥ _ o
o
5(x + 4)8(x — 1)5

" B(x+ 4)3(x — 1)5

5.

= (x+ 4)8=3(x — 1)5-5

= (x + 4)5(x — 1)°
= (x + 4)5

%X PRACTICE SET D

Find each value. Assume the base is not zero.

7

Yy
1. F
51(a — 4)3
" 17(a—4)

6x4 14a7 26x2y5
" 9x3 * Ta2 4xy?
52a"b3(a + b)8 8 ar
" 26a2b(a + b)8 " ad

2. 2470=1
4, 40=4-1=4

2
V2 aw0=2.1=2
X

36a4b3c8
* 8ab3ch
14x7yP24
* 2xryhz5

Answers to Practice Sets are on p. 31.

We will study the case where the exponent of the denominator is greater than the
exponent of the numerator in Section 2.6.

Section 1.5 EXERCISES

Use the product rule and quotient rule of exponents to 11. k8&3 12. y3ytyS
simplify problems 1-59. Assume that all bases are
nonzero and that all exponents are whole numbers.
13. 3x2 - 2«5 14. a2a%a®
1. 32-38 2, 5254
15. 4yt - 5y6 16. 2a3b2 - 3ab
3. 90 .92 4. -7
17. 12xy322 - 4x2y2%z - 3x
5, 24.25 6. x5x*
18. (3ab)(2a2b) 19. (4x2)(8xy3)
7. x2x8 8. a%7
20. (2xy)(3y)(4x2y5) 21. 1 a?bt 1 b4
9. yby7 10. miom2 4 2
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3\ [16 8a4p0 24 x4y450,,8
22, (__) <_ xzya) (x3y2) x4ytz0w
)\ 43. = 44, =m0
85 64
23. Po 24. s 40
45. t2(y%) 46, x3 (—2)
X |
29 416
25. > 26. 5
a10b16 14q2b5
47. a4bb . 253
5 7ab<a5b7> 48 3ab(2b>
x y4
27. g 28. F
49 (x + 3y)11(2x — 1)4
) E16 T o(x+3y)3(2x—1)
29. 3? 30. ]
40x5210(z — x4)12(x + 2)2
4 5
31. % 32. il—/é 50. 1027(z — x4)5
m1é a8 51. x"™x’ 52. a*bych*
33. oy 34. P
3310 mlTpi2 53, xn - xn+3 54. xnts
35. yw5 36. m xn
x8y7 155204244 n+2,3
7. x3y4 38. 5219y, 55. %— 56. a*a®
ell 6r4
39. ell 10, ort 57. m®m¥*ma 58. y&y¥
0 0p0
41. 5 42, fc% 59. afa%b060
EXERCISES (1.2) 60. What natural numbers can replace x so that the statement
FOR REVIEW/ —5 < x=3istrue?

{1.3) 61. Use the distributive property to expand 4x(2a + 3b).
{1.4) 62. Express xxxyyyy(a + b){a + b) using exponents.
(1.4) 63. Find the value of 42+ 32 - 28 — 10 - 8.

2 + 2)2 — 24(32 — 93
(1.4) 64. Find the value of A FEH) ) + ¢ ).

23.5 42
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X Answers to Practice Sets (1.5)

A. 1. 22t5 =37 2 x9+4=413 g y6+4=410 4 (1248=(20 5 (x+2)3+5=(x+2)8

B. 1. 6x7 2. 18y7 3. 36a53 4. 56x5y8 5. 4(x—y)® 6. 8x8y7 7. 1241065 8, grtmtr
€. 1.y 2.a%5 3. (x+6)2 4. 2x2y%z

9
D. 1.y 3=yt 2 3x*3=3x 3. 2" 2=2a%> 4. 1—23 xy? 5. 5 a3c2 6. 3(a—4)2

7. 2a5%2 8. a"3 9, TyP~hzab

1.6 The Power Rules
for Exponents

Section (] THE POWER RULE FOR POWERS
Overview (J THE POWER RULE FOR PRODUCTS
(1 THE POWER RULE FOR QUOTIENTS

[l THE POWER RULE FOR POWERS

The following examples suggest a rule for raising a power to a power:
1. (@®3=a?- a2 a?

Using the product rule we get

(a2)3 = g2+2+2

(a2)3 = g3 2

(a2)3 = g

2. (x9)t =29 x9- x9 - 9
(x9)4 = x9+9+9+9

(x9)4 = x4°9
(x9)% = 36

POWER RULE FOR POWERS
If x is a real number and n and m are natural numbers,

(x")’"=x”'”’ {xn}m=xn-m

To raise a power to a power, multiply the exponents.

Y- SAMPLE SET A

Simplify each expression using the power rule for powers. All exponents are natural numbers.

| 1. (x3)t= x12 The box represents a step done mentally.

2. (y5)8= = y15
| 3. (d20)6 = — g120
4. (xD)a = xOA

Although we don’t know exactly what number (JA is, the notation (A indicates the multiplica-
tion.
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X PRACTICE SET A

Simplify each expression using the power rule for powers.

1. (x5)4 2. (y0)7
[l THE POWER RULE FOR PRODUCTS
The following examples suggest a rule for raising a product to a power:
1. (ab)®=ab - ab - ab Use the commutative property of multiplication.
= gaabbb
= a3b3
2. (xy)S=xy-xy-xy-xy-xy
= XXXXX * YYYYY
= x5y5
3. (4xyz)2 = 4xyz - 4xyz
=4-4-xx-yy- 2z
POWER RULE FOR PRODUCTS
If x and y are real numbers and n is a natural number,
{xy)7 = x"y" (xy)? = xnyn

To raise a product to a power, apply the exponent to each and every factor.

v: SAMPLE SET B

Make use of either or both the power rule for products and power rule for powers to simplify each

expression.

1. (ab)"=a"b"7

2. (axy)* = atxiyt

3. (3ab)?2 = 32a2b2 = 9a2b2 Don’t forget to apply the exponent to the 3!

4. (2st)d = 265545 = 3255¢5

5. (ab3)2 = a2(b3)2 = q2b% We used two rules here. First, the power rule for

products. Second, the power rule for powers.

6. (7atb2c8)2 = 72(a*)2(b2)2(c8)2
= 49a8h4c16

7. If 6a3¢c7 # 0, then (6a3¢7)0 =1 Recall that x2=1 for x # 0.

8. [2(x + 1)4]8 = 26(x + 1)24
=64(x+ 1)

%X PRACTICE SET B

Make use of either or both the power rule for products and the power rule for powers to simplify each expression.
1. (ax)4 2. (3bxy)2 3. [4t(s —5)B 4. (9x3y5)2

5. (1a%b8c3d)® 6. [(a+8)(a+5))* 7. [(12c4ud(w — 3)2J5
8. [10ty7j3d2v8n4g8(2 — k)1 9. (x3x5y2y6)? 10. (108 - 1012 - 105)10
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(X)” xn
Y y"

(1 THE POWER RULE FOR QUOTIENTS

The following example suggests a rule for raising a quotient to a powér.

(a)3_a a a_a-a-a_ad

POWER RULE FOR QUOTIENTS

If x and y are real numbers and n is a natural number,

xn xn
e e

To raise a quotient to a power, distribute the exponent to both the numerator and
denominator.

Y- SAMPLE SET

C

Make use of the power rule for quotients, the power rule for products, the power rule for powers, or a
combination of these rules to simplify each expression. All exponents are natural numbers.

-

N

-

ot

oz

36_)6

)~

x6
yG

)4 (2x)4 _ 24t 162

o

(¢
(5
(&)
(
|
|
(

(
o

bt b
(a3)7 a?l
b5 (B%)7 T
3ctr2\3  33¢12r6  27c12r6 27c12r8
235 | ~ 28g15 99g16 o Biggh
(a— 2)] (a—2)*
(a+17) (a+7)4
6x(4 —x)* |2 62x2(4 —x)®  36x2(4 —x)® _ 9x2(4 — x)8
2a(y— 48| ~ 220y — 9% daHy— D2 a¥(y— B
3
azl;) (a3 2p5—1)8 We can simplify within the parentheses. We
e have a rule that tells us to proceed this way.
= (ab%)3
= g3p12
a3b5\3 916
) o a976p15—3 = g3p12 We could have actually used the power rule for
g ¢ quotients first. Distribute the exponent, then
simplify using the other rules.
It is probably better, for the sake of consist-
ency, to work inside the parentheses first.
arbs w arwbsw
ct ) T T
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X PRACTICE SET C

Make use of the power rule for quotients, the power rule for products, the power rule for powers, or a combination of
these rules to simplify each expression.

a\® 2x\3 x2y4z7\9 204(b—1) |4 (8a3b2c6)3
1. (c) 2. (3y) 3. ( a5b ) 4. [3b3(c+6)] 5 4a2b
6 (9 + w)2 |10 " bx*(y+1) |8 8 16x3v4c7)°
1 (34 w)s C5xt(y+1) *\ 12x2vc6

Answers to Practice Sets are on p. 35.

Section 1.6 EXERCISES

Use the power rules for exponents to simplify prob- 25. (xy)4(x2y4) 26. (2a2)4(3a%)2
lems 1-54. Assume that all bases are nonzero and that
all variable exponents are natural numbers.

1. (ac)® 2. (nm)?
3. (2q)3 4. (2a)5
27. (a2b3)3(a3b3)4 28. (h3k%)2(h2k4)3
5. (3xy)4 6. (2xy)5
7. (3ab)4 8. (6mn)?
9. (Ty3)2 10. (3m3)4
11. (5x6)° 12. (5x2)° 29 (P2t 0. (@ab%eh R’
13. (10a2b)2 14. (8x2y3)2
15, (x2y325) 16. (2a5b11)0 a1 (6a2b8)2 32 (a®b*)5
° (3ab5)2 ¢ (a4b4)3
17. (x3y224)5 18. (m®n2p®)5
6,5)3 8p10)3
417,6,18\8 24,3,9,,,7)3 33. (x2y3)5 34. (a7 5)3
19. (a*b7c8d?®) 20. (x2y32%w7) (x2y3) (a"b%)
1 4 (mSnbp)t (x8y322)5
3)0 2 r2.6.5 MR P At AL
21. 9xy%) as: <2f e ) 35. (m*nSp)* 36. (x8y2)8
1 2 3 3 (10x4y5211)3 (9a*b5)(2b2c)
2 ,1078,4¢9 2 315,10 _— 7 7 e ]
23. (80 dBef ) 24, (5 a’b®c ) 37. D) 38 (3a%) (6b¢)



(2x3y3)4(5x6y8)2
(4x5y3)2

39.

3ab\3
4L<ZE>

3a2b3\3
s, (222)

Py —13 [
5. |01

EXERCISES
FOR REVIEW

Section 1.6 The Power Rules for Exponents 335

3x\2 (xn+2)3 A
40 (—5;) 7. o 48. (xy)
x2y2\5 (3a26V)0
42 . * . ———
( 223) 49. (2ab) 50. 5%
42¢3p7\2 10mA 43g2gD
44. (W) 51. — 52. — 3

3% \0
46. (xnt2m)s 54. (M)

4xA 0
53. (zy—v) 5aAbY

{1.2) 55. Is there a smallest integer? If so, what is it?
{1.3) 56. Use the distributive property to expand 5a(2x + 8).
. 5—32+(B+4)°3+2
{1.4) 57, Find the value of 2951
(1.5) 58. Assuming the bases are not zero, find the value of (4a2b3)(5ab*%).
) 36108280
{(1.5) 59. Assuming the bases are not zero, find the value of —————

9xBy2z

X Answers to Practice Sets {1.6)

A. 1. x20 2, y4
B. 1. a%x* 2. 9b2x2y2 3, 64t3(s —5)3 4. 8lx6yl0 5, q30b48.18d6 @, (g + 8)4(a+ 5)*
7. 125c200u15(w — 3)10 8, 104¢16y28j12d8)24n16552(2 — k)68 Q. (xByB)? = 272472 10, 10230
ab 8x3 x18y/36,,63 16a16(b — 1)* 9+ w)?0
C 1. — . —s . . 8a3p3c18 .
e 27y3 a%5b® T A S s

7. 1,ifx4(y+1)#0

8. 1,if x20c®# 0




Chapter 1

SUMMARY OF KEY CONCEPTS

Variables and Constants {1.1)

Binary Operation {1.1})

Grouping Symbols {1.1)

Order of Operations
(1.1, 1.4)

The Real Number Line {1.2)

Coordinate and Graph (1.2}

Real Number {1.2)

Types of Real Numbers [1.2)

Properties of Real Numbers
{1.3)

Exponents {1.4)

A variable is a letter or symbol that represents any member of a collection of two or
more numbers. A constant is a letter or symbol that represents a specific number.

A binary operation is a process that assigns two numbers to a single number. +, —,
X, + are binary operations.

Grouping symbols are used to indicate that a particular collection of numbers and
meaningful operations is to be considered as a single number (5 <+ 0 is not mean-
ingful). Grouping symbols can also direct us in operations when more than two
operations are to be performed. Common algebraic grouping symbols are

Parentheses: ( )
Brackets: [ ]
Braces: ( }
Bar: —

When two or more operations are to be performed on a collection of numbers, the
correct value can be obtained only by using the correct order of operations.

The real number line allows us to visually display some of the numbers in which we
are interested.,

1
o+
fa—y
1]
w4
>

-4 -3 -2 -

The number associated with a point on the number line is called the coordinate of
the point. The point associated with a number is called the graph of the number.

A real number is any number that is the coordinate of a point on the real number
line.

The collection of real numbers has many subcollections. The ones of most interest
to us are -

the natural numbers: {1,2,3, ...}

the whole numbers: {0,1,2,3, ...}

the integers: ..,-3—-2-10,1,2,3,.. .}

the rational numbers: {all numbers that can be expressed as the quotient of two
integers)

the irrational numbers: {all numbers that have nonending and nonrepeating

decimal representations)

Closure: If a and b are real numbers, then a + b and a - b are unique real numbers.
Commutative: a+b=b+a and a-b=b-a

Assoclative: at+b+c)=(a+b)+c and ab-c)=(a- b
Distributive: alb+c)=a-b+a-c

Additive identity: 0 is the additive identity. a + 0 =aand 0 +a=a.
Multiplicative identity: 1 is the multiplicative identity.a - 1 =agand 1 - a =a.

Additive inverse: For each real number a there is exactly one number —a such
thata+ (—a) =0and (—a) +a=0.
Multiplicative identity: For each nonzero real number a there is exactly one

1 1 1
nonzero real number . such that a - P =1and 2 a=1.
Exponents record the number of identical factors that appear in a multiplication.

X*xXx*x* ... *x=x"
»

| U

n factors of x
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Rules of Exponents If x is a real number and n and m are natural numbers, then
(1.5, 1.6)

xh o xm = xn+m

xn

—=x"™  x¥0

xm

x0=1, £#0
(xn)m=xn-m

n n
(s e




EXERCISE SUPPLEMENT

Section 1.1 25. 6 times x, minus 2
For problems 1-13, simplify the expressions. 26. x + 1 divided by x — 3
1. 124+ 74+ 3) : 27. y + 11 divided by ¥ + 10, minus 12
2.94—2)+6(8+2)—3(1+4) 28. zero minus a times b
3. 6[1+8(7+2)]
4. 26+2—10
5. @+17+1+4 Section 1.2
14—-1
6. 51+3+7 29. Is every natural number a whole number?
7. A+5)4+6)—(4+7) 30. Is every rational number a real number?

8.82-12+13)+2-5 11— [1+4(1+2)] For problems 31 - 35, locate the numbers on a number

9 3 " 1 ( 3 _ l) line by placing a point at their (approximate) position.
4 12\4 2 31. 2
10. 48—3 [1 217] 32. 36
3
33. —1-
11. 29+ 11 3
6—1
34. 0
88
=4 9 +1 1
12 11 9 35. —4 3
" b4 22
9 11 36. Draw a number line that extends from 10 to 20.

Place a point at all odd integers.

8:6 9-9 10-4
"o + 3 5 37. Draw a number line that extends from — 10 to
10. Place a point at all negative odd integers
and at all even positive integers.

13

For problems 14-17, write the appropriate relation
symbol (=, <, >) in place of the *. 38. Draw a number line that extends from — 5 to 10.
14. 22 % 6 Place a point at all integers that are greater

than or equal to —2 but strictly less than 5.

15. 9[4+ 3(8)] * 6[1 + 8(5)] 39. Draw a number line that extends from — 10 to

16. 3(1.06 + 2.11) * 4(11.01 — 9.06) 10. Place a point at all real numbers that are
17. 2 %0 strictly greater than —8 but less than or equal
) to 7.
For problems 18-20, state whether the letters or sym- 40. Draw a number line that extends from — 10 to
bols are the same or different. 10. Place a point at all real numbers between
18. <and # and including —6 and 4.
19. >and £ For problems 41-44, write the appropriate relation
20. a=bandb=a symbol (=, <, >).
21. Represent the sum of ¢ and d two different 41. -3 0
ways. 42. -1 1
For problems 22-28, use algebraic notation. 43. -8 —5
1
22, 8plus 9 44, —5 —5—2-
23. 62 divided by f

45. Isthere a smallest two digit integer? If so, what
24. 8 times (x + 4) is it?
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Exercise Supplement 39

Is there a smallest two digit real number? If so,
what is it?

For problems 47-49, what integers can replace x so
that the statements are true?

47

48.
49.
50.

1.

b2.

53.

4=x=<T7
—3=x<1
—3<x=2

The temperature today in Los Angeles was
eighty-two degrees. Represent this tempera-
ture by a real number.

The temperature today in Marblehead was six
degrees below zero. Represent this temperature
by a real number. "

On the number line, how many units between
—3and 2?

On the number line, how many units between
—4 and 0?

Section 1.3

54.

b5.

a + b= b+ ais an illustration of the
property of addition.

st = tsis an illustration of the
erty of

prop-

Use the commutative properties of addition and mul-
tiplication to write equivalent expressions for prob-
lems 56-63.

56.
57.
58.
59.
60.
61.
62.

63

y+12
a+4b
6x
2(a—1)
(—8)(4)

(6)(—9)(—2)

(x+y)(x—y)
A-O

Simplify problems 64-68 using the commutative
property of multiplication. You need not use the dis-
tributive property.

64.
65.
66.
67.
68.

8x3y

16ab2c

4axycddde

3(x + 2)5(x — 1)0(x + 6)
8b(a — 6)9a(a — 4)

For problems 69- 76, use the distributive property to
expand the expressions.

69.
70.
71.
72.
73.
74.
75.
76.

3(a+4)

a(b+ 3¢)

2g(4h + 2k)

(8m + 5n)6p
3y(2x + 4z + 5w)
(a+2)(b+20)
(x + y)(4a + 3b)
10a,(b, + ¢c)

Section 1.4

For problems 77-85, write the expressions using ex-
ponential notation.

77.
78.
79.
80.
81.
82.
83.
84.
85.

x to the fifth.

(y + 2) cubed.

(a + 2b) squared minus (a + 3b) to the fourth.
x cubed plus 2 times (y — x) to the seventh.
aacaaaa

2:2-2-2

(—8)(—8)(—8)(—8)xxxyyyyy
x—9Nx—9)+Bx+1)Bx+1)(Bx+ 1)
2zzyzyyy + Tzzyz(a — 6)2(a — 6)

For problems 86-91, expand the terms so that no
exponents appear.

86.
87.
88.
89.
90.
91.
92.

93.

3

3x3

73x2

(4b)?

(6a2)3(5¢ — 4)2

(% + T)%(y2 — 3)3(z + 10)

Choose values for a and b to show that
(a) (a + b)2is not always equal to a2 + b2.
(b) (a + b)2 may be equal to a2 + b2.

Choose a value for x to show that
(a) (4x)2 is not always equal to 4x2.
(b) (4x)2 may be equal to 4x2.
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Sections 1.5 and 1.6

Simplify problems 94 -125. 112 11x4
94. 42+8 " 11at
95. 63+ 5(30) 118, x4 - x_13°
96. 18 + 010 + 32(42 + 23) y .
‘ a%b%
97. 122 + 0.3(11)2 114. a%7 - 5510
34+1
98, ———— (x4y8210)4
2 2 2 .
22 +42+3 5. 53
2 2 2 _93 _ 14
99. 22131 (1+42)5_422 L 116, 22— DB@x +5)
© (2% — 1)192x + 5)
100. a*a? 342)\2
101. 265263 117. (Z;é)
102, 4a3b2c8 - 3ab2c0 118 (x + ¥)°(x — y)*
103. (6x4y10)(xy3) (x +y)3
104. (3xyz2)(2x2y3)(4x2y224) 119, x» - x™
105. (3a)* 120. gn*2gntt
106. (10xy)? 121. 6b2n+7 . gpbn+2
107. (x2y4)6 4n+9
(=% 122. —18’; =
108. (atb7c7212)9 2020
3 iy 2 123. (x5‘y4’)7
—_ 0,10,15
109. ( 7 ¥ y82%al% ) 124. (q27b3mcp)6r
x8 uvw
110. — 125. —
41,6 .7
111. 14a4bbc

2ab3c2




Chapter 1 PROFICIENCY EXAM

For problems 1-4, simplify each of the expressions.
. 1. (1.1) 86—3) —5-4+3(8)(2) + 4 3

2. (1.1) (2(1 + )20

2.
184404331+ 4)
3. (111
. 1) %+ 15)
2.34-102 5(22+ 32
4. [1.9) 34—102  5(22+ 39
4 4—3 11—6
5. {1.1) Write the appropriate relation symbol (>, <) in place of the *.
5. 5(2+11)*2(8—3)—2
For problems 6 and 7, use algebraic notation.
6. — 6. (1.1) (x — 1) times (3x plus 2).
. 7. {1.1) A number divided by twelve is less than or equal to the same number
A plus four.
8 8. {1.2) Locate the approximate position of —1.6 on the number line.
= R T N S A T
9. . 3
] 9. {1.2) Is 0 a positive number, a negative number, neither, or both?
10. 10. {1.2) Draw a portion of the number line and place points at all even integers
strictly between 14 and 20.
- 11. (1.2) Draw a portion of the number line and place points at all real numbers
' — strictly greater than —1 but less than or equal to 4.
12 12. {1.2) What whole numbers can replace x so that the following statement is
: true? —4 < x <5,
13 13. (1.2) Is there a largest real number between and including 6 and 107 If so,
= what is it?
1
14 14. (1.3) Usethe commutative property of multiplication to write m(a + 3) inan

equivalent form.
41




15.

16.

18.

19.

20.

21.

22.

23.

25.

15. (1.8) Use the commutative properties to simplify 3a4b8cd.

16. (1.8) Use the commutative properties to simplify 4(x — 9)2y(x — 9)3y.
17. (1.4) Simplify 4 squared times x cubed times y to the fifth.

18. {1.4) Simplify (3)(3)(3)aabbbbabba(3)a.

For problems 19-23, use the rules of exponents to simplify each of the expressions.

19. (1.5, 1.6) (3ab?)2(2a3%b)3

£10,12
20. (1.5, 1.6) =
x2y

52x7y10(y — x)%(y + x)°

21. (1.5. 1.6) 550 =G 13

22. (1.5, 1.8) (xy3mz2p)t

(5x + 4)°
23. ————
2 (Bx2—1)°
xVxOya
24. 13

25. [1.5, 1.6) What word is used to describe the letter or symbol that represents
an unspecified member of a particular collection of two or more numbers that
are clearly defined?

42




Basic
Operations
with Real
Numbers

After completing this chapter, you should

Section 2.1 Signed Numbers
e be familiar with positive and negative numbers and with the concept of opposites

Section 2.2 Absolute Value
e understand the geometric and algebraic definitions of absolute value

Section 2.3 Addition of Signed Numbers
® be able to add numbers with like signs and unlike signs
e understand addition with zero

Section 2.4 Subtraction of Slgned Numbe
@ understand the definition of subtraction
® be able to subtract signed numbers

Section 2.5 Muitiplication and Division of Signed Numbers
# be able to multiply and divide signed numbers

Section 2.6 Negative Exponents
® understand the concepts of reciprocals and negative exponents
@ be able to work with negative exponents

Section 2.7 Scientific Notation

e be able to convert a number from standard form to scientific form and from scientific form
to standard form

e be able to work with numbers in scientific notation
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2.1 Signed Numbers

Section (0 POSITIVE AND NEGATIVE NUMBERS
Overview J oPPOSITES

(] POSITIVE AND NEGATIVE NUMBERS

When we studied the number line in Section 1.2 we noted that

Bach point on the number line corresponds to a real number, and each real
number is located at a unique point on the number line.

Py s ! J 4 !
* T T T T T T T

-6 -5-4-3-2-1 0 1 2 3 4 5 6

Each real number has a sign inherently associated with it. A real number is said to
Positive and Negative be a positive number if it is located to the right of 0 on the number line. It is a
Numbers negative number if it is located to the left of 0 on the number line.

THE NOTATION OF SIGNED NUMBERS

+ and — Notation A number is denoted as positive if it is directly preceded by a “+” sign or no sign
at all.
A number is denoted as negative if it is directly preceded by a “—" sign.
The “+” and “~" signs now have two meanings:

+ can denote the operation of addition or a positive number.
— can denote the operation of subtraction or a negative number.

Read the **—"’ Sign as To avoid any confusion between “sign” and “operation,” it is preferable to read the
“Negative” sign of a number as “positive” or “negative.”

¥- SAMPLE SET A

-y

. —8 should be read as “negative eight” rather than “minus eight.”

N

. 4 + (—2) should be read as “four plus negative two” rather than “four plus minus two.”

W

. —6 + (—3) should be read as “negative six plus negative three” rather than “minus six plus
minus three.”

4. —15 — (—6) should be read as “negative fifteen minus negative six” rather than “minus fifteen
minus minus six.”

o

—5 -+ 7 should be read as “negative five plus seven” rather than “minus five plus seven.”
6. 0 — 2 should be read as “zero minus two.”

X PRACTICE SET A

Write each expression in words.

1. 4+10 2, 7T+ (—4) 3. —9+2 4. —16 — (+8)

5. —1—(—9) 6. 0+ (=7
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1 OPPOSITES

Opposites On the number line, each real number has an image on the opposite side of 0. For
this reason we say that each real number has an opposite. Opposites are the same
distance from zero but have opposite signs.

The opposite of a real number is denoted by placing a negative sign directly in
front of the number. Thus, if @ is any real number, then —a is its opposite. Notice
that the letter a is a variable. Thus, “a” need not be positive, and “—a” need not be
negative.

If a is a real number, — a is opposite @ on the number line and a is opposite —a on
the number line.

—(—a) is opposite —a on the number line. This implies that —(—a) = a.
This property of opposites suggests the double-negative property for real num-
bers.

THE DOUBLE-NEGATIVE PROPERTY
If a is a real number, then

~(-a=a ~(~a)=a

7> SAMPLE SET B

1. Ifa=3,then —a=—8and —(—a) =—(—3) =3.

| I L
-+ T

-3 0 3
—d a

2. Ifa=—4,then—a=—(—4)=4and —(—a) =a=—4.

X PRACTICE SET B
Find the opposite of each real number.

1. 8 2. 17 3. —6 4. —15 5. -(—1) 6. —[—(—7]

7. Suppose that a is a positive number. What type of number is —a?

8. Suppose that a is a negative number. What type of number is —a?

9. Suppose we do not know the sign of the number m. Can we say that —m is positive, negative, or that we do not
know?

Answers to Practice Sets are on p. 47.
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Section 2.1 EXERCISES

1. A number is denoted as positive if it is directly
preceded by

2. A number is denoted as negative if it is directly
preceded by

For problems 3-8, how should the real numbers be
read? (Write in words.)

3. -5
4. -3
5. 12
6. 10
7. —(—4)
8. —(—1)

For problems 9-14, write the expressions in words.
9. 5+7

10. 2+ 6

11. 11+ (—2)
12. 1+ (—5)
13. 6 —(—8)

14. 0—(—15)

Rewrite problems 15-42 in a simpler form.
15. —(—8)

16. —(—5)
17. —(—2)
18. —(—9)

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29,

30.

31.

32,

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

—(=1)

—(—4)
—[=(=3)]
—[=(=10)]
—[=(=6)]
—[=(=15)]
—{—[-(=20)])
—{—[- (=11}
—{—[—(=3D)]D
~{—[- (19D
—[-@12)]
—[-@)]
=[=@17)]
—[—(42)]
5—(—2)
6—(—14)

10 — (—6)

18 — (—12)
31—(-1)

54 — (—18)
6—(=3)—(—4)
2=(1D—(-9)
15— (—6) — (—=5)

24 — (—8) — (—13)
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EXERCISES (1.4)  43. There is only one real number for which (5a)2 = 5a%. What is the

number?
FOR REVIEW (1.5) 44. Simplify (3xy)(2x2y3)(4x2y*4).
(1.5) 45. Simplify x»*+3 - x5,
(1.6) 46. Simplify (a3b2c*)*.

.. [4a2b)\2
(1.6) 47. Simplify (%—3) .

X Answers to Practice Sets {2.1)

A. 1. four plusten 2. seven plus negative four = 3. negative nine plus two
4. negative sixteen minus positive eight 5. negative one minus negative nine
6. zero plus negative seven

. —8 2. —17 3.6 4. 15 5. —1,since —(—1)=1 6. 7

Bl 1
7. Ifaispositive,—aisnegative. 8. Ifaisnegative,—aispositive. =~ 9. Wemust saythat we do not know.

2.2 Absolute Value

Section (0 GEOMETRIC DEFINITION OF ABSOLUTE VALUE
Overview (0 ALGEBRAIC DEFINITION OF ABSOLUTE VALUE

[l GEOMETRIC DEFINITION OF ABSOLUTE VALUE

Absolute Value — Geometric The absolute value of a number a, denoted |al, is the distance from a to 0 on the
Approach number line.

Absolute value speaks to the question of “how far,” and not “which way.” The
phrase how far implies length, and length is always a nonnegative (zero or positive)
quantity. Thus, the absolute value of a number is a nonnegative number. This is
shown in the following examples:

1. |4]=4
4 units in length
"
——p——t } +——+ } t t t t +—>
0 1 2 3 4 5 6
2. |—4|=4

4 units in length
—

———t—
~6 -5 -4 -3 -2 -1 0

3.10|=0

4. —|5|=—5. The quantity on the left side of the equal sign is read as “negative

"~ the absolute value of 5.” The absolute value of 5 is 5. Hence, negative the
absolute value of 5 is —5.

5. —|—3|=—8.  The quantity on the left side of the equal sign is read as “nega-
tive the absolute value of —3.” The absolute value of — 3 is 3. Hence, negative the
absolute value of —3 is —(3) = —3.
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(1 ALGEBRAIC DEFINITION OF ABSOLUTE VALUE

The problems in the first example may help to suggest the following algebraic
definition of absolute value. The definition is interpreted below. Examples follow
the interpretation.

Absolute Value — Algebraic The absolute value of a number a is

Approach .
a if a=0

lal= ]
—g if a<0

The algebraic definition takes into account the fact that the number a could be
either positive or zero (= 0) or negative (< 0).

1. If the number a is positive or zero (= 0), the first part of the definition applies.
The first part of the definition tells us that if the number enclosed in the
absolute bars is a nonnegative number, the absolute value of the number is the
number itself.

2. If the number a is negative (<0), the second part of the definition applies. The
second part of the definition tells us that if the number enclosed within the
absolute value bars is a negative number, the absolute value of the number is the
oppos1te of the number. The opposite of a negative number is a positive number.

1\7 SAMPLE SET A

Use the algebraic definition of absolute value to find the following values.

1. |8|. The number enclosed within the absolute value bars is a nonnegative number so the first
part of the definition applies. This part says that the absolute value of 8 is 8 itself.
18]=

2. |—3|. The number enclosed within absolute value bars is a negative number so the second

part of the definition applies. This part says that the absolute value of —3 is the opposite of — 3,
which is — (—3). By the double-negative property, —(—3) =

~31=3

X PRACTICE SET A

Use the algebraic definition of absolute value to find the following values.

1. |7 2. 9| 3. |—12] 4. |- 5| 5. —|8|

6. —|1| 7. —|—52| 8. —|-31]

Answers to the Practice Set are on p. 50.
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Section 2.2 EXERCISES

For problems 1-54, determine each of the values. 37. 16 —1—2|
1. 5| 2. 13|
38. [18 — |- 11
3. 16| 4. 14|
39. |5 —|—1
5. |—8| 6. |—10]|
7. |—16| 8. —|8| 40. [10—|=3]|
9. —|12| 10. —[47| 41. |- Q7 —[—12))]
11. —9| 12. |-9] 42. |- (46 —|—24))|
13. |-1 14. |—4| 43. 15— 2]
15. —[3| 16. —|7|
44, |—2)3
17. —|—14] 18. —|—19|
45. |- (2 - 3)|
19. —|—28] 20. —|—31]
46. |-2|+|-9]
21. —|—68| 22, 10|
47. (|- 6|+ |4))?
23. |—26 24. —|—26|
48. (|—-1]—[1p3
25. —|—(—8)| 26. —|—(—4)|
—aN2 — (|—2p3
27, ——(=1)| 28. —— (=) 49. (j4]+|-6)2 — (-2))
29. —(—|4)) 30. —(—|2)) 50. —[|—10|—6]?
31. —(—|—6) 32. —(—|—42
=l = B1. —[—(—|— 4+ [~ 37
33. [—|-3|| 34. |—|—15|
52. A Mission Control Officer at Cape Canaveral
makes the statement “lift-off, T’ minus 50 sec-
35. |—|—12| 36. |—|—29| onds.” How long before lift-off ?
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53. Due to aslowdown in the industry, a Silicon Val- 54. A particular machine is set correctly if upon ac-
ley computer company finds itself in debt tion its meter reads 0 units. One particular ma-
$2,400,000. Use absolute value notation to de- chine has a meter reading of —1.6 upon action.
scribe this company’s debt. How far is this machine off its correct setting?

EXERCISES (1.1)  55. Write the following phrase using algebraic notation: “four times

FOR REVIEW (a + b).

(1.2) 56. Is there a smallest natural number? If so, what is it?
(1.8) 57. Name the property of real numbers that makes 5 + a = a + 5 a true
statement.

64,8
(1.5)  58. Find the quotient of %

(2.1)  59. Simplify — (—4).

* Answers to Practice Set (2.2)
A.1.7 2.9 3.12 4.5 5 -8 6.—-1 7.-52 8.-31

2.3 Addition of Signed Numbers

Section (] ADDITION OF NUMBERS WITH LIKE SIGNS
Overview (0 ADDITION WITH ZERO
(] ADDITION OF NUMBERS WITH UNLIKE SIGNS

(] ADDITION OF NUMBERS WITH LIKE SIGNS

Let us add the two positive numbers 2 and 3. We perform this addition on the
number line as follows.

We begin at 0, the origin.

Since 2 is positive, we move 2 units to the right.
Since 3 is positive, we move 3 more units to the right.
We are now located at 5.

Thus, 2 +3 =5.

Summarizing, we have
(2 positive units) + (3 positive units) = (5 positive units)

Now let us add the two negative numbers —2 and — 3. We perform this addition
on the number line as follows.

We begin at 0, the origin.

Since —2 is negative, we move 2 units to the left.
Since —3 is negative, we move 3 more units to the left.
We are now located at —5.
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Thus, (—2) + (—3) =—5. Y

Adding Numbers with the
Same Sign

—7 -6 -5 -4 -3 -2 -

-
o
— 4
[
)

Summarizing, we have
(2 negative units) + (3 negative units) = (5 negative units)

These two examples suggest that
(positive number) -+ (positive number) = (positive number)

(negative number) + (negative number) = (negative number)

To add two real numbers that have the same sign, add the absolute values of the
numbers and associate the common sign with the sum.

7 SAMPLE SET A

Find the sums.

1. 3+ 7

13]=3
|71="17

3+7=+4+10
2. —4)+ (9

|—4|=4
I—91=9

=4+ (9

X PRACTICE SET A
Find the sums.

1.8+6 2.41+11

5. —14 + (—20) 6.

Add these absolute values.
3+7=10
The common sign is “*+."

or 3+7=10

Add these absolute values.
44+9=13

The common sign is “‘—.

=—13

3. (—4)+(—8) 4. (—36) + (—9)

—==F (—-g) 7. —2.8+ (—4.6)
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(] ADDITION WITH ZERO
Notice that

Addition with O (0) + (a positive number) = (that same positive number)
(0) + (a negative number) = (that same negative number)

The Additive Identity Is O Since adding 0 to a real number leaves that number unchanged, 0 is called the
additive identity.

[l ADDITION OF NUMBERS WITH UNLIKE SIGNS

Now let us perform the addition 2 + (—6). These two numbers have unlike signs.
This type of addition can also be illustrated using the number line.

We begin at 0, the origin.

Since 2 is positive, we move 2 units to the right.

Since —6 is negative, we move, from the 2, 6 units to the left.
We are now located at — 4.

—t— +
5 -4 -3-2-1 0 1 2 3 4 5

A rule for adding two numbers that have unlike signs is suggested by noting that if
the signs are disregarded, 4 can be obtained from 2 and 6 by subtracting 2 from 6.
But 2 and 6 are precisely the absolute values of 2 and — 6. Also, notice that the sign
of the number with the larger absolute value is negative and that the sign of the
resulting sum is negative.

Adding Numbers with Unlike To add two real numbers that have unlike signs, subtract the smaller absolute
Signs value from the larger absolute value and associate the sign of the number with
the larger absolute value with this difference.

*- SAMPLE SET B

Find the following sums.

1. 7+ (—2)
171=17 |—2|=2
—_ —_——
Larger absolute value. Smaller absolute value.
Sign is “+”.

Subtract absolute values: 7—2=5.
Attach the proper sign: “,

7+ (—2)=+5 or 7T+ (—2)=5

2. 3+ (—11)
|3]=3 [—11]=11
\—-—.._—' _f——‘
Smaller absolute value. Larger absolute value
Sign is “—".
Subtract absolute values: 11—-3=28,

Attach the proper sign: “r,
3+ (—11)=-8
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3. The morning temperature on a winter’s day in Lake Tahoe was —12 degrees. The afternoon
temperature was 25 degrees warmer. What was the afternoon temperature?

We need to find —12 + 25.

|—12|=12 25| = 25
Ut i Lt R
Smaller absolute value. Larger absolute value.

Sign is “+”.

Subtract absolute values: 25 —12=13.
Attach the proper sign: “+,

—12+4+25=13

Thus, the afternoon temperature is 13 degrees.

4. @) Add —147 + 84. Display Reads
W Type 147 147
m Press +/— —147
‘[' Press —147
|
Type 84 84
|
Press E —63
* PRACTICE SET B
Find the sums.
1. 4+ (—3) 2. —3+5 3. 15+ (—18) 4. 0+ (—6)
5. —26+12 6. 35+ (—178) 7. 154+ (—10) 8. 1.5+ (—2)
9. —8+0 10. 0+ (0.57) 11. —879+ 454 12. —1345.6 + (—6648.1)
Answers to Practice Sets are on p. 55.
Section 2.3 EXERCISES
Find the sums for problems 1-57.
1. 4412 5. (—3)+(—12)
2.8+6 6. (—6) + (—20)
3.6+2 7. (—4)+(—8)

4. 7+9 8. (—11) + (—8)
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

. (~16) +(—8)

(—=2) +(—15)

14+ (—3)

21+ (—4)

14 + (—6)

18+ (—2)

10+ (—8)

40+ (—31)

(=3) +(-12)

(—6) + (—20)

10+ (—2)

8+ (—15)

—2+(—6)

—11+(—14)

—9+(—6)

—1+(-1)

—16+ (—9)

—22+(—1)

0+ (—12)

28

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

0+ (—4)

0+ (24)

—6+1+(—7)

=5+ (—12) + (—4)

—5+5

—7+7

—14+14

4+ (—4)

9+ (—9)

84 + (—61)

13 + (—56)

452 + (—124)

636 + (—989)

1811 + (—935)

—373 4+ (—14)

—1221 + (—44)

—47.03 + (—22.71)

—1.998 + (—4.086)

[(=3)+ (=D +[(—=6) + (= 1)]



Section 2.3 Addition of Signed Numbers 5_§

47. [(—2) + (—8)] +[(—=3) + (—T7)] 57. [14+ (—8)]+ (—2)

48. [(—3) + (—8)] + [(—6) + (—12)]

58. In order for a small business to break even on a

project, it must have sales of $21,000. If the

49. [(—8) + (—6)] + [(—2) + (—1)] amount of sales was $15,000, how much money
did this company fall short?

50. [4 + (—12)] + [12 + (—3)]

59. Suppose a person has $56.00 in his checking ac-

51. [5+ (—16)] +[4 + (—11)] count. He deposits $100.00 into his checking ac-
count by using the automatic teller machine. He

then writes a check for $84.50. If an error causes

the deposit not to be listed into this person’s

52. 2+ =41+ 17+ (-19)] account, what is this person’s checking balance?

53. [10 + (—6)] + [12 + (—2)]

60. A person borrows $7.00 on Monday and then

$12.00 on Tuesday. How much has this person
54. 9+ [(—4) +7] borrowed?

55. 14 + [(—3) + 5]

61. A person borrows $11.00 on Monday and then
pays back $8.00 on Tuesday. How much does this

56. [2+ (—7)]+ (—11) person owe?
EXERCISES .. AT2—6-29)
1.4 62. S lify ————.
FOR REVIEW ') Pl T
. ... 35a%bh2c5
(1.5} 63. Simplify el
.. 12a8b5\3
‘l-‘, 64. Slmphfy (W) .

(2.2) 65. Determine the value of |—8|.
(2.2) 66. Determine the value of (|2|+ [4[?) +|—5|2.

X Answers to Practice Sets {2.3)

A.1.14 2.52 3.-12 4.—45 b5.-34 6. —% 7. —74

B.1.1 2.2 3.-3 4.-6 b.—14 6.—43 7.5 8.-05 9.-8 10.057
11. —425  12. —7993.7
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2.4 Subtraction of Signed Numbers

Section
Overview

] DEFINITION OF SUBTRACTION
(] SUBTRACTION OF SIGNED NUMBERS

Definition of Subtraction

Subtraction of Signed

Numbers

[J DEFINITION OF SUBTRACTION

We know from our experience with arithmetic that the subtraction 5 — 2 produces
3, that is, 5 — 2 = 3. Illustrating this process on the number line suggests a rule for
subtracting signed numbers.

e

$ ! i ! ! !
T T T T T T T T T

-1 0 1 2 3 4 5 6 7

We begin at 0, the origin.

Since 5 is positive, we move 5 units to the right.

Then, we move 2 units to the left to get to 3. (This reminds us of addition with a
negative number.)

This illustration suggests that 5 — 2 is the same as 5 + (—2).
This leads us directly to the definition of subtraction.

If a and b are real numbers, @ — b is the same as @ + (—b), where —b is the
opposite of b.

(] SUBTRACTION OF SIGNED NUMBERS

The preceding definition suggests the rule for subtracting signed numbers.

To perform the subtraction a — b, add the opposite of b to @, that is, change the
sign of b and add.

Y- SAMPLE SET A

H
l

Perform the subtractions.

1. 5—-3=5+(—3)=2

-3 -2 -1

0

|

1 2 3 4 5 6

2.4-9=4+(-9)=—5

o+
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3. —4—6=—4+(—6)=-10

1 ¥

— i L '

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

o

4, —3—(—12)=-3+12=9

T

Il I
10 11 1é

o4
W
o
[=2]
-3
[e 2]
w4

- A

5. 0—(—15)=0+15=15

Y
{ I §
T

6 17 18

221 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 1

6. The high temperature today in Lake Tahoe was 26°F. The low temperature tonight is expected
to be —7°F. How many degrees is the temperature expected to drop?
We need to find the difference between 26 and —7.

26— (—T7)=26+7=233
Thus, the expected temperature drop is 33°F.

7. —6—(—5)—10=—6+5+ (—10)
=(—6+5)+ (—10)

=—1+(—10)
=—11
% PRACTICE SET A
Perform the subtractions.
1. 9—6 2.6—-9 3.0-—-17 4. 1—-14 5. f8—12
6. —21—6 7. —6—(—4) 8. 8— (—10) 9.1—(—12)
10. 86 — (—32) 11. 0—16 12, 0 — (—16) 13. 0—(8)
14. 5—(—5) 15. 24 — (—(—24))

Answers to the Practice Set are on p. 59.
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Section 2.4 EXERCISES

For exercises 1- 54, perform the indicated operations.

1.8—3 2. 12—17 26. —12 — (—11)

3.5—6 4. 14—30 27.0—6

5.2—15 6. 5—18 28. 0—15

7.1-17 8. 4—11 29. 0—(=7)

9. —6—5 10. —8— 14 30. 0 — (—10)

11. —1—12 12. —4—4 31. 67— 38

13. —6—38 14. —1—12 32. 142 -85

15. —5— (—3) 33. 816 — 1140

16. —11 — (—8) 34. 105 — 421

17. =7~ (—12) 35. —550 — (—121)
18. —2— (—10) 36. —15.016 — (4.001)

19. —4— (—15) 37. —26+7— 52
20. —11 — (—16) 38. —15—21 — (—2)
21. —1— (—6) 39. —104 — (—216) — (—52)
22, —8 — (—14) 40. —0.012 — (—0.111) — (0.035)
23. —15 — (—10) 41. [5+ (—6)] — [2 + (—4)]
24. —11 — (—4) 42. 2+ (—8)]—[5+ (—7)]

25. —16 — (—8) 43. [4+ (—11)]—[2+ (—10)]
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44. [9+ (—6)] — [4 + (—12)] 53. [2— (—6+10)] —[1—(2—11)]
45. (11—8)—(1—6)

46. (5—12) — (4 —10)
54. [6—(—2—5)]—[2— (—1—4)]

47. (1—10) — (2 —15)
48. (0—8)— (4 —12)

49, (—4+7—(2—5)
55. When a particular machine is operating prop-
erly, its meter will read 34. If a broken bearing in
50. (—6+2)—(56—11) the machine causes the meter reading to drop by
45 units, what is the meter reading?

51. [-8+ (—5+3)]—[9—(—3—5)]

56. The low temperature today in Denver was —4°F
and the high was 42°F. What is the temperature

52. [4+(—1+6)]—=[7T—(—6—1)] difference?

EXERCISES (1.3)  57. Use the distributive property to expand 4x(5y + 11).
21/2)3(9x4y/3)0

FOR REVIEW (1.6)  58. Simplify 2C2Y ) CHYN 4 ime x#0,y#0.

27x4y3
(2.2) 59. Simplify|—(42+ 22— 3?)|.
(2.3) 60. Find the sum. —8 + (—14).
{2.3) 61. Find the sum. 3 + (—6).

X Answers to Practice Set (2.4)

A. 1.3 2.-3 3.-7 4.-13 5.-20 6.—-27 7.—-2 8.18 9.13 10.118
11. -16 12,16 13.-8 14.10 15.0
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2.5 Multiplication and Division
of Signed Numbers

Section
Overview

(i =+

(=) =—

(- ==

(i) =+

Rules for Multiplying Signed
Numbers

00 MULTIPLICATION OF SIGNED NUMBERS
(] DIVISION OF SIGNED NUMBERS

[J MULTIPLICATION OF SIGNED NUMBERS
Let us consider first the product of two positive numbers.

Multiply: 3 - 5.
3-5means 5+ 5+ 5= 15.

This suggests that

(positive number) -+ (positive number) = positive number.
More briefly, (+)(+) =+

Now consider the product of a positive number and a negative number.

Multiply: (3)(—5).
(3)(—5) means (—5) + (—5) + (—5) = —15.

This suggests that

(positive number) - (negative number) = negative number
More briefly, (+)(—)=—

By the commutative property of multiplication, we get

(negative number) - (positive number) = negative number
More briefly, (—)(+)=—
The sign of the product of two negative numbers can be determined using the

following illustration: Multiply —2 by, respectively, 4, 3,2, 1,0, —1, —2, —3, —4.
Notice that when the multiplier decreases by 1, the product increases by 2.

4(—2)=—8]

o Dot —  Asweknow, (H)(-) =~

0(—2)= 0 — As we know, 0 - (any number) = 0.
—1(—2)= 2
—2(—2)= 4%\ _, This pattern suggests (—)(—) =+
—-3(—2)= &6
—4(—2)= 8

We have the following rules for multiplying signed numbers.

To multiply two real numbers that have
1. the same sign, multiply their absolute values. The product is positive.

() =+
()= =+
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2. opposite signs, multiply their absolute values. The product is negative.

(H)(=) =~
() =—

37> SAMPLE SET A

Find the following products.

1. 8-6
: Multiply these absolute values.
}gl _ 2} 8-6=48

Since the numbers have the same sign, the product is positive.
8-6=+48 or 8:-6=48
2. (—8)(—6)

Multiply these absolute values.

::2:22} 8-6=48

Since the numbers have the same sign, the product is positive.
(—8)(—6)=+48 or (—8)(—6) =48

3. (—4)(7)
Multiply these absolute values.
I_l‘;::‘f] 4-7=28
Since the numbers have opposite signs, the product is negative.
(—4)(7)=—28
4. 6(—3)
Multiply these absolute values.
I—lg: _ g 6-3=18
Since the numbers have opposite signs, the product is negative.
6(—3)=—18

X PRACTICE SET A
Find the following products.
1. 3(—8) 2. 4(16) 3. (—6)(—5) 4. (—ND(=2)

5. (—1)#) 6. (—0N)7
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[
(+)

)
()

I
4

=+

Il
+

] DIVISION OF SIGNED NUMBERS

We can determine the sign pattern for division by relating division to multiplica-
tion. Division is defined in terms of multiplication in the following way.

Ifb-c=a,then%=c,b#=0.

12
For example, since 3 - 4 = 12, it follows that 3 =4,

Notice the pattern:
. . 12
Since 3 - 4 = 12, it follows that 3= 4
e — (-
b rc=aq g =
b

The sign pattern for division follows from the sign pattern for multiplication.

1. Since (+)(+) = +, it follows that @ = +, that is,

=c

ol Q

(positive number)

= = positive numbe
(positive number) E i

2. Since (—)(—) =+, it follows that ﬂ = — that is,
—— (=)
N —t
b-c =a % =c

(positive number)

7 = negative number
(negative number) L

3. Since (+)(—) = —, it follows that O —, that is,
(")
b-c =a % =c

(negative number)
(positive number)

= negative number

4. Since (—)(+) = —, it follows that ﬂ =+, that is
e

=c

ol

(negative number)

: = positive number
(negative number) .
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We have the following rules for dividing signed numbers.

Rules for Dividing Signed To divide two real numbers that have
Numbers : 5 =i
1. the same sign, divide their absolute values. The guotient is positive.

(+) =)
— =+ — =+
(+) )
2. opposite signs, divide their absolute values. The quotient is negative.
)
(+) =)

Y- SAMPLE SET B

Find the following quotients.

—10
1. 5
—10{=10
| 12} e 2} Divide these absolute values.
—10 . . . . . .
— = —5 Since the numbers have opposite signs, the quotient is negative.
—35
2. _-_7
—35|=
| - 7: - 3?} Divide these absolute values.
—35 . . . . rs
—7 =5 Since the numbers have the same signs, the quotient is positive.
18
30 :§
18|=1
||_9= - g} Divide these absolute values.
2
18 . . . . . .
5= 2 Since the numbers have opposite signs, the quotient is negative.
X PRACTICE SET B
Find the following quotients.
—24 30 —54
1. — 2. — 3 —4 4. 51

—6 ‘=5 T o7 17
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7> SAMPLE SET C

I‘
) —64—7—28—9)
|
; 1. Find the value of “G+D+1 .
|

—6(4—7)—2(8—-9) _—6(=3)—2(-1)

—44+1+1 —-B)+1
18+ 2
| || —_—
" —5+1
i _20
HH -
| -5
)
il xX—u

2. Find the value of z =

Substituting these values we get

X PRACTICE SET C
—7(4—8) +2(1 — 11)

1. Find the value of

—5(1—6) — 17
2. Find the value of P = 1(1’2;—3) ifn=5.

Section 2.5 EXERCISES

Find the value of each of the following expressions.

1. (—2)(—8) 2. (—3)(—9) 9. (3)(—12)
3. (—4)(—8) 4. (—5)(—2) 11. 8(—4)
5. (—6)(—9) 6. (—3)(—11) 13. 9(—2)
7. (—8)(—4) 8. (—1)(—#6) 15. (—6)4

ifx=57,u=>51,ands=2.

Using the order of operations and what we know about signed numbers, we get

Answers to Practice Sets are on p. 67.

10. (4)(—18)

12. 5(—6)

14. 7(—8)

16. (—7)6
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17.

19.

21.

23.

25.

27.

29.

31.

33.

35.

37.

39.

41.

43.

45.

(—10)9
(10)(—#6)
(—2)(6)

21

7

—39

3

—45

-5

25

—5
8—(—3)
20 — (—8)
0—4
—6+1—7
1-6—17+8
3(4—6)
—3(1—6)

18.

20.

22,

24.

26.

28.

30.

32.

40.

44.

—4(1—8)+3(10—3)

(—4)12
(—6)(4)
(—8)(7)

42

6

—20

10

—16

-8

36

—4

14 — (—20)
. —4—(-1)
.0—(-1)
. 15— 12 — 20
2+7—10+2
. 8(6—12)
—8(4—12) +2

46.

47.

48.

49.

50.

51.

b2.

b3.

b4.

565.

56.

b7.

—9(0—2)+48—9)+0(—3)

6(—2—9)—6(2+9)+4(—-1—-1)

3(4+1) —2(5)

-2

48+1)—3(—2)
—4-—2

—-13+2)+5
-1

—3(4 —2) + (=3)(=6)
—4

—1(4+2)

—-1(6—1)

—(8+21)

—-8—-21)

—(10—6)

—(6—-2)
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58. —(7—11)

59. —(8—12)

60. —3[(—1+6)—(2—T7)]

61. —2[(4—8)—(56—11)]

62. —5[(—1+5)+ (6 — 8)]

63. —[4—9) +(—2—8)]

64. —3[—2(1 —5) — 3(—2 +6)]

65. —2[—5(—10+11) —2(6 — 7)]

66. P=R—C. Find P if R = 2000 and
C = 2500.

67. z=

Find z if x = 23, u = 25, and
s=1.

68.

69.

70.

71.

72.

73.

74.

75.

2= d Find z if x = 410, u = 430, and
§ s=25.

m=2s;f1 Find mif s =—8 and T = 5.

m=2s;1 Findmifs=—10and T = —5.

F=(p,—pgy)rt-9. Find F if p, = 10,
D =8,r=3.

F=(p,—py)rt-9. FindFifp, =12,
pa="T,r=2.

P=n(n—1)n—2). Find Pif n=—4.

P=n(n—1)(n—2)(n—3). Find P if
n=—5.

- nn—2)(n—4)
o2n ’

P Find P if n = —8.
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EXERCISES
FOR REVIEW

{1.2) 76. What natural numbers can replace x so that the statement
—4 < x = 3is true?

(x + 2y)5(8x — 1)7

(x+2y)38x—1)8" |

(1.6) 78. Simplify (x7y3t)5,

[2.3) 79. Find the sum. —6 + (—5).

(2.4) 80. Find the difference. —2 — (—8).

(1.8)  77. Simplify

X Answers to Practice Sets {2.5)

A. 1. —24 2.64 3.30
B. 1.4 2.-6 3.-2
C. 1.1 2.1

4. 14 bB.-—4 6.—49
4. 3

2.6 Negative Exponents

Section J RECIPROCALS

Overview (] NEGATIVE EXPONENTS
0 WORKING WITH NEGATIVE EXPONENTS
[ RECIPROCALS

Reciprocals

Two real numbers are said to be reciprocals of each other if their product is 1. Every
nonzero real number has exactly one reciprocal, as shown in the examples below.
Zero has no reciprocal.

1
=1. This means that 4 and 1 are reciprocals.
. 1 .
=1. Hence, 6 and 8 are reciprocals.

3. —2- —71 =1. Hence, —2 and -——;— are reciprocals.

1 1
4. a- P =1. Hence, a and P are reciprocals if a # 0.
1 1 . .
5 x- p =1. Hence, x and p are reciprocals if x # 0.
1 1 . .
6. x3- ol 1. Hence, x® and 5 are reciprocals if x # 0.

[ NEGATIVE EXPONENTS

We can use the idea of reciprocals to find a meaning for negative exponents.
Consider the product of x3 and x~3. Assume x # 0.

X3 x3 = x3+(3) = ,0=1

Thus, since the product of x3 and x~3 is 1, x3 and x~3 must be reciprocals.
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1 1
We also know that x3 - — = 1. (See problem 6 above.) Thus, 3 and 5 are also
x
1
reciprocals. Then, since x—3 and 3 are both reciprocals of x3 and a real number can

1

xT3=— have only one reciprocal, it must be that x—3 = pel

We have used —3 as the exponent, but the process works as well for all other
negative integers. We make the following definition.

If n is any natural number and x is any nonzero real number, then

X~ nN=— R =
xn A xn

¥~ SAMPLE SET A

Write each of the following so that only positive exponents appear.

1 1 1 1 1
1. —6=—. 2. _1=-—.=_ . —2=_.=__
= x8 ¢ al a 8. ¥ 72 49
1 1 e
4. (3a)" 6= 5. bx—1)"2= 6. (h+22)~ 8 = (k+ 22)8

(bx —1)24

(3a)8

X PRACTICE SET A

Write each of the following using only positive exponents.

1. y~—5 2. m~2 3.3°2 4, 571
5. 274 6. (xy)™¢ 7. (a+ 2b)—12 8. (m—n)— 9
CAUTION
It is important to note that a " is not necessarily a negative number. For
example,
1 1
Fogiil i —2aL
2 5 3 9

] WORKING WITH NEGATIVE EXPONENTS

The problems of Sample Set A suggest the following rule for working with expo-
nents:

Moving Factors Up and Down In a fraction, a factor can be moved from the numerator to the denominator or
from the denominator to the numerator by changing the sign of the exponent.
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7- SAMPLE SET B

Write each of the following so that only positive exponents appear.

1. x~2y5, : The factor x—2 can be moved from the numerator to the
denominator by changing the exponent —2 to +2.

—2,5 =2
=5
2. a%~8, The factor b—3 can be moved from the numerator to the
denominator by changing the exponent —3 to +3.
9
a
9p—3 = ___
ab 53
atb?
3. =2 This fraction can be written without any negative ex-
ponents by moving the factor ¢~¢ into the numerator.
We must change the —6 to + 6 to make the move legiti-
mate.
43,2
a__b_ = a4b2c6
c
1 . . . . .
32,1 This fraction can be written without negative expo-
Y nents by moving all the factors from the denominator to
the numerator. Change the sign of each exponent: — 3 to
+3,—2to+2,—1to+1.
1
— o 342,01 o 43,2
Oy T x3y2z1 = x3y2;

X PRACTICE SET B

Write each of the following so that only positive exponents appear.

2 34

—4,7 a2 -

1. ™Yy 2. = 3. 8
4 6m3n—2 5 1 6 3a(a — 5b)—2
B/ " a2 68 " 5b(a — 4b)°
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3> SAMPLE SET C

.. 24ap9 | )
1. Rewrite g6 ina simpler form.
Notice that we are dividing powers with the same base. We’ll proceed by using the rules of
exponents.

2406  24a7b°
2344p—6  8qth—6

= 3qT—4p2—(—6)

= 343p9+6
= 34¢3p15
2. Write fa i so that no denominator appear:
. ite —— m :
5aty? ator appears
We can eliminate the denominator by moving all factors that make up the denominator to the
numerator.
9a5b35—1x—3y—2
3. Find the value of 1 + 3
’ 1072 473 :
We can evaluate this expression by eliminating the negative exponents.
1 3
—— —— 1 . 02 + . 43
T0-2 + Y= 1 3-4
=1-100+3 - 64
=100 + 192
=292
X PRACTICE SET C
36x8p3
1. Rewrite 5‘4’35_558——5 in a simpler form.

. 2tm~3n7 . . .
2. Write i in a simpler form and one in which no denominator appears.
x

2
3. Find the value of = +672.23.32

Answers to Practice Sets are on p. 74.
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Write the following expressions using only positive
exponents. Assume all variables are nonzero.

1. x2 2. x—4

3. x77 4. a8

5. 710 6. b—12

7. b4 8. y-1

9. y5 10 @+ 1)-2
11. (x—5)73 12, (y—4)~8
13. (a+9)710 14. (r+3)~8
15. (a—1)712 16. x3y~2
17. x7y=5 18. ath~!
19. a8 20. a2b3c—2
21. x3y2;~6

22, 13y~422pw
23. a'b~%uw?
24, (;t‘*b‘lzu‘J2
25. x8y—5z—2
26. x4y 8 3y—4

27. a~4b—8c"1d4

28, x% 6z~ 1y—5p—2
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29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

4x—6y2

5x2y2—5

Ta—2b2c2

4x3(x + 1)2y—4z71

7a%(a — 4)3b—6c—7

18b=6(b2 — 3) 8¢~ 4dBe1
T(w+ 2)"2(w +1)3

2(a —8)"3(a —2)%
(x2+3)3(x2—1)4

(x*+ 2x — 1)8(x + 5)4

(8x2 — 4x — 8)?(2x + 11)~2
(5y% + 8y — 6)"%(6y — 1)77
Ta(a2 — 4)~2(b2 — 1)~2

(x — 5)~43b2%c4(x + 6)8

(y3 + 1)~ 15y8z—4w—2(y8 — 1)~2
5x3(2x~7)

3y~3(9x)

6a—4(2a7%)




72

47,

48.

49.

50.

51.

52,

53.

54.

55.

56.

b7.

58.

59.

60.

61.

63.

Chapter_z Basic Operations with Real Numbers

4a?b%a—5h2
5—1g—2p—6p—11,—3.9

9342 9—3,~2

Ta—3b=9 - 5a8bc~2c4

(x + 5)%(x + 5)—6
(a—4)3(a—4)0

8(b + 2)78(b + 2)~4(b + 2)3
3a5b="(a2 + 4)~% 6a—*b(a? + 4)—1(;2 +4)
—4a3b—5(2a2b"c2)

— 20~ 2y~424(— 6x3y~3z)
(—5)*(—5)"?

(—9)73(9)3

=)=t

(4)2(2)~4

67. ——

68.

69.

70.

71.

72.

73.

74.

16a—2b—6¢
2yz5w—4

24y2;~8

6a2b—1c—9d3

3-1b5(b + 7)~4
9 la4a + 7)?

36a6b5c8
3243p7c9

45a4b2c®

15a2b7¢c8

33x4y3z

32xy525

21x2y2254
Txyz12uwld
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33a—4p"7 3x2y~2(x — 5)
75. Tia%2 84. 1z + 57
51xBy—3 14a2b2c—12(a% + 21)™*
76. 3xy 85. 4—2¢2h~ (g + 6)3
26x—5y—2q~Th5 For problems 86-103, evaluate each numerical ex-
7. 9~ 1y—4y—2p6 pression.
86. 471 87. 771
88. 672 89, 25
3(y — B)4
8. (x+3)P3(y—6)
(x+3)8%y—6)"8
90. 3¢ 91. 633
i 92. 4972 93. 28 - 1471
79. =
Y
94, 273(372) 95. 2—-1.3-1.4-1
4,8
80, 222
@ 96. 1072+ 3(1072) 97. (—3)72
23a*b3c—2 3
81. —;_63’—5 98, (—10)71 99. F
23p5c2d 9 4-1 947
82. —ix 100. —; 101 ==
10x3y~7 9-1 4 4-1 0_— 96
83, —2 102. T4 10s, 21°—2

31522 9-2 4 42 "2-6—13
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For problems 104126, write each expression so that —5h—1.07\8 y3\8
only positive exponents appear. 118. (a=%~"c") 119. xt .
104. (af)—2 105. (a5)—3
106, (x7)—4 107. (x%)~8
a8)\3 2a\*
108. (b—2)7 109, (b1 120. 76 121. (ﬁ)
110. (y3)—4
111. (y=9)—3
—5 5 1g3p—6\2
122. (3—2) 123. (%)
a x %y
112, (@~ 1)1
113. (b~ Y1
0)—1 —3,6\3 55—4 \—4
114. (@7, a#0 124. ———4'"_" 125, (= —
2m=5n m~8n7

115. (m%1, m+#+0

116. (x~3y7)—4

—2:—6\—5
126. (h J )

117. (x8y8;—1)2 k™%

EXERCISES (1-6)  127. Simplify (4x°329)3

{2.3) 128. Find the sum. —15 + 3.
FOR REVIEW {2.4) 129. Find the difference. 8 — (—12).

(2.5) 130. Simplify (—3)(—8) + 4(—5).

{(2.5) 131. Find the value of mif m = gl when k=4 and t =—2.
kt+6
* Answers to Practice Sets [2.6)
1 1 1 1 1 1 1
A. 1l — . — . = . = = B a0 T . — n)t
i y5 £ m? 2 9 & 5 S 16 6 (xy)4 d (a + 2b)12 8. (m—n)
y7 6k 3a
B. 1. L . a2bt . x3y458 L . a2b8c8 .
1 pr 2. a%b 3. x3ydz 4 - 5. a?bb¢ 6 5b(a — 5b)2(a — 40)°

C. 1. 4x198 2. 64m=3n7x5 8. 52
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2.7 Scientific Notation

Section
Overview

] STANDARD FORM TO SCIENTIFIC FORM
(] SCIENTIFIC FORM TO STANDARD FORM
(0 WORKING WITH NUMBERS IN SCIENTIFIC NOTATION

Scientific Form

Scientific Notation

Writing a Number
in Scientific Notation

[l STANDARD FORM TO SCIENTIFIC FORM

Very large numbers such as 43,000,000,000,000,000,000 (the number of different
possible configurations of Rubik’s cube) and very small numbers such as
0.000000000000000000000340 (the mass of the amino acid tryptophan) are ex-
tremely inconvenient to write and read. Such numbers can be expressed more
conveniently by writing them as part of a power of 10.

To see how this is done, let us start with a somewhat smaller number such as
2480. Notice that

2480 = 248.0 X 10!
Standard = 24.80 X 102
form = 2480 X 103
(riinhee by

Scientific
form

The last form is called the scientific form of the number. There is one nonzero
digit to the left of the decimal point and the absolute value of the exponent on 10
records the number of places the original decimal point was moved to the left.

0.0059 _ 0.0059

0.00059 = =~ or = 0.0059 X 1071
= % = % =0.059 X 1072
=1%%%=%=0.59>< 10-3
=~1%=%=5.9x1o—4

There is one nonzero digit to the left of the decimal point and the absolute value of
the exponent of 10 records the number of places the original decimal point was
moved to the right.

Numbers written in scientific form are also said to be written using scientific
notation. In scientific notation, a number is written as the product of a number
between and including 1 and 10 (1 is included, 10 is not) and some power of 10.

To write a number in scientific notation:

1. Move the decimal point so that there is one nonzero digit to its left.

2. Multiply the result by a power of 10 using an exponent whose absolute value is
the number of places the decimal point was moved. Make the exponent
positive if the decimal point was moved to the left and negative if the decimal
point was moved to the right.
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7> SAMPLE SET A

‘ | Write the numbers in scientific notation.

1. 981 The number 981 is actually 981., and it is followed by a decimal point. In integers, the
‘ decimal point at the end is usually omitted.

981 =981. = 9.81 X 102 The decimal point is now two places to the left of its original
| position, and the power of 10 is 2.

2. 54.066 = 5.4066 X 101 = 5.4066 X 10 The decimal point is one place to the left of its original
position, and the power of 10 is 1.

3. 0.000000000004632 = 4.632 X 10~12 The decimal point is twelve places to the right of its
| original position, and the power of 10 is —12.

I 4. 0.027=27X10"2 The decimal point is two places to the right of its original position, and
the power of 10 is —2.

X PRACTICE SET A

Write the following numbers in scientific notation.

1. 346 2. 72.33 3. 5387.7965 4. 87,000,000
5. 179,000,000,000,000,000,000 6. 100,000 7. 1,000,000 8. 0.0086
9. 0.000098001 10. 0.000000000000000054 11. 0.0000001 12, 0.00000001

[J SCIENTIFIC FORM TO STANDARD FORM

A number written in scientific notation can be converted to standard form by
reversing the process shown in Sample Set A.

Converting from Scientific To convert a number written in scientific notation to a number in standard form,
Notation move the decimal point the number of places prescribed by the exponent on the
Positive Exponent 10. Move the decimal point to the right when you have a positive exponent, and
Negative Exponent move the decimal point to the left when you have a negative exponent.

Y- SAMPLE SET B

|l 1. 4.673 X 104 The exponent of 10 is 4 so we must move the decimal point to the right 4 places
| (adding 0’s if necessary).

f 4.6730 X 104 = 46730
CAANAA

| ‘ 2. 29X107. The exponent of 10 is 7 so we must move the decimal point to the right 7 places
(adding 0’s if necessary).

£l 2.9 X 107 = 29000000
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3. 1 X10%, The exponent of 10 is 27 so we must move the decimal point to the right 27 places
(adding 0’s without a doubt).

1 X 1027 = 1,000,000,000,000,000,000,000,000,000

4. 421X 1075, The exponent of 10 is —5 so we must move the decimal point to the left 5 places
(adding 0’s if necessary).

4.21 X 1075 = 0.0000421

5. 1.006 X 1018, The exponent of 10 is — 18 so we must move the decimal point to the left 18
places (adding 0’s if necessary).

1 1.006 X 10718 = 0.000000000000000001006

% PRACTICE SET B
Convert the following numbers to standard form.

1. 9.25 X 102 2. 4.01 X 105 3. 1.2X107? 4. 888X 1075

J WORKING WITH NUMBERS
IN SCIENTIFIC NOTATION

Multiplying Numbers Using There are many occasions (particularly in the sciences) when it is necessary to find
Scientific Notation the product of two numbers written in scientific notation. This is accomplished by
using two of the basic rules of algebra.
Suppose we wish to find (a X 107)(b X 10™). Since the only operation is multi-
plication, we can use the commutative property of multiplication to rearrange the
numbers.

(a X 10m)(b X 10™) = (a X b)(10™ X 10™)
Then, by the rules of exponents, 10" X 10™ = 107*™, Thus,
(@ X 107)(b X 10m) = (a X b) X 107*+™

The product of (a X b) may not be between 1 and 10, so (a X b) X 107*m may not
be in scientific form. The decimal point in (a X b) may have to be moved. An
example of this situation is in Sample Set C, problem 2.

<~ SAMPLE SET C

1. (2 X 103)(4 X 108) = (2 X 4)(103 X 108)
=8 X 103+8
=8 X 101!

2. (5 X 1017)(8.1 X 10722) = (5 X 8.1)(10'7 X 10~22)
= 40.5 X 1017-22
i = 40.5 X 1075

We need to move the decimal point one place to the left to put this number in scientific notation.
Continued
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Thus, we must also change the exponent of 10.

40.5 X 105

4.05 X101 X 10™56
4.05 X (10! X 1075)
4.05 X (101-5)

4.05 X104

Thus,
(56X 1017)(8.1 X 10722) = 4.05 X 10—+

X PRACTICE SET C
Perform each multiplication.

1. (3 X 10%)(2 X 10'2) 2. (1 X1074)(6 X 1024) 3. (5 X 1018)(3 X 10)

4. (2.1 X1079)(3 X 10711)

Answers to Practice Sets are on p. 81.

Section 2.7 EXERCISES

Convert the numbers used in problems 1-30 to scientific notation.

1. Mount Kilimanjaro is the highest mountain in 5. The smallest known insects are about the size of
Africa. It is 5890 meters high. a typical grain of sand. They are about 0.0002
meters in length (2 ten-thousandths of a meter).

. Theplanet Mars is about 222,900,000,000 meters
from the sun.

. Atoms such as hydrogen, carbon, nitrogen, and

e about 0.0000000001 meter across.
. There is an irregularly shaped galaxy, named OSIESH TS 08 °

NGC 4449, that is about
250,000,000,000,000,000,000,000 meters from

h.
e . The island of Manhattan, in New York, is about

57,000 square meters in area.

. The farthest object astronomers have been
able to see (as of 1981) is a quasar named
3C427. There seems to be a haze beyond this

quasar that appears to mark the visual boundary
of the universe. Quasar 3C427 is at a distance
of 110,000,000,000,000,000,000,000,000 meters
from the earth.

. The second largest moon of Saturn is Rhea. Rhea

has a surface area of about 735,000 square
meters, roughly the same surface area as Aus-
tralia.




9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
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A star, named Epsilon Aurigae B, has a diameter
(distance across) of 2,800,000,000,000 meters.
This diameter produces a surface area of about
24,630,000,000,000,000,000,000,000 square me-
ters. This star is what astronomers call a red
giant and it is the largest red giant known. If
Epsilon Aurigae were placed at the sun’s posi-
tion, its surface would extend out to the planet
Uranus.

The volume of the planet Venus is
927,590,000,000,000,000,000 cubic meters.

The average mass of a newborn American female
is about 3360 grams.

The largest brain ever measured was that of a
sperm whale. It had a mass of 9200 grams.

The mass of the Eiffel tower in Paris, France, is
8,000,000 grams.

In 1981, a Japanese company built the largest oil
tanker to date. The ship has a mass of about
510,000,000,000 grams. This oil tanker is more
than 6 times as massive as the U.S. aircraft car-
rier, U.S.S. Nimitz.

In the constellation of Virgo, there is a cluster of
about 2500 galaxies. The combined mass of these
galaxies is 150,000,000,000,000,000,000,-
000,000,000,000,000,000,000,000,000,000,-
000,000,000,000 grams.

The mass of an amoeba is about 0.000004 gram.

Cells in the human liver have masses of about
0.000000008 gram.

The human sperm cell has a mass of about
0.000000000017 gram.

The principal protein of muscle is myosin.
Myosin has a mass of 0.00000000000000000103
gram.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Amino acids are molecules that combine to make
up protein molecules. The amino acid trypto-
phan has a mass of 0.0000000000000000000-
00340 gram.

An atom of the chemical element bromine has 35
electrons. The mass of a bromine atom is
0.000000000000000000000000031 gram.

Physicists are performing experiments that they
hope will determine the mass of a small particle
called a neutrino. It is suspected that neutrinos
have masses of about
0.0000000000000000000000000000001 gram.

The approximate time it takes for a human being
to die of asphyxiation is 316 seconds.

On the average, the male housefly lives 1,468,800
seconds (17 days).

Aluminum-26 has a half-life of 740,000 years.

Manganese-53 has a half-life of
59,918,000,000,000 seconds (1,900,000 years).

In its orbit around the sun, the earth moves a
distance one and one half feet in about 0.0000316
second.

A pi-meson is a subatomic particle that has a
half-life of about 0.0000000261 second.

A subatomic particle called a neutral pion has a
half-life of about 0.0000000000000001 second.

Near the surface of the earth, the speed of sound
is 1195 feet per second.
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For problems 31 -41, convert the numbers from scien- 44. (6 X 1014)(6 X 10~19)
tific notation to standard decimal form.

31. The sun is about 1 X 108 meters from earth.

—5 7
32. The mass of the earth is about 5.98 X 1027 grams. 45. (3 X107%)(8 X 107)

33. Light travels about 5.866 X 10'2 miles in one

year. 46. (2 X 10~1)(3 X 10-5)

34. One year is about 3 X 107 seconds.

—5 —11
35. Rubik’s cube has about 4.3 X 1012 different con- 47. (9X107)(1 X 1071

figurations.

36. A photon is a particle of light. A 100-watt light

4 —6
bulb emits 1 X 1020 photons every second. 48. (3.1 X 10%(3.1 X 107°)

37. There are about 6 X 107 cells in the retina of the

buman eve. 49. (4.2 X 10-12)(3.6 X 10-20)

38. A car traveling at an average speed will travel a
distance about equal to the length of the smallest

o ey
fingernail in 3.16 X 10~4 seconds. 50. (11X 106)2

39. A ribosome of E. coli has a mass of about
4.7 X 10719 grams,

51. (5.9 X 1014)2

40. A mitochondrion is the energy-producing ele-
ment of a cell. A mitochondrion is about
1.5 X 10~ meters in diameter.

52. (1.02 X 10717)2

41. There is a species of frogs in Cuba that attain a
length of at most 1.25 X 10™2 meters.

53. (8.8 X 10750)2

Perform the following operations.
42. (2 X 104)(3 X 105)

54. If Mount Kilimanjaro was 1,000,000 times as
high as it really is, how high would it be? (See
43. (4 X 102)(8 X 109) problem 1.) '




56.
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. If the planet Mars was 300,000 times as far from

the sun as it really is, how far from the sun would
it be? (See problem 2.)

I 800,000,000 of the smallest insects known were
lined up head to tail, how far would they stretch?
(See problem 5.)

58.

59.

If the star Epsilon Aurigae B had a surface area
0.005 of its real surface area, what would that
surface area be? (See problem 9.)

If the mass of all the galaxies in the constellation
Virgo was only 0.0000000000000000000000003
of its real mass, what would that mass be? (See

problem 15.)

57. If Rhea, the moon of Saturn, had a surface area
0.00000000002 of its real surface area, what 60.
would that surface area be? (See problem 8.)

What is the mass of 15,000,000,000,000 bromine
atoms? (See problem 21.)

EXERCISES {1.2) 61. What integers can replace x so that the statement —6<x<—2is
FOR REVIEW {(1.5) 62. tSriun(i;?)lify (5x2y%)(2xy5)

{2.2) 63. Determine the value of —[— (—I—5)1.

(2.6) 64. Write x:—:s so that only positive exponents appear.

(2.6) 65. Write (22 + 1)3(2z + 1)75 so that only positive exponents appear.

X Answers to Practice Sets (2.7)

A. 1. 346X102 2.7233X10 3. 53877965 X103 4. 87X 107 5. 1.79 X 102
6. .0X105 7.10X105 8.86X1073 9.9.8001X10°5 10. 54 X107
11. 1.0X 107 12. 1.0 X 1078

B. 1. 925 2.401000 3. 0.12 4. 0.0000888

C. 1.6X107 2, 6X1020 3,15X10% 4.63X10720




Chapter 2

SUMMARY OF KEY CONCEPTS

Positive and Negative
Numbers (2.1}

Opposites {2.1)
Double-Negative Property
(2-1)

Absolute Value (Geometric)
(2.2)

Absolute Value [Algebraic)
(2.2)

Addition of Signed Numbers
{2.3)

Addition with O {2.3)
Additive ldentity (2.3)

Definition of Subtraction
{2.4)

Subtraction of Signed
Numbers {2.4)

Muiltiplication and Division
of Signed Numbers {2.5)

Reciprocals {2.6)

Negative Exponents {2.6)

Writing a Number in
Scientific Notation {2.7)

Converting from Scientific
Notation:

positive exponent (2.7)

negative exponent [2.7)

A number is denoted as positive if it is directly preceded by a “+” sign or no sign at

[13 ”

all. A number is denoted as negative if it is directly preceded by a “— sign.

Opposites are numbers that are the same distance from zero on the number line but
have opposite signs.

—(—a)=a

The absolute value of a number a, denoted |a|, is the distance from a to 0 on the
number line.
ifa=0

a
la|= )
—a ifa<0
To add two numbers with

like signs, add the absolute values of the numbers and associate the common sign
with the sum.

unlike signs, subtract the smaller absolute value from the larger absolute value and
associate the sign of the larger absolute value with the difference.

0 + any number = that particular number, that is, 0 + a = a for any real numbera.

Since adding 0 to a real number leaves that number unchanged, 0 is called the
additive identity.

a—b=a+ (—b)

To perform the subtraction a — b, add the opposite of b to a, that is, change the sign
of b and add.

HH=+ H_, BD__

g—;H =+ ) =)

H)=—

)+ =-— O, O9__
=) )

Two numbers are reciprocals of each other if their product is 1. The numbers 4 and

%are reciprocals since (4) (%) =1.

If n is any natural number and x is any nonzero real number, then x~" = P

To write a number in scientific notation:

1. Move the decimal point so that there is one nonzero digit to its left.

2. Multiply the result by a power of 10 using an exponent whose absolute value is
the number of places the decimal point was moved. Make the exponent positive
if the decimal point was moved to the left and negative if the decimal point was
moved to the right.

To convert a number written in scientific notation to a number in standard form
when there is a positive exponent as the power of 10, move the decimal point to the
right the number of places prescribed by the exponent on the 10.

To convert a number written in scientific notation to a number in standard form
when there is a negative exponent as the power of 10, move the decimal point to the
left the number of places prescribed by the exponent on the 10.




EXERCISE SUPPLEMENT

Section 2.1

For problems 1-5, find —a if a is

1. 27 2. —15 3. -——8—
9
4. —(—3) 5. k
Section 2.2

Simplify problems 6-10.
6. |8 7. |- 3| 8. —|16|
9. —(—12)) 10. —|0]

Sections 2.3-2.5

Simplify problems 11-25.

11. 4+ (—6) 12. —16 + (—8)
13. 3 — (—14) 14. (—5)(2)
15. (—6)(—3) 16. (—1)(—4)
17. (4)(—3) 18. ——525

~100
19. —¢ 20. 16 —18+5

(—2)(—4) + 10 —3(—8+4) — 12
21. 5 22. 1B+ 6)—2(=8)
g5 ~L-3=2) —4(-4)

—13+10

24. — (2 —10) 25. 0 — 6(—4)(—2)
Section 2.5

Find the value of each expression for problems 26 - 28.
26. P=R — C. Find P if R = 3000 and C = 3800.

27. z=x—:—u.Findzifx=22,u=30,ands=8.

28. P=n(n—1)(n—2).Find Pif n=—3.

Section 2.6

Write the expressions for problems 29-55 using only
positive exponents.

29, a1
30. ¢c—¢
31. adb 2%

32. (x+5)72

33. x3y2(x —38)77
34, 420 3b4c5

35. 27 1x~1
36. (2x + 9)~37xty~5272(3x — 1)2(2x + 5)7!
1
37. (—2)_1 38. -
x
Tx 4c™2
39. :)T_Tz—_'i 40- —b_—6
3~2q—5p~9¢2 (z—6)"2
41 s 12. T o
16a%b—2 —44x3y—6,~8
. ———= 44, ————
43 —2a%h~5 4 —11x~2y~ 728
45, 82 46. 91
47. 275 48, (x3)72
49. (a?)~3 50. (x~2)~*
51. (¢l 52. (y'h!
x—6\—5
53. (x3y4272)6 54. =
2b~ ¢844\ 4
55. ( e )
Section 2.7

Write problems 56 -66 using scientific notation.

56. 8739 57. 73567
58. 21,000 59. 746,000
60. 8866846 61. 0.0387
62. 0.0097 63. 0.376

64. 0.0000024
65. 0.000000000000537
66. 46,000,000,000,000,000

Convert problems 67— 79 from scientific form to stan-
dard form.

67. 3.87 X105 68. 4.145 X 104

69. 6.009 X 107 70. 1.80067 X 108
71. 3.88 X 1078 72. 4.116 X 1072
73. 8.002 X 1012 74. 7.36490 X 10~14
75. 2.101 X 1016 76. 6.7202 X 106
77. 1X 108 78. 1 X107

79. 1X10°
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Find the products for problems 80—90. Write the re-
sult in scientific notation.

80. (1 X 105)(2 X 103)
81. (3 X 108)(7 X 107)
82. (2 X104)(8 X 1019)
83. (9 X 102)(3 X 107)
84. (1 X 10%)(1 X 105)

85.
86.
87.
88.
89.
90.

(8X1073)(3 X 1079)
(9X1075)(2 X 107Y

(3 X1072)(7 X 10?)

(7.3 X10%)(2.1 X 1078)

(1.06 X 1016)(2.815 X 10712)
(9.3806 X 1052)(1.009 X 1031)



Chapter 2 PROFICIENCY EXAM

Simplify the expressions for problems 1-9.

L L) —(=[-8]

2. (2.2) —|—15]|

_2.
3. (2.4) —[|—12|— 10]?
3.
4. (2.4) —5(—6) + 4(—8) —|—5]
4. _ 3(—8) — (—2)(—4—5)
5. (2.5
25— =93)
5 = 6. (2.5) —|7|— (2)2 + (—2)
—6(2)(—2)
6- 7. z-s =, = — =a
(2.5) — (—5—3)
—3{[(—2 = 3[—2])
7‘ 8. 2.5
_8. _ 9. (2.5) Ifz=x—u,ﬁndzifx=14,u=20,ands=2.
9.
When simplifying the terms for problems 10-20, write each so that only positive
exponents appear.
10.
10. {2.6) ————
28—
11. 3 o
T 5x3y—
11. {2.6) pory
12.
12. (2.6) 272mb(n — 4)~3
13. 13, (2.6) 40782079
—1,.3,,—5,—3
M 14, (e Y

y-—5




15.

20.

21.

23.

25.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

(k—6)%(k—6)"*

{2.6) (& — 6)°

(y+1)3(y—3)¢
(y+1)5%(y—3)8

(2.6)

(379)(33)(3719)

12-6) 55379

(2.6) (a®)~3

s [

m—5n4
(2.6) (92, c+#0
{2.7) Write 0.000271 using scientific notation.
{2.7) Write 8.90 X 105 in standard form.
{2.7) Find the value of (3 X 105)(2 X 10~2).
{2.7) Find the value of (4 X 10716)2,

(2.7) If k is a negative integer, is — & a positive or negative integer?



Algebraic
Expressions
and
Equations

After completing this chapter, you should

Section 3.1 Algebraic Expressions

® be familiar with algebraic expressions

e understand the difference between a term and a factor
e be familiar with the concept of common factors

e know the function of a coefficient

Section 3.2 Equations
s understand the meaning of an equation
e be able to perform numerical evaluations

Section 3.3 Classification of Expressions and Equations
® be familiar with polynomials
® be able to classify polynomials and polynomial equations

Section 3.4 Combining Polynomiais Using Addition and Subtraction
® understand the concept of like terms

® be able to combine like terms

® be able to simplify expressions containing parentheses

Section 3.5 Combining Polynomiais Using Multiplication
® be able to multiply a polynomial by a monomial

e be able to simplify +(a + b) and —(a + b

® be able to muitiply a polynomial by a polynomial

Section 3.6 Special Binomial Products
® be able to expand (a + bj2, (3 — b)?. and (a + b)(a — b)

Section 3.7 Terminology Associated with Equations
e be able to identify the independent and dependent variables of an equation
@ be able to specify the domain of an equation
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3.1 Algebraic Expressions

Section (J ALGEBRAIC EXPRESSIONS
Overview 0 TERMS AND FACTORS

0 COMMON FACTORS

] COEFFICIENTS

1 ALGEBRAIC EXPRESSIONS

Algebraic Expression An algebraic expression is a number, a letter, or a collection of numbers and
letters along with meaningful signs of operation.

Expressions Algebraic expressions are often referred to simply as expressions, as in the
following examples:

1. x + 4 is an expression.

2. Ty is an expression.
x— 3x2y .
'mx— 1S an expression.

4. The number 8 is an expression. 8 can be written with explicit signs of operation
by writing itas 8 + 0 or 8 - 1.

3x2 +6 = 4x — 1 is not an expression, it is an equation. We will study equations
in the next section.

| TERMS AND FACTORS
Terms In an algebraic expression, the quantities joined by “+" signs are called terms.

In some expressions it will appear that terms are joined by “—” signs. We must keep
in mind that subtraction is addition of the negative, that is, a — b = a + (—b).

An important concept that all students of algebra must be aware of is the
difference between terms and factors.

Factors Any numbers or symbols that are multiplied together are factors of their
product,

Terms are parts of sums and are therefore joined by addition (or subtraction) signs.
Factors are parts of products and are therefore joined by multiplication signs.

SAMPLE SET A

1. 3x*+6x2+5x+ 8. This expression has four terms: 3x4, 6x2, 5x, and 8.
2. 1548, In this expression there is only one term. The term is 15y8.

3. 14x5y + (a + 3)2. In this expression there are two terms: the terms are 14x5y and (a + 3)2.
Notice that the term (a + 3)2 is itself composed of two like factors, each of which is composed of

i’;
| Identify the terms in the following expressions.
the two terms, @ and 3.
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4. m3—3. Using our definition of subtraction, this expression can be written in the form
m3 + (—3). Now we can see that the terms are m3 and —3.
Rather than rewriting the expression when a subtraction occurs, we can identify terms more
quickly by associating the + or — sign with the individual quantity.

5. pt—Tp3—2p—11. Associating the sign with the individual quantities we see that the
terms of this expression are p%, —7p3%, —2p, and —11.

X PRACTICE SET A

1. Let’s say it again. The difference between terms and factors is that terms are joined by —_ signs and
factors are joinedby —__ signs.

List the terms in the following expressions.

2. 4x2—8x+ 7 3. 2xy +6x2+ (x — y)* 4. 522+ 3x — 3xy"+ (x — y)(x3 — 6)

s> SAMPLE SET B

F - e e ——————————————— = — —
‘ Identify the factors in each term.
| 1. 9a2 — 6a — 12 contains three terms. Some of the factors in each term are

first term: 9and a2 or,9and aand a

second term: —6anda

third term: —12and 1, or,12and —1

2. 14x5y + (a + 3)2 contains two terms. Some of the factors of these terms are
| first term: 14, x5, y

' second term: (a+ 3) and (a + 3)

X PRACTICE SET B
1. In the expression 8x2 — 5x + 6, list the factors of the

first term:
second term:
third term:

2. In the expression 10 + 2(b + 6)(b — 18)?2, list the factors of the

first term:
second term:

0 COMMON FACTORS

Sometimes, when we observe an expression carefully, we will notice that some
particular factor appears in every term. When we observe this, we say we are

Common Factors observing common factors. We use the phrase common factors since the particular
factor we observe is common to all the terms in the expression. The factor appears
in each and every term in the expression.
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3> SAMPLE SET C

Name the common factors in each expression.
|

1. 5x8 — 7x3 + 14x3, The factor x appears in each and every term. The expression x3 is a
common factor.

2. 4x2+ Tx. The factor x appears in each term. The term 4x2 is actually 4xx. Thus, x is a
common factor.

3. 12xy2 — 9xy + 15. The only factor common to all three terms is the number 3. (Notice that
12=3-4,9=3-3,15=3-5)

4. 3(x +5) —8(x + 5). The factor (x + 5) appears in each term. So, (x + 5) is a common factor.

5. 45x3(x — 7)2 + 15x2(x — 7) — 20x2(x — 7)5. The number 5, the x2, and the (x — 7) appear in
‘ each term. Also, 5x2(x — 7) is a factor (since each of the individual quantities is joined by a
multiplication sign). Thus, 5x2(x — 7) is a common factor.

| 6. 10x2 4+ 9x — 4. There is no factor that appears in each and every term. Hence, there are no
common factors in this expression.

X PRACTICE SET C
List, if any appear, the common factors in the following expressions.

1. x2+ 5x2 — 9x2 2. 4x2 — 8x3 + 16x% — 2445 3. 4(a+1)3+10(c+1)

4. 9ab(a — 8) — 15a(a — 8)2 5. 14a2b2¢c(c — 7)(2¢ + 5) + 28¢(2¢ + 5) 6. 6(x2 —y2) + 19x(x2 + y2)

[ COEFFICIENTS

In algebra, as we now know, a letter is often used to represent some quantity.
Suppose we represent some quantity by the letter x. The notation 5x means x +
x + x + x + x. We can now see that we have five of these quantities. In the expres-
sion 5x, the number 5 is called the numerical coefficient of the quantity x. Often, the

Coefficient numerical coefficient is just called the coefficient. The coefficient of a quantity
records how many of that quantity there are.

7> SAMPLE SET D

. 12x means there are 12 x’s.
. 4ab means there are four ab’s.

10(x — 3) means there are ten (x — 3)’s.

W N

. lymeans there is one y. We usually write just y rather than 1y since it is clear just by looking that
there is only one y.

=

| . Ta® means there are seven a%’s.

6. 5ax means there are five ax’s. It could also mean there are 5a x’s. This example shows us that it is
important for us to be very clear as to which quantity we are working with. When we see the
| expression 5ax we must ask ourselves “Are we working with the quantity ax or the quantity x?”.
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X PRACTICE

. 6x2y° means there are six x2y¥s. It could also mean there are 6x2 y¥’s. It could even mean there

are 6y? x%’s.

. 5x3(y — 7) means there are five x3(y — 7)’s. It could also mean there are 5x3 (x — 7)’s. It could

also mean there are 5(x — 7) x%’s.

SET D

What does the coefficient of a quantity tell us?

It is important to keep in mind the difference between coefficients and exponents.

The Difference Between Coefficients record the number of like terms in an algebraic expression.
Coefficients and Exponents

xEE = 4x
4 terms coefficient 15 4
Exponents record the number of like factors in a term.
Hie g g e %
1 factors EXPONent 18 |

In a term, the coefficient of a particular group of factors is the remaining group of
factors.

v- SAMPLE SET E

1. 3x. The coefficient of x is 3.

[

. 6a3, The coefficient of a3 is 6.

3. 9(4 —a). The coeflicient of (4 — a) is 9.

[=r L

% PRACTICE

3 3
y xyt. The coefficient of xy* is r
. 3x2y, The coefficient of x2y is 3; the coefficient of v is 3x2; and the coeflicient of 3 is x2y.
. 4x+y)2. The coefficient of (x + y)2is 4; the coefficient of 4 is (x + y)% and the coefficient of

(x + y) is 4(x + y) since 4(x + )2 can be written as 4(x + y)(x + ¥).

SET E

Determine the coefficients. (e) 31is

1. In the term 6x3, the coefficient of

(a) x3is

(f) The numerical coefficient is
3. In the term 10ab4, the coefficient of

. a) abtis
(b) 6 s . Eb)) .
2. In the term 3x(y — 1), the coeflicient of (@ a5
(a) x(y—1)is — . (d) 10is

(b) (y—1is
(c) 3(y—1)is

(d) xis

(e) 10ab3is

Answers to Practice Sets are on p. 93.
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Section 3.1 EXERCISES

. What is an algebraic expression? For problems 21-35, list, if any should appear, the
common factors in the expressions.

. Why is the number 14 considered to be an ex- 21. x2 + 5x2 — 952

pression?

. Why is the number x considered to be an expres-

3 _ 33,3
sion? 22, 11y3 — 33y

23. 45ab? + 9b2

For the expressions in problems 4 — 20, write the num- 5 3 .
ber of terms that appear and then list the terms. 24. 6x%y°+ 18«

4, 2x+1 5. 6x—10
25. 2(a+b) —3(a+b)

26. 8a%(b+ 1) — 10a2(b+ 1)
.23 +x—15 . H5x24+6x—2

27. 14ab2c2(c + 8) + 12ab2c2

28. 4x2y + 5a%b

29. 9a(a— 3)2+ 10b(a — 3)

30. 15x2 — 30xy?

31. 12a3b2c—7(b+ 1)(c — a)

32. 0.06ab2 + 0.03a

33. 52(a+ 72+ 17.1(a+7)

3 3
‘1 x2y222 + = x222

9 9
a2 —p2) 4 2 (B2 — 2
.16(a b)+32(b a?)

22+ (x+ ) (a+1)+(@—1)

For problems 36-50, note how many:
.atl+(a—1) 36. d’s in 4a? 37. 2’sin 1227
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38. x?s in 5x2? 39. y¥sin 6y3? For problems 51 - 60, a term will be given followed by a
group of its factors. List the coefficient of the given
group of factors.

40. xy’s in 9xy? 41. a?b’s in 10a2b? 51. Ty; y

42, (a+ 1)sin 4(a + 1)? 52. 10x; «

43. 9+ y)sin 8(9 + y)? 53. 5aq; 5

44, y?s in 3x3y2? 54. 12a2b3c2r?; a2c?r7?

45. 12x’s in 12x2<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>