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CAREERS AND MATHEMATICS:

A Review of Basic Algebra

Pharmacist

Pharmacists  distribute  prescription
drugs to individuals. They also advise
patients, physicians, and other health-
care workers on the selection, dosages,
interactions, and side effects of medi-
cations. They also monitor patients to
ensure that they are using their medi

0 9

0.1  Sets of Real Mumbers

0.2 Integer Exponents and
Scientific Notation

0.3 Rational Expanents and
Radicals

0.4 Polynomicl

tions safely and effectively. Some phar-
macists specialize in oncology, nuclear
pharmacy, geriatric pharmacy, or psy-
chiatric pharmacy.

Edumhon and Mathematics Required
Pharmacists are reguired to possess a Pharm.DD. degree from an accredited col-
lege or school of pharmacy. This degree generally takes four years to complete.
To be admitted to a Pharm.D. program, at least two years of college must be
completed, which includes courses in the natural sciences, mathematics, human-
ities, and the social sciences. A series of examinations must also be passed to
obtain a license to practice pharmacy.

* College Algebra, Trigonometry, Statistics, and Calculus I are courses reguired
for admission to a Pharm.D. program.

Huw Pharmacists Use Math and Who Employs Them
Pharmacists use math throughout their work to calculate dosages of various
drugs. These dosages are based on weight and whether the medication is given
in pill form, by infusion, or intravenously.

*  Most pharmacists work in a community setting, such as a retail drugstore, or in
a healthcare facility, such as a hospital.

Career Outlook and Salary

*  Employment of pharmacists is expected to grow by 17 percent between 2008
and 2018, which is faster than the average for all occupations.

+ Median annual wapes of wage and salary pharmacists is approximately
3106410,

For more information see: www.bls. govfoco
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0.5 Factaring Polynomials

0.6 Raticnal Expressions
Chapter Review
Chapter Test

In this chapter, we review many
concepts and skills learned in
previous algebra courses. Be
sure to master this material
now, because it is the basis for
the rest of this course.
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2 Chapter 0 A Review of Basic Algebra

0.1 Sets of Real Numbers

In this section, we will learn o
1. Identify seis of real numbers.
2. Identify properties of real numbers.
3. Graph subsets of real numbers on the number line.
4. Graph intervals on the number line.
5. Define absolute value.
6. Find distances on the number line.

Sudoku, a game that involves number placement, is very popular. The objective

;.3. - ; - I istofill a9 by 9 grid so that each column, each row and each of the 3 by 3 blocks
715 ifr contains the numbers from 1 to 9. A partially completed Sudoku grid is shown in
3 13 the margin.

4 ARCOEEE To solve Sudoku puzzles, logic and the set of numbers, {1, 2, 3,4, 5,6, 7, 8, 9}
7 2 | & are used. Sets of numbers are important in mathematics, and we begin our study of

6] 2]sl algebra with this topic.
4ltfa] | Is A set is a collection of objects, such as a set of dishes or a set of polf clubs The
] il ) set of wvowels in the English language can be denoted as {a. e. i, o, ul, where the

SUDOKU braces { }are read as “the set of.”

If every member of one set B is also a member of another set A, we say that &
is a subset of 4. We can denote this by writing B C A, where the symbol < is read
as “isa subset of. " (See Figure 0.1 below.) If set Bequals set A, we can write B < A.

If A and B are two sets, we can form a new set consisting of all members that are
in set A or set B or both. This set is called the union of A and B. We can denote this
set by writing, A4 L B where the symbol L is read as “union.” {See Figure 0.1 below.)

We can also form the set consisting of all members that are in both set A and
set B. This set is called the intersection of A and B. We can denote this set by writing
A M B, where the symbol M is read as “intersection.” (See Figure 0.1 below.)

A

BCA AUB ANB
FIGURE 0-1

EXAMPLE 1 Understanding Subsets and Finding the Union and Intersection of Two Sets
Let 4 = {a.e.il. B = {c.d.el.and V = {a.e.i, 0, u}.
g lsAcC? b. Find AL & c. Find AN A

SOLUTION  a. Since each member of set A is also a member of set ¥, AC V.
b. The union of set 4 and set B contains the members of set A4, set &, or both. Thus,
AUBEB = {a,c,d,e,i}
¢. The intersection of set A and set B contains the members that are in both set A
and set B. Thus, AN B = {e}.

|
Self Check 1 a. Is B ¥? b. Find BU V
e FindaNp
MNow Try Exercise 33.
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Section 0.1 Sets of Real Mumbers 3

1. Identify Sets of Real Numbers

There are several sets of numbers that we use in everyday life.

Basic Sets of Numbers

Caution

Remember that the denaminater af
a fraction can never be 0.

MNatoral numbers

The numbers that we use for counting: {1,2,3,4,5,6,.. }
‘Whole numbers

The set of natural numbers including 0: {0, 1,2, 3,4, 5,6, .. }
Integers

The set of whole numbers and their negatives:
{u,=5-4,-3,-2,-1,0,1,2,3,4,5, ..}

In the definitions above, each group of three dots (called an elfipsis) indicates
that the numbers continue forever in the indicated direction.

Two important subsets of the natural numbers are the prime and composite
numbers. A prime number is a natural number greater than 1 that is divisible only
by itself and 1. A composite number is a natural number greater than 1 that is not
prime.

*  The set of prime numbers: {2, 3, 5,7, 11,13, 17, 19,23, 29, 31, ...}
+  The set of composite numbers: {4, 6, 8,9, 10, 12, 14, 15, 16, 18,20, 21, .. }

‘Two important subsets of the set of integers are the even and odd integers. The
even integers are the intepers that are exactly divisible by 2. The odd integers are the
integers that are not exactly divisible by 2.

+  The set of even integers: { ..., 10, 8, —6, —4, <2,0,2,4,6,8,10, ...}
*  The set of odd integers: { ..., -9, =7, =5, -3, -1,1,3,5,7,9, .. }

So far, we have listed numbers inside braces to specify sets. This method is
called the roster method. When we give a rule to determine which numbers are in a
set, we are using set-builder notation. To use set-builder notation to denote the set
of prime numbers, we write

{x lx is a prime number} Read as “the set of all numbers x such that x is a prime

9 T number.™ Recall that when a letter stands for a numbes, itis
called a variable
variahle such rule that determines
that member in the se1

The fractions of arithmetic are called rational numbers.

L4
Rafional Numbers

Rational numbers are fractions that have an integer numerator and a nonzero
integer denominator. Using set-builder notation, the rational numbers are

S - :
{E | @ is an integer and # is a nonzero mteger}

Rational numbers can be written as fractions or decimals. Some examples of
rational numbers are

3 o0, 150, s 0ASSASL Thes sin indies
4 1 that two qu ies
are equal.
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4 Chapter 0 A Review of Basic Algebra

EXAMPLE 2

SOLUTION

Self Check 2

These examples suggest that the decimal forms of all rational numbers are
either terminating decimals or repeating decimals.

Determining whether the Decimal Form of a Fraction Terminates or
Repeats

Determine whether the decimal form of each fraction terminates or repeats:
7 65

. b.
16 9

In each case, we perform a long division and write the quotient as a decimal.

a. To change {5 to a decimal, we perform a long division to get {5 = 0.4375. Since
0.4375 terminates, we can write iz as a terminating decimal.

b. To change 33 to a decimal, we perform a long division to get 33 = (656565 ... .
Since .656565 ... repeats, we can write 3 as a repeating decimal.

We can write repeating decimals in compact form by using an overbar. For
example, 1 AS636T . = (A3, =

Determine whether the decimal form of each fraction terminates or repeats:

38
o = b.
" g9

MNow Try Exercise

W %=

5.

Some numbers have decimal forms that neither terminate nor repeat. These
nonterminating, nonrepeating decimals are called irrational numbers. Three exam-
ples of irrational numbers are

LO10010001000010 V2 =1414213562.. and = 3141597654

The union of the set of rational numbers (the terminating and repeating deci-
mals) and the set of irrational numbers (the nonterminating, nonrepeating deci-
mals) is the set of real numbers (the set of all decimals).

N
Real Numbers

EXAMPLE 3

SOLUTION

A real number is any number that is rational or irrational. Using set-builder
notation, the set of real numbers is

{x | xis a rational or an irrational number}

Classifying Real Numbers
Intheset {3, -2,0,% 1,V/5,2,4, 5, 6, list all
4. even integers b. prime numbers ¢. rational numbers

We will check to see whether each number is a member of the set of even integers,
the set of prime numbers, and the set of rational numbers.

a. even integers: -2, 0,2, 4,6
b. prime numbers: 2, 5

c. rational numbers: -3, -2,0,%,1,2,4,5,6

S0606_ChD0_001-088.rc0 4

https://jigsaw.vitalsource.com/api/v0/books/9781133710219/print?from=1&to=10

ST 1008 AN

9/27/2016



College Algebra, 11e Page 5 of 10

PRINTED BY: reallestate@gmail.com. Printing is for personal, private use only. No part of this book may be reproduced or transmitted without
publisher's prior permission. Violators will be prosecuted.

Section 0.1 Sets of Real Mumbers 5

Self Check 3  In the set in Example 3, listall a. oddintegers b. composite numbers
. irrational numbers.

Now Try Exercise 43.

Figure 0-2 shows how the previous sets of numbers are related.

! }
Rational numbers Irrational numbers
-6,-125,0, 2,52, 50 5, m, 21, 2101
v
i I
Noninteger rational numbers Integers
13 2o N R
==l = = —4,-1.0,21
= 0l T g M7 a,
b
[
T
Negative integers ‘Whale numbers
—47,-17,-5,-1 0,1,4, 8, 10,53, 101
v
Zero MNatural numbers
o {positive intepers)
1, 12, 38, 990
FIGURE 0-2

2. Identify Properties of Real Numbers
When we work with real numbers, we will use the following properties.
L

Properties of Real Numbers  If a, b, and c are real numbers,

The Commutative Properties for Addition and Multiplication
at+b=h+a alr = ba

The Associative Properties for Addition and Multiplication
@+t +c=a+ib+c (able= alpc)

The Distributive Property of Multiplication over Addition or Subtraction
alb+ ¢) = ab + ac or alb-c)=ab-ac

The Double Negative Rule

~(-dl =a

Caution ‘When the Associative Property is used, the order of the real numbers does not change. The

real numbers that cecur within the parenthesss change.

The Distributive Property also applies when more than two terms are within
parentheses.
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& Chapter 0 A Review of Basic Algebra

EXAMPLE 4

SOLUTION

Self Check 4

Comment

Zera is neither positive nor negative.

Comment

%2 can be shawn as the diaganal of &
square with sides of length 1.

L

EXAMPLE 5

S0606_ChD0_001-088.rcd 6

Identifying Properties of Real Numbers
Determine which property of real numbers justifies each statement.
a 9+ +3=04+(2+3) b 3{(x+p+2)=3x+3p+3-2

We will compare the form of each statement to the forms listed in the properties of
real numbers box.

a. This form matches the Associative Property of Addition.
b. This form matches the Distributive Property.

Determine which property of real numbers justifies each statement:
a.mmn=rnm b (xz=x0) c.p+g=g+p
MNow Try Exercise 17.

3. Graph Subsets of Real Numbers on the Number Line

We can graph subsets of real numbers on the number line. The number line shown
in Figure (-3 continues forever in both directions. The positive numbers are repre-
sented by the points to the right of 0, and the negative numbers are represented by
the points to the left of 0.

Negative aumbers Positive numbers

5= =3 =l o i 2 3 o4 5
FIGURE 0-3

Figure 0-4(a) shows the graph of the natural numbers from 1 to 5. The point
associated with each number is called the graph of the number, and the number is
called the coordinate of its point.

Figure 0-4(b) shows the graph of the prime numbers that are less than 10.

Figure 0-4(c) shows the graph of the integers from —4 to 3.

Figure 0-4{d) shows the graph of the real numbers —1, —, 0.3, and V2.

L & ol PR N 4 L
=1 0 1 2 3 4 5 & D123 435 68768 9210
la} ib)
T i 03 V2
L —i — + I I I L
=5 -4 -3 -2-1 0 1 2 3 4 =3 -2 -1 L] 1 2
(] (1]

FIGURE 0-4

The graphs in Figure 0-4 suggest that there is a one-to-one correspondence be-
tween the set of real numbers and the points on a number line. This means that to
each real number there corresponds exactly one point on the number line, and to each
point on the number line there corresponds exactly one real-number coordinate.

Graphing a Set of Numbers on a Number Line

Graph the set { 3,-4.0, \/5}'
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Self Check 5

Section 0.1 Sets of Real Mumbers 7

We will mark (plot) each number on the number line. To the nearest tenth, V5=23

43 5
. & . L
=1 =2 =1 o 1 2 3
]
Graph the set { 2,3, \/3} (Hint: To the nearest tenth, Vi= 1357
Now Try Exercise 51.
4. Graph Intervals on the Number Line
To show that two quantities are not equal, we can use an ineguoality symbol.
Symbol Read as E I
# “is not equal to” 5#8 and 025 %}
< “is less than” 12 =20 and 017 < 1.1
= “is greater than" 15>9 and  §>02
= “is less than or equal o 25 =25 and 1.7=23
= “is greater than or equal " 19219 and 152 =137
= “is approximately equal to” V2=1414 and V3= 1732

It is possible to write an inequality with the inequality symbol pointing in the
opposite direction. For example,

* 12 < 20 i5 equivalent to 20 > 12
+ 23= -17iseguivalentto =17 =23

In Figure (-3, the coordinates of points pet larger as we move from left to right
on a number line. Thus, if @ and b are the coordinates of two points, the one to the
right is the greater. This suggests the following facts:

+ If @ = b, point a lies to the right of point b on a number line.
+ If @ = b, point a lies to the left of point b on a number line.

Figure 0-5(a) shows the graph of the imeguality ¥ = =2 (or =2 < ¥). This
graph includes all real numbers x that are greater than —2. The parenthesis at —2
indicates that —2 is not included in the graph. Figure 0-3(b) shows the graph of
x = 5(or 5 = x). The bracket at 5 indicates that 5 is included in the graph.

i |
¥
-2 5
() (b}
FIGURE 0-5

Sometimes two inequalities can be written as a single expression called a
compound inequality. For example, the compound inequality

S<x=<12

is a combination of the inequalities § < v and x < 12, It is read as “5 is less than x,
and x is less than 12,” and it means that x is between 5 and 12. [ts graph is shown
in Figure 0-6.
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8 Chapter 0 A Review of Basic Algebra

The praphs shown in Figures 0-5 and (-6 are portions of a number line
called intervals. The interval shown in Figure 0-7(z) is denoted by the ineguality
2 < x = 4, or in interval notation as (—2, 4). The parentheses indicate that the
endpoints are not included. The interval shown in Figure 0-7(b) is denoted by the
inequality x = 1, or as (1, =) in interval notation.

i - &

hY

-2 4 1

(=2, 4) (1,0
2ax<d x>1
& 15 between -2 and 4. xis greater than 1.
() b
FIGURE 0-7

Caution The symbol = (infinity] is not o real number. It is used to indicate that the graph in Figure

0-7(b] extends infinitely far to the right

A compound inequality such as =72 < x < 4 can be written as two separate
inequalities:

x> =2 and x=<4

This expression represents the intersection of two intervals. In interval nota-
tion, this expression can be written as

(=2, =) M (—=, 4) Read the symbel M as “intersection.”

Since the graph of =2 < x < 4 will include all points whose coordinates satisfy
both ¥ = —2 and ¥ < 4 at the same time, its graph will include all points that are
larger than —2 but less than 4. This is the interval (—2, 4), whose graph is shown in
Figure 0-7(a).

EXAMPLE 6 Writing an Inequality in Interval Notation and Graphing the Inequality
Write the inequality =3 < » < 5 in interval notation and graph it.

SOLUTION  This is the interval (—3, 5). Its graph includes all real numbers between —3 and 5,
as shown in Figure 0-8.

-1 3
FIGURE 0-8

Self Check 6  Write the inequality =7 < r < 5 in interval notation and graph it.
MNow Try Exercise 63.

If an interval extends forever in one direction, 1t is called an unbounded interval.
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-3 2

-3,3
—dexel

-2.4)
-2zx<4

FIGURE 0-10
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Section 0.1 Sets of Real Numbers e
Unbounded Intervals
Interval Inequality Graph
la, =) x>a - f——
e
(2, =) x>2 £ —
—2—1__0_1_23456
a, =) v =a R —
a
) =3 {FREY i S S G JRN e
) 2 21 06 1 2 3 4 5 6
[—o=, a) r<a — -
F
(—=.2) ) ) —
-4 -3 2 -1 0 1 2 3 4
(—=.a xSa —
e
(—2.2] e ids R R—— ——
—4 -3 2 -1 0 1 2 3 4
[—=, =) —w <y S ——

A bounded interval with no endpoints is called an open interval. Figure 0-%(a)
shows the open interval between -3 and 2. A bounded interval with one endpoint
is called a half-open interval. Figure 0-9(b) shows the half-open interval between —2
and 3, including —2.

Intervals that include two endpoints are called closed intervals. Figure 0-10
shows the graph of a closed interval from =2 to 4.

Open Intervals, Half-Open Intervals, and Closed Intervals

Interval Inequality Graph
Open
(a, B) a<x<h ——f——
a b
(-2.3) —2<x<) —
-4 -3 -F-1 0 1 2 3 4 §
Half-Open
la, b} a=x<h ——
a b
-2.3 —2=5 <) TR PRI S T T
EPR et TRIE I O -
Half-Open
la. b1 a=x=h - -
a b
{-2.3] —2<x=1 S f TR S -
-4 -3 2 -1 0 1 2 3 4 5§
Closed
la, b] asx=h —1
a b
[-2,3] ~1=x=3 St — g
-4 -3 -2 -1 0 1 2 3 4 3§

r comeee: way be e he ellack asdlor sChaperi.

T L T ——
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10 Chapter 0 A Review of Basic Algebra

EXAMPLE 7 Wrifing an Inequality in Interval Notation and Graphing the Inequality

Write the inequality 3 = x in interval notation and graph it.

SOLUTIOM  The inequality 3 = x can be written in the form x = 3. This is the interval [ 3, =). Its
graph includes all real numbers greater than or egual to 3, as shown in Figure 0-11.

i

FIGURE 0-11

Self Check 7 Write the inequality 5 > x in interval notation and graph it.
Mow Try Exercise 65.

EXAMPLE 8 Wrifing an Inequality in Interval Notation and Graphing the Inequality

Write the inequality 5 = x = —1 in interval notation and graph it.

SOLUTION  The inequality 5 = x = —1 can be written in the form
l=x=35
This is the interval [ ~1. 57. Its graph includes all real numbers from ~1 to 5. The
graph is shown in Figure (.12,

——_

-1 5
FIGURE 0-12

Self Check 8 Write the inequality 0 = » = % in interval notation and graph it.
MNow Try Exercise &9.

The expression
x<-2orxz13 Read as “x is less than —2 or x is greater than or equal 1o 37

represents the wiion of two intervals. In interval notation, it is written as

(=, =2}U[3, =) Read the symbaol L) as “union.”
Its graph is shown in Figure 0-13.
— ey
-2 3
FIGURE 0-13

5. Define Absolute Value

The absolute value of a real number x (denoted as |x|) is the distance on a number line
between 0 and the point with a coordinate of x. For example, points with coordinates
of 4 and 4 both lie four units from 0, as shown in Figure 0-14. Therefore, it follows
that

4| = [4] =4

4 units 4 umnits

L
5 4 -3-2-1 01 2 3 4 35
FIGURE 0-14
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Section 0.1  Sets of Real Numbers n

In general, for any real number x,
[—xl = |x|

We can define absolute value algebraically as follows.

1
Absolute Value

Caution

Remember that x is not alwoys
positive and — x is nok always
negative.

EXAMPLE 9

Self Check 9

EXAMPLE 10

SOLUTION

Self Check 10

If x is a real number, then
when x = 0
when x < 0

|x] = x

|x] = -x

This definition indicates that when x is positive or 0, then x is its own absolute
value. However, when x is negative, then —x (which is positive} is its absolute value.
Thus, |/ is always nonnegative.

x| =0

for all real numbers x

Using the Definition of Absolute Value

Write each number without using absolute value symbols:
a3l h|-4 elo| 4a =[-8

In each case, we will use the definition of absolute value.

a3=3 bhi-4=4 c|0]=0 d —|—8 =-(8=-8

Write each number without using absolute value symbols:
a. |=10 b. [12] e —|6

Mow Try Exercise B5.

In Example 10, we must determine whether the number inside the absolute
value is positive or negative.

Simplifying an Expression with Absolute Value Symbols
Write each number without using absolute value symbols:

a lr—1| b. |2~
a. Sincew = 3.1416, =

e|2-xlifx=35
1 is positive, and = = 1 is its own absolute value.
e =1 =z =1
b. Since ? — - is negative, its absolute value is —(2 — =).
2-ml=-Q2-m=-2-(
. Since v = 5, the expression ? — x is negative, and its absolute value is —(2 — x).
|2 = x] = =2 - 2 provided ¥ = §

A==t gp=g=2

X}=-2+x=x

Write each number without using absolute value symbeols. (Hint: V5= 2.236.)

a |2 - V3| b |2

x|ifx=1

Now Try Exercise 89.
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12 Chapter 0 A Review of Basic Algebra

6. Find Distances on the Number Line

On the number line shown in Figure 0-15, the distance between the points with
coordinates of 1 and 4 is 4 — 1, or 3 units. However, if the subtraction were done
in the other order, the result would be 1 — 4, or =3 units. To guarantee that the
distance between two points is always positive, we can use absolute value symbols.
Thus, the distance d between two points with coordinates of 1 and 4 is

d=4=-1=1-4|=3

d=[d-1=3
—_—

=1 0 1 2. 3°4& ¥
FIGURE 0-15

In general, we have the following definition for the distance between two points
on the number line.

Distance between Two Points  If o and b are the coordinates of two points on the number line, the distance
between the points is given by the formula

d=|b-a

EXAMPLE 11 Finding the Distance between Two Points on @ Number Line

Find the distance on a number line between points with coordinates of a.3and 5
b. =2and3 e =5and =1

SOLUTIOM  We will use the formula for finding the distance between two points.
ad=|5=3 =2 =2
b.d=|3=(=2)| =342 =|5|=35
ed=|=1=(=8)|=|-1+35=[4 =4

|
Self Check 11 Find the distance on a number line between points with coordinates of a. 4 and 10
b. —2and -7
MNow Try Exercise 99.
Self Check Answers 1. a. no b. {a,c d, ei, o u} c. {a, e i} 2. a. repeats

b. terminates 3a =315 b. 4.6 e V5 4. a. Commutative
Property of Multiplication b. Associative Property of Multiplication
¢. Commutative Property of Addition 5.

-1 [} 1 2

S

6.(-25] —p—g+  T(~=5) —) .
-2 5 5

bed

8.[0,3] —— . 9. a. 10 b 12 ¢ =6
3

]
1.2 V5-2 B2-x 1La6 bS5
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Section 0.1  Sets of Real Numbers 13

Exercises 0.1

Getting Ready

You should be able to complete these vocabulary and
concept statements before you proceed to the practice
EXERCISES.

Fill in the blanks.

1L A is a collection of objects

2. If every member of one set B is also a member of a
second set A, then B is called a of A.

3. If A and B are two sets, the set that contains all
members that are in sets 4 and B or both is called
the  of 4and 8

4. If A and B are two sets, the set that contains
all members that are in both sets is called the
] _of Aand B.

5. A real number is any number that can be expressed
asa !

6. A _ isa letter that is used to represent a
number.

=1

. The smallest prime numberis .

. All integers that are exactly divisible by 2 are called
integers.

9, Natural numbers greater than 1 that are not prime
are called numbers.
10. Fractions suchas 3, §, and ] are called
numbers.
11. Irrational numbers are that don't termi-
nate and don't repeat.

12. Thesymbol is read as “is less than or equal to.”
13. On a number line, the _ numbers are to the
left of 0.

14. The only integer that is neither positive nor negative
is ;

15, The Associative Property of Addition states that
e+ +z= .

16. The Commutative Property of Multiplication states
that xy=

17. Use the Distributive Property to complete the state-
ment: 5(m +2) = :

18. The statement {m + n)p = p(m + n) illustrates the
- _ Property of

19. The graph of an
line.

20. The graph of an open interval has endpoints.

21. The graph of a closed interval has endpoints.

22, The graphof a interval has one endpoint.

is a portion of a number

23. Except for 0, the absolute value of every number is

S0606_GhD0_001-088.ncd 13

24. The between two distinet points on a
number line is always positive.

Ler
N = the set of natural numbers
W = ihe set of whole numbers
Z = the set of integers
Q = the set of rational numbers
R = the set of real numbers

Determine whether each statement is true or false. Read
the symbal © as “is a subser of.”

25 NCW 26. QCR
2. QCc N W LCQ
9 WcZ W0 RCoF
Practice

Let A = {a.b.c.d,el, B = (d, e, f. g}, and
C = {a, c, e, f}. Find each ser.
3. AUR
3k 4NC

32 ANR
M. BUC

Determine whether the decimal form of each fraction
ferminates or repeats.

£l 3
35, E 36. g

3 5
37. 38,

11 12
Consider the following set:

{-5, -4, -%0,1,V/2,2,2756,7].

39. Which numbers are natural numbers?
40. Which numbers are whole numbers?
41. Which numbers are integers?

42. Which numbers are rational numbers?

43. Which numbers are irrational numbers?
44, Which numbers are prime numbers?

45, Which numbers are composite numbers?
46. Which numbers are even integers?

47. Which numbers are odd integers?

48, Which numbers are negative numbers?

Graph each subset of the real numbers on a number line.
49. The natural numbers between 1 and 5

ST 1008 AN
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14 Chapter 0 A Review of Basic Algebra

50. The composite numbers less than 10 Write each ineguality as the union of two intervals and
graph the result.

51. The prime numbers between 10 and 20 77 x< ~lorx =2

52, The integers from -2 to 4 8. xs-50rx>0

§3. The integers between 5 and 0 . x=s —lorx=3

54. The even integers between -9 and -1 80 2 SioEE =

55, The odd integers between —6 and 4
Write each expression without using absolute value

56. —07, 175, and 3 symibols.
8L, [13 82. |-17]
83. [0 84, ~|63|
Write each ineguality in interval notation and graph the 85. -|-8| 86. |-25|
interval. 87. —|32| 88, —| -6
§. x =2 58, v< 4 8. |[w=5 00, |8 - =/
9. |w - 7| 92, 27|
9. f<r<s 60, -21<x<? 93, [x+ lland x=2 04, [x+ilandx= -2
61, x = —4 62 r <3 95. |x — 4| and x < 0 96. |x = 7] and x > 10
63. —2=swv<? 64 -d<x=1 Find the distance berween each pair of points on the number
line.
97. 3and 8 98. ~5and12
65 x =5 66, x= —1
: ’ 99, —fand -3 100. 6and ~20
67. —~S=x=10 6B -1=xr<4 Applications
101. What subset of the real numbers would you use to
describe the populations of several cities?
69, -2=v=73 0. ~4=y=4
102. What subset of the real numbers would you use to
describe the subdivisions of an inch on a ruler?
M. 6=x=2 T i=x=-2

103. What subset of the real numbers would you use to
report temperatures in several cities?
Write each pair of inequalities as the intersection of two
intervals and graph the result, 104. What subset of the real numbers would you use to
WY S and e d describe the financial condition of a business?

T4 x = ~3andx < 6 Discovery and Writing
105. Explain why — » could be positive.
o8 R and ey 106. Explain why every integer is a rational number.
107. Is the statement |ab| = |a| - |b| always true?
Explain.
76 x>landx =7 a| _ lal

108. Is the statement -

- 1 9
2 = (b # 0) always true?

Explain.

S0606_CGhD0_B01-088.ncd 12 TN 1006 AN
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Section 0.2 Integer Exponents and Scientific Notation 15
109. Is the statement |a + b] = [a| + |b| always true? 110. Under what conditions will the statement given in
Explain. Exercise 109 be true?
111. Explain why it is incorrect to write @ << b = ¢ if 112. Explain why |b — al = la — &/,

a<hand b = e

0.2 Integer Exponents and Scientific Notation

In this section, we will learn o

1. Define natural-number expenents.

2. Apply the rules of exponents.

3. Apply the rules for order of operations to evaluate expressions.
4, Express numbers in scientific notation.

5. Use scientific notation to simplify computafions.

The number of cells in the human body is approximated to be one hundred tril-
liom or 100,000,000,000,000. One hundred trillion is (10}(10)(10) -+« (10}, where ten
occurs fourteen times. Fourteen factors of ten can be written as 10',

In this section, we will use integer exponents to represent repeated multiplica-
tion of numbers.

1. Define Natural-Number Exponents

When two or more quantities are multiplied together, each quantity is called a
factor of the product. The exponential expression v* indicates that x is to be used
as a factor four times.

b Tt an

4 factors of x

¥Ey.ver.y

In general, the following is true.

L
Natural-Mumber Exponents  For any natural number n,

n factors of x
X

In the exponential expression x*, x is called the base, and n is called the exponent
or the power to which the base is raised. The expression x” is called a power of x.
From the definition, we see that a natural-number exponent indicates how many
times the base of an exponential expression is to be used as a factor in a product. If
an exponent is 1, the 1 is usually not written:

¥ =x

EXAMPLE 1 Using the Definition of Natural-Mumber Exponents
Write each expression without using exponents:
ad b4 -9 4= ent £

S0606_CGhD0_001-088.ncd 15 AT 1006 AN

https://jigsaw.vitalsource.com/api/v0/books/9781133710219/print?from=11&to=20

9/27/2016



College Algebra, 11e

Page 6 of 10

PRINTED BY: reallestate@gmail.com. Printing is for personal, private use only. No part of this book may be reproduced or transmitted without

publisher's prior permission. Violators will be prosecuted.

16 Chapter 0 A Review of Basic Algebra

SOLUTION  In each case, we apply the definition of natural-number exponents.
a #=4.-4=16 Fead 47 as “four squared "
b. (—df = (-4)(—-4) = 16 Read (—4)
e. =5 = —5(5)(5) = —-125 Read —5'as "
d. (=5 = (=5)(=5)(~5} = =125  Read (—5)’ as “negative five cubed "

“negative four squared.”

e of five cubed.”

e It=3.x-x-x-x Read 3+ as "3 times x to the fourth power.”

f. (3% = (333 {(3x) = 8l - x-x-x-x Read (3x)* as “3x to the fourth power.”

Self Check 1 Write each expression without using exponents:
a P b. (-3¢ e 5& d. (3a)?

Mow Try Exercise 19.

Comment  Nate the distinction between ax” and {ax):

r factors of x

ax = acxeXrXe - x (o) = ()

Alsa note the distincfion between —x~ and {—x)™:

n factors of %

—x¥'=—{xrxoxr - o)

el R o 1oy Using a Calculator to Find Powers

We can use a graphing calculator to find powers of numbers. For example,
consider 2.35%.

+ Input 2.35 and press the [ key.
+ Input 3 and press [E50.

2.35°3 ]
12. 977875
Comment
To find powers on a scientific caleulator FIGURE 0-16
use the i key.

We see that 2.357 = 12.977875 as the figure shows above.

2. Apply the Rules of Exponents

We begin the review of the rules of exponents by considering the product x™x".

Since ¥™ indicates that x is to be used as a factor m times, and since x” indicates that

x is to be used as a factor n times, there are m + n factors of x in the product x™ ",
m + n factors of x

i factors of x

X = e x e xe e

S0606_GhD0_001-088.ncd 16

AT 1006 AN

https://jigsaw.vitalsource.com/api/v0/books/9781133710219/print?from=11&to=20

9/27/2016



College Algebra, 11e Page 7 of 10

PRINTED BY: reallestate@gmail.com. Printing is for personal, private use only. No part of this book may be reproduced or transmitted without
publisher's prior permission. Violators will be prosecuted.

Section 0.2 Integer Exponents and Scientific Notation 7

This suggests that to multiply exponential expressions with the same base, we
Keep the base and add the exponents.

L
Product Rule for Exponents  If m and n are natural numbers, then
¥ =

Comment To find another property of exponents, we consider the exponential expression
[x™)". In this expression, the exponent n indicates that x™ is to be used as a factor n
times. This implies that x is to be used as a factor mn times.

The Product Rule apgplies to exponential
axpressions with the same bosa. A
product of two powers with different R Bt if
bases, such as x*y, cannet be simplified. "

u factors of x"

G = (I - - ) =

This suggests that to raise an exponential expression to a power, we keep the
base and mudtiply the exponents.

To raise a product to a power, we raise each factor to that power.

s i factors of xy B 3 rfactorsof x w fa i
ol = o)) p) - - - ) =x-x-xe e )peyeypr e ) =2y

To raise a fraction to a power, we raise both the numerator and the denomina-
tor to that power. If y # 0, then

)
¥

ors of ¥

u factors of ;

GEOODE

i factors of x

The previous three results are called the Power Rules of Exponents.

.
Power Rules of Exponents  If m and » are natural numbers, then

X

(") = x™ ()" = X"

—
o
e
[
=%

y*0

EXAMPLE 2 Using Exponent Rules to Simplify Expressions with Natural-Number
Exponents

Simplify: a. ¥’ b Yy e (¥ A ()

Copyrige 2012 Congags Loarzog, A1
Editerial evie s Gorvmnd Uil sy wpees
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18 Chapter 0 A Review of Basic Algebra

SOLUTION

Self Check 2

In each case, we will apply the appropriate rule of exponents.

XY =t w2 b yely = 2 a
d. () = () = X7
(3% 0)
- 2 2 e 2 )
||
Simplify:

a (p)? b. {@’a®)’ e (e x)? d. (Bi—Jb-), (e # 0)
Mow Try Exercise 49.

If we assume that the rules for natural-number exponents hold for exponents
of 0, we can write
xlx" = iyt

Since »"v" = 1¥", it follows that if ¥ = 0, then «" = 1.

Zero Exponent

¥ul (xw0)

If we assume that the rules for natural-number exponents hold for exponents
that are negative integers, we can write

x " m x m m] [wm)
However, we know that

1

=

Since x %" = L - x", it follows that x ™™ = & (x # 0).

| . . -
» 2" = — and any nonzero number divided by itself is 1.
x v

cx"=1 (x#0)

I —
Negative Exponents

EXAMPLE 3

SOLUTION

If nisan integer and x # 0, then
o ] 1

= and =

Because of the previous definitions, all of the rules for natural-number expo-
nents will hold for integer exponents.

Simplifying Expressions with Integer Exponents
Simplify and write all answers without using negative exponents:
2 (3x° b3 x4 ﬁ e xx L (x%9?

We will use the definitions of zero exponent and negative exponents to simplify
each expression.

a(3x)'=1 b3 =3=3 ecxt=— 4 =5 x*

S0606_GhD0_001-088.nc 18
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Self Check 3

Section 0.2 Integer Exponents and Scientific Notation 19
e x"ixmx™*l f (x0T m (x4
m x? = B
il g
= =
]
Simplify and write all answers without using negative exponents:
a. 72’ b. 3a? e atd d. lg'a )’
Now Try Exercise 59.

To develop the Quotient Rule for Exponents, we proceed as follows:
"

L L At
f--x‘“( )—f‘x - - (x #0)

x°

This suggests that to divide two exponential expressions with the same nonzero
base, we keep the base and subtract the exponent in the denominator from the expo-
nent in the numerator.

I
Quotient Rule for Exponents

EXAMPLE 4

SOLUTION

Self Check 4

EXAMPLE 5

S0606_GhD0_001-088.nc 13

If m and n are integers, then

xw.. -n o
F_x“ {x # 0)

Simplifying Expressions with Infeger Exponents
Simplify and write all answers without using negative exponents:

a. 1)! b. _x-x:‘

b -

We will apply the Product and Quotient Rules of Exponents.
2.4 L]

Lagr w22

x

a 3

=
P
-

= x3 = x6-1-9

Simplify and write all answers without using negative exponents:

s A
7 x'x
a— b. 7
& = x*

-]

Mow Try Exercise 69.

Simplifying Expressions with Integer Exponents

Simplify and write all answers without using negative exponents:

NE O
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20 Chapter 0 A Review of Basic Algebra

SOLUTION  We will apply the appropriate rules of exponents.

= [y~

okt : o &y
- Multiply numerator and denominater by 1 in the form —
¥

Self Check 5 Simplify and write all answers without using negative exponents:
Xﬂy—.' 2 2.& =¥
= (x -"yﬁ) = (3;;)
MNow Try Exercise 75.

Part b of Example 5 establishes the following rule.

L
A Fraction to a Negative Power If n is a natural number, then

(x):(y) (x#0 and y#0)
¥ X

3. Apply the Rules for Order of Operations to Evaluate
Expressions

When several operations occur in an expression, we must perform the operations in
the following order to pet the correct result.
e ——

Sirategy for Evaluating Expressions  [f an expression does not contain grouping symbols such as parentheses or
Using Order of Operafions  brackets, follow these steps:

1. Find the values of any exponential expressions.
2. Perform all multiplications and/or divisions, working from left to right.
3. Perform all additions and/or subtractions, working from left to right.

+ If an expression contains grouping symbols such as parentheses, brackets,
or braces, use the rules above to perform the calculations within each pair of
grouping symbeols, working from the innermost pair to the outermost pair.

+ In a fraction, simplify the numerator and the denominator of the fraction
separately. Then simplify the fraction, if possible.

S0606_GhDO_B01-088.ncd 20 AT 1006 AN
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Section 0.2 Integer Exponents and Scientific Notation n

Comment Many students remember the Order of Operations Rule with the ocronym PEMDAS:

= Parentheses
= Exponents

= Multiplicaticn
= Divisicn

* Addition

* Subsraction

3[4 - (6 + 10)]

For example, to simplify - o6+ ° we proceed as follows:

3[4 — (6 + 10}] 34 - 16)
-6+ 2-06+T

Simplify within the inner parentheses: 6 + 10 = 14,

3\( 12 arentheses: 4 — 16 = —12 and 6 + 7 = I3
33 rentheses: 12,and 6 + 7= 3.
3(-12) e B
1 3 Evaluate the power: 2° = 4.
ﬁ 3(-12) 6.4 - 13 9

g 3H-12) = -36.4 - 13= -9,

=4

EXAMPLE 6 Evaluating Algebraic Expressions
Ifx= =2, y=3and z = —4, evaluate
27 = 37
Sx?

8 —x 4 yz b.

SOLUTION  In each part, we will substitute the numbers for the variables, apply the rules of
order of operations, and simplify.

2 =x" + y = —=(=2) + 3(-4)

= —(4) + 9(—4) Evaluate the powers.
4 + (—36) Do the multiplication.
= =40 D the addition.
7 -y -4 - 33
b. 2 - =
5’ s5(-2¢
2(-64) ~ 3(9)
- = Evaluate the powers.
54)
Bl ol
2{,,] o the multiplications.
155 Bt
20 Do the subtraction.
3 ey
p Simplify the fraction.

Self Check & If x = 3and y = -2, evaluate Zx—iy

MNow Try Exercise 91.

4. Express Numbers in Scientific Notation

Scientists often work with numbers that are very larpe or very small. These numbers
can be written compactly by expressing them in scientific nowation.

S0605_ChD0_001-088.rcg 21 AT 1006 AN
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22 Chapter 0 A Review of Basic Algebra

Scientific Nohation

g BummE e

EXAMPLE 7

SOLUTION

Self Check 7

EXAMPLE 8

Copyrige 2012 Congags Loarzog, A1
Editerial evie s Gorvmnd Uil sy wpees
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A number is written in scientific notation when it is written in the form
N X1

where | = |N| < 10 and ris an integer.

Light travels 29,980,000,000 centimeters per second.

To express this number in scientific notation, we must write it as the product of
a number between 1 and 10 and some integer power of 10. The number 2.998 lies
between 1 and 10. To get 29,980,000,000, the decimal point in 2.998 must be moved
ten places to the right. This is accomplished by multiplying 2.998 by 10",

Standard notation —+ 29,980,000,000 = 2.998 X 10" +— Scientific notation

One meter is approximately 0.0006214 mile. To express this number in scientific
notation, we must write it as the product of a number between 1 and 10 and some
integer power of 10. The number 6.214 lies between 1 and 10. To get 0.0006214, the
decimal point in £.214 must be moved four places to the left. This is accomplished
by multiplying 6.214 by ..1\: or by multiplying 6.214 by 10 s

Standard noation— 0.0006214 = 6214 % 107° +—Scientific notation

To write each of the following numbers in scientific notation, we start to the
right of the first nonzero digit and count to the decimal point. The exponent gives

the number of places the decimal point moves, and the sign of the exponent indi-
cates the direction in which it moves.
2.372000,=3.72 % 10° 5 places to the right.

b. 0.000537 =537 X 10° 4 placesto the lefi.

e 736 = 7.36 X 10P No mevement of the decimal point.

Wrifing Numbers in Scientific Notation
Write each number in scientific notation: a. 62,000 b —0.0027
a. We must express 62,000 as a product of a number between 1 and 10 and some
integer power of 10. This is accomplished by multiplying 6.2 by 10°,
62,000 = 6.2 x 10°

b. We must express —0.0027 as a product of a number whose absolute value is
between 1 and 10 and some integer power of 10. This is accomplished by multi-
plying — 2.7 by 107,

-0.0027 = 2.7 x 1077
|

Write each number in scientific notation:
a. =93, 000,000 b. 0.00000&7

Mow Try Exercise 103.

Writing Numbers in Standard Notation

Write each number in standard notation:

a 73 xIF b 32TxI0C
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Section 0.2 Integer Exponents and Scientific Notation 23

SOLUTION  a. The factor of 1(F¥ indicates that 7.35 must be multiplied by 2 factors of 10.
Because each multiplication by 10 moves the decimal point one place to the
right, we have

7.35 % 107 = 735

b. The factor of 10 indicates that 3.27 must be divided by 5 factors of 10. Because
each division by 10 moves the decimal point one place to the left, we have

327 % 1077 = 000327

Self Check 8 Write each number in standard notation: a. 6.3 x 10¢ b, 0.1 x 107*
Mow Try Exercise 111.

5. Use Scientific Notation to Simplify Computations

Another advantage of scientific notation becomes evident when we multiply and
divide very large and very small numbers.

EXAMPLE 9 Using Scientific Notation to Simplify Computations
e . (3.400,000)(0.00002)
Use scientific notation to calculate 170,000,000
SOLUTION  After changing each number to scientific notation, we can do the arithmetic on the
numbers and the exponential expressions separately.

(3,400,000} (0.00002) _ (3.4 % 109{2.0 ¥ 1077)

170,000,000 1.7 % 10°
Q G+{— 5%
=17 ® 10
=40 % 1077
= 0.0000004

(192,000} {0.0015)

Self Check 9 Use scientific notation to simplify (0.0032)(4.500) -

MNow Try Exercise 119.

ACCENT ON TECHNOLOGY i F PRty F N P et

Graphing calculators will often give an answer in scientific notation. For example,
consider 21%

2178

3.78228593¢ce18

FIGURE 0-17

We see in the figure that the answer given is 3.782285936E10, which means
ATRIIAS036 % 10",

S0606_CGhD0_B01-088.ncd 23 AT 1006 AN
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24 Chapter 0 A Review of Basic Algebra

i
Yl
the denominater o scientific notation becouse the number has too many digits 1o fit on the screen.

= For scienfific notation, we enter these numbers and press these keys: 6.1 11
# To evaluate the expression above, we enter these numbers and press these keys:
A=) a1 [EXR]1 [F-] 5]

The display will read (2004687457 in standard notation, the answer s approsi mateky
420,046,874 800,000,000,000.

Comment To caleulate an exprassion lke on a scientific caleulatar, it is necessary 1o convert

Self Check Answers 1. a. 7-7-7=33 b (-3(-3 =9 e 5-a-a-a
d. (Sa){5a){5a)(5a) = 625-a-a-a-a 2 a ) b a' e x"

27a"° 3 1 1 1 1
d. 3 a7l b. = L d. s 4. a. = b. =
1 276° & 3
SIE.JF e 6.; Toa =930 b 87 % 10°°

8 a. 6300 b 0.00091 9. 20

e
Exercises 0.2

Getting Ready 15. -5% 16. (-5
You should be able to complete these vocabulary and 17, 4x 18. (4x)°
concept statements before you proceed to the practice 19. (=5x)° 20, -6
exercises. ’ )
Fill in the blanks. e Bl
1. Each quantity in a product is called a of
the product. Write each expression using exponents.
2 A number exponent tells how many times 23, Txxx 4. ~Byywy
a base is used Ias a fac1_or. . 28, (=x}{-x) 26. (24)(24)(2a)
3 Inthe eapression (2] - <& the exponentand 21 (30GA(-30 28~ (2625 25)(25)
is the base.
4. The expression x* is called an _expres- 29, ey 040
e 5 . Use a caleulator to simplify each expression.
5. A number is in notation when it is writ- 31 2 e
ten in the form N % 10", where 1 = |N] < 10 andn 5 _
isan _ 33 -0.5° M. (—02)
6. Unless indicate otherwise,

Simplify each expression. Write all answers without using
megative exponents, Assume that all variables are restricted
to those numbers for which the expression is defined.

are performed before additions.

Complete each exponent rule, Assume x + 0,

"ot " 35 vy 36. y'y'
LA 8. (::“} i g
9, () = 10. 'r—l:'-_ 39, (157" 40. (da"a*

5 41 (Y 42 (O

o= i 4. (@) M. @ @)
Practice 45. (3x) 46. (-23)°
Write each number or expression without using exponents. 47 (*)? 48, (225"
13 13 14. 107

S0606_ChD0_B01-088.nc 28 BT ToE2 A
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ant x}!
o (%) 0. (%)
51. (=x)° 52, 4"
53, (4x)" 54, -2x"
55, & * 56. ,1;
81 y 5 58, —m
59, ('x 9 60, )~
Sl 2. =
4 r
21 13
63. % ot
a t
72 g
65, 66 =
= o,
ele
. (7 w (%)
9y
69. . o
2
n (%)
)
73. M.t an S
~7.,\3
75. 6. (xT J',)
X7y
3x:y") 3
. . ]
(2x Tyt
» . (25957)
. |
o 2 =2 0"
(572 7P (Syz %)
o __—un.{p;)-:[mn—up.v]a.
" (mn P mnp) !
Simplify each expression.
5[67 + (9 - 5)] 603 - (4 - 7]
83. 84, — ‘
42 - 3° 502 - 47
Let x = =2, y = 0, and z = 3 and evaluate each
EXPression.
85, 7 86, —x°
87, B8, -
89, (—xz)* 90, —xz'
2 .1 o 4 s
91. z'?(x ZJ] 92, ‘—[:‘('-3—'—}"'}'
¥ X’z
93, 5x% - 3z 94, 3(x — 27 + 20y
3x e (=5x*z )7
9. 'zt T St

S0606_CGhD0_B01-088.ncd 25
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Express each nusiber in scientific Rotation.

97, 372,000 98. 89,500

99. 177,000,000 100. —23,470,000,000
101. 0.007 102. 0.00052

103. —0.000000693 104. —0.000000089
105. one trillion 106. one millionth

Express each number in standard notation.
107. 9.37 x 10° 108. 426 x 107

109, 2.21 x 107* 110. 2.774 = 1072

111, 00032 x 10° 112, 93000 = 107

113, =32 % 1072 114. =7.25 % 109

Use the method of Example 9 to do each calculation.
Frite all answers in scientific notation.
(65,000) (45,0000
250,000
116, (0.000000045) (0.00000012)
45,000,000

(0.00000035) (170,000)

000000085
(0.0000000144) (12,000}

600,000
11, (45.000,000,000)212,000)
: 0.00018
(0.00000000275) (4,750)
500,000,000,000

Applications
Use scientific notation to compute each answer. Write alf
answers in scienfific modation.
121. Speed of sound The speed of sound in air is

3.31 % 10% centimeters per second. Compute the

speed of sound in meters per minute.

115.

118.

120.

122. Yolume of a box Calculate the volume of a box
that has dimensions of 6,000 by 9,700 by 4,700
millimeters.

123. Mass of a proton The mass of one proton is
0.000000000000000000000001 67248 gram. Find
the mass of one billion protons.
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26 Chapter 0 A Review of Basic Algebra
124. Speed of light The speed of light in a vacuum mass within 1 millimeter (0.04 inch) a vear by using
is approximately 30,000,000,000 centimeters per a combination of four space-based technigues.

second. Find the speed of light in miles per hour.
[160.934.4 cm = 1 mile.)

125, Astronomy The distance &, in miles, of the nth
planet from the sun is given by the formula

o = 9,275,200[3(2" ) + 4]

To the nearest million miles, find the distance of
Earth and the distance of Mars from the sun. Give
each answer in scientific notation.

The distance from the Earth's center to the North
Pole (the polar radius) measures approximately

= 6,356,750 km, and the distance from the center
/—4 L to the equator (the equatorial radius ) measures

approximately 6,378,135 km. Express each distance

/____\\’_\L&n using scientific notation.
LA 128. Refer to Exercise 127. Given that 1 km is
approximately equal to (.62 miles, use scientific
Venus notation to express each distance in miles
-“"-__________.--"/
Write each expression with a single base.
126. License Plates The number of different 129, ¥y 130. {;
license plates of the form three digits followed i .
by three letters, as in the illustration, is 131 e 132 X
10+ 100+ 10+ 26 + 26 - 26, Write this expression s i
using exponents. Then evaluate it and express the 133, ™" lyd 134. " g’
result in scientific.nptation. 135. Explain why = »* and (—x)* represent different
numbers.

e uUTAH ChHE
B 136. Explain why 32 % 107 is not in scientific notation.
137. Graph the interval (—2,4).
Discovery and Writing
127. New way to the center of the earth The spectacular 138. Graph the interval (—=,—3]U[3,2).
“blue marble’ image is the most detailed true-color

image of the entire Earth to date. A new NASA-
developed technique estimates Earth’s center of

139. Evaluate |7 - 5.

140. Find the distance between —7 and —5 on the
number line.

S0606_CGhD0_001-088.ncd 26 AT 1006 AN
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Section 0.3 Rolional Exponents ond Radicals o

5
-
g
2
£
B
£
g

Caution

In the expressicn ', there is ne
reaknumber mth root of a when i
is even and @ < 0. For example,
(~64)"" is met a real number,
because the square of no real
number is —f4,

Rational Exponents and Radicals
In this section, we will learn o

1. Define rational exponents whose numerators are 1.

2. Define raticnal exponents whese numerators are not 1.
3. Define radical expressions.

4, Simplify and combine radicals.

5. Rafionalize denominators and numeratars.

“Dread Man's Curve” is a 1964 hit song by the rock and roll dueo Jan Berry and Dean
Torrence. The song details a teenage drag race that ends in an accident. Today, dead
man’s curve is a commonly used expression given to dangerous curves on our roads.
Every curve has a “critical speed.” If we exceed this speed, regardless of how skilled
a driver we are, we will lose control of the vehicle.

The radical expression 3.9%r gives the critical speed in miles per hour when
we travel a curved road with a radius of r feet. A knowledge of square roots and
radicals is important and used in the construction of safe highways and roads. We
will study the topic of radicals in this section.

1. Define Rational Exponents Whose Numerators Are 1
If we apply the rule (x™)* = ¥ to (25"%), we obtain

N2 Tl v 3 . 4
[25""’)' 2,5[' o Keep the base and multiply the exponents,
= 25! Le%m
= 25

Thus, 25" is a real number whose square is 25. Although both §° = 25 and
(=5 = 25, we define 25' to be the positive real number whose square is 25:

2512 = 5 Read 25" as "the square root of 25.7

In general, we have the following definition.

L
Rational Exponents

EXAMPLE 1

If @ = 0 and » is a natural number, then @' (read as “the mth root of a™) is the
nonnegative real number b such that

=g

Since b = a'™, we have &" = (a')" = a.

Simplifying Expressions with Rational Exponents

In each case, we will apply the definition of rational exponents.
a 167 =4
b 27" =3

Because 4 = |6, Read 16° as "the square root of 16.”

Beeause 3 = 27. Read 27° as "the cube root of 277

1 e 1
= ad | a5 “the fourth root of —.”
EI.R&d \R.-,] as “the R.nl.l..\mu.rgl.

713
Because | - |

S0606_CGhDO_B01-088.ncd 27
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28 Chapter 0 A Review of Basic Algebra

d =32 = —(32")  Read 32" as “the fifth root of 327
= —(2} Because 2° = 32,

= =2

Self Check 1 Simplify: a. 100°* b. 243
MNow Try Exercise 15.

If i is even in the expression a'* and the base contains variables, we often use
absolute value symbols to guarantee that an even root is nonnegative.

(49277 = 7| x| Because (7

bols are nec

= 49x°. Since x could be negative, absolute value sym-

ssary o guarantec that the square root is nonnegative.

(16x7" = 2|x| Because (2]x[)* = 16x*. Since x could be negative, absolute value sym-
bols are pecessary to guarantee that the fourth oot is nonnegative.

(72935 = 332 Because
walue g3

¢ "

1% = 729x"_ Since 7 is always nonpegative, no ahsolute

'} as “the sixth root of

ols are necessary. Read (7
If mis an odd number in the expression a'", the base a can be negative.

EXAMPLE 2 Simplifying Expressions with Rational Exponents

Simplify by using the definition of rational exponent.

a (- S).” = =2 Because (—2)* = -8,

b (—3,125)"% = =5 Because (—5)° = —3,125.

B O, | B 1y 1
e = 1,000 BT Because l w0 = "Tow

. |
Self Check 2 Simplify: a. {—125)"7 b, (- 100,000)"%
MNow Try Exercise 19.
Caution If e is odd in the expression o', we don’t nead to use absclute value symbels, becouse odd
roots con be negative.
[-272)"% = ~3x  Because (~3x)’ = ~27x.
(-128a7)" = =20 Because (-24)' = -1284".

‘We summarize the definitions concerning o' as follows.

I
Summary of Definitions of @'  If n is a natural number and a is a real number in the expression '", then
If @ = 0, then a"" is the nonnegative real number b such that 4" = a.

and n is odd, then a"" is the real number b such that " = a.
and n is even, then 2" is not a real number.

Ifa‘CU{

The following chart also shows the possibilities that can occur when simplify-

Editcrisl rewiem i doovend o

S0606_GhD0_001-088.ncd 28
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Section 0.3 Rolional Exponents ond Radicals 29
L4
Strategy for Simplifying 1in
Expressions of the Form a'" = L < L
a=0 |nisa | g"igthereal | 0% = 0 because 0° = 0.
natwral | qumber 0 0" = 0 because 0° = 0.

number. | because " = 0.

A= nisa a'* is the non- 16" = 4 because 4® = 16.
natural | pegativereal | 27'% = 3 because 3' = 27.
number. | number such

that (a*")" = a.
a<0 | nisan | g isthe real (=32)"" = —2 because (-2)* = —32.
odd number such | (~125)"® = —5 because (~ 5}’ = —125.
natural | that [a"%)" = a.
number.
a=0 |nisan a™isnotareal | (~9)" is not a real number.

number. (=81)" is not a real number.

natural
number.

2, DNzﬁr}e Rational Exponents Whose Rational Exponents Are
t

The definition of a”* can be extended to include rational exponents whose numera-

tors are not 1. For example, 4'7 can be written as either
(4% or (4" Because of the Power Rule, ()" = x™

This supgests the following rule.

Rule for Rational Exponents  If m and n are positive integers, the fraction * is in lowest terms, and a'" is a
real number, then

a™ = (@Y = ()"

In the previous rule, we can view the expression o™ in two ways:

1. (a"™)™: the mth power of the nth root of a
2. (™)' the nth root of the mth power of a

For example, (—27)*" can be simplified in two ways:

P = (PP o (2P =[P
= (-3 = (729)"*
=9 =9

As this example suggests, it is usually easier to take the root of the base first to
avoid large numbers.

Copyrige 2012 Congags Loarzog, A1
Editerial evie s Gorvmnd Uil sy wpees

vt b ellact asdor o

T TR S
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30 Chapter 0 A Review of Basic Algebra

Comment [t is helpful 1o think of the phrase: pewer aver root when we see o rational exponent. The numerator
of the fraction represents the power and the denominator represants the roat. Bagin with the roat
when simglifying 1o owvoid large numbers.

L
Megative Rational Exponents  If m and n are positive integers, the fraction % is in lowest terms and a™* isa

real number, then

a " = d‘l‘"* and a_lm..d = g (a # 0)

EXAMPLE 3 Simplifying Expressions with Rational Exponents
We will apply the rules for rational exponents.

£ N2 ¢ 6 31372
R Ryt Ry
1,000 k I,UUIJ)
-9 (_"‘)"
- 10
P
X
= “ 100
oy 1 i
e. 27 = a2 d. F— 817
1 ¥
i (_ul:r]: o (81“1]!
= % =3
: i =2

Self Check 3 Simplify: a. 49°7 Relem¥ e

MNow Try Exercise 43.

Because of the definition, rational exponents follow the same rules as integer
exponents.

EXAMPLE 4 Using Exponent Rules to Simplify Expressions with Rational Exponents
Simplify each expression. Assume that all variables represent positive numbers, and
write answers without using negative exponents.

. 13p 236 3 1273
a (3607 = 36" g wj} =T

¥
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Self Check 4

Section 0.3 Rolional Exponents ond Radicals N
w2 ul [ 25730
- aa:: = i 5 a6 d. | ;.5 = (e U5-Ay
= gie e 2212 = [(~1)(c"#) ]
= gMi2 = (~1)¥ (95
100
"
L
&
=
Use the directions for Example 4:
R ¥\ Py i (o)
BRY:U {al B e
MNow Try Exercise 59.

3. Define Radical Expressions

Radical signs can also be used to express roots of numbers.

.
Definition of V/a

If » is a natural number greater than 1 and if a"" is a real number, then

W = gt

In the radical expression \Va, the symbol \/ is the radical sign, a is the radicand,
and » is the index (or the order) of the radical expression. If the order is 2, the ex-
pression is a square root, and we do not write the index.

Va=Va

If the index of a radical is 3, we call the radical a cube root.

nth Root of a Nonnegative
Number

Caution

If m is a natural number greater than 1 and «# = 0, then Vais the nonnegative
number whose nth power is a.

() -«

In the expression %'a, there is ne realnumber xth oot of a when n is even and # = 0, Far
axample, %'~ 64 is not a real number, because the square of ne real number is —64.

If 2 is substituted for « in the equation (\'.'r"u:l' = g, we have

{\fr"u]' = (\r"’a)— =vava=afora=0
This shows that if o number a can be factared inte two equal foctars, either of those factors
is @ square root of w. Furthermare, if @ can be foctored into » equal foctors, any one of thoss
factors is an nth root of a.

IF # is an odd number graater than 1 in the expressian ¥a, the radicand can be negative.

S0606_ChD0_001-088.rcd 31
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32 Chapter 0 A Review of Basic Algebra

EXAMPLE 5 Finding nth Roots of Real Numbers
We apply the definitions of cube root and fifth root.

a V-27=-3 Because (~3}' = -27.
b V-8 = -2 Because (-2’ = —8.
1'|'r_._-5_ L3 Bacamse [ -3V 27
“yY e~ T P\ o) T T
4 —¥-243 = --(\2-" 143)
= —(=3}
=1
||
I
Self Check 5 Find each root: a. V216 b. \’.'I - ;—2

MNow Try Exercise 69.

‘We summarize the definitions concerning Wa as follows.

Summary of Definitions of V'a  If nis a natural number greater than 1 and a is a real number, then
If a = 0, then ¥a is the nonnegative real number such that (\"/'G); =a.
and n is odd, then ¥a is the real number such that (\"/E)' =g,

and n is even, then ¥/a s not a real number.

lfnc.ﬂ{

The following chart also shows the possibilities that can occur when simplify-

ing '\3’;.
Strategy for Simplifying , " Wa Examples
Expressions of the Form V/a ' _ o | s natural V0isthereal | W0 = 0 because 07 = 0.
number number 0 /0 = 0 because 0F = 0,

greater than | pecayce = (,
s
a>=0 | nisanatural | ¥ is the non- | V16 = 4 because 47 = 16.

number | negativereal | /27 = 3 because 3° = 21.
greater than | number such

1. mar_(‘a =g

a<0 |nisanodd |\Ygisthereal |%/—32 = —2 because (=2) = =32,
natural num- | pymber such /=125 = -5 because (=5)° = —125.
ber greater | (\VaT =g

than 1.

a0 |nmisaneven |\¥yisnotareal | V'~ is not a real number.
natural number. /81 is not a real number.
number.

Copyrige 2012 Congags Loarzog, A1
Editerial evie s Gorvmnd Uil sy wpees

vt b ellact asdor o
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Section 0.3 Rolional Exponents ond Radicals 33

We have seen that if a'" is real, then a™" = (""" = (a™)"".
This same fact can be stated in radical notation.

o = (Vo =N/
Thus, the mth power of the nth root of a is the same as the nth root of the mth power
of a. For example, to find 277, we can proceed in either of two ways:

V2P = (V27] = = 90r V27 = V729 = 9

By definition, \/a* represents a nonnegative number. If a could be negative, we

must use absolute value symbols to guarantee that Wa' will be nonnegative. Thus,
if @ is unrestricted,

Vi = |a|

A similar argument holds when the index is any even natural number. The sym-
bol \"/a"', for example, means the posirive fourth root of a®. Thus, if a is unrestricted,

Va' = |al

EXAMPLE 6 Simplifying Radical Expressions
If xis unrestricted, simplify a. ¥64x® b V' o Vior
SOLUTION  We apply the definitions of sixth roots, cube roots, and square roots.

N Lrrer 3 : : . . "
a. Vedx = J|x| Use absolute value symbols to guarantee that the result will be nonnegative.

a3 5 2 .
b. '\/{x' =x Because the index is odd, no absolute value symbals are needed.

e Vb = 38 Because 3x' is always nonnegative, no absolute value symbols are needed.

Self Check & Use the directions for Example 6:
a Ve b \:'/Z?y-" e Wit
Now Try Exercise 73.

4. Simplify and Combine Radicals

Many properties of exponents have counterparts in radical notation. For example,
since a'"B'"™ = {(gh)'" and §= = (3" and (b # 0, we have the following,

L
Multiplication and Division If all expressions represent real numbers,
Properties of Radicals Lo = Va JJa

N a'h = Vab \?/; =3 (b = 0}

In words, we say

The product of two nth roots is equal 1o the nth root of their product.

The quotient of two neh roots is equal to the nth root of their guotient.
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34 Chapter 0 A Review of Basic Algebra

Caution

These properties involve the ath root of e product of twe numbers or the mth reot of the quo-
tient of two numbers. There is no such proparty for sums or differences. For example,

V9 + 4 # W0+ V4, becowse
VO ra=v13 bt VI+VE=3+2=3
and %13 # 5. In general,

Varb=va+r i ond  Wa=b=Va= A

Numbers that are squares of positive integers, such as
1,4,9,16,25, and 36

are called perfect squares. Expressions such as 4x” and .',x° are also perfect squares,
because each one is the square of another expression with integer exponents and
rational coefficients.

2 2 1 1Y
4x* = (2x)" and gf = (3.1')
Numbers that are cubes of positive integers, such as
1, 8,27, 64, 125, and 216

are called perfect cubes. Expressions such as 64+’ and ,'-_..'c° are also perfect cubes,
because each one is the cube of another expression with inteper exponents and ratio-
nal coefficients.

1 ¥ L-) (l )"
64x" = (4x)* and ¥ = 313

There are also perfect fourth powers, perfect fifth powers, and so on.

We can use perfect powers and the Multiplication Property of Radicals to sim-

plify many radical expressions. For example, to simplify \/12.:’, we factor 12x” so
that one factor is the largest perfect square that divides 12x". In this case, it is dx",
We then rewrite 12" as 4+ - 3x and simplify.

Wizx = Viaxt 3 Factor 12x" as 4x* + 3x.
= Vax"v3x Use the Multiplicarion Property of Radicals: Wb = %av/'h.
= 2x*V3x Vi = 2
To simplify \:}”432."’)', we find the largest perfect-cube factor of 432x"y (which is

216x") and proceed as follows:

Vaa2xy = W216x" - 2y Factordszey
= W216x" “3/2}' Use the M
= 6"V 2y V16 = 6x

as 216" + 2.

on Property of Radicals: ¥ab = ¥V

Radical expressions with the same index and the same radicand are called like

or similar radicals We can combine the like radicals in 3W/2 + 2W2 by using the
Distributive Property.

V24 2V2= (3 4+ V2
=52

S0606_ChD0_001-088.ncd 38

https://jigsaw.vitalsource.com/api/v0/books/9781133710219/print?from=3 1 &to=40

9/27/2016



College Algebra, 11e Page 5 of 10

PRINTED BY: reallestate@gmail.com. Printing is for personal, private use only. No part of this book may be reproduced or transmitted without
publisher's prior permission. Violators will be prosecuted.

Section 0.3 Rolional Exponents ond Radicals s

This example suggests that to combine like radicals, we add their msnerical
coefficients and keep the same radical.

‘When radicals have the same index but different radicands, we can often chanpe
them to equivalent forms having the same radicand. We can then combine them. For
example, to simplify /27 — %12, we simplify both radicals and combine like radicals.

V2T -V12=V9-3-V4-3  Futormandiz,

= V3 - Vv Vv
= V1 - 2v3 Vo= 3and Vi =2,
'\f} Combine like radicals.

EXAMPLE 7 Adding and Subtracting Radical Expressions
Simplify: a. V30 + V200 b 3264z ~ 2920
SOLUTION  We will simplify each radical expression and then combine like radicals.
a. VS0 4+ V200 = V25-2 + V100 - 2
= V25V2 + V100v2
= 52 4+ 10v2
=152
b 3:V6dz — 2V2s0 = 320320 22 - 2V 22
= 32V ¥z - 2V
= 3z(2)W2z - 2022
= 62%2z — 2:N/22
= 42'\'}'{2_:.'

Self Check 7 Simplify: 2. V18 = V& b, 2¥81a* + a¥/24a
Now Try Exercise 85.

5. Rationalize Denominators and Numerators
By rationalizing the denominator, we can write a fraction such as

Vs
V3

as a fraction with a rational number in the denominator. All that we must do is
multiply both the numerator and the denominator by V3. (Note that VIV 3is the
rational number 3.)

Vs vsvE Vs
Vi ViV 3

To rationalize the numerator, we multiply both the numerator and the denomi-
nator by 5. (MNote that \/5\/5 is the rational number 5}

Vs Vsvs s

V3 VaVs Vs
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36 Chapter 0 A Review of Basic Algebra

EXAMPLE 8 Rationalizing the D inator of a Radical Expression
Rationalize each denominator and simplify. Assume that all variables represent
positive numbers.
T, o8 EX 7
a. i -3 LR -\ 5

SOLUTION  We will multiply both the numerator and the denominator by a radical that will
make the denominator a rational number.

. O £
"V Va s
vi Vv
7 Va2
Ve
Ve
G
-
3 Va NS
0 Vo =
= Vv =
Vv
V 3x
=
Va'V/15ax
5x
a\/lSrzx
P
X i
Self Check 8 Use the directions for Example 8:
i b. ’l'l.z_
Ly Vi

MNow Try Exercise 101.

EXAMPLE 9 Ratfionalizing the Numerator of a Radical Expression

Rationalize each numerator and simplify. Assume that all variables represent posi-
X v Ox
k]

tive numbers: a.

SOLUTION  We will multiply both the numerator and the denominator by a radical that will
make the numerator a rational number.
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Self Check 9

EXAMPLE 10

SOLUTION

Self Check 10

Section 0.3 Rolional Exponents ond Radicals 7
a Vx  Vx- Ve . Wox 2V - 3
T T TV 3 awag
x W27x
™Vx ENETS
: 2(3x)
W
2x
A
Vi u
Use the directions for Example 9:
i V2x b 3\'/2]."
5 13

Mow Try Exercise 111.
After rationalizing denominators, we often can simplify an expression.
Rationalizing Denominators and Simplifying
Simplify: 1
S (S
implify: /3 i Ve
We will rationalize the denominators of each radical and then combine like

radicals.

o Sl Loy 1_41 Vi_ 1
V2 Vg 5 % V2745 Vi VR
V2 | vz
Vv Vv
V2, VB
VAT
V2, V2
2 4
2
H
S ofx
Simplify: .} Ve
AT 2 T e

Now Try Exercise 113.

Another property of radicals can be derived from the properties of exponents.
If all of the expressions represent real numbers,

NV = W = ()i = e R
Y/ = T = (i = o) = R

These results are summarized in the following rhearem (a fact that can be proved).
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38 Chapter 0 A Review of Basic Algebra

Theorem  If all of the expressions involved represent real numbers, then

UV = W =R

We can use the previous theorem to simplify many radicals. For example,

VA = VR = V2

Rational exponents can be used to simplify many radical expressions, as shown

in the following example.

EXAMPLE 11 Simplifying Radicals Using the Previously Stated Theorem

Simplify. Assume that x and y are positive numbers.

a. \.f"{4

e ¥ !

SOLUTION  In each case, we will write the radical as an exponential expression, simplify the
resulting expression, and write the final result as a radical.

a Vi =4"=
b V' = x¥12 = 5l = Wy
o Voy' = @) = @) = ()" = V2y

Self Check 11 Simplify: a. 4
Mow Try Exercise 117.

Self Check Answers 1. a. 10

Exercises 0.3
Getting Ready

Youi should be able to comiplete these vocabulary and
concept statements before you proceed 1o the practice

EXETCISES,

Fill in the blanks.

1. If @ = 0 and » is a natural number, then o' =
2. If @ = 0 and n is a natural number, then a"" is a

number.

Copyrige 2012 Congags Loarzog, A1
Editerial evie s Gorvmnd Uil sy wpees

S0606_CGhD0_001-088.ncd 38

= 2% =2

b. V27

=3 b. =10 3 4 343 b.

8
b 1
&% Sa6 bh-; 6 2lx|
en 2
b 823 8.2 V6 b VE?‘
Wa
10. dx L a V2 b Vix

If @ < 0 and n is an even number, then a"" is
a real number.

6" can be written as _or E
Va= 6.V =
|'
", n, nld
L e = 2 8. \'IE =
L Vx4 y '\./:: 3 \./;
W% or ¥V can be written as 3

ST 100 AN
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Section 0.3 Rolional Exponents ond Radicals X1

Practice
Simplify each expression.
1L 97 12. 814
Iy 1634
13, (2—5) 14, (E)
15 —81" 16. (%)1 Sl‘m,nﬁﬁlfack radical expression.
i 65. V49 66. /81
17. (10,000)™ 18. 1,024'% 67. V125 68. V=64
7\ i 69, V- 125 70, W/-243
. ( ?) o = T, o256
21, (-840 22, (~125)1% Yo 100,000 V625
Simplify each expression, using absolute value symbols when
Simplify each expression. Use absolute value symbols necessary. Write answers without using negative exponents.
when necessary. 73, V627 M. —V259°
23. (164" 24. (2547 75. Vot 76. Va'b®
25, (164" 26. (~64a)" 7. Ve 8. V-2
27. (-3247" 28. (64a’)'® (a5
20, (216694 30. (2561 80. /755
3. (lﬁaj)"'! 32 ( ‘IE”)M Simplify each expression. Assume that all variables represent
25h° 32p% positive numbers so that no absolute value symbols are needed.
a ( |_,mm*)‘-'-‘ A (495 )‘-‘? 8L VE - V2 82 V75 - 2V?
AN 2 "\ 1002 83, V2002 + V9B 84, V128" — a\/1622

Simplify each expression. Write all answers without using
negative expomrenis.

8. 1/agy' - 3127 8. V112 + V17580

a2 23 .
e i i e 87. 2V/81 + 324 8. 332 - 1V162
Se=lan (=) 89. /768" + Vasz® 90. — 264y’ + 3Vdgey
39, —1,000** 40, 1007
41. 64717 42, 257 91 Vaxy -‘f\:fl;y i V’\Sﬁx‘y
i i
43, 647 44, 4937 92. 3fv‘1s_: ¢ 2 ‘ 2 - V2w .
i e 93, \'/lﬁxy ‘ Ll\flxy \/54x_1;
E 46. (-27) 4. Ws12:0 — W3 + W1,250x°
4 a2 25 n
b (6) 48. (ﬁ) Rationalize cach d. s and simplify. Assurne that all
_an - variables represent positive numbers.
n(D w() a a
AN A8 95, —= 9%. —
V73 Vs
Simplify each expression. Assume that all variables rep- 2 8
resent positive numbers. Write all answers without using 9. —~ 9%. —
Hegative exporents. 2" " d)‘
51, (10057 52, (64u)? 90, K7 100. Vo
53. (318 54. (625a°6%) " 101, -2 i
55, (x99 56. (64ah')* V254 W36e
' A 2b | x
57, (S50 -3 58, (—8x%y!) 23 103, —— 104, |2
e e Ve Vay
o ( Eﬁ) oy ( 106. + g
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40 Chapter 0 A Review of Basic Algebra
Rationalize each numerator and simplify. Assume that all Use this idea to write each of the following expressions as
variables are positive numbers. a single radical.
s i MY 121. VIV2 122.0/3V/5
10 3 3 v2
3 3, 2 123. —= 124. —=
109, V2 110 V18 V2 NS
3 Ilﬁ 125. For what values of x does Wx* = x? Explain.
1 V16b* 1 [3x 126. If all of the radicals involved represent real
" 6da 57 numbers and y # 0, explain why
Rationalize each denominator and simplify. .‘I,'Ii = V'x
s 1o L e JLa L Ny
NIV V2" V16 127. If all of the radicals involved represent real
= | = = f numbers and there is no division by 0, explain why
15 - SR dE e e JE 2 it
"Vi V2"V Va" Va2 Vim ({) T
y N
128. The definition of x"" requires that % be a real
Simplify each radical expression. number. Explain why this is important. (Hint:
117, ¥/g 118, a7 (odnsn_ier whar_. ha)ppens when » is even, m is odd,
: and x is negative.
119, V162" 120. 272
A 2 Review
Discovery and Writing 129. Write —2 << x = 3 using interval notation.
We often can multiply and divide radicals with different indi- 130, Write the expression |3 — x| without using
ces. For example, to multiply V3 by \5"5, we first write each absolute value symbols. Assume that » = 4,
radical as a sixth root
Evaluate each expression when x = —2and y = 3.
V3=37=3%= V¥ =V77 i
x 2 R
Va = 6 - 55 T 2 131. x° — ) 132. s

133, Write 617,000,000 in scientific notz.m'on.

d then muliiply the sixth roots.
S L 134, Write 0.00235 x 10¢ in standard notation.

VIV = 2mias = Wans) = Vers

Division is similar.

0.4 Polynomials
In this section, we will learn to

1. Define polynomials.

2. Add and subtract polynomials.
3. Muliiply polynomials.

4. Rationalize denominators.

5. Divide polynomials.

Football is one of the most popular sports in the United States. Brett Favre, one
of the most talented quarterbacks ever to play the game, holds the record for the
most career NFL touchdown passes, the most NFL pass completions, and the most
passing yards. He led the Green Bay Packers to the Super Bowl and most recently
played for the Minnesota Vikings. His nickname is Gunslinger.
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Section 0.4 Palynomials 41

An algebraic expression can be used to model the trajectory or path of a foot-
ball when passed by Brett Favre. Suppose the height in feet, ¢ seconds after the
football leaves Brett's hand, is given by the algebraic expression

0if+ 1+ 55
At a time of 1 = 3 seconds, we see that the height of the football is
013} +3+55=T61fL

Algebraic expressions like =017 + 7 + 5.5 are called polynomials, and we will
study them in this section.

1. Define Polynomials

A monomial is a real number or the product of a real number and one or more
variables with whole-number exponents. The number is called the coefficient of the
variables. Some examples of monomials are

3x, Tab?, Salfet, x',  and 12

with coefficients of 3, 7, =5, 1, and —12, respectively.
The degree of a monomial is the sum of the exponents of its variables. All non-
Zero constants (except () have a degree of 0.

The degree of 3xis 1. The degree of 7ab’ is 3.
The degree of —5ab’c*is 7. The degree of x*is 3.
The degree of —17is 0 (since =12 = =127}, () has no defined degree.

A monomial or a sum of monomials is called a pelynomial. Each monomial in
that sum is called a term of the polynomial. A polynomial with two terms is called
a binomial, and a polynomial with three terms is called a trinomial

= il T Trinomial
I 2a+3b +Tx—4
—25xy 4x' = 3x° 4 =2y + 12

abe —2x' — 47 1207 — Bxy — 24

The degree of a polynomial is the degree of the term in the polynomial with
highest degree. The only polynomial with no defined degree is 0, which is called the
zero polynomial. Here are some examples.

* 3x%' 4 Sxy* 4+ 7 is a trinomial of Sth degree, because its term with highest

degree (the first term) is 5.

*  3ah + Sa'his a binomial of degree 3.
+ Sx 4+ 30 4 W32 = /7 is a polynomial, because its variables have whole-

number exponents. It is of degree 4.

. T 4 3t 4 V3zisnota polynomial, because one of its variables (y in the
first term} does not have a whole-number exponent.

If two terms of a polynomial have the same variables with the same exponents,
they are like or similar terms. To combine the like terms in the sum 3x’y + 5x°y or
the difference 7xy” — 2x)”, we use the Distributive Property:

3y + Saty = (3 4 S)'y Ty = 229 = (7 = Dxy?

= Bxly = 5x)?

This illustrates that o combine like terms, we add (or subtract ) their coefficients

and keep the same variables and the same exponents.

o
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42 Chapter 0 A Review of Basic Algebra

2. Add and Subtract Polynomials

Recall that we can use the Distributive Property to remove parentheses enclosing
the terms of a polynomial. When the sign preceding the parentheses is +, we simply
drop the parentheses:

Vo T k.

tla+ b - c)=+1a+b-c)

= lg + 1b = 1¢
=a+b-c

‘When the sign preceding the parentheses is —, we drop the parentheses and the
sign and change the sign of each term within the parentheses.

(a+b - ---—/l’(:r b .'e}
= —la + (=1}b = (-1e
a-hb+e¢

‘We can use these facts to add and subtract polynomials. To add [or subtract )
polynarmials, we remove parentheses (if necessary ) and combine like terms.

EXAMPLE 1 Adding Polynomials
Add: (3xy + 5x* = 2y} + (2x'y = 5x* 4+ 3x).
SOLUTION  To add the polynomials, we remove parentheses and combine like terms.
Bty + 55 =20 + (2x'y = 5 + 3x)
=3x'y + Sx' = 2p + 'y = Sx 4 3x
=3x'y + D'y 4+ S = 5x" = 2y + 3x Use thy

rear

Commutative Property to

¢ Lerms
= 5xy — 2p + 3x Combine like terms.

‘We can add the polynomials in a vertical format by writing like terms in a col-
umn and adding the like terms, column by column.

'y + 5x' - 2y
2y = 5t + 3x
sx'y Iy + 3x

Self Check 1 Add: (4x? + 3x — 5) + (3x% = 5x + 7).
MNow Try Exercise 21.

EXAMPLE 2 Subtracting Polynomials
Subtract: (2x° + 3% = (x = 23 + 7).
SOLUTION  To subtract the polynomials, we remove parentheses and combine like terms.
R+ 3 =0 =-27+7)
=2+ 3 -+ -7

=202 = x4+ 3P+ =17 Use the Commutative Property to

rEArrange i

Combine like terms
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Section 0.4 Palynomials 43

‘We can subtract the polynomials in a vertical format by writing like terms in a
column and subtracting the like terms, column by column.

X

2 + 32 - = (2 - I

“F-2+7 o --DF=3y
s bt S i) AR S
X4+ 5=-17

Self Check 2 Subtract: (dx’ + 3x — 5) — (32" — 5x + 7).
Now Try Exercise 23.

‘We can also use the Distributive Property to remove parentheses enclosing sev-
eral terms that are multiplied by a constant. For example,

16 - 3x +9) = 407 - 4(2) + 46)
=12x" - Bx + 24

This example suggests that to add multiples of one polynomial to another, or ta
subtract multiples of one polynomial from another, we remove parentheses and com-
hine like terms.

EXAMPLE 3 Using the Distributive Property and Combining Like Terms
Simplify: 7x(2)" + 1367 - S{xp’ - 1327,
SOLUTION  7xi2y" + 13x") - 5[y’ - 13x7)
= l4xy* + 0Nx' - Sxp* + 65x° Use the Distributive Property to remove parentheses.
= l4x)’ = Sxp° + O1x" + 65x°
= 9xy” + 156x°

he Commutative Property 1o rearrange 1erms.

Self Check 3  Simplify: 3(2b° = 3a°h) + 2b(b + o).
Now Try Exercise 30.

3. Mulfiply Polynomials
To find the product of 3x*y'z and Sxyz*, we proceed as follows:
() Sxpr) =327 -p ez 5-x-p-

=3-5-Xx-yy-z: 7 Use the Comm

rearrange 1erms.

tative Property to

= 15x%)42%

This illustrates that to multiply two monomials, we multiply the coefficients and
then multiply the variables.

To find the product of a monomial and a polynomial, we use the Distributive
Property.

3xy2xy + x* — Tyz) = 3xyi(2xy) + (B2 (x)) — Bxy)(Ty2)
= 6x™)" + 3x"y - 21xy’z

This illustrates that to multiply a polynomial by a monomial, we multiply each
rerm of the polynomial by the monomial.
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44 Chapter 0 A Review of Basic Algebra
To multiply one binomial by another, we use the Distributive Property twice.

EXAMPLE 4 Multiplying Binomials
Multiply: a. (x+ p)x+3) b (x=3E=» o (x+px=-3

SOLUTION &, (x + V(% + 3) = (x + ylx + (x + W)y
=x+ xp+xp+ P
= x? ok Dxy + )P

=¥ = xp = xp + )7
= - 2xy + ¢

e (x+ )X =)= (x+x = (x+ ¥y

= x? + xp — xp — PP

= }l" .
Self Check 4  Multiply: a. {x + 2}(x + 2) b x — 3(x - 3)
e (x+ 4)(x - 4)
MNow Try Exercise 45.

The products in Example 4 are called special products. Because they occur so
often, it is worthwhile to learn their forms.

I
Special Product Formulas  (x + )7 = (x + pi(x + ) = &% + 2xy + 7
b-=k-pPx-))=x -2+

G+Re-p=x-)y

Caution Remember thet (x + 3" and (x — ¥)° have rinomials for their products and thet
E+ypf+f+y  and  (z-3F+# -5
For example,
(F+5+3¥+5 and B-5+3F-5
2120+ 7% (-2 #9-25

64 # 34 4#-16

We can use the FOIL method to multiply one binomial by another. FOIL is
an acronym for First terms, Outer terms, Inner terms, and Last terms. To use this
method to multiply 3x — 4by 2x + 35, we write
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Saction 0.4 Polynomials 45

= 6x + 15x — 8x
=6x"+Tx — 20

20

In this example,

*  the product of the first terms is 6x°,

* the product of the outer terms is 15x,

+ the product of the inner terms is —8x, and
+ the product of the last terms is — 201,

The resulting like terms of the product are then combined.

EXAMPLE 5 Using the FOIL Method to Multiply Polynomials
Use the FOIL method to multiply: (\/3 [ XXQ \/3.‘().

SOLUTION (V'3 4 x](; v’3'x: =2V = VIV3x + 2x = xVix
N = =V =3+ 2x = V32
) =23 = x = Vix

Self Check 5 Multiply: (2x + V3)(x — V3).
Now Try Exercise 63.

To multiply a polynomial with more than two terms by another polynomial, we
multiply each term of one polynomial by each term of the other polynomial and
combine like terms whenever possible.

EXAMPLE 6 Multiplying Polynomials
Multiply: a. (x + )(x* = xy + »9) b, (x + 3}

SOLUTION  a. (x/l-:;)(x: oAy = -yt — oty
e A miy ¥
b (x+ 3= (x+ Nx+3°
=[x+’ +6x+9)
= x' + 62° + Ox + 3x* + 18x + 27
= x? + 9x% + 27x + 27

Self Check &6 Multiply: (x + 2)(2x* + 3x - 1).
Mow Try Exercise 67.

We can use a vertical format to multiply two polynomials, such as the polyno-
mials given in Self Check 6. We first write the polynomials as follows and draw a
line beneath them. We then multiply each term of the upper polynomial by each
term of the lower polynomial and write the results so that like terms appear in each
column. Finally, we combine like terms column by column.
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46 Chapter 0 A Review of Basic Algebra
2¢% + 3x = 1
x4
4x* + fx = 2 v — 1 hy2
2 + 3¢t = x Ix—1hyx
2 + Tt + 5x =2 In each column, combine like terms.

If nis a whole number, the expressions @ + 1 and 22" = 3 are polynomials and
we can multiply them as follows:

A

@ + 12 -3 =207 - 3 4 200 - 3
Nk *
=¥ —g -3 Combine like terms.

We can also use the methods previously discussed to multiply expressions that
-1

are not polynomials, such as x™* + y and x* — p~".

r g ’ ; A
[_..(2,%. :_),I}._x?-? A xly -y
\ v

1
=l Sy =0
S x z, xy =y
S o 4 1
= X:J.' xy ¥ =1 and y
. 1
= xly — —
xy

4, Ratfionalize Denominators

If the denominator of a fraction is & binomial containing square roots, we can use
the product formula (x + y)(x = y) to rationalize the denominator. For example,
to rationalize the denominator of

alize & denominator s to change
\/’; # 2 the denominator into a rational number.

we multiply the numerator and denominator by V7 - 2and simplify.
[ (V1 -2)

- ) = = =1
V742 (VT+0VT-2) 2
_6V1-2)
S 7-4
= 6(\/@1 =3 Hese the denominator is a rational number.
=2(v7-12)

In this example, we multiplied both the numerator and the denominator of the
given fraction by \/7 ~ 2. This binomial is the same as the denominator of the
given fraction V7 4 2, except for the sign between the terms. Such binomials are
called conjugate binomials or radical conjugates.

I
Conjugate Binomials  Conjugate binomials are binomials that are the same except for the sign between
their terms. The conjugate of @ + hisa — b, and the conjugate of @ — bisa + b.
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EXAMPLE 7

SOLUTION

Self Check 7

EXAMPLE 8

SOLUTION

Self Check B

Section 0.4 Palynomials A7
Rationalizing the D inator of a Radical Expression
Rationalize the denominator: Vix - V2 (x > 0).

\/3} F V2

‘We multiply the numerator and the denominator by Vix - V2 (the conjugate of
V3x + V/2) and simplify.

Vi +V2 (Var+ V2 \Var-vz) Vs
VAV - VAV - VEVR + VIV
(Vaxf - (vaF

- Ver-Ver+2
x—-2
3x -2V +2
x =2 o
Vi + 2

Rationalize the denominator:
x =2

Now Try Exercise B9.
In calculus, we often rationalize a numerator.

Rationalizing the Numerator of a Radical Expression
Vi +h=Vx

Rationalize the numerator: - h

To rid the numerator of radicals, we multiply the numerator and the denominator
by the conjugate of the numerator and simplify.

LV R SRR (\/x b=V \\-"'r b+ \«"’x) T o

h WVx + h+ V) Vit itV
L Xk H L tor | dical
e — T ere the numerator has no radicals
}(\/:v b+ \/;)
) h
}('\fx e \/;)
1 o - " o
= = wide out the common factor ol A
Vx + b+ Vi u
Rationalize the numerator: -\/—4 'hh 2.
Now Try Exercise 99.
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48 Chapter 0 A Review of Basic Algebra

5. Divide Polynomials

To divide monomials, we write the quotient as a fraction and simplify by using the
rules of exponents. For example,

3.3['! "J"—\ 1

3x1)7
3}.!
b 4
To divide a polynomial by a monomial, we write the quotient as a fraction,
write the fraction as a sum of separate fractions, and simplify each one For
example, to divide 8x7y* + 12xy' — 16"y by 4x7)%, we proceed as follows:

8y + 12x°)y° - 1627y 8xy* i 12xy° : 1627y
435 = 4yt ax3y 4x}y
Ly
x xy
To divide two polynomials, we can use long division. To illustrate, we consider
the division
2x* # 11x = 30
x+ 7

which can be written in long division form as
x + TI2x* + 1lx = 30

The binomial x + 7is called the divisor, and the trinomial 2% + 11x — 30is called
the dividend. The final answer, called the quotient, will appear above the long divi-
sion symbol.

‘We begin the division by asking “What monomial, when multiplied by x, gives
2x"7" Because x - 2x = 2x7, the answer is 2x. We place 2x in the quotient, multiply
each term of the divisor by 2x, subtract, and bring down the -30.

2x

x + 727 + 11x - 30
2 + 14x

Ix =30

We continue the division by asking “What monomial, when multiplied by x,
3, in the quotient, multiply each term of the

gives —3x?" We place the answer,

divisor by — 3, and subtract. This time, there is no number to bring down.

ix= 3

x + 72T + 11x - 30

2% + 14x

3x - 30

x -2

g

Because the degree of the remainder, -9, is less than the degree of the divisor,
the division process stops, and we can express the result in the form

remainder
divisor

quotient +

S0606_GhD0_001-088.nc 48
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Thus,

2% + 11 30 9
st | NSO

EXAMPLE @ Using Long Division to Divide Polynomials
Divide 6x* — 11 by 2x + 2.
SOLUTIOM  We set up the division, leaving spaces for the missing powers of x in the dividend.
Comment 2% + 2068 — 11

In Example 9, we could write the missing  The division process continues as usual, with the following results:
powers of x using coefficients of 0.

—— 3 =3x+ 3

2x + 2)6x’ + 0 + 0x - 11 2 + 26w a
6x' + 6
6x?

6x* — 6x

+ bx = 11

]

17

3 "
Thus, Gg;_l_;l =3x* - 3x + 3 + lelr_z

Self Check 9 Divide: 3x + 1)9x° ~ 1.
Now Try Exercise 113.

EXAMPLE 10 Using Long Division to Divide Polynomials
Divide —3x* = 3+ ¥ + e’ — by - 1

SOLUTIOM  The division process works best when the terms in the divisor and dividend are writ-
ten with their exponents in descending order.

-+ 1
B3 —x -3 +4Axi -3
x 3
x* + dx?
x* b3t
-3
x =3
0
35 3 2 4
-m%h—i')-*j"u_ﬁ A s
E : ]
Self Check 10 Divide: x* + 1J3x" = x + 1 = Zx" + 3¢°.
Now Try Exercise 115.
S0505_ChD0_301-08&.rcc 49 AT 10090 AM
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50 Chapter 0 A Review of Basic Algebra
Self Check Answers 1. 7od — 2x +2 2. X'+ 8x - 12 3. 86 - %'
4.8 x+4x+4 boxX—6x+9 o x¥-16 52x-xV3-
i § x+4Vx+ 4 1
6.2x + 7' + § 2 7 . ———
x4+ Tx" + Sx P IR
9 3¢ —1 10 3" - 2x + :: " 1]
===
Exercises 0.4
Getting Ready Practice
You should be able to complete these vocabulary and Perform the opevations and simplify.
concept statements before you proceed to the practice 21, (¢ = 3 + (5x° = 8x)
exercises. e
22, (2x* = 5x) + (7' — x* + 2x)
Fill in the blanks. 2. (0 + 2+ N -0 =-2"=-7
1. A is a real number or the product of a M3 -1+ =-(F -3+
real number and one or more g 25 Al + 3k —1) - AP+ 2x —4) + 4
2. The of a monomial is the sum of the expo- 26. 5(x* — 8x + 3) + 20 + 52 = 7
nents of its g
3 A is a polynomial with three terms. 27 8(F — 2t + 5) 4 407 — 3+ 2) — 627 — 8)
4. A is & polynomial with two terms.
5. A monomial is a polynomial with term. 28 -3 — ¥) + 207 + %) + 3(x* — 2x)
6. The constant 0 is called the polynomial. 29, y(1¥ = 1) = iy + 2) — y(2y - 2)
7. Terms with the same variables with the same expo- 30. —da’(a + 1) + 3alg® = 4) = a’la + 2)
nents are called terms.
8. The of a polynomial is the same as the 31 xp(x = ) = p(= + 3xp) + xp(2x + 3y
degree of its term of highest degree. Y L y 4 2
9. To combine like terms, we add their 32. 3mmim + 2n) — 6m{3mm + 1) = 2n(dmn - 1)
and keep the same and the same expo-
nents.
33, 2x%(dxyt)
10. The conjugate of IVx + 2is : 34 —15a(~20°)
Determine whether the given expression is a polynomial. 35, —3min(im 1(_ m)
If so, tell whether if is @ monomial, a binomial, or a trino- : () 12
miial, and give its degree. P8 2PN 155
1L 243+ 4 = ST
12. Sxy — .‘( 37, —drs(t + 59
13. .x’.r » ) 38, G v(2uv = )
M. x™ = 5 39, Gab’c(2ac + Wc® - dab’c)
15, 4x' — V/5¢0 R sy ey
16. x'y? "'Z(n sz = 6)
7. V15 41, (a+ 2a + ) 42, (y =50y -5
2 Xas 43. (a - 6 a4, (1 + 9y
s a5 (x4 A)x - 4) 4. (4 M- 1)
: : i . (2 + -
20. 3 - 4 + 2y + 2 R L
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Section 0.4 Palynomials 51
ar. (x - 3 +5) 4.+ )z 8 o Y2-V53 o M3=E
49, (1 + 2)03u - 2) 50, (4x + 1)(2x - 3) 1-V3 1+ V2
51, (5x — 1)(2x + 3) 52, (dx — 1j(2x — 7) . - oy Virty
53. (3a - 261 54. (4a + 5b)(da — SB) Vx+Vy V- p
55, (3m + 4n)(3m — dn) 56. (4r + 3s)°
57 (2y - )3y - 2) 58, (—2x + 3)(3x + 3) Ravipnalize each numerator.

y ; V241 Vx -3
59, (9x — ) - 3y) 60. (82 + bla + 26) B iy
61. (5 + 2002 — 1) 62. (y — 29908 + %) . V3 - Va-vb
y+ V3 Va + Vb
63 (V5 +3xf2-Vax) 64 (V2+x)3+ Vax)
3 3
65. (3x - 1) 66. (2x - 3) 5 \”x_'ii b w
67. (3x + 1)(2x7 + dx — 3)
68, (2x - S)x* - 3x + 2)
69. (3x + )2 = 3xp + 4y Perform each division and write all answers without using
70. (4 — 327 + drs — 27) W2 e 243
101 36a’h 102 455t
Multiply the expressions as you would multiply 18ah’ 270
polynomials. 162" i Imitny?
7L 23 + 2Ux*y'2 " 26mn'p?
i gis st + 15x%° Omi'n® — Gmn’
72 3a7"(2a" + 3a*) 105 =205 08 =
73, =Sxy (22" 4+ Jxm i)
74, =22 (5a " — ab™ ™ o pe
75 (" + Dx" - 4) 107. 31‘5L5.9:¥'_1}’£_'
76, (@ = 5)(@" - 3) 9ah* + Z'J'r]?g“' 182
7. (2" - D - 2) s 8ah

78. (42" + 3)(3=" + 1)
79, X.E(XI'ID)' + x},l_-?]

80, abl_-?(al.'?hl-'E + bl.-?‘]
81. (@'? + D (g? - p17)
82. [x.‘."; ‘JJI:!};

Rationalize each demominator.

83.

Vi-i1
3x

VT2

X
x =13
y}\/2
» V2

85,

87.

89.

e 2012 Congaps Loarsog. A1 Rigts
i ] ity mappecmll 0

S0606_ChD0_001-088.nc0 5
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Perform each division. If there is a nonzero remainder,

remainder

write the answer in quotient + 0" form.
109, x + 337 + 1x + 6
110. 3x + 2]3x* + 11x + 6
111. 2% — 512x% = 19x + 37
1 112, x - 7)2x% - 19x + 35
84, ———
V542 1. 2 '11
86, ¥ .
V2 : 3 g e
88— 1S X b x -1 - ¢ - dx + 3
2y + V7
R 116, x* = 3)x" = 2 = dx + 5§
Birnr Fo2@ 3P40
: 17. = .
=2
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52 Chapter 0 A Review of Basic Algebra
=2 =3+ 9 126. Travel Complete the following table, which shows
118. £ -3 the rate {mph), time traveled (hr), and distance
P traveled (mi) by a family on vacation.
e x=12 r . t = d
x' =1 1 2 2
120, ix+ 4 3xf + 19x + 20

vkl

121, 11x - 10 + 671365 — 121 + 120 + 727 — 142,  Discovery and Writing )

127. Show that a trinomial can be squared by using the

. . 4 formula

122, x + 6x° = 12]-121x° + 72x° - 142x + 120 + 36x (@+b+cl=a+8 +c+2ab+ b + 2ac.

128, Showthat @+ b+ c+ d)* =& + b* + c* +

Applications d* + 2ab + 2ac + 2ad + 2be + 2bd + 2ed.

123. Geometry Find an expression that represents the area 129, Explain the FOIL method. L
of the brick wall. 130. Explain how to rationalize the numerator of =%,

131. Explain why (@ + b)? & a® + b%.

132. Explain why V@ + & # Va? + Vb

Review
Simplify each expression. Assume that all vaviables repre-
e+ 5y i1 sent positive numbers.
124. Geometry The area of the triangle shown in the 133, o2 134 GEEN
illustration is represented as (x* + 3x — 40} square i ) " \125
feet. Find an expression that represents its height. 195 (625):‘)1'“ 136. VER?
T 8
137, V16ab® — 5V/5dab 138, xV/1,280x + Va0
u
fr+ B it

125, Gift Boxes The corners of a 12 in.-by-12 in. piece of
cardboard are folded inward and glued to make a box.
Write a polynomial that represents the volume of the

resulting box.
Crease here and
fold inward
\
N .
T
. =
|
12in. }
!
xB g
LR
x ©
|+ 12in.— -

Copyrige 2012 Comgaps Learsng, A1l Rigs Resmved. May ot
3 s eevend i sy

comee sy be wspremet o he clioct asdior cCh;

bl et o e s i swbvepocad. g FedkicBoks
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Section 0.5  Factoring Polynomials 53

B @———————————————
0.5 Factoring Polynomials

In this section, we will learn to

1. Factor out a commen menemial.

2. Factor by grouping.

3. Factor the difference of two squares.

4, Factor trinomials.

5. Factor trinomials by grouping.

6. Factor the sum and difference of two cubes.
7. Factor miscellanecus pelynomials.

The television network series CSI: Crime Sceme Investipation and its spinoffs, CSI:
NYand CSI: Miami, are favorite television shows of many people. Their fans enjoy
watching a team of forensic scientists uncover the circumstances that led to an
» unusual death or crime. These mysteries are captivating because many viewers are
interested in the field of forensic science.

In this section, we will investigate a mathematics mystery. We will be given a
polynomial and asked to unweil or uncover the two or more polynomials that were
- multiplied together to obtain the given polynomial. The process that we will use to
solve this mystery is called facroring

‘When two or more polynomials are multiplied together, each one is called a
factor of the resulting product. For example, the factors of 7(x + 2){x + 3} are

7. x =+ 2, and x4+ 3

The process of writing & polynomial as the product of several factors is called

factoring.

In this section, we will discuss factoring where the coefficients of the polyno-
mial and the polynomial factors are integers. If a polynomial cannot be factored by
using integers only, we call it a prime polynomial.

1. Factor Out a Common Monomial

The simplest type of factoring occurs when we see a common monomial factor in
each term of the polynomial. In this case, our strategy is to use the Distributive
Property and factor out the greatest common factor.

EXAMPLE 1 Factoring by Removing a Common Monomial

Factor: 3xy° + 6x.

SOLUTIOM  We note that each term contains a greatest common factor of 3x:
xy? + 6x = 3z + 3x(2)

We can then use the Distributive Property to factor out the commeon factor of 3x:

3xy® + 6x = 3x(7 + 2) We can check by multiplying: 3x( + 2) = 3x)? + Gx.
n
Self Check 1 Factor: 4a” — Bah,
Now Try Exercise 11.
0505_EN00_DO1-088.rcc 53 HAGTT 1070 A
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54 Chapter 0 A Review of Basic Algebra

EXAMPLE 2

SOLUTION

Self Check 2

EXAMPLE 3

SOLUTION

Self Check 3

EXAMPLE 4

SOLUTION

S0606_CGhD0_B01-088.nc0 54

Factoring by Removing a Common Monomial
Factor: x:}j:! xpz.
We factor out the greatest common factor of xyz:
izt = xpz = xyzixyz) — xpz(l)
= xyzlxyz — 1) We can check by multiplying.

The last term in the expression x*y'z* — xyz has an understood coefficient of 1.
When the xyz is factored out, the 1 must be written. -

Factor: @’b’e” + a'be’.
Mow Try Exercise 13.

2. Factor by Grouping

A strategy that is often helpful when factoring a polynomial with four or more
terms is called grouping. Terms with common factors are grouped together and
then their greatest common factors are factored out using the Distributive Property.

Factoring by Grouping
Factor: ax + bx + a + h

Although there is no factor common to all four terms, we can factor x out of the
first two terms and write the expression as

ax+bx+a+b=xla+ b +a+h)
We can now factor out the common factor of 2 + b

ax + bx+a+b=xla+ b+ (a+b

= x{a + b) + la + 8

= (a + Bj(x + 1) We can check by mubtiplying.

Factor: x* + xy + 2x + 2y.
MNow Try Exercise 17.

3. Factor the Difference of Two Squares

A binomial that is the difference of the squares of two guantities factors easily.
The strategy used is to write the polynomial as the product of two factors. The
first factor is the sum of the quantities and the other factor is the difference of the
quantities.

Factoring the Difference of Two Squares

Factor: 49x° - 4.

We observe that each term is a perfect square:

49x -4 = (132 - P°

ST 100 AN
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Section 0.5  Factoring Polynomials 55

The difference of the squares of two quantities is the product of two factors. One
is the sum of the quantities, and the other is the difference of the guantities. Thus,
49x° — 4 factors as
9y -4 = (Txf -
= (Tx + 2)(Tx = 1)

We can check by multiplying.

Factor: 9a° — 164
Now Try Exercise 21.

Example 4 suggests a formula for factoring the difference of two squares.

Factoring the Difference
Two Squares

EXAMPLE 5

SOLUTION
Caution

I you are imited to integer
coefficients, the sum of two
sguares canmet be foctored.
For example, x* + 3 is a prime
polynemial.

Self Check 5

EXAMPLE &6

SOLUTION

Self Check 6

S0606_CGhDO_001-088.ncd 55

L-pP=i+pk-y

Factoring the Difference of Two Squares Twice in One Problem
Factor: 16m" — n.
The binomial 16m* — #* can be factored as the difference of two squares:
16m* = n* = (4} = (o
= (dm® + wMdm* — )

The first factor is the sum of two squares and is prime. The second factor is a dif-
ference of two squares and can be factored:

16m* — 1* = (4" + 0 (2m)* — &'
= (dnr' + n'}(2m + n}(2Zm = n)

We can check by m

Factor: a* - 81b%
Now Try Exercise 23.

Removing @ Common Factor and Factoring the Difference of Two Squares
Factor: 187 — 32,
We begin by factoring out the common monomial factor of 2.
187 = 32 = 2(97 — 16)
Since %¢° ~ 16 is the difference of two squares, it can be factored.
187 = 32 = 2(97 - 16)
=203t + 43¢ — 4)

W can check by mult)

Factor: —3x® + 12
Now Try Exercise 61.
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56 Chapter 0 A Review of Basic Algebra

4, Factor Trinomials

Trinomials that are squares of binomials can be factored by using the following
formulas.

I
Factoring Trinomial Squares (1) x* + 2y + )2 = (x + p}{x + y) = (x + )?
-2y +py=G-plx—y ==y

For example, to factor a® — fa + 9, we note that it can be written in the form
=203 +F r=an
which matches the left side of Equation 2 above. Thus,
F-ba+9=a-203) + 3
=(g=3a-13

=g - 3P We can check by multiplying

3

Factoring trinomials that are not sguares of binomials often reguires some
guesswork. If a trinomial with no common factors is factorable, it will factor into
the product of two binomials.

EXAMPLE 7 Factoring a Trinomial with Leading Coefficient of 1
Factor: x* + 3x = 10
SOLWUTION  To factor x* + 3x = 10, we must find two binomials x + @ and x + & such that
x4 3x = 100 = (x + a)(x + &)
where the product of a and b is - 10 and the sum of a and bis 3.
ah = =10 and a+h=3

To find such numbers, we list the possible factorizations of ~10:
W0-13 5(-2 10(1) 5(2)
Only in the factorization 5(—2) do the factors have a sum of 3. Thus, a = § and

b= =2, and
o+ 3x = 100=(x + a)x + B
3) o Ix—10=(x+8(x—3)  Wecancheck by multiplying.

Because of the Commutative Property of Multiplication, the order of the fac-
tors in Equation 3 is not important. Equation 3 can also be written as

X+ Ix=10=(x - 2(x+5)
|

Self Check 7 Factor: p* — 5p — 6.
Mow Try Exercise 29.

EXAMPLE 8 Factoring a Trinomial with Leading Coefficient not 1

Factor: 2x° = x = 6.

S0606_GhD0_001-088.nc 56 ST 100 AN
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SOLUTION

Self Check B

Section 0.5  Factoring Polynomials 57

Since the first term is 2x”, the first terms of the binomial factors must be 2x and x:
6= (2x Mx )

The product of the last terms must be —é, and the sum of the products of the outer
terms and the inner terms must be —x. Since the only factorization of —6 that will
cause this to happen is 3(~2]), we have

6= (2x + 3x =2

2 - x

2 = x We can check by multiplving.

Factor: ¥’ — v — 2,
Now Try Exercise 33.

It is not easy to give specific rules for factoring trinomials, because some guess-
work is often necessary. However, the following hints are helpful.

Strategy for Factoring
a General Trinomial
with Integer Coefficients

EXAMPLE 9

SOLUTION

S0606_GhD0_001-088.ncd 57

1. Write the trinomial in descending powers of one variable.
2. Factor out any greatest common factor, including — 1 if that is necessary to
make the coefficient of the first term positive.

3. When the sign of the first term of a trinomial is + and the sign of the third
term is +, the sign between the terms of each binomial factor is the same
as the sign of the middle term of the trinomial.

When the sign of the first term is + and the sign of the third term is —,
one of the signs between the terms of the binomial factors is + and the
other is —.

4. Try various combinations of first terms and last terms until you find one
that works. If no possibilities work, the trinomial is prime.

5. Check the factorization by multiplication.

Factoring a Trinomial Completely
Factor: 10xy + 243 — 6x’.

We write the trinomial in descending powers of ¥ and then factor out the commaon
factor of =2,

10xy + 2497 — 6® = —6 + 10xy + 24y7
= =203 = Sxy - 1)

Since the sign of the third term of 3x* — Sxy — 1237 is —, the signs between
the binomial factors will be opposite. Since the first term is 3x7%, the first terms of
the binomial factors must be 3x and x:

2(3 = Sxy — 12y = -2(3x Mx }
The product of the last terms must be ~127, and the sum of the outer terms

and the inner terms must be —5xy. Of the many factorizations of —12y", only
4y~ 3y) leads to a middle term of ~3xy. So we have
10xy + 24" = ' = =6 + 10xy + 24)°
= =2(3x* = Sxy = 12))
= =2(3x + 4y)(x - 3) We can check by multiplying
]

nasn
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Self Check 9

EXAMPLE 10

SOLUTION

Self Check 10

S0606_GhD0_001-088.ncd 58

Factor: —6x* — 15xy — 6)°.
MNow Try Exercise &9.

5. Factor Trinomials by Grouping

Another way of factoring trinomials involves factoring by grouping. This method
can be used to factor trinomials of the form ax® + bx + ¢. For example, to factor
A 4+ Sy ~ fi, we note thata = 6, h = 5, and ¢ = ~6, and proceed as follows:

. Find the product ae: 6(=6) = =36. This number is called the key number.
2. Find two factors of the key number (—36) whose sum is b = 5. Two such num-
bers are 9 and —4.

9(-4)=-36 and 9+(-4) =35

3. Use the factors 9 and —4 as coefficients of two terms to be placed between fix”
and —6.

6x' 4 S5x — 6= 6x + 9xr —dr ~ 6

N

. Factor by grouping:
6% + 9x — dx — 6 = 3x(2x + 3) — 2(2x + 3)
= (2x + 3)(3x - 2) Factor out Hv = 3,

Factoring a Trinomial by Grouping
Factor: 15x% + x — 2.

Since ¢ = 15 and ¢ = —2 in the trinomial, ac = —30). We now find factors of 30
whose sum is & = 1. Such factors are 6 and — 5. We use these factors as coefficients
of two terms to be placed between 15+ and -2

152" 4 6x — Sx — 2
Finally, we factor by grouping.
I+ 2 - Sx+ 2 =(Bx+Q3x-1)

Factor: 15a° + 17a — 4.
Mow Try Exercise 39.
‘We can often factor polynomials with variable exponents. For example, if n is
a natural number,
=5 =6=a+1)a-6)
because
o

(@ + 1)@ - 6 = a" — 6a" + & — 6

“ o =g — 507 - 6 Combine like terms

6. Factor the Sum and Difference of Two Cubes

Two other types of factoring involve binomials that are the sum or the difference of
two cubes. Like the difference of two squares, they can be factored by using a formula.
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Factoring the Sum and Difference
of Two Cubes

EXAMPLE 11

SOLUTION

Self Check 11

EXAMPLE 12

SOLUTION

Self Check 12

EXAMPLE 13

SOLUTION

FopPréx+o=x+6x4+9-)

Self Check 13

S0606_GhD0_001-088.ncd 53

= x4+ = xp k)
X =yi=l=)+xy+y)

Factoring the Sum of Two Cubes
Factor: 27x° + 64y’
‘We can write this expression as the sum of two cubes and factor it as follows:
27x% + 64y = (32T + (4)?
= (327 + 4)[(357) = 34y} + (9)]
= (32° + 4)(9x° — 127y + 167

W can check by mult

Factor: 8a® + 1,0006°.
Now Try Exercise 41.

Factoring the Difference of Two Cubes
Factor: x° = 8.

This binomial can be written as x* = 2°, which is the difference of two cubes. Sub-
stituting into the formula for the difference of two cubes gives

K== (x -2+ 2x+2)
=(x = 2+ 2x + 4)

Wi can check by mult

Factor: p' — 64.
Now Try Exercise 43.

7. Factor Miscellaneous Polynomials

Factoring a Miscellaneous Polynomial

Factor: x* — 3 + 6éx + 9.

Here we will factor a trinomial and a difference of two squares.

Use the Commutative Property to rearrange the terms
=(x+3 -y Factor ¥ + v + 9.

={x+3+px+3-3 Factor ¢

difference of two sguares.

We could try to factor this expression in another way.
=P+ bx+ 0= (x+ ¥ix—y + W2+ 3) Factor x* — 7 and 6x + 9.

However, we are unable to finish the factorization. If grouping in one way doesn't
work, try various other ways. -

Factor: a® + 8a = b* + 16.
Now Try Exercise 97.
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EXAMPLE 14 Factoring a Miscellaneous Trinomial

Factor: =' — 32 + 1.

SOLUTIOM  This trinomial cannot be factored as the product of two binomials, because no
combination will give a middle term of —3z°. However, if the middle term were
2=*, the trinomial would be a perfect square, and the factorization would be easy:

=2t l=(F=-1EF-1)
= -1

We can change the middle term in =* — 32* + 1 to —22* by adding = to it.
However, to make sure that adding =* does not change the value of the trinomial,
we must also subtract 22, We can then proceed as follows.

-3t tl=f-3F+ 411 Add and subtract =,
=f -2 +1- Combine ~ 3+ and »*,
=(-10-2 Factor = — 3+ + 1.
=(Z-14+z-1-2) Factor the difference of twe squares

In this type of problem, we will always try to add and subtract a perfect square
in hopes of making a perfect-square trinomial that will lead to factoring a differ-
ence of two sguares. -

Self Check 14  Factor: »* + x + 4,
Mow Try Exercise 103.

It is helpful to identify the problem type when we must factor polynomials that
are given in random order.

Factoring Strategy 1. Factor out all common monomial factors.
2. If an expression has two terms, check whether the problem type is
a. The difference of two squares:
x =yt = (x o+ ) - y)
b. The sum of two cubes:
x4y (x+ )0 - xy + )
e. The difference of two cubes:
x =yt = (x = )07 + xp + )
. If an expression has three terms, try to factor it as a trinomial
. If an expression has four or more terms, try factoring by grouping.

. Continue until each individual factor is prime.
. Check the results by multiplying.

- I

Self Check Answers 1. dala — 2b) 2. a®b*c(1 + abe) 3 (x + x +2)
4. (3 + 4b)(3a - 45) 5. (a® + 9b%(a + W)(a — 2b)
6 -ix+Ax-2 1-6FE+1) 8 (x-202x+1)
9. -3x + B}2x + ) 10. (3a + 4)(5a - 1)
11. 8z + SB)(a — Sab® + 255%) 12 (p — 4)(p7 + 4p + 16)
13. (a+ 4 + bjla+ 4 = h) 4 (P+2+ 20 +2=1x)
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Exercises 0.5

Getting Ready

You should be able to complete these vocabulary and
concept statements before you proceed to the practice
EXERCISES.

Fill in the blanks.

1. When polynomials are multiplied together, each
polynomial is a of the product.

2. If a polynomial cannot be factored using )
coefficients, it is called a polynomial.

Complete each factoring formula.
3 ax+bx=

1 y=

b Ay + =
-2yt e
14y =

-

® o & th oA
HowoMoMoX

Practice
In each expression, factor out the greatest cormon
monomial.

9 3x-6
11. 8x% + 4x°
13. 7y + ldx'y?

10. 5y - 15
12. 9% + &
14, 25y%z — 15p2°

In each expression, factor by grouping.

15, alx + 3} + blx + 3) 16. b(x — 3) + alx — )

17. 4a + b — 124* — 3ah 18 x° + dx + xp + 4y

In ecach expression, factor the difference of two squares.

33, 12 - xy - 67 M. 8 - l0xy — 3
In each expression, factor the trinomial by grouping.
35 ¢t 4 10x + 20 36. 1+ Tx + 10

37 X =d4x =12 3B, ¥ =2x =63

39, 6p" 4+ Tp -3 40, 47 ~ 199 + 12
In each expression, factor the sum of two cubes.
41, '+ 343 42, F + 8¢

In each expression, factor the difference of two cubes.
43. 81 - 27 44, 12527 - 64

Factor each expression completely. If an expression is
prime, so indicate.
45, 3a’he + fah'e + Qahe’

19, 4x° - 9 20, 36— 49
21. 4 - 97 22. 16 — 49x°
23, 81x* =1 4. 81 = x*

25 (x+2°-25 26 (x —3) =9

In each expression, factor the frinomial,

27. ¥+ Rr + 16 28, A = 120 + 36
29. b — 10b + 25 30. 3 + 14y + 49

32 F - 85 + 165

31wt + dmn + 4t

46. Sx*V'T + 2560 — 125xz

47 I+ —-x—-1

48, dx + bxy = 9y = 6

49, 2rxy + 2erx — 3ty — 3at

50. 2ax + day — bx — 2by

5l. ax + bx + ay + by + az + bz

52, 62y + 18xy + 3x%) + 9x

8. =y -2° 54. 22 = (p+ 3

S5 (x =) =[x+ P 56. (2a + 3)' = (2a = 3)?
57, X' -y S8, — R1

59, 3x* - 12 60. 3x'y — 3xy

61. 18x)” — 8x 62. 27 = 12

6, x*=2x+15 64, X"+ x+2

65. —15 + 2a + 24a” 66. —32 — 68x + 9x°
67. 6x% + 29xy + 350 68, 10x° = 17xp + )7
69. 1207 — S8pg — T0q° 0. 3~ 6xy — 97
T =6’ 4 4Tmn = 350" TR 14 = 1lps 4 156

73. =6 + 23x + 35x . =y

S0605_ChD0_001-088.rcd 61
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62

75,

7.

83.

85,

89,

9l.
92,
93,

95,
96.
97,
9%.
99,
100,
101.
102.
103.
104,
105,
106.
107,
108,
109,

Chapter 0 A Review of Basic Algebra

Bxt = 117 = 3527
¥tk 2 =15

a® =2a"=3
6 — Tx" 4 2
a4yt — gy

10y™ = 11y" - 6
. 2’ 4 2,000

[x + ) -84
e =y + 27
64a" — y*

at + B
F=F+a=-bh
. (@ = ) = sla + )
Bdx® + pf

2 & bz 4+ 9 = 2257
X - 6x + 9 - 1447

X Adx =9+l

la + B)* = 3(a + b} = 10
2a+ b’ =-5@+b) -3
*+ 7 -8

X0 — 13x* + 367
k]
¥k 3 4

S I P ']
YED+9

4t + 1 + 34
x4+ 25 + 6

E R 2R B 2

12x + 1722
= =h
a4 B+ R
™ 4 O 4
Bx® = 2x"
16p™ = 25)™"
3+ 648

Tx’

2

3

Candy To find the amount of chocolate used in
the outer coating of one of the malted-milk balls

shown, we can find the volume F of the chocolate
shell using the formula ¥ = imr}

3wl Factor

the expression on the right side of the formula.

Insiee radius

~ Cruter radius r

S0606_GhD0_001-088.ncd 62

3

110. Movie Stunts The formula that gives the distance
a stuntwoman is above the ground ¢ seconds after
she falls over the side of a 144-foot tall building is
f = 144 — 16¢. Factor the right side.

CTTTTT e
Discovery and Writing

111. Explain how to factor the difference of two squares.
112, Explain how to factor the difference of two cubes.
113. Explain how to factor a” — b + a + b,

114. Explain how to factor ¥* + 2x + 1.

Factor the indicated monomial from the given expression.

118, 3x + 2;2 116.5x = 3;5

117, ¥ + 2 + 432 118, 3¢ — 2x - 5;3
119. a + hya 120, o = h; b

121. x + x'2; x\? 122, x¥% = x17%; x'?
123, 2% + V23, V2 124.V3a - 35 V3
125. ab** — a*b; ab 126. ab® + by b

Factor each expression by grouping three terms and two
1erms.

127. X+ x = 6+ xp = 2y
128, 2 + Sx + 2 — xp = 2y
19 +2r+a+a+1

130. &' + & = 22" +a -1
Review
131. Which natural number is neither prime nor

composite?
. Graph the interval [ -2.3).
. Simplify: (v
; s (ﬂ’)“(gr}" (BXLXJ )u
. Simplify: @y 135, e
. Simplify: V20x°.

V20x = V125x.

. Rationalize the denominator: ——.

. Simplify:

AT T AN
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Section 0.6 Rational Exprassions 63

0.6 Rational Expressions

Caution

Remember that the denominator of
o fraction cannet be zer.

In this section, we will leamn to
1. Define rational expressions.
2. Simplify rational expressions.
3. Muliiple and divide rational expressicns.
4, Add and subtract rational expressicns.
5. Simplify complex fracticns.

Abercrombie and Fitch (A&F) is a very successful American clothing company
founded in 1892 by David Abercrombie and Ezra Fitch. Today the stores are popu-
lar shopping destinations for university students wanting to keep up with the latest
styles and trends.

Suppose that a clothing manufacturer finds that the cost in dollars of produc-
ing » fleece vintage shirts is given by the algebraic expression 13x + 1,000. The
average cost of producing each shirt could be obtained by dividing the production
cost, 13x + 1,000, by the number of shirts produced, x. The algebraic fraction

13x + 1,000

x
represents the average cost per shirt. We see that the average cost of producing 200
shirts would be $18.
13(200) + 1,000
200 -

An understanding of algebraic fractions is important in solving many real-life
problems.

18

1. Define Rational Expressions

If x and p are real numbers, the quatient [y # 0) is called a fraction. The number
x is called the numerator, and the number y is called the denominator.

Algebraic fractions are guotients of algebraic expressions. If the expressions
are polynomials, the fraction is called a rational expression. The first two of the
following algebraic fractions are rational expressions. The third is not, because the
numerator and denominator are not polynomials

5)% 4+ 2y Rab® — 16¢° x4 d4x

-y =1 2x+3 P 2o

S0606_CGhD0_001-088.ncd 63
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64 Chapter 0 A Review of Basic Algebra

We summarize some of the properties of fractions as follows:

L
Properfies of Fractions If a, b, ¢, and d are real numbers and no denominators are 0, then
Equality of Fractions
S=" ifandonlyif ad=he
Fundamental Property of Fractions
ux = o
hr h
Multiplication and Division of Fractions
a ¢ a — a_:_e;a_d:an‘
h d bhd b d h e be
Addition and Subtraction of Fractions
i [ a+e [ [ a=c

+ — m —
FEE o T e

The first two examples illustrate each of the previous properties of fractions.

EXAMPLE 1 lllustrating the Properties of Fractions

Assume that no denominators are 0.

a 250 Because 2a(6) = 3{da)
. 3 - 3 CCauss Za| b 3(4a)
bxy  3(2xy) N - N .
8 e ACIor The nUmeralor and denorninator VI0E oul the common [actors.
T i umesator ar ina ut the commo
3
8
|
Iy 15z o 154%
L Y ; 2
Self Check 1 a. Is s 25! b. Simplify: 25abT
MNow Try Exercise 9.
EXAMPLE 2 lllustrating the Properties of Fractions
Assume that no denominators are 0.
L ey on | 3pg _3mn T
"Ts 58 Ts+ 5 dpg  Tmm dpg  2pg
6 2w’
T B
. leb  ab _2abtab dﬁu_vz I’ tw’ — 3wy’
T sxy  Sxp Sxy Cowt o Twt Tw'
3ab 3w
Sxy Tu
4 5§
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Section 0.6  Rational Expressions &5
Self Check 2  Perform each operation: ) .
34,0 Zab | 2rs Spq | dpg y Sewd  pert
5" T s dab g g " 3w aw

Mow Try Exercise 19.

To add or subtract rational expressions with unlike denominators, we write
each expression as an equivalent expression with a commeon denominator. We can
then add or subtract the expressions. For example,

3x d 2x 2 3x(7) i 2x(5) 47 327 = 4242 343
597 s T 15 10 150 10(3)
_ x| d0x _ B oa
3% 35 E )
21x + 10x 8a® — 9a’
ST 2
3y -@
BT ")
@
30

A rational expression is in lowest terms if all factors common to the numerator
and the denominator have been removed. To simplify a rational expression means
to write it in lowest terms.

2. Simplify Rational Expressions
To simplify rational expressions, we use the Fundamental Property of Fractions.

This enables us to divide out all factors that are common to the numerator and the
denominator.

EXAMPLE 3 Simplifying a Rational Expression

xi =9
Simplify: ;—"{; (x %0, 3).

SOLUTIOM  We factor the difference of two squares in the numerator, factor out x in the denom-
inator, and divide out the common factor of x - 3.

9 _ -

x xfx—39 x
x+3
=AY

ua |ua

g
Self Check 3~ Simplify: " {a # 4,-3).

Mow Try Exercise 23.

‘We will encounter the following properties of fractions in the next examples.

S0606_CGhD0_B01-088.ncd 65
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66 Chapter 0 A Review of Basic Algebra

—
Properfies of Fractions If @ and b represent real numbers and there are no divisions by 0, then

]'_ﬂ 'ﬂ=1

>
b'|h

o roi L
b ~b

e

e B
-—=

EXAMPLE 4 Simplifying o Rational Expression

e X = Dy +
Simplify: i (x = ).

SOLUTIOM  We factor the trinomial in the numerator, factor —1 from the denominator, and
divide out the common factor of x = .

Sl o e A el ) | e} B

y—x e =3 *

x=y
-1

x—y

1

(x-»

n
Self Check 4 Simplify: & ?:b L —
LA 1

Mow Try Exercise 25.

EXAMPLE 5 Simplifying a Rational Expression

L X = dx+2
. #
Simplify: = e (o 2,—1).
SOLUTION  We factor the numerator and denominator and divide out the common factor of
x =2
¥=3x+2 (x-1Dx—2 x -2
F-x-2 [(x+1—2 2
=]
x+ 1 n
L. &+ la-4
Self Check 5 Simplify: e (a# 1,-3)
MNow Try Exercise 27.

3. Multiply and Divide Rational Expressions
EXAMPLE 6 Multiplying Rational Expressions

X - 2_.‘(3-1 2x

3
: e (x 1, =1,2).

Multiply: 3 =

Copsrige 2012 Comygaps Learseg, A1 Rigss
il e i ] it ity mappecimcll 0
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Section 0.6 Rational Exprassions &7

SOLUTION  To multiply the rational expressions, we multiply the numerators, multiply the
denominators, and divide out the common factors.

F-x-2 x+2x-3 (C-x—-20"+2x-3)

-1 x=-2 (22 = 1)(x — 2}
= e e = +3) -2 w1 x
e D=2 =2 Txk+l '

= x4+

) 1
Self Check 6 Simplify: 55— - 5~ (x#0,1.3).

Now Try Exercise 33.

EXAMPLE 7 Dividing Rational Expressions

L., X=lx=3 XP+2=15
Divide: B R 5 T, (x w2, =2,3, -5).

x- =4

SOLUTIOM  To divide the rational expressions, we multiply by the reciprocal of the second ratio-
nal expression. We then simplify by factoring the numerator and denominator and
dividing out the common factors.

oy =3 oot + e —15 2 —2—3 F+Ar—10
=4 I T -4 ¥+ 2x - 15

(= 2x = 30 + 3x — 10)
T = 2 = 15)

_ G+ DD+ xo3_ x-2 xes_
(x + 20— 2 x+5)[x—3) =1 "2 e+t
x+1

T xk2
i o
i e e
Self Check 7 Simpilify: SR (a=0,2 =-2).
MNow Try Exercise 39.
EXAMPLE 8 Using Multiplication and Division to Simplify a Rational Expression
e B =5x-3 Nl+x-1 F+x 1 1)
Simplify: =i T Ty (x % 3 1,30, 7)
SOLUTIOM  We can change the division to a multiplication, factor, and simplify.
¢ -5x-3 IF+x-1 ¥+x

Jx =1 X —2x=3 v

B —Gx—-3 P 4ke-1 3x

B ix=-1 ¥ =dx=1 M x

X = Sx = 303+ 2x - 1)

T [(3x - 10 - 2x = N2 + x)

3R+ B2 —De+13x  x-3 el B-1_ xwl_ | x
C (A =11 —Ix2x 1) -3 I+l Che-1 3
=13
]
20605_Ch00_001-088ncd 67 TS 1001 AN
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68 Chapter 0 A Review of Basic Algebra

Self Check 8

EXAMPLE 9

SOLUTION

Self Check 9

Comment

Remember to find the least common
denominater, wse each facior the greates
number of timas that it occurs.

EXAMPLE 10

S0606_GhD0_001-088.ncd 68

=125 Sx.x:llx

Simplify: 2 F-2x 2+ 5x

(x#£0,2,5 =5,

MNow Try Exercise 45.

4. Add and Subtract Rafional Expressions

To add (or subtract) rational expressions with like denominators, we add (or sub-
tract) the numerators and keep the common denominator.

Adding Rational Expression with Like Deonominators
_2xr5_| 3x + 20
T x4 5 x + 4

Add: [x = —5).

2;:»5‘3;:»20 5x + 25

Add the numerators and keep the common denominator.

x+5  x+5  x+5
+
= %4‘—:; Factor out 5 and divide out the common factor of ¥ + 5.
=5
|
Adg H-2, X6 Ly
x=2 x=12
MNow Try Exercise 49.

To add (or subtract) rational expressions with unlike denominators, we must find
a common denominator, called the least {or lowest) common denominator {LCD).
Suppose the unlike denominators of three rational expressions are 12, 20, and 35.
To find the LCD, we first find the prime factorization of each number.

12=4-3 W=4-5 I/I=5-7

=72.3 =2.5

Because the LCD is the smallest number that can be divided by 12, 20, and 33,
it must contain factors of 2°, 3, 5, and 7. Thus, the

ICD=2"-3-5-T=420
That is, 420 is the smallest number that can be divided without remainder by 12,
20, and 35.

‘When finding an LCD, we always factor each denominator and then create the
LCD by using each factor the greatest number of times that it appears in any one
denominator. The product of these factors is the LCD.

This rule also applies if the unlike denominators of the rational expressions

contain variables. Suppose the unlike denominators are x*(x — 5) and x(x — 5)°.
To find the LCD, we use x* and (x = 5)°. Thus, the LCD is the product x*{x = 5)*.

Adding Rational Expressions with Unlike Denominators
1

Add: i 2 {x * 2, =2).
x + 4

-4 -4

AT T AN
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Section 0.6 Rational Exprassions &9

SOLUTION  We factor each denominator and find the LCD.
X -4=(x+2x-2)
¥ —dx+d=(x—2x -2 =(x-2

The LCDvis {x + 2}{x — 2)°. We then write each rational expression with its de-
nominator in factored form, convert each rational expression into an equivalent ex-
pression with a denominator of (x + 2)(x — 2), add the expressions, and simplify.

1 ’ 2 = 1 ’ 2
-4 F-dx+4 (x+Dx-2 (x-2ix-2
_ 1ix — 2) : 2{x+2) -2 x+2
fx# 2x = Qe =2)  (x=20=2x+2) pd . iaE

x=2+2(x+2)
ek 20 - 2x - 2)
x=2+2x+4
S+ x - -2)
Abways attempt 1o simplify the final result.

4
Ini this casa, the final fraction is already ax 2

in lowest ferms. (w2 = 2F

Comment

3

Self Check 10 Add:
x* = bx =+ 9

1 =
i ] q(x;l 3L

Now Try Exercise 59.

EXAMPLE 11 Combining and Simplifying Rational Expressions with Unlike Denominators

Simplify: j:—zl' PR xj_l:jr_ﬁ_ (x = 1,-1,-2).
SOLUTION  We factor the denominators to find the LCD.
¥ -1=(x+x-1)
¥+ dx+ 2= (x+ x+1)
Xtx=2=0x+2Hx=-1)

The LCD is {x + 1)(x + 2){x — 1). We now write each rational expression as an
equivalent expression with this LCD, and proceed as follows:

S O o R
=1 X Ax k2 2+x=12
. x-2 x+3 3
A Dx-1D @D+ k- Dx+2)
o x-x+2 G+ Px-1 3x+1) T e
4+ Dx-Dx+2 x+Dx+2x-1 x-Dx+2x+1) N S e T PP TR

K- - +2x-N+(3x+3)
[x + Dix + Ax = 1)

F=4=-X=2x+3+3x+3
O+ Dl + 2)(x - 1)

i b 0
T olx o+ x + 2(x - 1)
1 2 : L x+2
= m Divide out the commen factor of x + 2. T
]
90606_ChDO_001-088nce 63 TABNT 1001 AM
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ay 2
Self Check 11 Simplify: = SrTr20wL-D.

MNow Try Exercise 61.

5. Simplify Complex Fractions

A complex fraction is a fraction that has a fraction in its numerator or a fraction in
its denominator. There are two methods generally used to simplify complex frac-
tions. These are stated here for you.

.
Strategies for Simplifying  victhod 1: Multiply the Complex Fraction by 1
Complex Fractions Determine the LCD of all fractions in the complex fraction.

* Multiply both numerator and denominator of the complex fraction by the
LCD. Note that when we multiply by +%5 we are multiplying by 1.

Method 2: Simplify the Numerator and Denominator and then Divide
* Simplify the numerator and denominator so that both are single fractions.

+ Perform the division by multiplying the numerator by the reciprocal of the
denominator.

EXAMPLE 12 Simplifying Complex Fractions

1 1
4

Simplify: % (r,y # 0).

¥
Method 1: We note that the LCD of the three fractions in the complex fraction is
xy. So we multiply the numerator and denominator of the complex fraction by xy

and simplify:
i '
1ol U(l AT .
x Wy x5Oy x y yt+=x
x N xx ¥
2 TG =
¥ }'J ¥

Method 2: We combine the fractions in the numerator of the complex fraction to
obtain a single fraction over a single fraction.

— 4

1.1 10 : 1x) yp+x
¥

x y_x) y0 _ x
X 2 Ll
¥ ¥ ¥
Then we use the fact that any fraction indicates a division:
y+x
x_}' y+x x y+x p (p+xy y+=x
y
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Section 0.6 Rational Exprassions 71

Ik

Self Check 12 Simplify: H (e, 3 # 0).

x oy
Now Try Exercise 81.

Self Check Answers 1. a. no b. £

4]
Ta+ i ] S

8 x+2 9.4 10

Exercises 0.6
Getting Ready Pevform the opevations and simplify, whenever possible.
You should be able to complete these vocabulary and Assume that no denominators are 0.
concept statements before you proceed to the practice 4x 2 =5y 4
exercises. Lemisg 16. 2z
Fillin the blanks. 17, 2, 2 w2, =%
1. In the fraction f, a is called the 4 i
T i o T2 _ 3
x f.n m‘elfracuon _..,t_ruca]ledthe ; T TR
3 AL if aml:l onlyif . 5 15y x% &rss? ; Trs?
4. The denominator of a fraction can never be . “ I8 Iah " 15w T 15mF
Complete each formula. Simplify each fraction. Assume that no denominators are 0.
a4 ¢ a ¢ 2x -4 2 =16
Bl T 2 A Sl
bode »idT_ Ty WY
[ c a [ v, 2
Gy gl . 4-¥ 2% - x
b b — LA — 3'72 Sr o+ f T 0% + 25
Determine whether the fractions are equal. Assume that
no denominators are 0. . . 6 2= 2x % R L
. 81‘ 16x 10. 315, ]2}'1 T 4x? 4 dx? - 3x T I - Tt - 15x
3y Gy 4y 16x”
25xyz S0a’he 15rs" 3754 2
" 12ab’e’ Mxyz e 1087 3 =8 Ve ] z‘x it Rl
x b ax = 2x = 2a x*+ 27

Practice
Simplify each rational expression. Assume that no de-

nominators are .
Perform the operations and simplify, whenever possible.

Ta'h I5p'q’ :
e ? 14. 'DJ:’, Assurne that no demominators are (.
21ah 49p%g 2 2
g X=X
x4+ Ix+1

S0605_ChD0_001-088.rcg 71 AT T AN
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32

33.

35,

36,

Chapter 0 A Review of Basic Algebra
yY=2p+1 y+2
y yey-2
P+ Tx+2 F-x
¥+ 2x Il 4 ox
Aex 4 x-3

w1
Hx, 1
x=1 x+2

X4+5x+6 x+2

2

]
u,

T+ fr+9 ¥ -4

31

38.

30,

41.

42.

43.

45,

46.

47.

51.

52

53.

¢ +32 X +16
R ' 2
P+x=6 =4
Y—6x+9 x-9
LHz=20 =25

=4 = z=35
ax+hx+a+b xX-1
@+ 2ah + b -2+ 1
I 4Sx-2 6415
¥ ok 2x? : 26 4 57

F+1Ix+12 f=-x-3

fx? — fix — § fx = 1dx + §
2+ Tx + 12_x? 3x 10_x’ 4 + 3x
P=xX=fx F+2=31 X=x=20
A =0=3 .. x(x+1)-2
Txlx+ N =Mx-1) xlx=T+3Hx+1)
x?-2x3_3x 8 X+6x+5

2= 50x—-16 x-3 T -33x-10

X’iZT.(X?I-4XI3__ Z+x 6)

-4 42 F-3x+9
3 I_rIZ
5 T i I o
3 I‘(IZ
b ol (R il ol |
A e 4
1 x 1
3
x=2
2 i 1
5 x x =5
i __2
x=6 6-x
3 2

S0606_CGhD0_001-088.nc 72

Py

6l.

62.

63.

65.

a7

69,

mn.

T2

3 X
.:t’.lﬂ. x -i
a+3 a
A+Ta+12 =16
a ; 2
a+a=-2 a-S%a+4
x 1
¥=-4 x+2
b 4
-4 K+
Ix—-2 X
x4+ 2x o+ 1 -1
2t 1+ 1
f=25 P+5
22 3 4 -
¥ 1 y+1
4 1
e a2
1 3 Ix=2
x=2 x+2 x-4
X ] I(3x = 1)
i

X
3x 3+ 1
x=4 x+4 16=1xF
Tx ; Ix '3.'( 1
x=5 S5-x Xx-=-25
1 2 : 1
FHIx+2 xX+dx+3 X +5x+6
2 , 2 2z = 2y

x—y x-z (-2E-15
Ix=-2 dx® + 2 ; I - 25
TR T T ¥ - 16

Jx+2
&' — 10x — 1 A’

X+ 4 1
Tr+3 de+1

Simplify each complex fraction, Assume that no denorni-

nators are 0.
3a 3
b G
73. fac M. i
I 18x
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iy
3a'h 4t
P h ———
ab v
7
x=y
ab
1 vy 78.
y-x
ab
1 ; 1
x ¥ Y
79. 80.
xy 11 . 11
X ¥y
1.4 L
x ¥ x ¥
81. 1 82, 1 ' 1
E I 4 x ¥y
g 4o’ X
b x ¥
83, — 84, —
1 , 1 X i
h  ar ¥
[}
o o R
X iz
85. 3 86. Sy
£ T d
x E
3 x =13+
T R
1 x+13
xy ¥
8. 3x 9. 2 + 4
t ¥ £
x x ]
X 2 x ; 1
x+2 x-1 x=3 x-2
91 92,
3 p X 3 X
r4+2 xr=1 r=31 x-=12

Write each expression without using negative exponents,
and simplify the resulting complex fraction. Assume that
no denominators ave 0.

1 7l
B e M
x +2)7T+ 2 -1t
e (x+2)7"
g 2= B = et
T =3+ )

S0606_CGhD0_001-088.ncd 73
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Applications
97, Engineering The stiffness & of the shaft shown in
the illustration is given by the following formula
where &, and k, are the individual stiffnesses of'
each section. Simplify the complex fraction on the

right side of the formula.

Section 1 Sectice 2

—

98. Electronics The combined resistance R of three
resistors with resistances of R, R,, and R, is given
by the following formula. Simplify the complex
fraction on the right side of the formula.

R L
T

+ + l
R, R R
Discovery and Writing

Simplify each complex fraction. Assume that no denomi-
mators are 0.

9 ;1 100. Ls
1+ e 2 4 e
101 — : 102. —>
14+ —— 24+ ——
L.+ = 2+ 2
20 ¥
& i a ¢ ad+ be, i
103. Explain why the formulah [ S is valid.
g a, c_ad .
104. Explain why the formulah o is valid.

105. Explain the Commutative Property of Addition
and explain why it is useful.

106. Explain the Distributive Property and explain why
it is useful.

Review

Write each expression without using absolute value sym-
bols.

107. |—&]

108. |5 = x|, given that ¥ < 0

Simplify each expression.
3,,-1y -3

109 (" L4 )
xy

111. V20 - Vs

112, 2(x* + 4) = 3(2x? + 5)

110. {27x%3

AT T AN
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74 Chapter 0 A Review of Basic Algebra

CHAPTER REVIEW

SECTION 0.1

Definitions and Concepis

Sets of Real Numbers

Examples

Natural numbers: The numbers that we count with.
‘Whole numbers: The natural numbers and 0.

Integers: The whole numbers and the negatives of the
natural numbers.

1,2,3,4,5,6,7,8,9,10, ..
0,1,2,3,4,56,7,89,10, ..

ey =3, =4, =3, =2, -1,0,1,2,3,4,5, ..

Rational numbers: {x|x can be written in the form § 2= }—' -5= - 2, 2 _1, 0.25 = L
(b 0), where a and b are integers.} 1 153 i
All decimals that either terminate or repeat. : =025, '53 : 2.6,; - 0.666.. = 08, 171 - 063

Irrational numbers: Nonrational real numbers.
All decimals that neither terminate nor repeat.

V2, ~\26, m, 0232232223 ..

Real numbers: Any number that can be expressed as a
decimal.

Prime numbers: A natural number greater than 1 that is
divisible only by itself and 1.

Composite numbers: A natural number greater than 1
that is not prime.

Even integers: The integers that are exactly divisible by 2.

Odd integers: The integers that are not exactly divisible
by 2.

L
T
2,35 7111317, .

~6 0,7 VL 10.73
4,6 8 9,10, 12, 14, 15, ..

s =6, -4, 2,0, 2, 4,6, ...
EE kMl P B [P A 1

Associative Properties:
of addition (a + &) + ¢ =a + (b + ¢

of multiplication {ab)c = albe)

Commutative Properties:
of additiona + h = h + 2

of multiplication ah = ha

Distributive Property:
alb + ¢} = ab + ac

S+Md+DN=(5+4)+7
(5-4)-7=5(-7

44 T=T+4 1.7+25=25+17

4-7=7-4 17025 =257

Mx+6=3x+3-6 020 - 100 =02y — 02(10)

Double Negative Rule:

—(-a)=a ~(-5)=35 —(-a)=a
Open intervals have no endpoints. (=3,2) + ;
Closed intervals have two endpoints. [-% 2] _; %
Half-open intervals have one endpoint. (-13,2] + i

Copyrighe 2012 Crmygape Learseg, A1 Higs essrved, May s be cxpied, maneed, or dplicrnd, i1 whai o
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Choptar Review 75
Definitions and Concepts Examples
Absolute value:
If x = 0, then |x| = x. 17 =7 |35 =35 H 5 0] =0
If x =< 0, then |x| = —x. [=7 =7 |-3.5 =35 Nal
2 2
Distance:

The distance between points a and b on a number line is
d=|b=-al

The distance on the number line between points with
coordinates of —3and2isd = |2 — (=3} |15] = 5.

EXERCISES

Consider the set {6, =3,0,%, 3,7, \/5, 6,8). List the
numbers in this set that are

. natural numbers.

. whole numbers.

. integers.

. rational numbers.

. irrational numbers.

=T T S SR

. real numbers.

Consider the set {6, —3,0,%, 3, 7, \/5, 6,8}. List the
numbers in this set that are

7. prime numbers.

8. composite numbers.

9, even integers.

10. odd integers.

Determiine which property of veal mimbers justifies each
stafement.

1. @+ b +2=a+h+2)

12. 2+ 7=T+a

13, 4(2x) = (4 - 2)x

14. 3(a + b) = 3a + 3b

15. (3a)7 = 7(5a)

16 (2x+ ¥ +z=(y+2x) + z

17. —(-6) =6

Graph each subset of the real numbers:
18. the prime numbers between 10 and 20

19. the even integers from 6 to 14

Graph each interval on the number line.
. -3<x=35

2. r=0orx< =1
2. (-2,4]
23, (==, 2)N(=5,x)

M. (—=—~4)U[6,=)

Write each expression without absolute value symbols.
2. |6 26, |-25
2. |1 -V2 . V3-1)

29. On a number line, find the distance between points
with coordinates of —5 and 7.

S0606_GhD0_001-088.ncd 75
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76 Chapter 0 A Review of Basic Algebra

SECTION 0.2 Integer Exponents and Scientific Notation
Definitions and Concepts Examples
Matural-number exponents:
n facton
F=xex-X x FEx-x-x-x-x
Rules of exponents:
If there are no divisions by 0, ' m T (A = 27 = M
. gt ga o ) = : :
s 55 2 i
L\ o (xy)® = x’y ()—-,-
(o) = xYy" . (—) == i
y ¥ {1
& =1 [ I
1 H
» P =0(x=0) -Jr"--‘Hu & 36
¥ el (E) 2 (6_)‘ 6 _ 216
.xm.._{"x X "__(y)" e 6 \x/ £ 2
! » bs
Scientific notation: Write each number in scientific notation.
A number is written in scientific notation when it is writ- IR6,000 = 386 x 10 non?s =25x 10’
ten in the form N x 10°, where 1 = |N]| < 10.
Write each number in standard form.
7.3 % 10" = 7,300 5.25 = 107* = 0.000525

EXERCISES
Write each expression without using exponents. o (jx?y 2) 2 o (a jb?) 2
0. -5 3L {-5a) T L “\ab
i 3y ? 2m ™ ?
Write each expression using exponents. 7 o 49 Aptn!
32, 3 33, (-25)(3b) 46. If x = =3and y = 3, evaluate =x" = x)7
Simplify each expression. _ Write each number in scientific notation.
34, i 3. () 47. 6,750 48, 0.00023
a*y?

3. hd

36, (x') 37 (F) Write each mumber in standard notation.
i p i\ 49, 48 x 10¢ 50, 0.25 x 1077
38. (mn") 39. ( > )
a P 51. Use scientific notation to simplify (45,000)(350,000)

0.4 al. (F 0.000105

Copsrigie 2012 Crmygape Learseg, A1 Higs Resssved. May rot be
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SECTION 0.3
Definitions and Concepts

Choptar Review 77

Rational Exponents and Radicals

Examples

Summary of a"" definitions:
+ If a = 0, then a"" is the nonnegative number b
such that b* = a.
« If @ < 0 and nis odd, then a'" is the real number
b such that 5" = a.
« If @ < 0 and n is even, then a'" is not a real
number.

16'7 = 4 because 4 = 16
{=27)"* = =3 because (-3)° = -27

{~16)"* is not a real number because no real number
squared is — 16,

Rule for rational exponents:
If i and n are positive integers, 7 is in lowest terms, and
a'’ is a real number, then

a2 = (ghm = (gt

Definition of V/a:
Va=a"

Properties of radicals:
If all radicals are real numbers and there are no divi-
sions by 0, then

« WVah = Valb

L ofa_Va
V6=V

- VWa=VWaVa

8% = ()2 = 2 = 4or () = 641% = 4

V125 = 125" = 5

30x = 3/ 50 = 2x?

— T -
Jx2 Wt X P

V625 " Wes 5 S
Vv =VE=2 VVe=Va=21 Vee=Vha=2

EXERCISES
Simplify each expression, if’ possible.
e
12 ——
52 121 53. (125)
54, (32271 55, (814%)"
56. (—1,0006%)" 57, (—25x%)
- FRENT
e . (%)
cl—']cf-'] 173 a I.\Aa_'\‘-} 12
60. ( B ) ﬂ-( Pz )
Simplify each expression.
62. 64" 63. 327%

16 X kv s
6. ( 81) 6. (m)
§ 8 3 |6 kY
€6 (27) L2k (625)

68, (~216x) 69, £

Copsrigie 2012 Crmygape Learseg, A1 Higs Resssved. May rot be

Editcrial evirm i oo
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Simplify each expression.
70. V36 T -4
[9 o 27
I 1
72 \ s 73. V125
4, V' 75, V'
[ & 4 [ i5p10
af it ia [
76. 3] s LY
Simplify and combine terms.
78. /50 + Vg 7. V12 4 V3 - V27
80. V24x' - Vix*
Ratipnalize each d.
. o
TS "V
1 2
83 — 8 —=
Y2 V25

AT 102 AN
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78 Chapter 0 A Review of Basic Algebra
Rationalize each numerator.
Va2 V5 Wax IV
85, T B6. == 87, == 88, gy
4 T
SECTION 0.4 Polynomials
Definitions and Concepts Examples

Monomial: A polynomial with one term.
Binomial: A polynomial with two terms.

Trinomial: A polynomial with three terms.

2, 3x, 457y, —x*y'z
2t + 3, 3% = 6r,d4m + Sn

W -Tp+8 I +In—-p

The degree of a monomial is the sum of the exponents on
its variables,

The degree of a polynomial is the degree of the term in
the polynomial with highest degree.

The degree of 4x’y’ 52 + 3 =5

The degree of the first term of 3p?q"‘ Gp"q*' b Upg’ is
2 + 3 = 5, the degree of the second term is 3 + 4 = 7,
and the degree of the third termis 1 + 2 = 3. The

depree of the polynomial is the largest of these. Itis 7.

Multiplying a monomial times a polynomial:

ab+ct+d+ - )=agbtactad+ -

Hx+2)=3x+6
2x(3x = 2y + 3) = 6x7 = dxy + 6x

Addition and subtraction of polynomials:
To add or subtract polynomials, remove
parentheses and combine like terms.

Add: (327 + 5x) + (2xF — 2x).

(3o + 5x) + (207 = 2x} = 327 + Sx + 257 — 2x
=37+ 2 + Sx = 2x
= 5x" + 3x

Subtract: (4a® — 5b) — (3a° — Th).

(4a® — 5b) — (34" — 7b) = da* — 5b — 34 + 7B
=da* =3 = 5h+ 7h
=g’ + 2b

Special products:
x4 3P =x+ 2oy +
(x—W=x-2+)
O+ ))x = ) = x* = F

(2m+ 3P =dm’ + 12m+ 9
(4¢ = 35)° = 168 — 2415 + 95°

(2m + n)(2Zm — n) = 4m’ — 2mn + 2mn — ' = 4m' — o'

Multiplying a binomial times a binomial:

Use the FOIL method. (2a + b)(a — b) = 2ala) + 2a(-b) + ba + b(—5)
= 2a" = Jah + ab = B
= 2 — ab - b*

Copyrige 2012 Congags Loarzog, A1
Editerial evie s Gorvmnd Uil sy wpees
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Definitions and Concepis

Choptar Review

Examples

The conjugate of a + bisa = b,

To rationalize the denominator of a radical expression,
multiply both the numerator and denominator of the
rational expression by the conjugate of the denominator.

Rationalize the denominator: ————,
Vx4 2
x Ve -2
Ve+2 (Wx+20ve-12)

X

4

Division of polynomials:
To divide polynomials, use long division.

Divide: Zx + 3J6x" + 7 — x + 3.

- x#1

2x + 3)6x° + T
67 + 9x7
- x
2 = 3x
+Ix+ 3
+2x + 3
0
EXERCISES
Give the degree of each polynomial and tell wheiher the Rationalize each de
i) ial is a tal, @ binomial, or a tri jal, 2 2
P 0 ——— 1, ————
89, 2 - 8 Vi-1 Vi-v2
90, Bx ~ Bx® ~ 8
:;. 4\/'31- 126 + 1 105. = 106 )
s % “Vix-2 -\/x-l\/y
Perform the operations and simplify.
93 2(x =+ 3) + 3(x = 4)
94, 3xilx — 1) - 2x(x + 3) — ¥x + 2) ”“""‘ﬁ"—‘“ sach umenor, i
95, (3x + 2(3x + 2) 107. XT"": 108. 4
96, (3x + 3)(2x — 3) !
97, (d4a + 2b)(2a - 3b) Perform each division.
98, (= + 3)(37 4+ 2 — 1) 109, _‘\r']y‘ 10, 2 '___Gab“
99, (a" + 2)(a" - 1) by A+

100. (V2 + xf
101, (:\«’5 | |XV’5 | 1)
102. {3 - 2)V8 + 2¥3 + 4)

111 2 + 3)2x" + 7 + 8x + 3

L 2 -1+ ¥ -2 - 37 -3

S0606_GhD0_001-088.ncd 73

AT 102 AN

https://jigsaw.vitalsource.com/api/v0/books/9781133710219/print?from=71&to=80

9/27/2016



College Algebra, 11e Page 10 of 10

PRINTED BY: reallestate@gmail.com. Printing is for personal, private use only. No part of this book may be reproduced or transmitted without
publisher's prior permission. Violators will be prosecuted.

80 Chapter 0 A Review of Basic Algebra

SECTION 0.5 Factoring Polynomials
Definitions and Concepts Examples
Factoring out a common monomial:
ab + ac = alb + ¢ I — 6p%g + 9p = 3p(p’ — 2pg + 3
Factoring the difference of two squares:
X =y=l+)-p 4 -9 = (2x + 3(2x - 3)

Factoring trinomials:
* Trinomial squares

x4 2xy + 37 = L + 3 9 + 12ab + 4b° = (3a + 26)(3a + 2B) = (3a + 26
X =yt pt=(e- ) P o= dps + 458 = (p = 29)(r - 26) = (r - 29

* To factor general trinomials use trial and error or 6x? = 5x — 6 = [2x — 3)(3x + 2)
grouping.

Factoring the sum and difference of two cubes:

x oyt = (x4 et - xp ) F+g=r+ 20 - 2r+ 4)
¥ =y ==+ + ) 274 — 88" = (3a - 2b)9a" + 6ab + 457)
EXERCISES
Factor each expression completely, if possible. 119, x% + 6x + 9 = 120. 3x* = 1 + 5x
113, 37 - 3t 114. 5° - 3 )
121. 8z + 343 122, 1 + 14b + 495°
115. 67 + Tx — 24 116. 34’ + ax = 3a = x ;"
123, 12127 + 4 — 44z 124. 64y — 1,000
117. 8x' — 125 118. 6x° — 20x — 16

125, 2xy — dzx — wy + 22w 126, »* + x* + 1

7 L
SECTION 0.6 Algebraic Fractions
Definitions and Concepts Examples
Properties of fractions:
If there are no divisions by 0, then
a. e i 3x  bx
*, = ifandonlyif ad = he. 4 = g because (3x)8 and 4{6x) both equal 74x.
.4a_ax 6  3-2-x-x 13
b bx By’ Z-d-x-x-v dr
L 3.2 _ -2 _ -2 _p
b od  bd 25 6 2-6g 29-3-29 2§
,a,.¢c_ad 2t I Jt 6s _U-6s _ H-2-31
bd b I fe e 2r el A
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Choptar Review 81

Definitions and Concepts Examples
gl Bogdie pa A= x ¥y _x+y 3 _p 3p-p B _p
b b b b b b 474 4 29 24 29 29 q
a a T 7
varl= "= + = 7-1= L lm
a a 1 a > 1=1 1 7 7 1
ALl B TS e S et e S
h =h h h 2 =2 =2 2
il a _=a a T 7 =i, 7
b —b b b 2 -2 2 -2
Simplifying rational expressions:
To simplify a rational expression, factor the numerator To simplify 7%, factor ~1 from the numerator and
and denominator, if possible, and divide out factors that 2 from the denominator to get

are common to the numerator and denominator.
2-x  =1[-2+4+x ~lx—2% -1 1

2x-4 2x-2) 2x—2 2 2

Adding or subtracting rational expressions:
To add or subtract rational expressions with unlike e e 2xlx = 3) 2x(x + 2)
denominators, find the LCD of the expressions, write T T T a7

each expression with a denominator that is the LCD, 42 Brd Grdlsdl o dles
add or subtract the expressions, and simplify the result, _ 2xlx - 3) — 2x(x + 2)

if possible. T k+&-3)
e -
(x + 2)(x - 3)
) =10x
Clx+ Dx-9
Complex fractions:
To simplify complex fractions, multiply the numerator 1 » 2 '(1 i
and denominator of the complex fraction by the LCD 2 Y . 2/' =3 p2-3)
of all the fractions. s ol = T Ty = 74 = 2 4
-+ 2y( t ¥ J
y 2 y 2/
EXERCISES
Simplify each vational expression. ¥tx=-6 ¥=-x-6_  x¥-4
5 133, =5 == - —
i 2-x 128 a-9 X—x—8 x+x—2 x¥—52Zth
X -dx 44 Cat - 6a+ 9
Perform each operation and simplify. Assume that no 46 - -4\ P-x-2
denominators are 0, 134 (x Py T 2 - 325 /I'Xz -2 - 15
r-4x+4 xX*+5x+6 2 3x
12 x4+ 2 ’ xr=2 L x=—4 J x+ 5
W =1ly+15 pP=2p=§ Sx ix4+7  Ix+1
130 -6y +8 .yz-y--é Bﬁ'x 2 x+2 x+2
2 4+ 1 ~3 10¢ + 15 x x x
L P I Ty 137 e V=
pP+Ip+12 pP=9 x 3x+7 e+l
132'!,3,&0!{4_”' s 133'|r|| Tad g
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82 Chapter 0 A Review of Basic Algebra
Ix+ 1) S0+ 3) x Simplify each complex fraction. Assume that no denomi-
139, e o R nators are 0.
I x4+ dx+3 x+x-6 Sx 3x
140, + =5 - 5
v+ 1 4+ Ix+2 x =4 141 L 142, X
'3 e
B ¥
1 1
x ; x'+y!
143. 44,
x=y yl—x
Consider the set {~7, -%,0,1,3, \flﬂ, 4}, Write each number in standard notation.
17. 3.7 % 10° 18.1.2 % 107

1. List the numbers in the set that are odd integers.

Simplify each expression. Assume that all variables repre-

£ Tist the mimbers {nithe set,that-are prime mumbers. sent positive nurnbers, and write all answers without using

Determine which praperty justifies each statement. negative exponents 16\
3 la+B+e=(+a)+e 19. (254%'2 20. (ﬁ)
A e
4. alb + ¢) = ab + ac 21 (ﬁ) 22. /274
Graph each interval on a number fine. 23. V12 + V27 24, V3 = 30V 24x
5. —-4<x=2 6. (=0, =3} [6,x)
25. Rationalize the denominator: =
: I Vr-2
Write each expression without using absolute value sym- +/
bos. =4 4

26. Rationalize the numerator: ,
Ve + Yy

7. |-17 8 |x— 7, whenx <0
Perform each operation.

27. (@ +3) - (24" — 4)
28. (3ab7){—2a°b)

29, (3x — d)(2x + 7)
30. {a" + 2)(a" = 3)
Simplify each expression. Assume that all variables repre- 3. [+ 4 - 4)

Find the distance on a number line between points with the
Sollowing coovdinates.

9. —4and 12 10. -20and —12

sent positive numbers, and write all answers without using 32, (¢ - x + D(2x - 3)
negative exponents. ;
11, ¥ 12. ::s i
. o Mo -1+ -1
1, @0 e (22)
T oa™? HReTs Factor each polynomial.
Write each number in scientific notation. s 3{ 0
36. x* — 100

15, 450,000 16. 0.000345

37, 10F = 10w & fuw’

Copyrige 2012 Comgaps Learsng, A1l Rigs Resmved. May ot
3 s eevend i sy
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Chagpter Tast 83
38 30’ - 648 p BHx-W £-05
W =212 R [ x -5
40, 6x* + 11x7 - 10 i x+2 +x3—4
T+l x4+
Perform each operation and simplify if possible. Assume
that no denominators are 0, Simplify each complex fraction. Assume that no denormi-
i 2 mators are 0.
41. +— 11
x+2 x+2 gl
x % P b x!
-— d -1 4 -1
#2; x+1 =x-=1 1 XS
h
Copyrige 2012 Uamgags Lsarsng. A1 Map ot be apliass D chind
. s e . ; Fpin Py
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Answers to Selected Exercises

Section 0.1 F 3 ' 1 a®
Loset 3 union 5. decimal 7.2 9, composite Glie i63ia t6ax STep s o i dliGe
11. decimals 13, negative S x+lv+2) 1 2 90 4y 64z
17. Sm+5:2 19 fnterval 20 two 23, positive BE BE Ty Pm B
25 true 27 false 29, true 3L {a,b.c.def gl
A s 83, —50 85, 4 87, -8 89, 216 9L 12
3. 1,2,67 4L -5-4,0,1,267 43 V2 el . - .
S A 51T 93.20 95 5 OTATx 10T 99 -177x 10
e o o 101, 7% 1070 103, —693 X 1077 105, 1 x 10"
R e Gt 107, 937,000 109, 0.0000221 111 3.2
1121314 15 16 17 18 19 20 113, —0.0032 115 117100 117, 7 % 10°
2 hl iadk 119, 53 % 107 121, 1.986 % 10° meters per min
D T 123, 167248 % 107" g 1250 93 % 107 mi, 1.48 % 10" mi
3-2-1 01 23 127, polar radius: 6.356750 % 107 km;
57 e equatorial radius: f 378138 % 107 km
3 129, 242 131 2! 133t
59, (0, 5) £ 3 137, —_— 139, 5 -7
o 5 -2 4
61 (—4, %) .
5 Section 0.3
63 [=2,2) <+ fy— 1.0 3not Sa™ Wah 9.+ 1.3
-2 2 1 3
6. (=, 5] : 3o 153 1100 19 -
3 21. notarealnumber 23, 4|a] 25, 2]al
67, (—5,0] =~ f—
S0 M. % W -6 3L % 1, —tg—f
4
23] —f—t—+ 1 1
-2 3 BE I -6 W o100 4L A o
.26 —F—t—
. [2,6] : 1 1 1 16 . )
2 4 - 4L oo .5 SLS s oo
73 (-5, @) N (- 4) i 4a* 100s* .
i L 85 £ ST s 59, 255 61, o 63, a
5. [-8, %) N (-m, —3] —F—F— 7 ;
i 6.7 6.5 6 -5 TL-_ 73 6lx
7 (=, —)U (2w :
-2 2 75.3% MLy M ||’:|,’|' 8L V2 8. 1TxV2
s ), _]._ E 8. 27V BT 129 89, 63 9L 6xV2y
$1.13 8.0 B85 -8 87 -32 ®.5-w 93 0 95 W3 o7 & 90, Wd  jol. Wss
SO0 9 x+1 95 —(x—4) 9.5 9.5 o e{v
101. natural numbers 103, integers 25V 270’ W B’ 1 1
o 103, = . 07, s 109, ¥
Section 0. b 03 V2
L factor 3 3.2x 5. scientific, integer 7. x™°" 111 T m. =y 11\5/-___—' § 117. V3
9. xy  IL 1 13 169 15 -25 ‘ W12
Mdvrexer 19, (=52(=52(-5x)-52) It Re e GRS
W -8.xrxexex T 2 ¢ 27 -1 131, -5 133 617 x 10
20. X% 3L 10648 33 —0.0625 35 37
39, 57 4L 20 43 a7 45 20 4T .
i i O, Section 0.4
49, » 5.1 531 55, A 5T, }? 59, ¥ 1. monomial, variables 3. trinomial 5 one 7. like
9. coefficients, variables 11. yes, trinomial, 2nd degree
Al
Copyrige 3012 Comgags Loarsng. Al Rigts Resoved. May oot be copi = cuplt 2 par. D i pamy coneeT. Tay Fapmr
Edueriad J - idly o rvevall learvrg expmricwe. Coagr ] i v i i swbsngend iy e i
20605 _em-ans_AY-A35.indd 1 1T 206 PM
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13,
(ith
1.
7.

TR AUERE ¥

Answers fo Selected Exercises

no 15, yes, binomial, rd degree

degres 19. yes, monomial, no defined degree

' —3x* —Bx 23.4'+14 25 -x'+ 14

— 2R + 9A 29, —4y' + ¥ 3. 2ty — dxy’
4 4

Sy 35 ”-’;’ 37, —4r's — drg’

. 12a'b'e + 18ab’c — 24a'b'e Al @' + 4o+ 4
=1+ 45— 16 4T T+ 2r— 15
I+ A -4 51, 10x7 + 13x— 3

9 — 12ah + 4K
6y — 16y + 8x'
Sz — ez + 2t — 2
27 — 17 9 — 1

55, 9m® — 16a”

59, 9x' — 2%y — 2Txy + 3
63—+ x + 2V
67. By + 1427 — G — %

6x' — Sx'y + 6y’ + 8 TL &+ 2
=10 — 15p™ 75 - - 12
L 6P — 250 + 14 8 xp +
BLa-h  8.V3+1 88 V7-2)
x+ \-"’3 ¥+ \6 7
e O o 0 0
= -3 y-2
- V3i+3-v2-vE i Voy + 5
2 x=y
| .
95—
va-1)
1
e
Vi 3+ Vi
x , Ixy
|| T Ell
2y 2
T
115. x -3 UL 2-2+—
P —2
119, x°* + 2x° + 42" + Bx + 16 121 62 + x — 12
123 (x' + 3x — 100D 125, (4x' — 48x" + 144x) in?
1255 3
133. 27 135, e 137, —HW 2ah
Section 0.5
1. factor 3 xla + &) S (x+
T(x+3M—xp+y 93x-2 11, 4x(2 + x)

13.
17.
1.
15,
29,
33,
.

LAr+ DIE - T+ 49
. 3abcla + 26 + 3c)

. tly + c){2x — 3)

L x+y—2x—y+a2)
(P + x4 3x -y
23y + 2003 - 2)
. (6a + 5)(4a — 3)

. 2(6p — 35q)(p + q)
. —x(x + T)x = 5)
L b+ 9 -3

Ty (1 + 2x) 15 (x + ¥)la + B)
o+ B)(1 — 3a) 19, (2x + N{2x - 3)
Q+3M2-30 23 (9 + D0x+ D3z - 1)
x+z+8x+z-85 20 (x+4)
b-35F A (m+ 20
(4x — 3)3x + 2p) 38 (x+ Tilx +3)
x—6x+2) 39 (2p+3)p-1)
43, (2z — 347 + bz + 9)
47 (x + D37 - 1)
SL{a+B)x+y+23
55, —dny
59, 3(x + 2fx - 2)
63, prime
67. (3x + T¥)(2x + 5¢)
71 —(ém — Sn)lm — Tn)
75, £(2x = Nix + 5)
. (o — "+ 1)

S0605_emeans_A%-ASSindd 2

17. yes, monomial,

81.

91,
93,

117.

L (5 + D) - 3)
L (x ¥y — A+ 2xy + ¥+ dx + 4y + 16)

(32" — 202" - 1) 83 (22" + (2" - 3y

87, 2(x = 10)(x* — 10x + 100)

(2a + y)(2a — ¥4 — 2ay + 3){4a’ + 2ay = )
fa— Blla’ + ab + ¥ + 1)

L (16 — 4xh 4+ 5
L =3+ 129(x — 3 - 129)
L la+b=Sa+b+1)

101.
103,
105.
107.

109,

+ 0 -2+ — D+ x4+ 1)
EH1+06"+1 -2
F+x+4)x—x+4)

2a +a+ 102 —a+1)

4 5 * 3
qul'r. —rlr + e+ ) 118 2(2x + 1)

'z(;x‘ +x+ 'z) 119 a(l + ”) 121, x"*(x'? + 1)
a

123V Var < y) 125 ablb? - @)
127, (x = 2x + 3+ ) 129 (a+ N’ +a" + 1)
1311 133" 1351 137 -3Wx
Section 0.6
ac atc
1. numerator 3 oad=be 5. o 7. =
a 8x
9. equal 11. not equal 13. 3 15 I5a
16 z 25y 2
1% 3 19, T 2l TS 13 ey
x4+ 2+ 4
. ’ x+a )
3, & xx+ 1y
x+2
37 1 43, 1

45 =

51. -

Za=D)

53, L o
x+Dx-1 la + 4)a - 4)
T Pt 1)

N G- > =)
y-—2 1 Ix — 5§

ae— B e
2+ 19x + 1

67. TN g
(x + 4)(x — 4)

—xf + 3 — 4307 — 58 + 697 b
Ly ey L
5.8 TL-1 ML :

a'(3x — dab) x—2
B arr Maaa

3 O -3x—4 : ;

39.}‘_,_] 91r—5x—3 ‘nx—l
e Kk e

95. v — 1 ks + ky T+ x

i FL e 1. 2 1. -5

v+ 1
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Chapter Review

1. 3,6,8 2.0,3,6,8 3. —6,-3,0,36,8
46,307,368 S m V5

6. —6, -3, 0, ,",_ ImVE6E T3 BO6E
9. —6,0,6,8 0. -3,3

11. Associative Property of Addition

12. Commutative Property of Addition

13. Associative Property of Multiplication

14. Distributive Property

15. Commutative Property of Multiplication

16. Commutative Property of Addition

17. Double Megative Rule

B H
5.6 2625 2.V2-1 18.vV3-1

9,12 30, —Saae 31 (—Sa)(—54) a3
33 -6k M. o 35 p° 36, x'yt

a? 1 g | b
S e

y.k aﬂ y-i Bml!
2l B Mg s

46. 18 47 TS 10F 48 23 x 107°
49, 480 50, 0.00025 5L 15 x 104 &2 11
3

£ S S8 aled s 100
57. not areal number 58, x|y 59, ‘5,
6. —c 6o 616 6. 6L ed
9 125 R N 9
66, 6.0 68365 69 p8 70.6
3 3 .
-1 Ty By M Bx
2 Ay
76 ™ 'j" Y e o 80 o
n
;
g1 Vs 2. V2 &, 4]
5 2
2 1 2x
85, ——_ 8. — et
V2 Vs Wax

89, 3rd degree, binomial 90, Ind degree, trinomial

91. 2nd degree, monomial 92. 4th degree, trinomial
93 5x—6 M. -Tx'-6x 95 O+ 12x+ 4
96. 6x' — Tay — 3y 97, Ba’ — Bah — 6

98 3+ 10+ 22 -3 00 gM 4+ 4" -2

0L V6 = V2 + W3+ 1

104. -2(v3 + V2

100, 2 + 2082 +
U I 11 AV |

S0605_emeans_Af-ASSAndd 3

Answers to Selected Exercises A3

s

Vx+2 — iy
105.1’{ ) 106, ¥~ VAt

P x—y

x—4 l—a ¥

108, . 109, 2

5(\:{(—2) n'(l —\-"a) x
110, 2a°h + 3ab® ML A+ 20+ 1

N2 2+ 2x -3 —

X

14, 5fr— NiF+r+ 1)
116 e+ xla— 1) 117 2x — 52’ + 10x + 25)
118, 2(3x + 2){x — 4) 119 (x+ 3+ Alx+3-4)
120, prime 121, (22 + 742" — 14z + 49)

120 (9B +1F 123, (112 — 2F

124. 8(2y — S)&y® = 10y +25) 125 {y — 22}{2x — w)
126, [+ 1+ 0 +1 - 2"+ 1 -5

107.

13 3+ 1= 1)
115, (3 + B){2x — 3)

;

2. T e T3 e oty
= a3
2y— 5 t+1 plp + 4)
130, 22 i) ML | SR . xS
y—1 5 [ Ty
(x — Dl + Dl — 3)
133, " 1,1
(e — 10 + 277
3 — 10x + 10 2025 + 3x + )
135. e
—5x—6

s Dix+ 2

Chapter Test
1L -7,13 23 3. Commutative Property of
Addition 4. Distributive Property
5. o {—— 6.
—4 2 3 6
7.17 8 —(x—-T 9. 16 10.8 1L x"
120 1a MY 1545k
16. 145 % 107* 17. 3,700 18. 0.0012

5
952 2028 5% poap

T 4¢

LSV 240 -4V 25,

23
26— L 2. - +T 28 6

x+Vayp+y
29, 67 + 13x — 28 30, o — " — 6 i - 16
32 2 - S+ T — 6 B 6x+ 19+ o

x—3

M A+ 41 3 e+l 3 (x+ 10)(x — 10)
37, (50t — 2w) (2t — 3w) 38, 3a — 6)(a” + 6a + 36)
B+ Dx-DE+ Y 40 (- DR+ 5

=2x Ix + 5)°
41 1 42 [T — 43, Sry
1 b+a ¥
4. 45, 46.
(x+ 1{x-2) a y+x
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